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Immunization with a conserved rhinovirus capsid protein

generates cross-serotype protective immune responses

G. McLean*, N. Glanville*, B. Guy†, V. Lecouturier†, C. Berry†,

Y. Girerd†, C. Gregoire†, R. Walton*, R. Pearson*, T. Kebadze*,

N. Burdin†, N. Bartlett*, J. Almond† & S. Johnston*

*Imperial College London, London, UK, †Sanofi Pasteur, Marcy

I’Etoile, France

Human rhinovirus (RV) infections are the principle cause of common

colds, precipitating asthma and chronic obstructive pulmonary disease

exacerbations. There is no vaccine for RV which is largely due to the

existence of ~150 serotypes/strains. We hypothesised that highly con-

served regions of the RV polyprotein, when used as an immunogen,

would generate broadly cross-reactive protective immunity to RV.

We used a bioinformatic approach to define highly conserved

areas of the RV proteome, produced recombinant proteins and

tested their usefulness as candidate immunogens for a broadly cross-

reactive vaccine using a mouse infection model. C57/BL6 mice were

immunised subcutaneously with the RV immunogen prior to intra-

nasal challenge with RV. At specific time points following live RV

challenge, serum and bronchoalveolar lavage antibody responses

were determined by western blot, ELISA and in vitro neutralisation

assay. RV load in the lungs was determined by quantitative RT-PCR.

Regions of the VP0 (VP4+VP2) capsid protein were identified as

having high homology across RVs. Immunization with a recombi-

nant VP0 combined with a Th1 promoting adjuvant induced sys-

temic, antigen specific, cross-serotype, humoral and cellular immune

responses. Similar cross-reactive responses were observed in the

lungs of immunized mice after infection with heterologous RV

strains. Immunization enhanced the generation of heterosubtypic

neutralizing antibodies and caused more rapid virus clearance.

Conserved domains of the RV capsid are immunogenic in mice

and induce cross-reactive immune responses that neutralise RV

in vitro and are protective in vivo. This approach has identified can-

didates for the continued development of a broadly reactive subunit

RV vaccine.

196
Increased cytokine milieu, IgA, intraepithelial lymphocytes and
CD103� mature DC in the human right colon compared with its

left paired counterpart

D. Bernardo*, E. Montalvillo†, F. Bayiroglu‡, E. R. Mann*,

H. O. Al-Hassi*, N. R. English*, R. Mann§, L. Fernandez-Salazar¶,

S. T. C. Peake§, J. Landy§, E. S�anchez-Recio*, J. A. Garrote**,
E. Arranz†, A. L. Hart§ & S. C. Knight*

*A.P.R.G., Imperial College London, Harrow, UK, †IBGM University of

Valladolid-CSIC, Valladolid, Spain, ‡University Yuzuncu Yil, Van,

Turkey, §St Mark’s Hospital, Harrow, UK, ¶Hospital Clinico

Universitario de Valladolid, Valladolid, Spain, **Hospital Universitario

Rio Hortega, Valladolid, Spain

Background: Human intestinal dendritic cells (DC), the most potent

antigen presenting cells, control the type and location of immune

responses. CD103 identifies a subset of regulatory DC that maintains

immune homeostasis in the gut. Immune compartmentalization is

not usually considered in intestinal immune studies. Since human

left and right colon have different embryological origins, physiology

and gene expression profiles we propose that the immune system,

including DC properties, is compartmentalized though its length.

Material and methods: Paired colonic biopsies from ascending and

descending colon were obtained from healthy human controls. Cyto-

kine milieu was assessed in culture supernatants and intraepithelial

(IEL) and lamina propria (LP) cells characterized by flow cytometry

and electron microscopy. Paired statistics were applied in at least

eight independent comparisons.

Results: The cytokine milieu in the right colon had higher levels of

leptin, Th17 related cytokines (IL-6, IL-22, IL-23, IL-27) and total

IgA. There were more IEL (CD45+CD3+CD103+) in the right colon.

Within them, there were fewer TCRcd+ and more TCRab+CD8+ in

the right colon. Electron microscopy revealed higher densities of

plasma cells and DC in the right colon. The latter was also con-

firmed by flow cytometry and DC identified as HLA-

DR+CD3�CD14�CD16�CD19�CD34�. LP DC from the right colon

had decreased expression of innate immunity receptors (TLR2/4),

gut homing markers (CCR9/b7) and were more mature (increased

CD40, CD80, CD86 and decreased dextran-phagocytic capacity and

ILT-3 expression) than their left counterparts. Right colonic DC had

increased IL-12 and decreased IL-10 intracellular ongoing produc-

tion. Right colon DC also had higher stimulatory capacity for

CD4+CD45RA+ allogeneic T-cells with decreased homing (b7) and

cytokine (IFNc) imprinting capacity on responding T-cells. Cx3CR1

was virtually absent in colonic DC but expressed on macrophages.

Tolerogenic CD103+DC were restricted to b7+DC and were mainly

found in CD11c�DC. Despite CD103+DC did not constitute the

main DC type in any compartment they were decreased in the right

colon in agreement with the increased maturation and stimulatory

capacity of right colon DC.

Conclusion: The human right colon is more immunologically active

that its paired left counterpart including increased levels of cyto-

kines, adiopkines, IgA, B cells, IEL and CD103� mature DC.

Immune compartmentalization should therefore be considered in

immune studies though the length of the human gut.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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227
Two non-classical MHC class II DM beta chain genes in the

chicken differ in their regulatory and structural features and are

differentially expressed in tissues

A. Parker*, K. Staines†, C. Butter† & J. Kaufman*,‡

*Department of Pathology, University of Cambridge, Cambridge, UK,
†Institute for Animal Health, Compton, ‡Department of Veterinary

Medicine, University of Cambridge, Cambridge, UK

Although smaller, simpler and rearranged, the chicken major histo-

compatibility complex (MHC) contains most of the core antigen

presentation genes found in the mammalian MHC. Strong associa-

tions of chicken MHC haplotypes with resistance and susceptibility

to pathogens and inactivated vaccines are attributed to single domi-

nantly expressed MHC class I (BF) and class II (BL) molecules. The

single dominant class I is the result of co-evolution with the closely

linked antigen processing genes TAP and tapasin, but the situation

for class II is less clear. To facilitate investigation of whether single

dominant class II expression could result from similar co-evolution

with associated antigen presentation molecules, we characterised the

chicken class II DM region. We show that chickens have three DM

genes in their MHC, a single alpha chain gene DMA, and, unusually,

two beta chain genes DMB1 and DMB2, of which DMB2 is domi-

nantly expressed. The chicken DM genes encode proteins with high

structural and sequence homology to those described in mammals.

However, the two beta chains differ substantially at the amino acid

level and several features of DMB1 suggest an unusual function. We

find DMB1 and DMB2 differentially expressed in tissues at the RNA

and protein level, with DMB1 predominantly expressed in intestinal

epithelial cells, suggestive of a role in gut immunity. In pursuing the

functional properties of the DMs and their interaction with the clas-

sical class II molecules we aim to enhance our understanding of

chicken MHC associations with immune responses and, more gener-

ally, illuminate mechanisms underlying class II evolution.

260
Allele-independent protein turnover enables codominant
expression of HLA class Ia alleles in human APCs

C. Prevosto*, F. Usmani*, S. McDonald*, A. M. Lipinska*,

T. Key†, R. A. Goodman†, H. Gaston*, M. J. Deery‡ & R. Busch*,§

*Department of Medicine, University of Cambridge, Cambridge, UK,
†Tissue Typing Laboratory, Addenbrooke’s Hospital, Cambridge, UK,
‡Cambridge Centre for Proteomics, University of Cambridge,

Cambridge, UK, §Department of Life Sciences, University of

Roehampton, London, UK

Background and aims: MHC class I (MHCI) heavy chains (HC) are

expressed from three loci in the MHC (HLA-A, -B, and -C in

humans), whose extensive polymorphism maps to the antigen-bind-

ing groove, diversifying the bound peptide repertoire. Maternally

and paternally derived MHCI alleles are codominantly expressed, but

how this is achieved at the protein level is poorly understood. Here,

we have examined the effect of polymorphism on the turnover rates

of MHCI molecules.

Methods: Human antigen-presenting cell (APC) lines with functional

MHCI peptide loading pathways (EBV-B cells and the myeloid cell

line, KG-1), as well as monocyte-derived DCs (MoDCs), were

labeled biosynthetically with heavy water (2H2O). Folded MHCI

molecules were immunoprecipitated with the W6/32 mAb, and tryp-

tic digests analysed by mass spectrometry. MHCI-derived peptides

were assigned to specific alleles and isotypes, and turnover rates

quantified by 2H incorporation, after correcting for cell growth.

Results: MHCI turnover half-lives ranged from undetectable to a

few hours, depending on cell type (MoDCs > KG-1 cells > EBV-B

cells), activation state (slow-down post LPS in MoDCs), donor varia-

tion, and MHCI isotype (somewhat faster turnover for HLA-C).

However, in all settings, the turnover half-lives of alleles of the same

isotype were similar. This included the HLA-B27 alleles associated

with spondyloarthritides.

Conclusions: MHCI protein turnover rates in APCs with functional

peptide loading pathways are largely allele-independent. This may be

an important feature enabling the normal function and codominant

expression of MHCI alleles. B27 misfolding, previously implicated in

the pathogenesis of spondyloarthropathy, arises despite normal turn-

over kinetics of folded B27 molecules. Lastly, this is one of very few

studies to date using stable isotope/mass spectrometric techniques to

assess the effect of structural polymorphisms on protein turnover. In

this regard, MHCI structural diversity provides a useful test bed for

refining analytical techniques in kinetic proteomics.

364
Peptide presentation on infected cells is required for the

inflation of CMV specific CD8 T-cells

I. Dekhtiarenko*, S. Fischer*, N. Lemmermann†, R. Holtappels† &

L. Cicin-Sain*,‡

*Helmholtz Centre for Infection Research (HZI), Braunschweig,

Germany, †Johannes Guttenberg University, Mainz, Germany, ‡Medical

School Hannover (MHH), Hannover, Germany

Defined cytomegalovirus (CMV) antigens induce CD8 T-cell

responses, which contract upon the clearance of lytical infection and

assume a central memory (CM) phenotype (CD62L+CD127+), while

others induce an inflation of CD62L�CD127� effector memory (EM)

CD8 cells, whose count remains permanently elevated. Therefore,

CMV-specific EM T-cells dominate the memory compartment of sero-

positive hosts and present the most vigorous immune response known

in clinical medicine. The mechanisms underlying this exceptionally

strong immune response have not been clearly defined.

Using a murine model of infection with mouse CMV (MCMV)

recombinants expressing the K(b) restricted peptide SSIEFARL at the

C-term of the M45 gene, and the D(b) restricted peptide HGIR-

NASFI in its middle, we observed that the CD8 response to SSIE-

FARL was sustained and cells were EM, whereas HGIRNASFI

induced an immunodominant response at day 7 post infection, but

it contracted to very low levels by day 28 post infection. To test if

this discrepancy was due to differences between peptide sequences,

or in their localization within the M45 gene, we abrogated presenta-

tion of the HGIRNASFI peptide from its native site and inserted its

copy at the 3′ end of the M45 gene, thus generating the MCMVCterm

recombinant. The CD8 response to HGIRNASFI differed drastically

upon infection with MCMVCterm or the wild-type (wt) MCMV. The

initial response was eightfold stronger when HGIRNASFI was pres-

ent at the 3′ end of the gene and almost 40-fold stronger by day 60

post infection. Interestingly, ~40% of HGIRNASFI-specific CD8 T-

cells retained the EM phenotype in MCMVCterm infection, whereas

they switched over time to the CM phenotype in mice infected with

wt MCMV. Since the same peptide was expressed from the same

gene, we assumed that the difference in the size and quality of the

immune response had to depend on the antigenic processing and

surface presentation on infected cells. Co-cultivation of MCMV

infected cells with a HGIRNASFI-specific cytotoxic T-cell line (CTL)

revealed that wt MCMV hardly induced any CTL response, while

MCMVC�term induced vigorous IFNc secretion from the CTLs.

Therefore, our data argue that the sustained immunogenicity of

an antigenic CMV peptide decisively depends on its location within

a protein and its availability for processing and MHC-presentation

in the infected cell. This information may bear significant relevance

for the rational design of CMV-based vaccine vectors.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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498
Naturally occurring ERAP1 haplotypes encode functionally

distinct alleles with fine substrate specificity

E. Reeves*, C. J. Edwards†, T. Elliott* & E. James*

*Cancer Sciences Unit, Southampton General Hospital, University of

Southampton, Southampton, UK, †Department of Rheumatology,

University Hospital Southampton, Southampton, UK

Endoplasmic Reticulum Aminopeptidase (ERAP1) performs the key

final step in the processing of N-terminally extended peptides for

stable presentation on MHC I, influencing the magnitude and speci-

ficity of CD8+ T cell responses. Recently, single nucleotide polymor-

phisms (SNPs) within ERAP1 have been associated with the onset of

a number of autoimmune diseases, as well as being a predictor of

disease progression and clinical outcome in cervical carcinoma.

However, it is unclear whether these SNPs act independently or in

specific combinations to form haplotypes. Furthermore, the effect of

individual SNP and SNP combinations on the ability to generate

optimal antigenic peptides is poorly understood.

To elucidate whether ERAP1 SNPs form specific haplotype com-

binations, we screened the ERAP1 sequences from 20 individuals,

identifying multiple combinations of SNPs that form nine distinct

haplotypes within the population. Using a model peptide substrate

with N-terminal extensions, we assessed trimming function of these

haplotype encoded alleles, categorising trimming activity into three

functional classes:

1 efficient,

2 hypoactive and

3 hyperactive trimmers.

Further fine mapping of the individual amino acid trimming

capacity of each ERAP1 allele identifies distinct profiles that correlate

with the SNPs they possess, suggesting that each ERAP1 allele may

have a range of trimming activities depending on the amino acid

requiring processing.

These results demonstrate the highly polymorphic nature of

ERAP1 within the population, and reveals that the repertoire of pep-

tides displayed at the cell surface depends on the combination of

both MHC I and ERAP1 expressed within an individual. This there-

fore has important implications for predisposition and ability to

combat disease and also in cancer vaccine efficacy.

552
Lymph borne CD8a+ DCs are uniquely able to cross-prime CD8+

T cells with antigen acquired from intestinal epithelial cells

V. Cerovic*, S. A. Houston*, J. Westlund†, L. Utriainen*,

E. S. Davison*, C. L. Scott*, C. C. Bain*, T. Joeris‡, W. W. Agace‡,

U. Yrlid†, A. M. Mowat* & S. W. F. Milling*

*Institute of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK, †Department of Microbiology and Immunology,

Institute of Biomedicine, University of Gothenburg, Gothenburg,

Sweden, ‡Immunology Section, Department of Experimental Medical

Science, Lund University, Lund, Sweden

Background and aims: Cross-presentation, the presentation of exog-

enous antigen on MHCI, is crucial for priming of CD8+ T cells and

the generation of immunity to intracellular pathogens- particularly

viruses. In the intestine, various populations of mononuclear phago-

cytes have been shown to cross-present soluble antigens in vitro.

However, it is not clear which of these cells is responsible for trans-

port and cross-presentation of cellular antigen in vivo.

Methods: To examine cross-presentation of intestinal cellular anti-

gen, we made use of IFABP-tOVA 232-4 mice, which express oval-

bumin exclusively in small intestinal epithelial cells (IECs). In order

to test which migrating antigen-presenting cells were capable of

cross-presentation in this system we isolated dendritic cells (DCs)

from the mesenteric lymph nodes (MLNs) and intestinal lymph of

232-4 mice. DC subsets were purified by FACS and cocultured with

ovalbumin-specific OT-I CD8+ T cells. In order to assess the ability

of lymph DCs (LDCs) to induce proliferation of CD8+ T cells in

vivo, we developed a surgical technique, which allows sorted LDC

subsets to be injected into the subcapsular sinus of the MLN of reci-

pient mice that had also received OT-I cells.

Results: Among LDCs only the CD103+ CD11b� CD8a+ subset of

DCs were able to cross-present IEC-expressed ovalbumin to OT-I

CD8+ T cells in vitro. Similarly, in the MLN, cross-presentation of

IEC ovalbumin was limited to the CD11c+ MHCIIhi CD8a+ migrat-

ing DCs, but absent from all other DC populations, including the

resident CD11c+ MHCIIint CD8ahi DCs. Crucially, subcapsular MLN

transfer of sorted CD8a+ LDCs but not other LDC subsets was suffi-

cient to induce proliferation of ovalbumin specific CD8+ T cells in

vivo. Finally, CD8a+ LDCs from 232-4 mice dosed with R848, a

TLR7 agonist and analogue of viral infection, were uniquely able to

prime the production of IFN-c from dividing CD8+ T cells.

Conclusion: Migrating CD8a+ intestinal DCs are indispensable for

cross-presentation of cellular antigen and, in conditions of inflam-

mation, the induction of effector CD8+ T cell differentiation. They

may represent an important target for the development of therapies

for viral infection or tumours.

587
Towards rational iNKT based immunetherapies in human

autoimmune disease

S. Mansour*, A. Tocheva*, J. Sanderson†, L. Goulston‡,

H. Platten‡, C. Edwards‡, C. Cooper‡ & S. Gadola*

*Clinical and Experimental Sciences, University of Southampton,

Southampton General Hospital, Southampton, UK, †Immunocore Ltd,

Oxford, UK, ‡Department of Rheumatology, Southampton General

Hospital, University of Southampton, Southampton, UK

Background: Invariant Natural Killer T cells (iNKT) are key players

of immunological tolerance and restoring the iNKT repertoire in

spontaneous and induced mouse models prevents autoimmune

inflammation. However, translation to human clinical trials has been

disappointing, indicating the need for a better understanding of the

human iNKT repertoire. Using novel molecular tools, we have

recently described a new subset classification based on the iNKT

cells’ clonally distributed T-cell receptor (TCR) binding strength

(affinity) to their restriction element, i.e. the non-polymorphic lipid-

binding protein CD1d. Here we have compared the iNKT repertoire

in early Rheumatoid Arthritis (RA) with age-/gender-matched

healthy controls.

Methods: Using a series of novel molecular assays we conducted a

cross-sectional cohort study on the quality of the iNKT repertoire

and CD1d antigen presentation function of monocytes in 100 early

RA patients versus 54 age and gender matched healthy subjects.

Results: Similar to previous published reports, iNKT cells in RA

were significantly (P < 0.01) reduced in peripheral blood ex vivo.

Independent of iNKT frequency, analysis of the clonal iNKT reper-

toire revealed a significant qualitative shift that was based on iNKT

receptor affinity for CD1d. Furthermore, iNKT clones in RA secreted

more Th1 and less Th2 cytokines in response to CD1d, indepen-

dently of CD1d antigen presentation.

Conclusion: The observed changes in the quality of the iNKT reper-

toire that are evident already in the early stages of RA indicate that

iNKT cell subsets defined by different TCR affinities exert different

immunological functions during autoimmune inflammation. These

repertoire changes have to be taken into consideration when design-

ing future iNKT based therapies in human autoimmune disease.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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Qualitative difference in the iNKT repertoire of people with

recent onset type 1 diabetes mellitus

A. S. Tocheva, S. Mansour, R. I. G. Holt & S. Gadola

Southampton General Hospital, University of Southampton,

Southampton, UK

Background and aims: iNKT cells are a highly conserved class of

potent regulatory T-cells that recognise lipid antigens in the context

of CD1d. iNKT defects are strongly associated with autoimmune

inflammation in various mouse models, including type 1 diabetes in

NOD mice, and restoration of a functional iNKT repertoire effec-

tively prevents autoimmunity in NOD and other autoimmune prone

mouse strains. In humans, the iNKT repertoire is heterogeneous with

regard to the T-cell receptor (TCR) affinity of individual clones for

CD1d, which translates into significant functional differences

between ‘high-’ and ‘low-affinity’ TCR-bearing iNKT clones.

Here we aimed to compare the iNKT repertoire in people with

early stage type 1 Diabetes Mellitus (T1DM) and age-matched

healthy controls, in relation to the clonal expression of ‘high-’ and

‘low-affinity’ TCRs.

Methods: The iNKT repertoire was examined in 10 people with early

(≤3 years) T1DM and 10 age- and gender-matched healthy controls.

We employed different lipid-antigen loaded recombinant CD1d-tet-

ramers to compare the composition of the iNKT repertoire in people

with T1DM and healthy controls. In addition, we compared the

cytokine release from iNKT clones with ‘high-’ and ‘low-affinity’

TCR between the two groups.

Results: The proportion of high-affinity iNKT clones is significantly

reduced in people with T1DM compared to healthy age-matched controls

(P = 0.0009). Furthermore, the high-affinity iNKT clones from people

with T1DM are less responsive to antigenic stimulation and have a selec-

tive loss of TH2 cytokine production compared to healthy controls.

Conclusions: The iNKT repertoire in early stage T1DM is skewed

towards lower-affinity iNKT cells and these changes are associated

with diminished secretion of regulatory cytokines. These results

should be useful to inform future iNKT cell-targeting therapies in

human autoimmune diseases.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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Autoimmunity

3
BACH2 represses effector programmes to stabilize Treg-mediated

immune homeostasis

R. Roychoudhuri*, K. Hirahara†, K. Mousavi†, D. Clever*,

M. Bonelli†, G. Sciume†, H. Zare†, G. Vahedi†, C. Klebanoff*,

V. Sartorelli†, Y. Kanno†, L. Gattinoni*, A. Nakamura‡, A. Muto‡,

J. O’Shea† & N. Restifo*

*National Cancer Institute, National Institutes of Health, Bethesda,

MD, USA, †National Institute of Arthritis, Musculoskeletal and Skin

Diseases, Bethesda, MD, USA, ‡Tohoku University, Sendai, Japan

Through their functional diversification, distinct lineages of CD4+ T

cells play key roles in either driving or constraining immune-mediated

pathology. Transcription factors are critical in the generation of cellular

diversity, and negative regulators antagonistic to alternate fates often

act in conjunction with positive regulators to stabilize lineage commit-

ment. Genetic polymorphisms within a single locus encoding the tran-

scription factor BACH2 are associated with numerous autoimmune

and allergic diseases including asthma, Crohn’s disease, coeliac disease,

vitiligo, multiple sclerosis and type 1 diabetes. While these associations

point to a shared mechanism underlying susceptibility to diverse

immune-mediated diseases, a function for Bach2 in the maintenance of

immune homeostasis had not been established. We have found that

Bach2 plays a broad role in maintaining immune homeostasis, by stabi-

lizing Treg-mediated immunoregulatory capacity while repressing the

differentiation programmes of multiple effector lineages in CD4+ T

cells. Bach2 was required for efficient formation of regulatory (Treg)

cells and consequently for suppression of lethal inflammation in a

manner that was Treg cell dependent. Assessment of the genome-wide

function of Bach2, however, revealed that it represses genes associated

with effector cell differentiation. Consequently, its absence during Treg

polarization resulted in inappropriate diversion to effector lineages. In

addition, Bach2 constrained full effector differentiation within Th1,

Th2 and Th17 cell lineages. These findings identify Bach2 as a key regu-

lator of CD4+ T-cell differentiation that prevents inflammatory disease

by controlling the balance between tolerance and immunity.

10
Omalizumab-conditioned rush allergen immunotherapy: method
and results

D. Maddox

Department of Allergic Diseases & Internal Medicine, Mayo Clinic,

Rochester, MN, USA

Background and aims: One of the primary obstacles to extending

the benefits of allergen immunotherapy to the wider population is

the time-cost involved in a large number of physician office visits

during the traditional dose-escalation schedules for subcutaneous

allergen immunotherapy, which often entail one or more visits per

week for much of the first year.

Methods: A case series of patients treated with omalizumab for

3 months using once-monthly injections, followed by a single day of

rush antigen dosing schedule successfully raised all patients to thera-

peutic maintenance dose delivery of antigen, and enabled them to

transition immediately to a once-monthly maintenance allergen

injection dosing schedule.

Results: The details of the patient responses during the rush day of

therapy will be presented, along with details of the antigens used,

and therapeutic outcomes. This approach has been utilized for both

inhalant allergy of the respiratory tract as well as for Hymenoptera

venom-induced anaphylaxis immunotherapy. No serious treatment-

induced allergic reactions have been encountered.

Conclusions: Using monoclonal anti-IgE pre-treatment for rush

immunotherapy makes it possible for patients to start allergen

immunotherapy any time of year, enjoy immediate improvement in

allergic symptoms, and never have to make a physician office visit

more often than once per month. This makes subcutaneous allergen

immunotherapy much more feasible for a wider spectrum of the

allergic population, and is safe and effective.

27
Autoimmune paraneoplastic choreoathetosis and limbic

encephalitis in patient with small cell lung cancer; case report

O. Mohamed

Mid-Cheshire Hospitals NHS Foundation Trust, Crewe, UK

Background: Paraneoplastic neurologic syndrome (PNS) is a very

uncommon presentation of cancer, occurring in <1/10,000 patients

diagnosed with a malignancy. Anti-neural antibodies have been asso-

ciated with PNS, suggesting that this condition may reflect immune

mechanisms.

Methods: We report a rare case of paraneoplastic neurologic syn-

drome associated with small cell lung cancer presented with choreo-

athetosis, limbic encephalitis, and ataxia. A 75-year old patient

presented with unexplained behavioural and neurological symptoms

for 8 months, on the basis of the clinical history, examination and

neuroimaging, paraneoplastic syndrome was considered a likely diag-

nosis and cancer was suspected and appropriate investigations were

initiated.

Results: CT chest and histopathology confirmed diagnosis of small

cell lung cancer and serum samples were sent to look for onco-neu-

ronal antibodies. Both Anti-Hu and Anti- CV2/CRMP-5 were

detected while all other autoantibodies tested (anti-amphiphysin,

anti-Yo, anti-Ri, anti- Ma1, anti-Ma2 and anti-NMDA receptor anti-

bodies) were negative.

Conclusion: Very few patients presenting with chorea as a paraneo-

plastic symptom have been reported, paraneoplastic chorea can

therefore be considered a ‘very rare entity’ since it represents a mini-

mal fraction of a rarely occurring disorder. Although many neuronal

antibodies have been associated with PNS including Hu, CV2/

CRMP5, Ma1, Ma2, anti-Yo, anti-Ri, and amphiphysin, there has

been no definitive proof of any specific cause-effect relationship

between the presence of antibodies and the development of clinical

syndrome. Further research is required to improve our understand-

ing of the exact pathophysiology of PNS and to classify immunologi-

cal subsets; this may allow more specific targeting of treatments.

38
Memory B cell subsets in type 1 diabetes

W. E. Powell, C. N. Janicki, C. M. Dayan & F. S. Wong

Diabetes and Endocrine, Institute of Molecular and Experimental

Medicine, Cardiff University School of Medicine, Cardiff, UK

Type 1 diabetes (T1D) is an autoimmune disease where T cells dam-

age the islet beta cells but B cells also play an important role. B cell

depletion using anti-CD20 treatment delayed loss of islet beta cells

in newly diagnosed patients. Furthermore, the presence of autoanti-

bodies provides the earliest detectable marker that autoimmunity is

present. Little is known about the B cells that produce the autoanti-

bodies. The aim of our study was to examine the phenotype and

function of memory B cells from T1D patients <2 years from diag-

nosis and healthy control subjects.

Peripheral blood mononuclear cells (PBMC) were isolated by den-

sity gradient centrifugation and B cells were stained with surface

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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antibodies. Using flow cytometry, we showed that patients with T1D

have more naive IgD+CD27- B cells. Corresponding to this, there

are proportionally fewer IgD-CD27+ memory cells in the PBMC

population compared with the healthy control subjects.

The isolated PBMCs were stimulated for 7 days with polyclonal

stimuli CpG oligonucleotide, pokeweed mitogen and S. aureus Co-

wan strain to activate and induce the differentiation of memory B

cells. B cells were stained with surface antibodies. We observed that

IgD was downregulated and the IgD-CD27++ subset increased in all

subjects. The IgD+ CD27+ subset disappeared and the IgD+ CD27-

subset was reduced giving rise to CD27int and CD27hi subsets. Preli-

minary analysis indicates that proportions of these subsets differ

between patients and healthy control subjects.

In summary, our data suggest that there are differences in

responses of memory B cell subsets in patients with T1D and healthy

control subjects. These may form the basis for development of a

new biomarker for monitoring progression of disease or effect of

treatment.

50
Neo-self antigen presentation by keratinocytes under
inflammatory conditions can modulate systemic CD4 T cell

responses

M. Meister*, A. Tounsi*, T. Bald†, M. Papatriantafyllou*,

E. Gaffal†, G. Moldenhauer*, C. Niehrs‡, T. T€uting†,

G. J. H€ammerling*, B. Arnold* & T. Oelert*

*Department of Molecular Immunology, German Cancer Research

Center, Heidelberg, Germany, †Department of Dermatology and

Allergy, Friedrich-Wilhelm-University Bonn, Bonn, Germany,
‡Department of Molecular Embryology, German Cancer Research

Center, Heidelberg, Germany

Background and aims: Type and strength of an immune response

can be influenced by the local environment of a given tissue. There-

fore, we intended to investigate the contribution of tissue cells to

self-antigen presentation.

Methods: We generated a transgenic mouse in which an immuno-

dominant peptide of myelin basic protein (MBP) covalently linked

to a MHC class II b-chain is expressed specifically in keratinocytes

of hair follicles. As there is no endogenous MHC class II expression

under homeostatic conditions, the transgenic b-chain construct can-

not pair with the endogenous MHC class II ɑ-chain and is therefore

not present at the cell surface. However, MBP presentation should

occur only upon skin inflammation, when MHC class II expression

is induced.

Results: Acute skin inflammation, induced by a single application of

a contact sensitizer, resulted in presentation of MBP-MHC class II

complexes exclusively on keratinocytes and activation of MBP spe-

cific CD4 T cells in the skin but not in draining lymph nodes or

spleen. These activated, auto-reactive CD4 T cells could induce

experimental autoimmune encephalomyelitis (EAE) following

administration of pertussis toxin. Furthermore, persistent MBP pre-

sentation by keratinocytes upon chronic skin inflammation reduced

the severity of EAE symptoms in mice which were immunized with

MBP peptide in CFA. Moreover, Dickkopf-3 was found to contrib-

ute to the down-modulation of auto-reactive CD4 T cells during

chronic inflammation.

Conclusion: Neo-self antigen presentation by keratinocytes under

inflammatory conditions has the potential to modulate auto-reactive

CD4 T cell responses in a distant organ.

88
Defective crosstalk between regulatory B cells and plasmacytoid

dendritic cells contributes to the pathogenesis of systemic lupus

erythematosus

M. Menon, A. Bosma, D. A. Isenberg & C. Mauri

Division of Medicine, University College London, London, UK

Systemic lupus erythematosus (SLE) is an autoimmune disease char-

acterized by heterogeneous cellular abnormalities contributing to the

disease pathogenesis. Overproduction of interferon alpha (IFNa) is a
hallmark of SLE, however, up to date it remains unclear why the

production of this cytokine is dysregulated in patients with SLE. In

this study, we investigate the outcome of interaction between plas-

macytoid dendritic cells (pDCs), the primary producers of IFNa,
and regulatory B cells (Bregs), the contributors to the maintenance

of tolerance, in patients with SLE compared to healthy individuals.

Here, we show a novel feedback mechanism by which pDCs sup-

port IL-10 production by B cells in healthy individuals, but fail to

exhibit similar functions in SLE patients. These IL-10-producing

Bregs, in turn, efficiently restrain pDC activation, maturation and

cytokine production in healthy individuals. We further demonstrate

that this mechanism is impaired in SLE patients, resulting in hyper-

activation of pDCs and subsequent overproduction of IFNa. IL-10
partially suppresses pDC activation and function, suggesting there

are additional mechanisms involved. In order to dissect these other

mechanisms of the pDC-Breg interaction, we combine extensive sur-

face screening of 332 markers along with imagestream cytometry

analysis of pDCs and Bregs from healthy individuals and SLE

patients. Of note, we show that SLE patients treated with rituximab

(B cell depletion) therapy possess newly repopulated Bregs with

recovered IL-10 producing capacity and ‘normalized’ pDCs.

This study therefore suggests that skewing of the pDC-Breg inter-

action in patients with SLE contributes to the disease pathogenesis.

110
Defects in cholesterol metabolism drive immune cell dysfunction

in patients with systemic lupus erythematosus (SLE)

G. McDonald, S. Deepak, D. A. Isenberg & E. C. Jury

Department of Rheumatology, University College London, London, UK

Patients with SLE are characterized by dyslipidaemia and elevated

membrane cholesterol that contribute to defective lymphocyte func-

tion. Liver X Receptor b (LXRb) is a master regulator of lipid

metabolism that controls cellular cholesterol along with proliferation,

differentiation and inflammatory signalling. This indicates that T cell

functional capacity may be regulated by mechanisms controlling

cholesterol homeostasis.

The response of CD4+T cells from 20 healthy donors and 50 SLE

patients to LXRb stimulation was assessed by quantitative PCR,

Western blotting, flow cytometry and confocal microscopy.

TCR and oxysterol (GW3965) stimulation significantly upregulat-

ed LXRb in healthy and SLE T-cells. However, TCR stimulation

increased and GW3965-stimulation reduced membrane cholesterol

levels. Interestingly, TCR-induced cholesterol upregulation was

inhibited by co-stimulation with GW3965. In addition GW3965-trea-

ted T cells from healthy donors were unable to form stable immune

synapses (IS). This was accompanied by significant internalization

and redistribution of CD3 away from the IS, reduced phosphoryla-

tion of TCR-zeta and decreased proliferation. In contrast, GW3965

stimulation of SLE CD4+T cells had no effect on IS formation and

proliferation suggesting a defect in LXRb-mediated signaling path-

ways.

LXRb and its target genes ncp1/2, srebp2 and LDLR, were signifi-

cantly elevated in SLE CD4+T cells, suggesting an increase in LXRb
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stimulation. Furthermore, increased LXRb and membrane cholesterol

expression were induced in healthy CD4+T cells upon their culture

with SLE serum. Hence defects in LXRb signalling in SLE may be

induced by extrinsic factors.

Abnormal cholesterol metabolism in patients could therefore

exacerbate the loss of immune tolerance, an integral factor in SLE

pathogenesis.

130
The biological role of C5orf30 in rheumatoid arthritis

pathogenesis

M. Muthana*, H. Davies*, S. Khetan*, G. Adeleke*, S. Hawtree*,

F. Wright*, B. Ciani†, M. Akil‡ & A. G. Wilson*

*Department of Infection and Immunity, University of Sheffied,

Sheffield, UK, †Department of Chemistry, University of Sheffied,

Sheffield, UK, ‡Rheumatology Department, Royal Hallamshire

Hospital, Sheffield, UK

Background: A recent genome wide association study identified the

variant rs26232 in the first exon of an uncharacterized gene C5orf30

as a rheumatoid arthritis (RA) susceptibility variant1. In addition, we

have found this variant to be associated with severity of radiological

joint damage suggesting a role in tissue breakdown2. To date there is

no biological data on C5orf30 and neither the gene or protein show

homology to any known functional sequences. However, C5orf30 is

highly conserved in chimpanzee, dog, cow, mouse, chicken, and ze-

brafish (orthologs).

Methods: Real time PCR and western blotting was used to examine

C5orf30 transcript and protein levels in fibroblast-like synovial cells

(FLS stimulated with TNF & hypoxia) and peripheral blood leuko-

cytes isolated from RA patients and healthy individuals. Immunohis-

tochemistry on synovial samples was used to determine expression

of C5orf30 including co-localisation using antibodies to macrophages

(CD68), fibroblasts (5B5), T (CD3) & B (CD19) cells. To investigate

C5orf30 function knockdown was performed in rheumatoid synovial

FLS in vitro.

Results: Expression of C5orf30 was detected at lower levels (5.2-fold)

in peripheral blood leukocytes of RA patients compared to healthy

controls (117 patients versus 102 controls, P = 0.00052). C5orf30

was expressed in FLS and was found to be up-regulated by hypoxia

(eightfold) and down-regulated by TNF (0.5-fold). Confocal micros-

copy revealed C5orf30 to be strongly expressed in both the nuclear

and cytoplasmic compartment of RA synovial lining cells including

macrophages and fibroblasts but was undetectable in osteoarthritis

or control synovium. C5orf30 siRNA knockdown increased signifi-

cantly FLS invasion into matrigel (n = 5 P = 0.01) and migration

into a scratch-wound assay (n = 5 P = 0.02) compared to FLS trans-

fected with a non-targeting control siRNA.

Conclusions: C5orf30 is expressed in synoviocytes but not in circu-

lating PBMC obtained from RA patients, suggesting that C5orf30 is

expressed in a tissue-specific manner. C5orf30 knockdown increased

FLS migration into matrigel suggesting C5orf30 is negatively regulat-

ing cellular invasion. We are currently assessing the gene signature

arising from C5orf30 siRNA knockdown in FLS and mass spectrome-

try experiments are currently being performed to determine the

three-dimensional structure of C5orf30 and its potential protein

binding partners.

References:

1. Stahl EA., et al. Genome-wide association study meta-analysis

identifies seven new rheumatoid arthritis risk loci. Nat Genet 2010;

42:508–14.
2. Teare, M.D., et al. Allele dose association of the C5orf30

rs26232 variant with joint damage in rheumatoid arthritis. Arthritis

Rheum 2013 (in press).
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IL-17+CD8+ T-cells are enriched in the joints of patients with

psoriatic arthritis and correlate with markers of disease activity

and joint damage progression

B. Menon*,†, N. J. Gullick‡, G. J. Walter*, M. Rajasekhar*,

T. Garrood†, H. G. Evans*, B. W. Kirkham† & L. S. Taams*

*CMCBI, King’s College London, London, UK, †Department of

Rheumatology, Guy’s & St Thomas’ NHS Trust, London, UK,
‡Rheumatology, King’s College London NHS Foundation Trust,

London, UK

Introduction: Psoriatic arthritis (PsA) and rheumatoid arthritis

(RA) are chronic inflammatory joint diseases associated with pain

and disability. Whilst RA is strongly associated with HLA class II,

PsA is HLA class I associated, suggesting a role for CD8+ T-cells. To

date, very little is known regarding the contribution made by CD8+
T-cells to the cytokine environment in the PsA joint. Since IL-17

and Th17 cells are considered to be important mediators of synovial

inflammation in RA and skin inflammation in psoriasis, we hypothe-

sized that IL-17 producing CD8+ T-cells are increased in the PsA

joint and contribute to the disease process.

Methods: Mononuclear cells from paired synovial fluid (SF) and

peripheral blood (PB) from patients with PsA or RA were stimulated

ex vivo and CD4- T-cells examined by flow cytometry for cytokine

expression, cytotoxic markers, gamma-delta T cell or mucosal associ-

ated invariant T (MAIT) cell frequencies. Clinical measures of arthri-

tis activity (CRP, ESR, DAS28) and Power Doppler Ultrasound

(PDUS) score of the aspirated knee were recorded.

Results: IL-17+CD3+ T-cells were increased in both PsA SF

(P = 0.0004, n = 21) and RA SF (P = 0.001, n = 14) compared to

paired PB. Within the CD3+ T-cell compartment, both IL-17+CD4�
and IL-17+CD4+ T-cells were significantly enhanced in PsA SF ver-

sus PB (P = 0.0003 and P = 0.002 respectively), whereas in RA only

IL-17+CD4+ T-cells were increased in SF versus PB (P = 0.008). IL-

17+CD4-T-cells were predominately CD8+ and CD161+, with only a

small percentage characterised as MAIT or cd+ T-cells (n = 4).

Additionally, IL-17+CD8+ T-cells lacked expression of typical cyto-

toxic markers (n = 4). PsA SF IL-17+CD4� T-cells positively corre-

lated with CRP (r = 0.52, P = 0.01), ESR (r = 0.59, P = 0.004) and

DAS28 (r = 0.52, P = 0.01) and were increased in erosive disease

(P < 0.05). Moreover, the frequency of IL-17+CD4� T-cells posi-

tively correlated with PDUS, a marker for active synovitis (r = 0.49,

P = 0.04).

Conclusions: Our data show, for the first time, that the PsA joint,

but not the RA joint, is enriched for IL-17+CD8+ T-cells, which cor-

relate with disease activity measures and are associated with erosive

status. Our data suggest that IL-17+CD8+ T cells are a hitherto un-

recognised cell population in PsA that may represent a functionally

important mechanism in the pathogenesis of this disease.

149
SLE patients with atherosclerosis are characterised by a distinct

iNKT cell phenotype and altered CD1d-mediated lipid antigen
presentation

E. C. Smith, S. C. Croca, A. Pitcher, D. A. Isenberg, A. Rahman &

E. C. Jury

Department of Medicine, University College London, London, UK

Background: Patients with systemic lupus erythematosus (SLE) have

an increased risk of atherosclerosis compared to the general popula-

tion, irrespective of traditional risk factors. We investigated whether

this was attributable to differences in the phenotype and function of

invariant Natural Killer T cells (iNKT), which promote atherosclero-

sis by recognising and responding to lipid antigens presented by

CD1d, yet have been shown to be deficient in SLE patients.
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Methods: Peripheral blood was obtained from 20 healthy donors

and 50 SLE patients assessed for carotid and femoral atherosclerotic

plaque by ultrasound scan. Phenotyping of iNKT cells and CD1d+

antigen presenting cells was performed by flow cytometry, confocal

microscopy and ImageStream cytometry.

Results: The frequency of iNKT cells in SLE patients with plaque

was maintained at healthy levels compared to a significant deficiency

in non-plaque SLE patients. Following adjustment for disease activ-

ity, iNKT cells from plaque-positive patients were predominantly

CD4 positive and had a distinct phenotype characterised by

increased expression of CD69 and CCR6 and elevated IL-4 and IL-

10 production.

We hypothesised that this plaque-associated iNKT cell phenotype

could be driven by differences in their activation by CD1d+ lipid-

antigen presenting cells. CD1d expression was significantly decreased

on B cells in all SLE patients, which was coupled with increased lipid

raft expression only in B cells from plaque-negative SLE patients. In

addition, increased recruitment of CD1d to lipid rafts in B cells from

plaque-positive patients was observed by confocal microscopy and

ImageStream cytometry.

The differential iNKT cell phenotype and CD1d distribution iden-

tified in plaque-positive versus plaque-negative patients was recapitu-

lated in cells from healthy donors by culture with SLE patient

serum. Furthermore, serum from plaque-positive patients induced

an altered pattern of iNKT cell expansion and cytokine production

compared to plaque-negative patients and healthy controls. This was

accompanied by more stable interactions with monocytes but not B

cells.

Conclusion: These findings support a differential role for iNKT cells

in the immunopathogenesis of SLE in patients with and without ath-

erosclerosis that could be maintained by dyslipidaemia. iNKT cell

phenotype could represent a novel biomarker to predict atheroscle-

rosis in SLE.

151
Inflammatory arthritis around the clock

J. E. Gibbs

Faculty of Medical and Human Sciences, University of Manchester,

Manchester, UK

Background: The circadian clock is an internal timing mechanism

which enables organisms to tune their physiology to the 24h envi-

ronment. In mammals, the central clock, located within the hypotha-

lamic suprachiasmatic nucleus, is the master oscillator synchronising

numerous peripheral clocks located in organs and cells throughout

the body. Many cellular components of the immune system have

been attributed with autonomous clocks, including macrophages, T

cells, mast cells and natural killer cells. These endogenous oscillators

imprint 24 h rhythms on immune cell functions thereby imparting

circadian rhythms onto immune responses. Inflammatory diseases,

such as rheumatoid arthritis and asthma, show circadian variation in

their symptoms, which is likely due to clock regulation of the under-

lying pathology. This work investigates circadian variation in disease

markers in a murine model of inflammatory arthritis.

Methods: Male DBA/1 mice were immunised with an intra-dermal

injection of bovine collagen in complete Freund’s adjuvant in the

middle of the light (rest) phase (Zeitgeber time (ZT)6). Twenty-one

days later, a booster was administered. Paw inflammation and swell-

ing was assessed from day 18. In mice with established chronic

inflammation, serial samples of blood were taken at two opposing

times of day [lights on (ZT0) and lights off (ZT12)] and analysed by

BioPlex assay for 23 pro-inflammatory cytokines/chemokines. At the

end of the study joints were collected at 4 circadian time points, and

RNA and protein extracted for analysis of cytokine/chemokine tran-

scription and production.

Results: Mice with chronic inflammation in the limbs showed robust

circadian variation in disease markers. Levels of a number of circu-

lating cytokines and chemokines (e.g. Interleukin 6, Interleukin 1b
and CXCL1) were significantly higher at ZT0 (start of the light

phase) versus ZT12 (start of the dark phase). This correlated with a

significantly increased local transcription and protein levels of these

pro-inflammatory markers. In keeping, the degree of paw swelling

was significantly higher during the light phase.

Conclusions: This study clearly demonstrates circadian variation in

disease markers in collagen induced arthritis, and models the diurnal

variation reported by patients suffering from rheumatoid arthritis. A

key goal now is to map how the clock mediates these inflammatory

pathways with the potential of identifying key therapeutic nodal

points.

158
Gut-microbiota induced IL-1b and IL-6 control the differentiation

of regulatory B cells

E. C. Rosser*, S. Tonon†, R. Doyle‡, A. Bosma*, N. A. Carter*,§,

K. A. Harris¶, N. Klein‡ & C. Mauri*

*Medicine, University College London, London, UK, †Department of

Medical and Biological Sciences, Universita’ degli Studi di Udine,

Udine, Italy, ‡Infectious Diseases and Microbiology Unit, Institute of

Child Health, London, UK, §Arthritis Research UK, London, UK,
¶Department of Microbiology, Virology and Infection Control, Great

Ormond Street Hospital NHS Foundation Trust, London, UK

Regulatory B cells (Bregs) help to restrain immune-driven diseases

by inhibiting the expansion of pathogenic T cells. However, much

remains to be understood regarding the molecular and cellular pro-

cesses that govern the differentiation of these cells. Here we report

that the constituents of the microbiome promote Breg differentiation

in the spleen and mesenteric lymph nodes (MLN). Alteration

imposed on the gut-microbiome by antibiotics treatment, or by

changes in the sterility of housing conditions, caused a deficiency in

the number and functional capacity of Bregs. Furthermore we show

that IL-1b and IL-6 are only produced following arthritis develop-

ment in mice housed in a conventional unit (CNV), and that in

combination these cytokines are pivotal in the induction of Bregs.

Disruption of IL-1R1 or IL-6R exclusively on B cells in CNV-mice

exacerbated arthritis and reduced IL-10 production by splenic B

cells. Finally we report that transitional-2 marginal zone precursor

cells (T2-MZPs), thought to reside exclusively in the spleen, are

found in the MLN of inflamed mice and differentiated into IL-10

producing Bregs in situ in response to local stimuli. Taken together,

these data show that the host-symbiont relationship in the gut is

important in the induction and function of Bregs.

178
Epigenetic control of colonic inflammation via the methyl-

binding protein Mbd2

G.-R. Jones*, P. Cook*, A. Phythian-Adams* & A. MacDonald*,†

*Institute of Immunology & Infection Research, University of

Edinburgh, Edinburgh, UK, †Manchester Centre for Collaborative

Inflammation Research, University of Manchester, Manchester, UK

Introduction: Methyl-CpG binding protein domain protein-2

(Mbd2) is a transcriptional co-repressor that binds to methylated

DNA. Mbd2 can recruit a nucleosome remodelling complex which

contains chromatin remodelling and histone deacetylase properties.
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Mbd2 deficient mice are viable and fertile. However, they display a

dysregulated immune phenotype with an aberrant T cell cytokine

response, decreased intestinal tumorigenesis, and increased suscepti-

bility to intestinal helminth infection. However, the impact of Mbd2

deficiency on innate immune cell function and the immunological

phenotype in the GI tract is currently unkonwn.

Aim: To assess the impact of Mbd2 deficiency on CD11c+
Dendritic Cells (DCs) in vitro and in a murine model of GI tract

inflammation.

Methods: Mbd2�/� mice were produced as described previously. Sin-

gle cell suspension of colon lamina propria (LP) were isolated as

previously described from Mbd2�/� mice or wildtype (WT) litter-

mate controls. CD11c+ DCs were generated by 10 days GMCSF cul-

ture from Mbd2�/� or WT bone marrow as previously described

and assessed by FACS. CD11cCreMbd2Flox and WT mice were given

2% Dextran Sulphate Sodium (DSS) in drinking water for 7–10 days

and assessed for weight loss, symptom score, colon histology score

and mRNA expression of selected cytokines.

Results: Mbd2�/� mice displayed a decreased number and propor-

tion of CD11b+CD11c+F4/80� LP DCs compared to WT, in steady

state. All other macrophage and DC subsets were equivalent in all

parameters measured. Mbd2�/� GM-CSF CD11c+ DCs presented

significantly reduced expression of CD40, CD80 and CD86 activation

markers in vitro. CD11cCreMbd2Flox mice were more resistant to DSS

colitis with significantly reduced weight loss, symptom score, colon

histology score and IFN-gamma and IL-17 as assessed by colon

mRNA.

Conclusion: These data reveal for the first time that epigenetic pro-

cesses can regulate CD11c+ cell activation in vitro and that CD11c+
cell expression of Mbd2 is of critical importance in orchestration of

DSS colitis in vivo. They also identify methyl-binding proteins and/

or genes that they regulate as exciting new targets for therapeutic

modulation of GI inflammation.

220
Uptake and presentation of myelin basic protein by normal B

cells is dependent on complement and complement receptor 2

M. K. Brimnes*, B. E. Hansen*, L. K. Nielsen†, M. Dziegiel† &

C. H. Nielsen*

*Department of Infectious Diseases and Rheumatology, Institute for

Inflammation Research, Copenhagen, Denmark, †Blood Bank,

Department of Clinical Immunology, Copenhagen University Hospital,

Copenhagen, Denmark

Background and aims: B-cell depletion improves certain autoim-

mune diseases, including multiple sclerosis. On the other hand, a

role for regulatory B cells in maintenance of peripheral tolerance has

been suggested. The detrimental and protective functions of B cells

are likely to be linked to their antigen-presenting capacity. Our aim

was to analyse the ability of normal B cells to take up myelin basic

protein (MBP) and present MBP-derived peptides, and to assess the

influence of complement on the process. Moreover, we aimed to

characterise the phenotypic profile of the MBP-presenting B cells.

Methods: Peripheral blood mononuclear cells (PBMC) were purified

from healthy donors with the HLA-DR2 haplotype. The monoclonal

antibody MK16, recognising MBP85-99 in the context of HLA-

DRB1*1501, was used as a probe for antigen-presentation by B cells.

To inhibit complement, serum was heat inactivated or added EDTA/

sodium polyanethole sulphonate. To block CR2 or CR1 PBMC were

incubated with polyclonal anti-human CR2 sheep IgG or anti-human

CR1 rabbit IgG. FACS analysis was performed using various surface

markers to characterise antigen presenting B cells (CD19, CD1d,

CD5, CD24, CD27, IgM, CD80 and CD86).

Results: We observed that a subset of B cells were capable of binding

MBP (2.6 � 3.8%) and presenting MBP85-99 (3.7 � 5.3%) in

serum-free media. In presence of serum, however, the bulk of B cells

took up MBP and presented the peptide. The promoting effect of

serum was abrogated by complement inactivation by heat treatment,

EDTA or sodium polyanethole sulphonate. Blockade of complement

receptor 2 (CR2, CD21) led to significantly reduced binding of MBP

to B cells (46.0 � 14.5% inhibition, P < 0.001), while CR1 blockade

had no effect. B cells presenting relatively large amounts of MBP85-

99 in the presence of serum were enriched with CD27+CD5- and

CD27+CD5+ cells. Although the co-stimulatory molecules CD80 and

CD86 were expressed constitutively on the bulk of B cells, CD86

expression was significantly increased on B cells presenting high

amounts of MBP85-99.

Conclusion: We conclude that under physiological conditions, the

bulk of B cells take up MBP and present MBP-derived peptides in a

complement-dependent manner involving CR2, accompanied by

increased expression of CD86, the primary co-stimulatory molecule

for Tregs. We propose that B cells, irrespective of their specificity,

thus are active in modulation of autoimmune responses.

235
Fine mapping and expression of a locus overlapping three types
of inflammatory arthritis

K. J. A. Steel*, A. Hinks*, S. Eyre*, E. Flynn*, A. Yarwood*,

P. Martin*, A. Barton*,†,‡, W. Thomson*,† & United Kingdom

Rheumatoid Arthritis Genetics Group (UKRAG)

*Arthritis Research UK Epidemiology Unit, Institute of Inflammation

and Repair, Manchester Academic Health Sciences Centre, University

of Manchester, Manchester, UK, †NIHR Manchester Musculoskeletal

Biomedical Research Unit, Manchester Academic Health Science

Centre, University of Manchester, Manchester, UK, ‡Central

Manchester Foundation Trust and University of Manchester,

Manchester, UK

Background and aims: In a recent study using the Immunochip

array, the RUNX1 region was strongly associated with rheumatoid

arthritis (RA P = 5 9 10�10), juvenile idiopathic arthritis (JIA

P = 1 9 10�8) and psoriatic arthritis (PsA P = 6 9 10�4). In each

disease the SNP rs9979383 confers disease protection with odds

ratios (OR) of 0.8–0.9. This SNP maps 290 kb upstream of RUNX1,

indicating that it may be involved in regulation of gene expression.

RUNX1 encodes a transcription factor (TF) which has been shown

to interact with the regulatory T cell marker FOXP3. Unlike many

loci on the Immunochip, variation in the RUNX1 region is not well

covered, therefore further fine mapping is required.

Methods: Forty-two common (MAF > 0.05) tag SNPs (r2 > 0.9)

from the Utah residents (CEPH) with Northern and Western Euro-

pean ancestry (CEU) 1000 genomes July 2010 release were selected

for fine mapping. 2255 RA cases and 1877 healthy controls from the

United Kingdom Rheumatoid Arthritis Genetics Group (UKRAG)

were genotyped using the Sequenom iPlex MassARRAY platform.

SNP/samples which reached >90% success rate were analysed. Asso-

ciation testing was performed using PLINK v.1.07 and functional

annotation performed using ASSIMILATOR. To determine if

rs9979383 represents an expression quantitative trait locus (eQTL),

Taqman genotyping and gene expression assays were performed in

75 healthy controls from the national repository healthy volunteers

study. RUNX1 expression was normalised to two endogenous con-

trols (ACTNB and GAPDH) and linear regression performed in STA-

TA v.11.2.

Results: In the UKRAG cohort, association with rs9979383 was rep-

licated (P = 0.02, OR = 0.9, CI 95% 0.82–0.98) with an OR identical

to the previous RA study. Functional annotation of rs9979383 indi-

cates that it lies within a region of open chromatin with TF binding

potential, making it an ideal candidate for gene expression studies.
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In whole blood, RUNX1 expression was not correlated with genotype

at rs9979383 in healthy controls (P = 0.92) indicating that rs9979383

may alter expression of another gene or that this eQTL may only be

present at a cell specific level.

Conclusion: The results indicate that the RUNX1 association is

localised to r99793983 in RA but the association requires confirma-

tion in independent JIA and PsA cohorts. Although no significant

eQTL was observed in whole blood in healthy controls, cell specific

whole transcriptome studies in CD4+ T cells are currently under-

way to determine whether this SNP is an eQTL. Combined with

the fine mapping this will inform further investigations of the role

of the RUNX1 region in the common pathogenesis of inflammatory

arthritis.

240
Characterisation of ‘ex-Th17’ cells in the context of

autoimmunity

D. Cluxton, S. Basdeo, B. Moran, K. H. Mills & J. M. Fletcher

Biochemistry and Immunology/School of Medicine, Trinity Biomedical

Sciences Institute, Dublin, Ireland

Th17 cells play an important pathogenic role in autoimmune dis-

eases. However Th17 cells are unstable, particularly under inflamma-

tory conditions where they can lose their characteristic expression of

IL-17 and RORct and gain expression of IFN-c and Tbet, thus

resembling Th1-like cells. We investigated the characteristics of these

‘ex-Th17’ cells compared to Th17 and Th1 cells in order to deter-

mine whether they retain characteristics of Th17 cells, or are equiva-

lent to Th1 cells. It has been shown that Th17 cells have stem cell

like characteristics, and exhibit enhanced survival. In addition Th17

cells have been shown to express HIF1a which directs the cellular

response to hypoxia.

CD4 T cells were stained with a panel of cell surface markers and

sorted into Th1 (CD161- CXCR3+CCR4-CCR6-), Th17 (CD161+-
CXCR3-CCR4+CCR6+) and ex-Th17 (CD161+, CXCR3+CCR4-
CCR6-) populations. Cell populations were stimulated and cultured,

either as single cell clones or cell lines and then stained for intracel-

lular expression of HIF-1a, b-catenin and the anti-apoptotic protein

Bcl-2.

In comparison to Th1 cells, both Th17 and exTh17 cell lines and

clones expressed higher levels of HIF-1a, b-catenin and Bcl-2.

Increased expression of HIF-1a and Bcl-2 suggests that Th17 and ex-

Th17 cells may be better able to survive the hypoxic conditions in

inflamed tissues, while higher b-catenin expression indicates that ex-

Th17 cells retain the stem cell like characteristics of Th17 cells. These

data indicate that although ex-Th17 cells have lost the ability to

express IL-17, they retain certain characteristics of Th17 cells which

may confer pathogenicity in the context of autoimmunity.

252
Lymphocytes from the inflamed joint of Juvenile Idiopathic

Arthritis patients express reduced levels of CD73 and have a

functional defect in adenosine production

S. Botta Gordon-smith*, S. Eaton†, S. Ursu* & L. R. Wedderburn*

*Department of Rheumatology, UCL- Institute of Child Health,

London, UK, †Department of Surgery, UCL- Institute of Child Health,

London, UK

Background and aims: The nucleotidases CD39 and CD73 are

responsible for the catabolism of pro-inflammatory ATP to AMP,

and the consequent dephosphorylation of this nucleotide to regu-

latory adenosine. CD39 protein has previously been observed to

be elevated on JIA (Juvenile Idiopathic Arthritis) SFMC (synovial

fluid mononuclear cells) with a correspondent increase in ATPase

activity, while CD73 has been found decreased on JIA SFMC,

potentially affecting the cells ability to synthesize suppressive aden-

osine.

To test the hypothesis that JIA SFMC have a reduced ability to

synthesize adenosine.

Methods: Samples (unsorted or sorted CD8+/CD19+) from 32

patients with JIA, 30 healthy adult and 5 age-matched controls were

tested by flow cytometry and HPLC (high performance liquid chro-

matography). PBMC were stimulated with CpG or anti-CD3mAb

and anti-CD28mAb. Data were compared by Mann-Whitney (2-

tailed) and are expressed as medians; analysis was performed using

Prism (v5.03, Graphpad).

Results: We have previously described that JIA SFMC lymphocytes

express decreased levels of CD73 compared to JIA patients and

control PBMC, with the most marked difference on CD8+ and

CD19+ cells. Both total SFMC and CD8+ SFMC showed a decreased

ability to breakdown AMP. It was confirmed that B cells are the only

cell type to co-express CD39 and CD73 and were therefore are able

to generate adenosine from ATP. As B cells do not express the

Adenosine deaminase-CD26 complex they cannot breakdown adeno-

sine to inosine. Despite increased levels of CD39 on CD19+ SFMC,

levels of coexpression of CD39 and CD73 were decreased on CD19+
SFMC (49%) as compared to B cells from JIA PBMC (64%,

P = 0.0007) and PBMC from age matched (56%, P = 0.3) and adult

controls (71%, P < 0.0001). To test whether the reduced CD73

expression found in the joint is related to the stimulatory phenotype

of SFMC, this was modelled in vitro via stimulation of B cells via

TLR9 or T cells via TCR stimulation: stimulation led to CD73

down-regulation and reduced AMPase activity compared to unstim-

ulated PBMC.

Conclusions: Decreased expression levels of CD73 on lymphocyte

SFMC corresponded to decreased AMPase activity, the same situa-

tion as for stimulated PBMC, suggesting that JIA SFMC are less able

to synthesize adenosine as a consequence of their activated status.

These data suggest a functional defect within the joint of the pro-

duction of anti-inflammatory adenosine.

263
Autoimmunity to the alpha 3 chain of type IV collagen is

triggered by ‘autoantigen complementarity’

J. Reynolds*,†, G. A. Preston‡, B. M. Pressler‡, P. Hewins‡,

M. Brown‡, A. Roth‡, E. Alderman‡, D. Bunch‡, J. C. Jennette‡,

H. T. Cook‡, R. J. Falk‡ & C. D. Pusey*

*Department of Medicine, Imperial College, London, UK, †Department

of Life Sciences, University of Bedfordshire, Luton, UK, ‡UNC Kidney

Center, University of North Carolina, Chapel Hill, NC, USA

Background and aims: ‘Autoantigen complementarity’ is a theory

proposing that the initiator of an autoimmune response is not neces-

sarily the autoantigen or its molecular mimic, but may instead be a

peptide that is ‘antisense/complementary’ to the autoantigen. We

investigated whether such complementary proteins play a role in the

immunopathogenesis of autoimmune glomerulonephritis.

Methods: Experimental autoimmune glomerulonephritis, a model of

anti-glomerular basement membrane (GBM) disease, can be induced

in Wistar Kyoto (WKY) rats by immunization with the a3 chain of

type IV collagen. In this study, WKY rats were immunized with a

complementary a3 peptide (c-a3-Gly) comprised of amino acids that

‘complement’ the well characterized epitope on a3(IV)NC1, pCol

(24–38).
Results: Within 8 weeks post-immunization, these animals devel-

oped cresentic glomerulonephritis, similar to pCol(24–38)-immu-

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184

Abstracts48



nized rats, while animals immunized with scrambled peptide were

normal. Anti-idiotypic antibodies to epitopes from c-a3-Gly-immu-

nized animals were shown to be specific for a3 protein, binding in a

region containing sense pCol(24–38) sequence. Interestingly, anti-

complementary a3 antibodies were identified in sera from patients

with anti-GBM disease, suggesting a role for ‘autoantigen comple-

mentarity’ in immunopathogenesis of the human disease.

Conclusions: This work supports the idea that autoimmune glomer-

ulonephritis can be initiated through an immune response against a

peptide that is anti-sense or complementary to the autoantigen. The

implications of this discovery may be far reaching, and other auto-

immune diseases could be due to responses to these once unsus-

pected ‘complementary’ antigens.

266
Accelerated turnover of MHC class II molecules in NOD mice is

developmentally and environmentally regulated in vivo and
dispensable for autoimmunity

A. De Riva*, M. C. Varley†, L. J. Bluck‡, A. Cooke§, M. J. Deery¶

& R. Busch*,**

*Department of Medicine, University of Cambridge, Cambridge, UK,
†Department of Engineering, University of Cambridge, Cambridge, UK,
‡Elsie Widdowson Laboratories, MRC Human Nutrition Research,

Cambridge, UK, §Department of Pathology, University of Cambridge,

Cambridge, UK, ¶Cambridge Centre for Proteomics, University of

Cambridge, Cambridge, UK, **Department of Life Sciences, University

of Roehampton, London, UK

Background and aims: The H2-Ag7 (Ag7) MHC class II (MHCII)

allele is required for type 1 diabetes (T1D) in NOD mice. Ag7 not

only has a unique peptide binding profile, but has been reported to

exhibit biochemical defects, including accelerated protein turnover.

Such defects have been proposed to impair antigen presentation, and

thus self tolerance. Here, we report the first measurements of murine

MHCII protein synthesis and turnover in vivo.

Methods: NOD mice and BALB/c controls were labeled continuously

with heavy water (2H2O), and splenic B cells and DCs were isolated.

MHCII molecules were immunoprecipitated and digested with tryp-

sin. Digests were analysed by liquid chromatography/mass spectrom-

etry (LC/MS) to quantify the fraction of newly synthesized MHCII

molecules, and thus turnover.

Results: MHCII turnover was faster in DCs than B cells, varying

slightly between mouse strains. Some Ag7 molecules exhibited accel-

erated turnover in B cells from young, but not older, prediabetic

female NOD mice. This acceleration was not detected in a second

NOD colony with a high incidence of T1D. Turnover rates of Ag7

and Ad were indistinguishable in (NOD 9 BALB/c) F1 mice.

Conclusions: Accelerated MHCII turnover may occur in NOD mice,

but reflects environmental and developmental regulation, rather than

a structural deficit of the Ag7 allele. Moreover, this phenotype wanes

before onset of overt T1D and is dispensable for development of

autoimmune diabetes. Our observations highlight the importance of

in vivo studies in understanding the role of protein turnover in

genotype/phenotype relationships and offer a novel approach for

addressing this fundamental research challenge.

268
The pattern of expression of chemokines receptor and apoptosis

markers on peripheral blood lymphocytes of patients with

rheumatoid arthritis

F. T. Ashgan, A. M. A. Al-Dahlawi, M. F. El Shal & S. M. Bahlas

King Abdulaziz University, Jeddah, Saudi Arabia

Introduction: Rheumatoid arthritis (RA) is a chronic autoimmune

disease with persistent inflammation of several synovial joints, which

results in progressive tissue destruction of cartilage and bone.

Aim: To investigate the expression of some chemokines receptors

(CCR5, CX3CR1) as inflammatory and (CCR7) as naive T cell mark-

ers together with the expression of apoptosis marker (CD95) in

blood samples of patients with RA. The levels of IL-6, TNF-a and

IL-17 cytokines were also measured in their plasma samples.

Methods: A total of 40 patients with RA (34 female and six male;

with age range 21–68 years) were included. Twenty healthy volun-

teers (16 female and four male) matched for age (range 21–34 years)

were served as controls. Disease activity score (DAS28, CRP-ESR)

system was assessed and active disease was defined as DAS ≥ 3.2.

According to DAS-28 25 (62.5%) were classified with active RA and

inactive RA in 15 (37.5%) RA patients. The chemokines receptors

expression were analyzed by flow cytometry on the cell surface of

peripheral blood lymphocytes and the cytokines levels were mea-

sured by enzyme-linked immune-sorbent assay (ELISA).

Results: The plasma concentrations of IL-6, IL-17 and TNF-a were

significantly higher in patients than controls. Flow cytometry analysis

showed significant increases in the expression levels of CCR7 and

CCR5 on CD95+ T-cells in both active and inactive RA groups com-

pared to healthy control group. On the other hand, the expression

of CX3CR1 on T-cells was found significantly lower in both viable

and apoptotic cells regardless to the disease activity score. Addition-

ally, positive correlations were detected between CCR7 with IL-17

and TNF-a (r = 640 and 524 respectively) and a negative correlation

between CX3CR1 and IL-6 (r = �526).

Conclusions: These results may shed light on the roles of chemokine

receptors in pathogenesis of RA and could contribute to the devel-

opment of new diagnostic and therapeutic strategies.

269
Molecular mimicry between human endogenous retrovirus HERV-

K10 and IgG1Fc: a possible mechanism in the pathogenesis of
rheumatoid arthritis?

P. Nelson*, M. Trela*, D. Roden*, N. Tugnet† & P. Rylance‡

*Department of Immunology, University of Wolverhampton,

Wolverhampton, UK, †Department of Rheumatology, Royal

Wolverhampton NHS Trust, New Cross Hospital, Wolverhampton, UK,
‡Department of Nephrology, Royal Wolverhampton NHS Trust, New

Cross Hospital, Wolverhampton, UK

Human endogenous retroviruses (HERVs) constitute 8% of the

human genome and represent previous retroviral infectious agents

that have since been incorporated into our DNA. HERVs have then

been inherited through successive generations in a Mendelian man-

ner. Whilst many HERV families are defective, a number of these so

called ‘fossil viruses’ have retained intact open reading frames within

gag, pol and env genes, can be activated, and produce retroviral par-

ticles and products.

HERV-K10 is one such virus that has been linked with rheuma-

toid arthritis (RA). Preliminary bioinformatic analysis of HERV-K10

by our group has identified a highly antigenic epitope within the

Gag matrix region of this virus. Following the development of a rep-

resentative synthetic peptide (GKELK; defined as MAG1), we

observed significant IgG antibody reactivity (P < 0.024) to this epi-
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tope in RA patients as compared to disease controls and healthy

subjects. Subsequent amino acid sequence alignment of MAG1

revealed a homologous region (GKEYK) within the CH2 domain of

IgG1Fc, a key autoantigen in RA. This finding prompted us to ques-

tion whether an antibody raised to MAG1 would also react with

IgG1Fc. On developing a rabbit polyclonal antibody (termed PAb-

MAG1), we have found reactivity to HERV-K10 viral peptide MAG1

and IgG1Fc proteins in ELISA. Validation in Western blotting also

confirmed the recognition of IgG1Fc products of appropriate molec-

ular weight. These results confirmed immune reactivity to both virus

and autoantigen thus highlighting the potential for molecular mim-

icry between HERV-K10 Gag matrix and IgG1Fc. Intriguingly, we

also have show that the same epitope targeted by PAbMAG1 on

IgG1Fc is targeted by rheumatoid factor antibodies. Consequently

HERV-K10 could trigger and/or augment reactivity to IgG1Fc in RA

patients and provide a mechanism which contributes to the patho-

genesis of this autoimmune disease.

This notion is supported by our observation of IgG antibodies to

peptide MAG1 that is suggestive of a persistent antigen-driven

immune response to HERV-K10 in RA. Finally our results raise the

possibility of HERV-K10 peptide or antibody as potential therapeutic

blocking agents of rheumatoid factors.

270
Lymphoid cell aggregations in experimental autoimmune

uveoretinitis

S. Epps*, L. Nicholson† & A. Dick*

*School of Clinical Sciences, University of Bristol, Bristol, UK, †School

of Cellular and Molecular Medicine, University of Bristol, Bristol, UK

Background/introduction/context/objective: Experimental autoim-

mune uveoretinitis (EAU) is a Th1/Th17-mediated murine model of

the chronic human non-infectious ocular disease uveitis. Previous

work from our group has established that during clinical resolution

of disease a significant population of lymphocytes remains within

the retina. We investigated whether this lymphoid infiltrate within

the retina during EAU undergoes a process of structural organisation

as has been shown to occur in the lymphoid infiltrate in other

organs affected by chronic autoimmune disease, where organised ter-

tiary lymphoid tissue has been observed.

Material and methods: C57BL/6 mice were immunised subcutane-

ously with RBP1-20 uveitogenic peptide emulsified with complete

Freund’s adjuvant and pertussis toxin intraperitoneally to induce

EAU. The clinical course of EAU was monitored by topical endo-

scopic fundal imaging. At a range of time points mice were sacri-

ficed. Retinas were dissected from 1 eye of each mouse and

homogenised, mRNA isolated and cDNA generated. Optimised pri-

mer sets for lymphoid chemokines CXCL13, CCL19 and CCL21 and

podoplanin (a cell surface marker specific to Th17 cells) were used

to measure increases in mRNA relative to the housekeeping gene

GAPDH. The contralateral eye from each mouse was snap-frozen

and semi-thin sections obtained for immunofluoresecent staining for

CD3 and B220.

Results: An increase in expression of lymphoid chemokines CXCL13

and CCL21 in later stages of disease was found. Podoplanin expres-

sion was upregulated at day 35 post-immunisation but not at earlier

or later timepoints. Aggregations of CD3-positive cells and smaller

number of B220-positive cells were found both within the retina and

in the subretinal space. Lymphoid aggregations were seen in 34% of

all eyes examined (11 out of 32 eyes), and increased to 62.5% of eyes

(five out of eight eyes) at the later stage of EAU (day 40 post immu-

nisation or later). The presence of lymphoid aggregates did not cor-

relate with the severity of EAU as measured by a clinical grading

score.

Conclusion and discussion: We have demonstrated the upregulation

of lymphoid chemokines and the focal aggregation of lymphoid cells

with the retina in EAU. These findings are consistent with the lym-

phoid cell infiltrate within the retina in EAU undergoing a process

of structural organisation.

279
Unexpected role of IL-4Ra in regulating local tissue-resident

stromal cells to support tertiary lymphoid structure formation at
site of inflammation

S. Nayar*, B. Glaysher†, J. Campos*, M. Coles†, C. D. Buckley* &

F. Barone*

*Centre for Translational Inflammation Research, University of

Birmingham, Birmingham, UK, †Centre for Immunology and Infection,

University of York, York, UK

Background: Tertiary lymphoid structures (TLS) are a hallmark of

various autoimmune diseases. Phenotypical and functional changes

associated with the acquisition of lymphoid-like features have been

described in the stroma during TLS and cancer and suggested to

drive formation and maintenance of the pathological lesions. To date

the mechanisms responsible for the regulation of these changes are

not known. IL-4R signalling has been recently described to regulate,

upon injury, mesenchyme differentiation in muscle or adipose tissue

and we hypothesise that the same signalling might play a role in the

transition from of normal to lymphoid like/pathological mesen-

chyme.

Methods: To test our hypothesis we used an inducible mouse model

of TLS formation by retrograde cannulation of the salivary glands with

a replication deficient adenovirus, able to induce TLS similar to those

observed in Sjogren’s syndrome and Rheumatoid arthritis. Salivary

glands of C57BL/6 mice wild type and knockout mice (IL-4Ra�/�, IL-
4�/�, IL-13�/�) were cannulated and sacrificed at different time points

post cannulation (p.c.). Immunofluorescence, flow cytometry and RT-

PCR were used to evaluate the dynamic of acquisition of lymphoid

features and stromal cell activation.

Results: In our mouse model of TLS formation, we demonstrated that

in absence of IL-4R mediated signalling (IL-4R�/� mice) stromal cell

activation does not occur and absence of lymphoid stromal cell mark-

ers is associated with abrogated chemokine expression and defective

TLS formation. Similar phenotype was observed in IL-13�/� mice but

not IL-4�/� mice where normal induction of TLS occurs. Investigation

of IL-13GFP and IL-4GFP reporter mice as well as WT mice showed a

high level of IL-13 but not IL-4 expression in the salivary gland at early

time-points after TLS induction, thus suggesting that IL-13 more than

IL-4 is responsible for stromal cell transition to a lymphoid pheno-

type. Interestingly, investigation of bone-marrow chimeric mice

showed that the source of IL-13 was not only haemopoeitic cells but

both epithelial cells and other stromal cells were chiefly responsible for

producing IL-13 in response to adenovirus infection. Interestingly,

administration of recombinant IL-13 in absence of virus was sufficient

to cause stromal cell activation in absence of viral insult.

Conclusions: All together these results suggest that activation of qui-

escent tissue-resident stromal cells is mediated by engagement of

IL4-R on resident stroma and strongly suggests the need for thera-

peutic approach aimed to stroma to achieve disease control. Thera-

peutic intervention aimed to block this signalling in autoimmune

conditions is currently under development.
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The functional role of genetic variants at the THEMIS//PTPRK

locus in multiple sclerosis

J. Davies, M. Ban, S. Thompson, J. Jones, S. Sawcer & A. Coles

University of Cambridge, Cambridge, UK

Background and aims: Genome wide association studies (GWAS)

have identified a number of loci containing genetic variants associ-

ated with susceptibility to multiple sclerosis (MS). The locus con-

taining the genes THEMIS and PTPRK on chromosome 6q has been

identified as one such region. THEMIS and PTPRK have been linked

to thymocyte development and peripheral T-cell functions in mice

and humans – both of which have been identified as defective in

MS. The aim of this study was to look at the functional mechanisms

underlying the associated SNP in the THEMIS/PTPRK locus. This

knowledge will contribute to our understanding of the mechanisms

of this disease and may identify a pathway that could be targeted for

the therapeutic management of MS.

Methods: PBMCs were isolated from 32 individuals recruited

through the Cambridge BioResource based on their genotype at the

most associated SNP identified in the GWAS study. To study the

effects of genotype on phenotype, the proportion of CD4+ and

CD8+ cells with a naive, central memory (CM), effector memory

(EM), effector memory RA (TEMRA) and regulatory phenotype was

determined by flow cytometry. Genotypic effects on expression of

THEMIS, PTPRK and RP11-103C16.2 (an antisense gene to PTPRK)

were studied on magnetically separated CD19+, CD4+ and CD8+
cells by quantitative PCR using the Taqman 7900 Sequence Detec-

tion System. Thymic activity was measured indirectly using the sjT-

RECs/ml assay on whole blood leukocytes, and by the sjTRECs/lg
DNA assay to differentially investigate the naivety of CD4+ and

CD8+ cells in peripheral blood.

Results: In the analysis correlating genotype with gene expression,

no significant results were identified for any of the three genes inves-

tigated; however there was a trend towards increased expression of

THEMIS in CD8+ cells with the risk homozygous genotype. A trend

towards decreased memory cells within the CD8+ compartment was

also identified in those with the risk homozygous genotype. No

trends were identified in the analyses correlating genotype with sjT-

RECs/ml and sjTRECs/lg DNA.

Conclusions: The results obtained exclude a large effect of the risk

variant on T-cell development and phenotype. However, due to the

sample size, firm conclusions cannot be drawn regarding more mod-

erate effects. In addition, as yet we have not investigated the effects

of genotype on cell function. Future work includes expanding the

sample size of the study, and performing functional assays – includ-

ing studying the role and kinetics of THEMIS and PTPRK expression

upon T-cell activation.

346
Characterising the role of lipoprotein-associated phospholipase

A2 (Lp-PLA2) in experimental autoimmune uveoretinitis (EAU)

G. Beers*, J. Boldison†, D. Copland*, P. Adamson‡,

L. Nicholson*,† & A. Dick*,†

*Academic Unit of Ophthalmology, School of Clinical Sciences,

University of Bristol, Bristol, UK, †School of Cellular and Molecular

Medicine, Univeristy of Bristol, Bristol, UK, ‡Ophthalmology Discovery

Performance Unit, GlaxoSmithKline, Stevenage, UK

Background and aims: Macrophage activation can be regulated via

hydrolysis of oxidised low density lipoproteins (oxLDL) by Lp-PLA2.

This produces lysophosphatidylcholine and non-esterified fatty acids

that up-regulate expression of chemokines and adhesion molecules,

induce macrophage migration and promote pro-inflammatory cyto-

kine release. Inhibition of this enzyme may therefore perturb macro-

phage function and attenuate inflammation. We utilised Lp-PLA2

knockout (KO) mice to determine the effect of Lp-PLA2 depletion

in autoimmune retinal inflammation, employing a murine model of

autoimmune uveitis, EAU, in which macrophages are central to pro-

gression and expression of disease.

Methods: C57BL/6 Lp-PLA2 KO mice, heterozygotes (HET) and wild

type (WT) controls were immunized to induce EAU by subcutane-

ous injection of RBP-3 (IRBP) 1–20 peptide in Complete Freund′s
Adjuvant, plus intra-peritoneal (IP) injection of heat inactivated per-

tussis toxin. Clinical disease was monitored by Topical Endoscopic

Fundus imaging (TEFI). Mice were sacrificed on day 26 post immu-

nisation, infiltrating leukocytes were quantified by flow cytometry

and histological disease severity was assessed.

Results: Lp-PLA2 KO mice showed substantially fewer infiltrating

CD45+ cells compared to both WT and HET controls, which corre-

lated with a lower disease score by TEFI and histology. There were a

greater proportion of CD11b+Ly6G+ neutrophils in the retinas of the

KO mice. Oxidised phospholipid (oxPL) staining was positively cor-

related with infiltrating CD45+ cells and increased disease severity,

rather than Lp-PLA2 depletion and subsequent substrate accumula-

tion.

Conclusions: Lp-PLA2 KO mice, immunised to induce EAU experi-

enced decreased macrophage infiltration and less clinical disease.

Together we infer from these findings a mechanism of reduced

migration and infiltration of cells as well as suppressed leukocyte

activation.

349
Two’s company, three’s a crowd: a model for cross-linking of

receptor trimers by ligand trimers as triggers for signalling in

the TNF/TNFR superfamily

S. Albogami, L. Fairclough, I. Todd & P. Tighe

Department of Infection and Immunity, University of Nottingham,

Nottingham, UK

Background and aims: The tumor necrosis factor (TNF) family of

cytokines is involved in orchestrating immunological processes. Their

effects are mediated by binding to the cell surface members of the

TNF-receptor super-family (TNFRSF). They thus induce the activa-

tion of intracellular signaling pathways. Evidence indicates that

members of the TNFSF including TNF itself, function as trimers that

bind to three copies of the corresponding receptors. The TNFRSF

members contain cysteine-rich domains (CRD) in their extracellular,

ligand-binding regions. There is evidence to prove that the mem-

brane distal CRD-1 forms homologous interactions in the absence of

ligand to form receptor complexes. The CRD-1 is therefore termed a

pre-ligand assembly domain (PLAD). The MBTI model is of pro-

found importance as a means to understand the architecture of how

PLADs interact with each other and how they bind TNF- a. Here,

we have utilised the MBTI model to make an informed decision to

mutate four residues that are identified to be critical to PLAD inter-

action.

Methods: We used the MultiSite Gateway 3-fragment cloning tech-

nology to produce five expression clones. The expression clones

included full-length constructs of the wild type (WT) and four

mutants (K19A, T31A, D49A and D51A). The expression clones were

transfected in to the SK-HEp1 cell line. We used flow cytometry to

generate the expression profiles of the transfected cells, and we then

proceeded to investigate the ability of the mutants to bind TNF a.
Results: We found that both WT and mutants are expressed on the

cell surface and observed that K19A and D51A could not bind the

latter when compared to the wild type protein. T31A and D49A

could clearly bind TNF-a but not to the same extent as that of the
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wild type (low level of binding). From our results it can be inferred

that these mutations prevented the TNFR1 protein from self-associ-

ating and in turn, from carrying out PLAD interactions to form tri-

mers. However, the T31A and D49A mutations do not seem to

affect the overall three-dimensional structure of the receptor greatly.

Conclusions: In conclusion, our results reinforce the possibility that

a preferential homotrimer formation of PLAD in the absence of a

ligand is favoured.

354
Murine models of colonic inflammatory bowel disease: a new

look at immunological and pathological phenotypes

B. Eldakhakhny*, J. T. McLaughlin*, P. V. Padfield*,

S. E. Levison†, J. L. Pennock* & Gastrointestinal Sciences

*Faculty of Medicine and Human Sciences, Institute of Inflammation

and Repair, University of Manchester, Manchester, UK, †Department

of Gastroenterology, Manchester Royal Infirmary, Manchester, UK

Inflammatory bowel disease represents a spectrum of chronic gastro-

intestinal diseases, which are increasing in global prevalence and

which generate significant morbidity. The study of experimental

models of intestinal inflammation has aided recent advances in

understanding the pathology and immunology of Crohn’s disease

(CD) and ulcerative colitis (UC). However, reverse translation from

human disease to experimental models is essential to investigate

genetic and biological mechanisms central to disease pathogenesis.

The more advanced and tractable an animal model is with respect to

phenotype, gene expression, histopathology and the immune

response, the better suited it is for translational study. Although

many mouse models of colitis have been developed, more rigorous

phenotyping is required to take full advantage of the resource. Here

we take a new look at colitic mouse models, comparing what is

known with specific pathological and immunological hallmarks of

colonic CD and UC. This highlights the strengths and weaknesses of

each colitis model and should lead to a more focused study of each

for translational investigation.

357
Pathogenicity of gut-derived Th17 cells

P. J. Morrison, H. Ahlfors & B. Stockinger

National Institute for Medical Research, London, UK

In steady-state conditions the intestine contains a significant number

of Th17 cells. Here they play a major role in maintaining homeosta-

sis, such as promoting IgA production and reinforcing barrier func-

tion. During pathogenic immune responses in the gut and other

tissues, Th17 lymphocytes are found to increase in number and in

some cases undergo switching towards a Th1-type phenotype. Thera-

peutic interventions targeted at pathogenic IL-17 producing cells in

inflammatory disorders may also have significant detrimental effects

due to the interference of beneficial Th17-mediated effects in the

intestine. This raises the question of what are the differences between

gut-resident Th17 cells and de novo pathogenic IL-17A-producing T

cells seen during immunopathology. To address this issue, we make

combined use of IL-17 reporter mice and adoptive transfer models

and induce inflammatory responses (bacterial infection or induction

of autoimmune EAE) to delineate the contributions of gut resident

or de novo induced Th17 cells. Current and future work will

concentrate on revealing the molecular differences between intestine-

resident Th17 cells and Th17 lymphocytes generated after

immunological challenge.

363
Understanding the T cell mechanisms of human immune

thrombocytopenia

S. S. Hassan*,†, U. Doobaree‡, R. Nandigam†, A. Provan‡ &

D. J. Pennington*

*CIID, Queen Mary University of London, London, UK, †CIID,

London, UK, ‡Bart’s and the London School of Medicine and

Dentistry, London, UK

Human primary immune thrombocytopenia (ITP) is a rare blood

disorder defined by low platelet counts but normal bone marrow. It

is an autoimmune condition with antibodies detected against several

platelet surface antigens. The main immune mechanisms are thought

to be destruction of platelets and megakaryocytes by either T cell-

mediated or auto-antibody-mediated processes. Ineffective thrombo-

poiesis has also been observed.

There is a dearth of T cell studies in the ITP literature. Thus, this

study aims to characterise T cell fitness, frequencies, and function in

ITP. A cross-section of ITP patients (~n = 20) and matched controls

(~n = 20) will be recruited from the Royal London Hospital’s ITP

patient registry, the largest of its kind in Europe.

We will analyse the frequencies of CD8(+) CTLs, CD4(+) effector

T cells, and CD4(+) regulatory T cells, in the peripheral blood of

patients. The pro- and anti- inflammatory potential of T cell subsets

will be assessed; for example by intracellular cytokine staining for

IFNg, IL-17A, IL-4, IL-10 and Granzyme B. Cytotoxic potential will

also be investigated.

An improved understanding of the T cell mechanisms in ITP is

fundamental for the development of new therapies and better clinical

management of the disease.

376
Peripheral fibroblastic reticular cells: an important source of

local chemoattractants during autoimmunity?

J. E. Klementowicz & Q. Tang

University of California San Francisco, San Francisco, CA, USA

Chronic inflammation is a specific feature of many diseases includ-

ing autoimmune disorders, persistent infections and chronic graft

rejections. It has been previously reported that structures similar to

secondary lymphoid organs, with organized lymphoid stromal cell

network, can be found in chronically inflamed tissues. These tertiary

lymphoid organs (TLO) are believed to promote local immune

response development resulting in disease progression. Type 1 diabe-

tes is an autoimmune disease characterized by on-going, chronic

Th1 response in the islets of Langerhans. TLO is a prominent feature

of islet inflammation in multiple mouse models of type 1 diabetes.

Importantly, treatment with LTbR-Ig fusion protein, which has been

shown to disrupt TLO, prevents disease development and can even

reverse established inflammation in the islets. These findings indicate

that LTbR-dependent lymphoid stromal cells, essential for TLO, may

be important in creating inflammatory milieu facilitating disease

progression. However, little is known about the lymphoid stromal

cell composition of TLO in the islets and their specific roles in type

1 diabetes development.

Here we show that islets of pre-diabetic non-obese diabetic mice

have increased numbers of fibroblastic reticular cells (FRC), normally

found in T cell zone of secondary lymphoid organs. FRC numbers

strongly correlate with infiltration severity and are virtually absent in

islets of mice that do not develop islet infiltrates. Furthermore, islet

FRC are the principal producers of Th1 cell-attracting chemokine

Cxcl9 and homeostatic chemokine Ccl19, which receptor Ccr7 is

widely express on na€ıve T cells. IFNc was necessary and sufficient for

inducting Cxcl9 and Ccl19 expression by islet FRC. Suppression of
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IFNc by islet antigen-specific Tregs in vivo led to a decrease in Cxcl9

and Ccl19 expression, reduction of T cell recruitment, and preven-

tion of progression to overt diabetes. Therefore, it is possible that

islet FRC can attract T cells from the circulation and subsequently

orchestrate their migration and organization in the islets, similarly to

what can be observed in the secondary lymphoid organs, facilitating

cell interactions and disease progression. Consequently, our results

suggest that FRC are central to the perpetuation of chronic inflam-

mation in the islets and intercepting the cross talk between T cells

and FRC may be an effective strategy to halt progressive tissue

destruction in type 1 diabetes and other autoimmune disorders.

378
Ankylosing Spondylitis patients have an increased proportion of

CD16+ mononuclear cells able to induce CCR6 on CD4+ T cells

P. Wright*, L. Utriainen*, A. McEntegart†, D. McCarey†,

I. McInnes* & S. Milling*

*Institute of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK, †Centre of Rheumatic Diseases, Glasgow Royal

Infirmary, Glasgow, UK

Background and aims: Ankylosing Spondylitis (AS) is a chronic sys-

temic inflammatory disease primarily affecting the axial skeleton.

The genetic association between AS and the MHC class I gene HLA-

B27 was discovered 40 years ago, however the pathogenic role of this

molecule remains elusive. IL-17 secreting cells appear to be impor-

tant in driving pathology both in AS patients and in the HLA-B27

transgenic (B27-TG) rat SpA model. Dendritic cells (DCs) activate

na€ıve T cells and maintain the balance between activation and sup-

pression of the immune response. If affected by HLA-B27, DCs are

therefore likely to contribute to the T cell-mediated aspects of AS

pathogenesis. Studies in our laboratory, using B27-TG rats, have

uncovered deficiencies in tolerogenic DC populations that may con-

tribute to disease development through IL-17 promotion. We there-

fore aimed to characterise the functions of DC populations in AS

patients, to understand the role of DCs in AS pathogenesis.

Methods: T cell and DC subsets isolated from AS patients and age-

matched healthy controls were analysed using multiparameter flow

cytometry. DC subsets purified by flow cytometric sorting, were co-

cultured with allogeneic T cells; T cell proliferation was measured by

CFSE dilution and chemokine expression by flow cytometry. Plasma

cytokines were measured by ELISA. Using linear regression and the

Kruskal Wallis Spearman correlative test with a Dunn multiple com-

parisons post test, correlative analysis was performed using clinical

and immunological patient parameters.

Results: Compared to age and sex-matched healthy controls, blood

from AS patients contained increased proportions of CD4+ CCR6+

activated T cells. Additionally, AS patients contained a significantly

higher ratio of pro-inflammatory (CD16+ CD14� CD11c+) mononu-

clear cells compared to CD1c+ DCs, and higher concentrations of

IL-23. In co-culture experiments, these CD16+ DCs induce CCR6

expression on responding na€ıve T cells. The frequency of circulating

CCR6+ and CCR9+ CD4+ T cells in AS patients increased with dis-

ease severity and inflammation.

Conclusions: CCR6 expressing T cells are associated with a Th17

phenotype. Our data indicate that along with increased systemic lev-

els of IL-23 in AS patients, a shift in circulating myeloid populations

towards the CCR6-inducing CD16+ population may contribute to

the induction of T cell-mediated pathogenesis. Furthermore, we have

identified a potential role for CCR6+ and CCR9+ T cells in disease

pathogenesis.

381
Profiling autoantibodies in COPD using protein microarrays

technique

R. A. Shindi*,†, O. Negm†, I. Todd†, P. Tighe† & L. Fairclough†

*Department of Immunology, University of Nottingham, Nottingham,

UK, †MBTI Research Group, University of Nottingham, Nottingham,

UK

Background: Chronic obstructive pulmonary disease consists of a

combination of two phenotypes of the disease: chronic bronchitis

and emphysema, both of which can lead to the main feature of this

disease; airflow obstruction. COPD is the third leading cause of

mortality in the world. In recent studies, high levels of circulating

autoantibodies have been detected in patients with COPD; suggest

that the lung disorder may have an autoimmune component.

Objective: Evaluation of the autoimmunity associated with COPD

by measuring the levels of IgG autoantibodies in the COPD patients.

Methods: To achieve the project aim, we have employed antigen

microarray. Before applying this technique, quality control experi-

ments have been used to optimize the procedure such as testing dif-

ferent slides coated surfaces, selecting the best blocking buffers and

amplifying the signal intensities.

Results: The obtained results demonstrated that the combinations of

Aminosilane slide with I block buffer; Epoxysilane slide with PVA

buffer and aldehyde slide with mix of both buffers gave the highest

signal intensities and the lowest background. In addition to the sig-

nal intensities the morphology of the spots was even (circular and

regular) across the whole print.

The signal intensity was highly amplified using Genisphere-CY5

40 at a dilution of 1:3200 with very low background.

Conclusions and future work: Protein microarray techniques have

pivotal future roles in diagnosis of COPD as well as new options of

therapy in the disease. The optimized procedure will be applied on

samples of COPD patients and healthy controls.

386
Tissue resident CD8 T cell regulation of the retinal

microenvironment during chronic experimental autoimmune
uveitis (EAU)

J. Boldison*, D. Copland†, A. Dick*,† & L. Nicholson*,†

*School of Cellular and Molecular Medicine, Bristol, UK, †Academic

Unit of Ophthalmology, University of Bristol, Bristol, UK

Using CD4 T cell mediated Experimental Autoimmune Uveitis

(EAU) as a model for human intraocular inflammation we have

established that effector memory CD8 T cells (TEM) accumulate in

the secondary progressive phase of EAU. It remains unclear whether

they contribute to the persistence of disease. Since CD8 T cells of an

effector memory phenotype become resident in tissues following

viral infection our purpose was to interrogate the function of autore-

active retinal CD8 T cells within target tissue.

C57BL/6J mice were immunised with RBP-3 (IRBP [Interphotore-

ceptor Retinol Binding Protein]) 1–20 peptide to induce EAU. Dis-

ease progression was measured by Topical Endoscopic Fundal

Imaging (TEFI) and CD8 T cell retinal infiltrate and phenotype

assessed by flow cytometry. Cytokine production and cytotoxic

potential was measured by intracellular cytokine staining. Treatment

with FTY720 was used to determine the tissue half-life of retinal

CD8 T cells. Anti-PD-1 monoclonal antibody was used for local in

vivo PD-1 blockade. Monoclonal antibodies YTS 169.4 and 156.7

directed against CD8 were used for in vivo depletion of CD8 T cells.

Resident memory signatures CD69 and CD103 were upregulated

compared to splenic counterparts, however only a subset of retinal

TEM expressed CD103. Treatment with FTY720 decreased CD4 and
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CD8 T cells in the blood while in the retina the number of CD8 T

cells remained whilst numbers of CD4 T cells declined substantially.

Retinal TEM expressed increased levels of PD-1, correlating with a

progressive lack of effector function. Local blockade of PD-1 in one

eye provoked an increase in inflammation and increased cellular

infiltrate, compared to isotype administration in the contralateral

eye. PD-1 blockade increased CD103 expression on retinal TEM.

Depleting CD8+ cells from the retina resulted in an increase in cellu-

lar infiltrate, specifically CD4 T cells and CD11b macrophages.

In conclusion, effector memory CD8 T cells during autoimmune

retinal inflammation are comparable in phenotype and function to

tissue resident CD8 T cells observed after infection in other tissues.

The residency results in chronic antigen stimulation in the retina,

which in turn illuminates a phenotype of T cell exhaustion. Upregu-

lation of PD-1 on retinal TEM may provide a negative signal by

which these cells regulate the local environment.

474
Glucocorticoid receptor trafficking is independent of T helper

cell phenotype

P. J. P. Lait*, L. P. Schewitz-Bowers*, A. Dhanda*, A. D. Dick*,†,‡

& R. W. J. Lee*,†,‡

*School of Clinical Sciences, University of Bristol, Bristol, UK,
†University Hospitals Bristol NHS Foundation Trust, Bristol, UK,
‡National Institute for Health Research Biomedical Research Centre at

Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of

Ophthalmology, London, UK

Glucocorticoids remain the primary treatment for a variety of auto-

immune diseases, however up to 30% of individuals fail to achieve

disease control at tolerable doses and are thus classified as steroid

refractory (SR). We have observed that CD4+ T cells from SR uveitis

patients are biased to express IL-17 following TCR engagement,

which is consistent with the SR Th17 phenotype reported in other

disease groups. The purpose of this study was to establish whether

this disparity in steroid responsiveness between T helper cell subsets

is due to impaired glucocorticoid receptor expression or trafficking.

In humans, IL-17 producing CD4+ T cells are primarily derived

from the effector memory population identified by expression of

CD45RO and CCR6. We sorted (BD Influx) CD4+ CCR6+ and

CD4+CCR6� cells from the PBMCs of normal volunteers and cul-

tured for 2 weeks in Th17 and Th0 (unpolarised) conditions respec-

tively. Intracellular interleukin (IL)-17 and interferon gamma (IFN-

c) expression was quantified by flow cytometry (BD LSR II) after

24 h exposure to the synthetic glucocorticoid dexamethasone (Dex).

The nuclear translocation of GR (anti-GR mAb, Santa Cruz 3D5)

was quantified after 30 min of exposure to Dex using laser scanning

confocal microscopy of paraformaldehyde fixed cells. We used Vo-

locity 6.2 (Perkin Elmer) to analyse full depth z-stack images and

quantified translocation (nuclear density) as total red (GR) divided

by nucleus volume (DAPI). Matched cell samples were stored in

RNAlater and the relative expression of GR isoforms was quantified

when normalised to GAPDH (Applied Biosystems).

We found that exposure to Dex significantly increased the nuclear

density (translocation) of the GR in both Th0 and Th17 cells when

compared to untreated control cells. Further, there was no difference

between the cell types in their overall ability to translocate the GR.

The expression of both total GR and the GRb isoform did not differ

between Th0 and Th17 cells, and was not affected by exposure to

Dex.

We have shown previously that human Th17 cells maintain their

phenotype and proliferation in the face of steroid treatment. Here

we have investigated two potential cellular mechanisms that may

confer this glucocorticoid resistance using in vitro derived Th17 and

Th0 cells and have shown that neither impaired GR translocation

nor altered GR isoform expression explains the phenotype observed

clinically.

505
A novel role for CD248 in controlling the immune response to
antigenic challenge

N. Steinthal, S. Nayar, G. Desanti, K. Toellner, Y. Zhang,

C. Buckley, D. Withers & F. Barone

School of Immunity and Infection, University of Birmingham,

Birmingham, UK

Background and aims: Chronic autoimmune diseases such as rheu-

matoid arthritis (RA) are amongst the most debilitating conditions

in the developed world. Autoimmune diseases are associated with

aberrant humoral responses taking place in secondary and tertiary

lymphoid organ germinal centres and results in production of anti-

bodies to non-pathogenic self-antigens. A thorough understanding of

how the breakdown of tolerance occurs remains elusive. CD248

(otherwise known as tumour endothelial marker-1 or endosialin) a

well-known pericyte marker has been shown to be upregulated in

the synovium of RA patients and it has been observed to be involved

in lymph node remodelling following immunization.

Methods: The response to NP-CgG immunisation of CD248KO mice

was analysed by confocal microscopy, flow cytometry, and quantita-

tive real-time PCR.

Results: I present evidence that CD248 has a role in regulating the

formation of follicular dendritic cell (FDC) networks following im-

munisation, and in the absence of CD248, these networks do not

accurately form.

Conclusions: This aberrant formation may function in controlling

the ability of FDC to control B cell maturation and produce high

affinity antibodies, thus resulting in inability to accurately respond

to immune challenges and possible tolerance breakdown as observed

in RA.

537
Profiling of natural autoantibodies in relation to chronic

obstructive pulmonary disease (COPD)

R. Halala, P. Tighe, I. Todd & L. Fairclough

MBTI Research Group, School of Life Sciences, University of

Nottingham, Nottingham, UK

The aim of this study is to investigate natural autoantibodies in

relation to chronic obstructive pulmonary disease (COPD). Natural

autoantibodies are antibodies found in circulation of healthy indi-

viduals and react with one or more auto-antigens. They are

encoded by genes that lack extensive somatic mutations and affin-

ity maturation. However, under certain circumstances, they may

undergo somatic mutation and have potential to be associated with

generation of pathological associated autoantibodies. One potential

target of these autoantibodies is extra cellular matrix such as elas-

tin peptides and these have been shown to be involved in patho-

genesis of COPD. COPD is a complex condition consisting of

chronic bronchitis, respiratory bronchiolitis and emphysema and is

characterized by progression airflow limitation, which is not fully

reversible. In addition COPD is accepted as inflammatory disorder

with evidence of circulating autoantibodies against a variety of tar-

gets. The aim of this study is to examine why natural autoantibod-

ies in some individuals may shift from a physiological role to

pathological autoantibodies in relation to COPD. We have devel-

oped assays to measure antigen-specific antibody responses in
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serum and to examine cross-reactivity. The long term aim is to

identify diagnostic markers and therapeutic targets in relation to

COPD.

543
Plasmacytoid dendritic cells recognise apoptotic cell-derived
DNA complexes and promote immune regulation via IL-10

J. E. Simpson*, K. Miles*, M. Bereska† & M. Gray*

*MRC Centre for Inflammation Research, Queen’s Medical Research

Institute, University of Edinburgh, Edinburgh, UK, †Institute of

Immunology and Infection Research, School of Biological Sciences,

University of Edinburgh, Edinburgh, UK

Background and aims: The current paradigm for the pathogenesis

of systemic lupus erythematosus (SLE) suggests that self-tolerance to

apoptotic cells (AC) is breached following defective uptake, leading

to TLR9 stimulation of plasmacytoid dendritic cells (pDC), which

secrete interferon (IFN)-a, and B cells secreting high titre anti-

nuclear autoantibodies. Conversely, in health TLR9 is essential for

the induction of regulatory B cells in response to DNA-complexes

expressed by AC. A regulatory role for TLR9 has also been demon-

strated in murine autoimmune diseases, where mice deficient in

TLR9 have more severe lupus-like disease. We wanted to gain a bet-

ter understanding of how pDC respond to AC in health, as this may

help to determine why immune regulation breaks down in autoim-

mune diseases, such as SLE.

Methods: Splenic pDC were purified from wild type and TLR9-defi-

cient mice. PDC were activated with synthetic TLR7 and TLR9

ligands and were co-cultured with apoptotic thymocytes generated

by UVB-irradiation or with freeze-thawed necrotic cells. Interactions

with the receptor for advanced glycation endproducts (RAGE) were

blocked using the antagonist Box A from high mobility group box 1

(HMGB1). Cytokine secretion was analysed by ELISA and flow

cytometry.

Results: IL-10 protein concentration was enhanced in supernatants

when pDC interacted with whole AC, but not necrotic cells. AC-

mediated cytokine production was switched to IFN-a when pDC

were primed with the TLR9 ligand CpG Type A, a viral mimic.

Enzymatic digestion of AC surface nucleic acids revealed DNA was

important for enhancing the responses. TLR9 was required to main-

tain IL-10 secretion for up to 1 week. Blocking RAGE on pDC

inhibited both IL-10 and IFN-a protein production. Furthermore,

CD4+ T cells were induced to secrete IL-10 by pDC-AC co-culture.

Removal of contaminating UV-irradiated antigen-presenting cells

(APC) from the AC feed inhibited the IL-10 production, suggesting

that pDC require a second APC to licence the secretion of IL-10.

Conclusions: The results suggest that in health, pDC respond to

DNA complexes expressed on whole AC by promoting immune reg-

ulation. However, the regulatory response produced by pDC interac-

tions with AC may be lost in the context of viral infection. Crosstalk

with other APC, such as conventional DC and B cells, and signalling

through RAGE may influence the regulatory response promoted by

pDC.

544
Regulatory T cells in autoimmune disease: can estrogens break

tolerance?

C. Scott�a, G. Fanelli, K. Boaheng, R. I. Lechler & G. Lombardi

Division of Transplantation Immunology and Mucosal Biology, MRC

Centre for Transplantation, Guy’s Hospital, King’s College London,

London, UK

Autoimmunity is characterised by a loss of immune tolerance to

self-antigens and by the activation of both auto-reactive cells and

persistent production of pathogenic auto-antibodies. These

immune responses to self-antigens lead to chronic and often debil-

itating disease. While the exact pathogenic mechanisms for many

autoimmune diseases remain to be elucidated, often their onset is

linked to genetic susceptibility. However, recent studies have sug-

gested that dysregulation of regulatory T cells (Tregs) is one of

the major factors conferring risk factor for the development of

these diseases. Furthermore, it is known that autoimmunity occurs

more frequently in women than in men and in some diseases the

flares are associated with certain phases of the menstrual cycle.

These observations suggest a mechanism by which estrogens affect

the disease activity. Antagonistic and cooperative interactions

between estrogens and the vitamin A metabolite, retinoic acid,

have been also reported. In vivo adaptive Tregs (iTregs) are gener-

ated throughout the course of the immune response and retinoic

acid in combination with TGF-b can convert naive CD4+ T cells

into Tregs and stabilise the expression of Treg master gene,

FOXP3. The hypothesis tested in this study was that the dysfunc-

tional cross-talk between retinoic acid and estrogens could impair

the expression of genes controlling both Tregs generation and fate.

To this aim iTregs have been generated in vitro in the presence of

TGF-b, ATRA and different concentration of b-estradiol. The

results showed that although both proliferation and phenotype of

these cells are not influenced by the presence of the hormone, the

suppressive ability was vigorously affected. This result leads to the

analysis of different pathways implicated in Treg functions and

whether microRNAs could play a key role. The expression of

miR10a, which has been previously described highly expressed in

iTregs and induced by retinoic acid, was significantly decreased by

the presence of b-estradiol. This inhibition could be the cause of

reduced Treg function. Altogether the results obtained so far in

this study provide mechanistic insight into the cross-talk between

sexual hormones and iTreg generation and function.

551
Immunoregulation during a Multiple sclerosis relapse: effects of

corticotherapy

N. Muls, H. A. Dang, C. Sindic & V. Van Pesch

Laboratory of Neurochemistry, Universit�e Catholique de Louvain,

Brussel, Belgium

Background: Multiple sclerosis (MS) is a chronic inflammatory dis-

ease resulting in demyelinating lesions in the central nervous system.

MS has multifactorial components involving a genetic predisposition

and environmental factors. Although high dose intravenous methyl-

prednisolone (ivMP) is commonly used to treat acute relapses, its

mechanism of action is only partly known. The proinflammatory

events leading to MS relapses have been largely investigated. Here,

we focus our work on the regulatory responses activated during the

relapse.

Material and methods: Peripheral Blood Mononuclear Cells (PBMC)

were collected from relapsing MS patients before ivMP treatment on

day 1 and on day 5. Regulatory T cells (Treg) frequency was assessed

by methylation-specific qPCR of the first intron of FOXP3. CD4+ T
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cells were isolated by magnetic cell separation in a subgroup of relaps-

ing patients and healthy controls, and stimulated in vitro by the artifi-

cial polyclonal reagent Cytostim (Miltenyi Biotech). Cytokines were

analyzed by qPCR ex vivo and after stimulation. CD39 expression was

analyzed ex vivo by flow cytom�etrie in CD4+, CD8+, CD19+, NKp46+

cells as well as in CD4+Foxp3+CD25hi Treg.

Results and discussion: Treg frequency is similar between MS

patients and healthy controls, and is not increased by ivMP. We

show an ex vivo increased expression of CD39 and IL-22, a cyto-

kine with possible protective effects, during an acute relapse. Expo-

sure to ivMP had no effect on IL-22 expression. Conversely, the

expression of CD39 is further reinforced by ivMP treatment. CD39

is an ectoenzyme that cleaves ATP to AMP. As ATP has numerous

proinflammatory effects, its degradation by CD39 has anti-inflam-

matory influence. The expression of CD39 is not increased on Treg

but on a subset of cells negative for B, T and natural killer (NK)

cell surface markers. Further studies will be conducted in order to

characterize these cells, possibly innate lymphoid cells.

All together, these data suggest that anti-inflammatory responses

are activated independently of Treg by the organism when a MS

relapse occurs. IvMP treatment might strengthen these mechanisms

but does not increase Treg frequency.

We are currently studying the expression of the aryl hydrocar-

bon receptor (AHR). This transcription factor is a crucial link

between environmental factors and host immune function and

plays a critical role in IL-22 and CD39 production. Preliminary

experiments carried out in our laboratory show that ivMP increases

AHR mRNA expression. Identifying therapeutic targets to promote

anti-inflammatory pathways is of great interest for the treatment of

relapsing MS.

562
Profiling autoimmunity markers in autoimmune diseases using

antigen microarray

A. O. Almehairi, O. Negm, I. Todd, L. Fairclough & P. Tighe

Immunology, School of Life Sciences, Nottingham University,

Nottingham, UK

There is a growing recognition for the need to stratify patients with

systemic autoimmune diseases, such as rheumatoid arthritis, for early

detection and improved differential diagnostics. This requires the

development of high throughput technologies that allow rapid mea-

surement of multiple specific proteins in a single small sample, at

low cost.

The aim of this study is to develop an antigen microarray to sup-

port the simultaneous interrogation of patient samples for multiple

autoantibodies against common autoantigens associated with rheu-

matoid arthritis and other systemic autoimmune diseases. The capa-

bilities of protein microarrays make them ideally suited to high-

content and high throughput processing to profile disease biomar-

kers in support of enhanced patient stratification and personalized

therapeutic intervention.

Optimization of the microarray process is key to the reproducibil-

ity of the techniques. Over 40 target autoantigens and controls have

been incorporated on a single small microarray, and blocking and

signal enhancement technologies have been resolved to provide a

reproducible assay, requiring just one well of a microtitre plate per

patient sample. The array system has been validated using a range of

samples. Application of the technique to clinical samples from a

broad range of rheumatology samples is ongoing.

565
hBD3 exacerbates the MDA5-mediated type I interferon

response to the viral mimic PolyI:C both in vitro and in vivo, but

suppresses TLR3 and RIG-I responses

F. Semple, H. Macpherson, S. Webb & J. Dorin

MRC Human Genetics Unit IGMM, University of Edinburgh,

Edinburgh, UK

Double stranded RNA (dsRNA) is a pathogen associated molecular

pattern indicative of viral pathogens and recognised by the endoso-

mal receptor TLR3 and the cytosolic receptors RIG-I and MDA5.

PolyI:C is a synthetic dsRNA that is recognised primarily by both

TLR3 and MDA5. hBD3 is a b-defensin known as an antimicrobial

peptide and can also suppress both Myd88-dependent and indepen-

dent TLR-4 mediated LPS response. We show here that in primary

bone marrow derived macrophages the polyI:C-induced production

of several proinflammatory cytokines (including TNF-a and IL-6 but

not CXCL10) and the type I interferon response are significantly

increased in the presence of the b-defensin hBD3. This effect is also

observed in vivo with a significant increase in serum levels of cyto-

kines following injection of hBD3 and PolyI:C compared to PolyI:C

alone. Peritoneal injection of PolyI:C into transgenic mice that

express hBD3 also show an exacerbated serum cytokine production

in comparison to wildtype mice. The polyI:C enhanced effect is con-

served in primary macrophages from TICAM1 (TRIF) knockout

mice that only signal through the cytoplasmic receptors because they

are deficient in TLR3 signalling. The effect is mitigated however in

BMDM from mice that can only signal through TLR3 due to dele-

tion of IPS-1, the co-adaptor for RIG-I and MDA5. Recent work

suggests that hBD3 like LL-37 allows self DNA and the CpG mimic

to enter pDC more effectively which results in increased type I inter-

feron signalling through TLR9. We show here that increased cyto-

plasmic entry achieved by using lipofection does not increase the

PolyIC-induced IFN-b production in BMDM from wildtype mice or

those from TRIF null mice where signalling is only through MDA5

and so it is unlikely that this explains the effect that we see. How-

ever, in contrast, the induced cytokine and interferon response

achieved when using a specific ligand for RIG-I signalling (which

requires a transfection reagent) is significantly reduced in the pres-

ence of hBD3. We conclude that the antimicrobial peptide hBD3 can

both suppress and augment RNA induced innate immune responses.

DEFB103 the gene for hBD3 is on a highly copy number variable

locus in human and its effect on MDA5 signalling may have pheno-

typic consequence in autoimmune disease.

605
Deciphering the gene expression signatures associated with the

pathogenesis of rheumatoid arthritis – a pivotal step towards

personalised medicine

P. N. Pushparaj*, L. A. Damiati†, S. M. Bahlas‡, K. Gauthaman*,

N. Kothandaraman*, A. Choudhary* & M. H. Al Qahtani*

*Center of Excellence in Genomic Medicine Research, King Abdulaziz

University, Jeddah, Saudi Arabia, †Department of Biology, Faculty of

Science, King Abdulaziz University, Jeddah, Saudi Arabia,
‡Department of Internal Medicine, Faculty of Medicine, King

Abdulaziz University, Jeddah, Saudi Arabia

Background and aims: Rheumatoid Arthritis (RA) is a chronic auto-

immune disease characterized by articular damage, synovitis and

other related systemic complications in brain, lungs and vasculature.

The synovitis in RA patients is characterized by a rapid influx and

proliferation of immune cells leading to excessive cytokine and

chemokine production, tissue destruction and other co-morbidities.

In this study, we have deduced various genomic signatures and bio-
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logical pathways associated with RA using systems immunological

methods.

Methods: Raw microarray expression (Affymetrix CEL) files in the

public domain derived from studies on RA patients were down-

loaded from the Gene Expression Omnibus (GEO) and analysed by

Genespring GX 12.5 software (Agilent, USA). The significantly

expressed genes were selected by a standard cut-off at twofold

increased expression compared with the normal controls. These dif-

ferentially expressed genes were then classified based on Gene Ontol-

ogy (GO) such as the expression of immune cell receptors,

regulation of inflammatory response, cytokines and chemokines etc.,

Moreover, the differentially expressed genes were investigated by

Ingenuity Pathway Analysis (IPA) software for the identification of

canonical and novel pathways implicated in RA.

Results: The genomic signatures identified clearly showed the imbal-

ance in proinflammatory and anti-inflammatory cytokines and

chemokines in RA synovia that enhance the destruction of adjacent

cartilages and sub-chondral bone erosions, ligaments and the laxity

of tendons in RA.

Conclusions: The systems immunological analysis of high through-

put RA microarray data is necessary to understand various disease

promoting gene signatures and help to efficiently devise personalised

therapeutic strategies to control the disease and successfully prevent

relapse and attain remission in RA patients.

606
Generation of human antigen-specific regulatory T cells by MHC-

class I restricted T cell receptor gene transfer

L. Nickolay*, A. Skowera*, J. Bridgeman†, D. A. Price†,

A. K. Sewell†, M. Peakman* & T. Tree*

*DIIID, Kings College London, London, UK, †Institute of Infection and

Immunity, Cardiff University School of Medicine, Cardiff, UK

The adoptive transfer of regulatory T cells (Treg) as a therapy in

autoimmune diseases has been well demonstrated in mouse models

of disease. In the case of Type 1 diabetes, this therapy could poten-

tially prevent or dampen down the auto-reactive immune response

to the islets of the pancreas, a process in which CD8+ T cells play a

pivotal role.

However, this therapy is limited to the number of antigen-specific

Treg that can be isolated and expanded from patients. To overcome

this, lentiviral gene transfer technology can be utilised to engineer

whole populations of Treg to express any T cell receptor (TCR) of

choice, re-directing their antigen specificity. Furthermore, by gener-

ating Treg whose TCR is MHC class I restricted and islet antigen

specific, these cells can be targeted directly to the site of the inflam-

mation and similarly against the CD8+ T cells that elicit a large pro-

portion of islet cell damage.

TCR genes from the HLA-A2+ 1E6 pre-proinsulin specific and

868 GAG specific clone have previously been isolate and cloned into

clinical grade lentiviral vectors. Upon introduction of the 868 TCR

into Treg, transduced cells can successfully re-direct their antigen

specificity and become reactive to the cognate GAG peptide. These

re-directed Treg also prove to suppress antigen specific responses

upon activation with cognate peptide. In contrast to this, the 1E6

TCR, which reacts to the pre-proinsulin peptide with ~1000-fold
lower affinity than the 868 TCR, is unable to re-direct the antigen

specificity of Treg in response to its cognate peptide. However, when

1E6 transduced Treg are activated with a heteroclitic peptide for

which the 1E6 TCR has greater affinity, transuced Treg can success-

fully elicit suppressive activity.

These data demonstrate that a MHC class I restricted TCR with

abundantly low affinity for its cognate peptide is unable to re-direct

the antigen specificity of a CD4+ Treg without the presence of the

CD8 co-receptor. Therefore, in order to generate clinically relevant

MHC class I restricted islet antigen specific Treg using the 1E6 TCR

transudced Treg will require further manipulations, such as the

introduction of the CD8 co-receptor. Thus, the selection of autoim-

mune MHC class I restricted TCRs for Treg therapy may prove

more complex due to their naturally low affinity for cognate antigen.

615
Danger signalling in sterile inflammation

C. Ellson, P. Eissmann, M. Sleeman, D. Finch & M. Robinson

Department of Respiratory, Inflammation and Autoimmunity,

MedImmune Ltd, Cambridge, UK

Background and aims: Sterile inflammation in the absence of infec-

tion is thought to be an underlying initiator/driver of chronic obstruc-

tive pulmonary disease (COPD), systemic lupus erythematosus (SLE)

and other inflammatory disorders. The largest risk factor for COPD is

smoking, which causes tissue damage and leads to necrotic cell death

in the lung. These necrotic cells release ‘danger-associated molecular

patterns’ (DAMPs), normally sequestered intracellularly, thereby sig-

nalling their death. Innate immune cells recognise these DAMPs and

respond in a pro-inflammatory fashion. We aim to understand and

model human sterile inflammation in COPD in vitro.

Methods: We have established an assay whereby human cells are

necrosed with cigarette smoke extract and applied to primary human

monocyte-derived macrophages or specific reporter cell lines, and

the responses measured.

Results: Several cell lines were necrosed and assayed, and a human

bronchial epithelial cell line (BEAS-2B) provoked the largest inflam-

matory response as measured by multiplex cytokine analysis. Assays

with TLR and other reporter cell lines, together with antagonists of

known and hypothesized danger receptors and DAMPs, uncovered

an important role for TLR4 sensing of an as-yet-unidentified DAMP.

All cultures tested negative for microbial content, and further assays

determined that the potentially novel DAMP is pre-formed, cell-

associated, and signals in an MD2-dependent manner.

Conclusions: Future work will aim to further characterise other

DAMP(s) and danger receptor(s) that could be involved, as well as

to identify the TLR4 DAMP. We will then examine their involve-

ment in COPD and SLE using in vivo models and clinical samples.

616
Immune responses to heat shock during Behc�et disease

H. Belguendouz*, K. Lahmar-Belguendouz*, D. Messaoudene*,

L. M. Ahmedi*, D. Hartani†, N. Kherat‡, F. Otmani§ & C. Touil-

Boukoffa*

*Department of Cellular and Molecular Biology, University of Sciences

and Technology Houari Boumediene, Algiers, Algeria, †Department of

Ophtalmology Department, CHU Mustapha Bacha, Algiers, Algeria,
‡Department of Internal Medicine, CHU Bainem, Algiers, Algeria,
§Department of Internal Medicine, CHU Mustapha Bacha, Algiers,

Algeria

Background and aims: Behc�et disease is a chronic systemic inflam-

matory affection with an uncertain etiology. HSPs have been impli-

cated in disease pathogenicity. In this study, we investigated the

effect of heat shock on immune responses during Behc�et disease.
Methods: Peripheral blood was collected from 42 patients with

Behc�et disease and 16 healthy subjects. Samples were incubated at

40° for 1 h. After incubation at 37° in humidified atmosphere with

CO2 (5%) during 36 h, plasmas were harvested and NO and urea

were assessed in culture supernatants by modified Griess and Berthe-
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lot methods respectively. Results were analyzed by ANOVA. Anti-

bodies against self-cutaneous biopsies or bovine ocular structures

were investigated by immunohistochemistry.

Results: Our results showed the presence of plasma self-reactivity

against the cutaneous biopsies in all patients but not in control sub-

jects. This reactivity was more important during active stages. Further-

more, heat shock induced a qualitative and quantitative modification

in plasma reactivity. Plasma reactivity was more heterogeneous against

bovine ocular structures. However, heat treated ocular tissues showed

a higher reactivity than untreated tissues. Otherwise, without induc-

tion, nitric oxide levels were significantly increased in patients during

active stage by comparison to control subjects (P < 0.05) while urea

didn’t show any difference (P = 0.57). Heat shock induced significant

modifications in both nitric oxide and urea concentrations

(P < 0.01). However, this effect was different depending on disease

activity and the clinical manifestations (P < 0.001).

Conclusions: Our results showed the implication of heat shock in

the antibodies production and the modulation of nitric oxide and

urea production during Behc�et disease. These results suggests that

heat stress and/or induction of HSPs are implicated in the immune

disorders encountered during the disease.

630
Investigating the role of T-follicular helper cells in experimental
atherosclerosis

S. R. Sabir, M. K. L. MacLeod, P. Garside & P. Maffia

Institute of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK

Background and aims: Cardiovascular Disease (CVD) is now the

biggest cause of mortality worldwide, with atherosclerosis accounting

for the majority of deaths in CVD cohorts. Multiple cells of immune

decent accumulate within atherosclerotic arteries, with many being

pro-atherogenic in nature. These cells drive the progression of intra-

arterial plaques via cell-cell interactions and the secretion of media-

tors. Of these cells, T-cells and B-cells are of crucial importance for

plaque formation and progression. Using the hypercholesterolemic

apolipoprotein E deficient (apoE�/�) mouse model, we investigated

the role of T-follicular Helper (Tfh) cells in experimental atheroscle-

rosis. We have investigated Tfh cell, germinal centre (GC) B-cell and

antibody profiles during atherosclerosis formation and development.

Methods: We have used flow cytometric analysis of lymphoid organs

to investigate changes in T-cell and B-cells subsets in apoE�/�and
wild type (WT) mice over time. These animals were fed either stan-

dard chow diet or high fat diet (HFD) for 1, 2, 4, 8 or 12 weeks.

ELISAs were used to determine whether the presence of Tfh cells

and GC B-cells correlated with anti-malondialdehyde (MDA)-low

density lipoprotein (LDL) antibody levels.

Results: The percentages of Tfh cells in the peripheral lymphoid

organs of apoE�/� and WT mice fed chow diet remained consis-

tently low at all time points. The percentage of Tfh cells significantly

increased in HFD fed apoE�/� mice at early time points, in compar-

ison to control mice (1 and 2 weeks). The number of Tfh cells then

decreased at 4 and 8 weeks, and then reached the peak following

12 weeks of HFD. The percentage of GC B-cells peaked in both

chow fed and HFD fed apoE�/� mice after 4 weeks of diet and coin-

cided with the onset of plaque formation. The peak observed in GC

B-cell number was followed by increased anti-Ox-LDL IgG2c titres,

which peaked at 8 weeks. No differences in anti-MDA-LDL IgM or

IgG1 titres were found.

Conclusions: Our results demonstrate that increased Tfh cell, GC B-

cell and anti-MDA-LDL antibody levels correlate with atherosclerosis

formation and progression. These results provide an interesting

insight into the potential significance of Tfh cell modulation in ath-

erosclerosis.

633
Meta-analysis of AIRE regulated gene expression microarray

data reveals a network of transcriptional interactions mediated

by intermediate nodes

T. R. J. Lovewell*, A. J. McDonagh†, A. G. Messenger†,

A. Maleki-Dizaji‡, M. Azzouz§ & R. Tazi-Ahnini*

*Infection and Immunity, University of Sheffield, Sheffield, UK,
†Department of Dermatology, Royal Hallamshire Hospital, University

of Sheffield, Sheffield, UK, ‡Department of Computational Systems

Biology, University of Sheffield, Sheffield, UK, §Department of

Neuroscience, University of Sheffield, Sheffield, UK

The monogenic disorder Autoimmune Polyglandular Syndrome 1 is

characterised by hypoparathyroidism, Addison’s disease and chronic

mucocutaneous candidiasis and is caused by mutations in the AIRE

(Autoimmune regulator) gene. AIRE encodes for a transcription fac-

tor and is primarily expressed in the thymus where it regulates the

promiscuous expression of tissue restricted antigens. Consequently

AIRE has an important role in the process of negative selection in

central tolerance.

AIRE regulated gene expression has predominantly been explored

using mouse models, and has not been determined in a human thy-

mic model. We therefore generated a recombinant AIRE expression

variant of the TEC 1A3 human thymic epithelial cell line, using the

Flp-In system of site-specific recombination. Microarray analysis

revealed 512 genes to be differentially expression as a result of AIRE

expression (P < 0.05, FDR < 5%), which we validated by Q-PCR.

We then carried out a meta-analysis to determine a list of genes

showing conserved AIRE/Aire regulated expression across different

model systems using the repertoire of AIRE-regulated genes in our

data set with those determined in four different data sets from Aire

knockout mice of different genetic backgrounds, including C57BL/6,

BALB/c and NOD. We identified 447 genes that were differentially

expressed in our TEC 1A3 model system and at least three of the

four mouse data sets. We subsequently performed in silico analysis

of these conserved genes using EdgeExpress DB and revealed a large

network of transcriptional interactions with a number of transcrip-

tion factors, such as E2F6, IRF7 and STAT1, each having over 30

interactions with other AIRE/Aire regulated genes. This suggests that

AIRE may operate via intermediate transcription factors to regulate

the expression of its full repertoire of downstream genes.

651
Induction of regulatory T cells by products of helminth parasite

Fasciola hepatica as a preventative vaccine for autoimmune

diseases

A. Malara, C. Finlay, A. Stefanska & K. H. G. Mills

School of Biochemistry & Immunology, Trinity College Dublin, Dublin,

Ireland

Regulatory T (Treg) cells play a fundamental role in suppressing

excessive inflammatory responses to pathogens and in maintaining

peripheral tolerance to self-antigens. A breakdown in self tolerance

or defect in Treg cells can result in uncontrolled effector T cell

responses to self antigens and the development of autoimmune dis-

orders. Conversely, approaches that enhance the generation of auto-

antigen-specific Treg cells have potential for the prevention or

treatment of autoimmune disease. The induction of Treg cells is

enhanced by anti-inflammatory cytokines, with IL-10 and IL-27 pro-

moting the generation of IL-10 secreting Tr1-type Treg cells and

TGF-b with retinoic acid inducing peripheral conversion of na€ıve T

cells into conventional CD4+CD25+Foxp3+ Tregs. Certain immuno-

modulatory molecules form bacteria or helminth parasite can modu-

late dendritic cells (DCs) to promote induction of Treg cells in vivo.
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Finally, parasitic infections in humans are associated with lower inci-

dence of allergy and autoimmune diseases. Previously, we have

found that excretory-secretory (ES) products from helminth Fasciola

hepatica have potential to attenuate experimental autoimmune

encephalomyelitis (EAE). The aim of this study was to examine the

capacity of ES products and soluble extract (SE) obtained from

whole liver fluke F. hepatica to act as adjuvants to promote the

induction of Treg cells against self antigen and thereby attenuate the

clinical course of an autoimmune disease in a mouse model. Treat-

ment of mice with a low molecular weight fraction of ES increased

the frequency of Foxp3+ Treg cells, whereas SE enhanced frequency

of IL-10-secreting and TGF-b-secreting T cells. Furthermore, vacci-

nation of mice with neuronal self-antigen MOG and SE as an adju-

vant before induction of EAE resulted in delayed onset of symptoms

and attenuated the course of the disease. Flow cytometry analysis

showed that immunization with MOG and SE significantly decreased

the infiltration of pathogenic IL-17-producing T cells into the spinal

cords and brains of mice following induction of EAE. These findings

demonstrate the strong potential of using Treg-inducing vaccine

approach to prevent T-cell mediated autoimmune diseases.

661
Generation of human islet antigen-specific regulatory T cells for

the treatment of type 1 diabetes

C. Hull*, M. Estorninho*, P. Vantourout*, M. Richardson†,

J. Riley†, M. Peakman*, J. Maher‡ & T. Tree*

*Programme of Infection and Immunity, King’s College London,

London, UK, †Department of Microbiology, University of Pennsylvania,

Philadelphia, PA, USA, ‡Division of Cancer Studies, King’s College

London, London, UK

Adoptive cell therapy has been applied to a number of disease set-

tings where the transfer of regulatory T cell populations has proven

effective at suppressing autoimmune disease in animal models.

Therefore, this treatment approach shows potential for the control

of the autoimmune destruction of insulin producing islets in Type 1

Diabetes (T1D).

The transfer of large numbers of polyclonal natural Tregs (nTregs)

has been shown to control disease in the NOD mouse model for T1D.

However, the transfer of auto-antigen specific nTregs provides a con-

siderably more efficacious suppression of disease; this in itself presents

a problem for the transfer of this therapy to the human setting as

nTregs are a rare subset of T cells and therefore, producing a large

enough population with the desired specificity proves problematic.

In order to overcome the low frequency of nTregs with the

desired specificity, the antigen reactivity of T cells can be re-directed

via transfer of T cell receptor (TCR) genes using lentiviral vectors.

Proof of principle work has shown the viability of this technique,

primarily in the setting of cancer therapy. To apply TCR gene trans-

fer to T1D the aim is to create lentiviral vectors encoding TCRs spe-

cific for auto-antigens involved in disease in order to deliver these

genes to patient’s nTregs.

The TCR sequences of auto-antigen specific Treg clones specific

for epitopes of IA-2 and proinsulin, along with a control T-effector

clone specific for an epitope of hemagglutinin, were determined and

the alpha and beta chains of each assembled in to lentiviral vectors.

Lentivirus was then produced for the three TCRs using 293T cells

and used to transduce CD4 positive TCR negative and CD4 positive

TCR positive Jurkats.

Upon transduction of TCR negative Jurkats with lentivirus, each

TCR can be detected at the cell surface. Recent work has also found

that in TCR + Jurkats the hemagglutinin TCR can be expressed and

responds to its cognate peptide plus MHC complex. Therefore, this

ectopically expressed TCR is able to compete, in Jurkats, with the

endogenous TCR for signalling machinery without any optimisation

of the TCR.

In summary, TCRs from three T cell clones have been success-

fully cloned and assembled into lentiviral vectors. In the case of

the hemagglutinin specific TCR it has been shown that this TCR

can be triggered in Jurkats by its cognate peptide and that this

ectopically expressed TCR can signal in the presence of an endoge-

nous TCR.
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B Cells: Bridging the Innate and Adaptive Immune

Systems

141
Numerical and functional deficits in CD19+CD24hiCD38hi

regulatory B cells in patients with coronary atherosclerosis: a

novel immune defect in atherosclerosis

I. E. Dumitriu, P. Baruah & J. C. Kaski

Cardiovascular Sciences Research Centre, St. George’s University of

London, London, UK

Aim: T and B lymphocytes, the main cellular effectors of adaptive

immunity, are deeply involved in the chronic inflammatory process

that drives atherosclerosis. As the main source of antibodies, B cells

were originally thought to be anti-atherogenic via production of neu-

tralising antibodies against oxidised low density lipoprotein (LDL).

Recent studies that depleted B lymphocytes in animal models of ath-

erosclerosis have unravelled pro-atherogenic effects of conventional

mature B2 B cells and protective roles for the innate B1a B-cell subset.

Recently, B cells with regulatory function (Bregs) have also been iden-

tified in both animals and humans, but their role in atherosclerosis is

currently unknown. Impairment of Bregs has been implicated in the

pathogenesis of autoimmune disorders, but whether the same is true

in atherosclerosis is yet to be determined. Our aim was to examine

Bregs in patients with coronary atherosclerosis.

Methods: Bregs were defined as CD19+CD24hiCD38hi B cells. The

percentage and absolute number of Bregs was quantified in the cir-

culation of patients with myocardial infarction (MI, n = 60) and sta-

ble angina (SA, n = 40), as well as in healthy subjects (n = 30) using

flow cytometry. The production of interleukin-10 (IL-10) by mature,

memory and Breg cells was quantified by intracellular staining and

flow cytometry.

Results: We found a marked reduction in the percentage and abso-

lute number of Bregs in patients with coronary atherosclerosis (MI

and SA) compared to healthy subjects. No differences were noted in

the percentage and absolute number of total B cells, mature and

memory B cells in the study groups, suggesting a specific numerical

deficit in Bregs in patients with coronary atherosclerosis. Further-

more, Bregs from patients with coronary atherosclerosis produced

significantly less IL-10 in response to CpG and CD40L compared to

Bregs from healthy subjects, while the production of IL-10 from

mature and memory B cells was not impaired. We are now characte-

rising the molecular mechanisms that underlie the defects in Bregs

in patients with coronary atherosclerosis.

Conclusion: Our data show for the first time that patients with cor-

onary atherosclerosis harbour marked numerical and functional defi-

cits in Breg cells that may tip the balance in favour of pro-

inflammatory B and T lymphocytes. A better understanding of these

defects may reveal novel targets for future therapies to quench the

inflammatory process that drives atherosclerosis.

154
Effect of T follicular helper cells on regulation of mucosal

immunity to influenza haemagglutinin by CpG-DNA

A. N. Aljurayyan*,†, S. Gordon‡ & Q. Zhang*

*Department of Clinical Infection, Microbiology and Immunology,

University of Liverpool, Liverpool, UK, †Department of Pathology and

Clinical Laboratory Medicine, King Fahad Medical City, Riyadh, Saudi

Arabia, ‡Liverpool School of Tropical Medicine, University of Liverpool,

Liverpool, UK

Background: Stimulation of the innate immune system is known to

be important in the initiation and regulation of adaptive immunity.

Therefore, inclusion of some immunological adjuvants such as Toll-

like receptor ligands, which trigger early innate responses to enhance

the adaptive responses, is crucial to vaccine effectiveness. T follicular

helper cells (TFH) have been shown to be critical in germinal centre

function and in the regulation of adaptive immunity. The aim of

this study is to investigate whether and how CpG-DNA, a TLR-9

ligand, regulates mucosal immunity to influenza haemagglutinin

through TFH cells.

Methods: Mononuclear cells (MNC) were isolated from adenotonsil-

lar tissue collected form children and adults and co-cultured with

influenza antigens with or without CpG-DNA. B cell antibody pro-

duction in tonsillar cells was analysed by ELISA. TFH cells and effect

of CpG-DNA on their function were analysed by flowcytometry and

intracellular cytokine staining.

Results: Our results demonstrate that TFH in tonsillar MNC express

high levels of IL-4, IL-10 and IL-21 which are important for B cell

antibody production. Stimulation of adenotonsillar MNC by CpG-

DNA significantly increased the number of TFH cells and that was

correlated with the antigen-specific antibody production to haemag-

glutinin (HA) of seasonal influenza virus in adenotonsillar cells.

Conclusion: CpG-DNA promotes TFH cells in nasal-associated lym-

phoid tissue which correlates with the enhancement of influenza

HA-specific antibody production. Understanding the mechanisms by

which TLR ligands regulate adaptive immunity through TFH cells

may lead to novel vaccines against respiratory infections.

161
A novel pro-inflammatory B cell population infiltrating the
rheumatoid synovium can be identified by expression of FcRL4+

L. Yeo, H. Lom, C. Buckley, A. Filer, K. Raza & D. Scheel-Toellner

Univeristy of Birmingham, Birmingham, UK

Background and aims: The importance of the B cell lineage in rheu-

matoid arthritis (RA) pathogenesis is highlighted by the clinical

effectiveness of rituximab. Potential mechanisms by which B cells

drive disease processes in RA include the ability to produce autoanti-

bodies, act as antigen-presenting cells, and secrete cytokines. Our

recent findings suggest a pro-inflammatory and destructive role for

B cells via production of cytokines including RANKL, TNF-a and

IL-6. A memory B cell subset normally resident in epithelial niches

which is characterised by expression of the inhibitory receptor FcRL4

has previously been described to express RANKL. As we made the

observation that B cells in the RA synovium produce RANKL, we

sought to determine whether these RANKL-expressing cells belonged

to the FcRL4+ B cell subset.

Methods: Synovial fluid, peripheral blood and synovial tissue sam-

ples were obtained from patients fulfilling 1987 ACR criteria for

RA. Mononuclear cells isolated from synovial fluid and peripheral

blood were stained with antibodies against CD19, CD20, CD27,

IgD, CD11c, RANKL, FcRL4, CD95, CD21, CD80 and CD86, and

analysed by flow cytometry. Mononuclear synovial fluid cells were

stained with antibodies against CD19 and FcRL4 and sorted using a

Mo-FloTM cell sorter. TaqmanTM microfluidic cards were used to

detect mRNA expression of 48 cytokines by real-time PCR in these

samples. Immunofluorescence staining was performed on frozen

synovial tissue sections with antibodies against CD20, RANKL and

FcRL4.

Results: FcRL4-expressing B cells, comprising 4–22% of the B cell

population, were detected in the synovial fluid at a significantly

higher frequency compared to matched peripheral blood (n = 12,

P = 0.0004). RANKL was significantly enriched in the FcRL4+ B cell

population compared to the FcRL4- population (P = 0.006). FcRL4+
B cells were predominantly switched IgD-CD27+/� memory B cells,

expressing significantly higher levels of CD11c, CD20, CD95, CD80
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and CD86, and lower CD21 levels than the FcRL4- population.

FcRL4+ B cells expressing RANKL were also present in synovial tis-

sue (n = 4). At the mRNA level, sorted FcRL4+ B cells were found

to express significantly higher levels of both RANKL and TNF com-

pared to the FcRL4- fraction (n = 9).

Conclusions: We have identified a novel subset of B cells in the RA

synovium which is characterised by expression of FcRL4 and has not

previously been described in RA or any other chronic inflammatory

joint condition. FcRL4+ B cells produce RANKL and express high

levels of TNF mRNA, indicating a destructive, pro-inflammatory role

for this B cell subpopulation in RA pathogenesis.

176
TLR7/8 agonists and type I IFN induce the differentiation of

human IL-10-producing B cells into antibody-producing B cells

via the TLR-MyD88-STAT3 pathway

B. Liu, T. Huizinga & R. Toes

Leids Universitair Medisch Centrum, Leiden, The Netherlands

Introduction: IL-10-producing B cells function mainly by secreting

IL-10. However, currently, the regulation of IL-10 production by IL-

10-producing B cells and the fate of these cells are not completely

understood. In addition to CD40-CD40L ligation and BCR trigger-

ing, increasing evidence has indicated the importance of TLR and

type I IFN on the biology of B cells.

Aim: To understand:

1 the effect of TLR agonists and IFNa on IL-10 production by B

cells;

2 the signalling pathways involved in the IL-10 production; and

3 the fate of B10 cells.

Methods and results: Here, we report that TLR7/8 signalling, but

not CD40-CD40L ligation nor BCR triggering, was required for the

induction of IL-10 production by human CD19+ B cells. Interest-

ingly, IFNa greatly enhanced R848-induced IL-10 production. Stimu-

lation with R848 and IFNa enhanced the phosphorylation of STAT3

in B cells and blocking the activation of STAT3 nearly completely

inhibited R848-induced IL-10, but not IL-6, production, showing

that TLR7/8 agonists induce IL-10 production by CD19+ B cells via

the phosphorylation of STAT3. We and others have previously

shown that the TLR-MyD88-STAT3 pathway governed antibody pro-

duction, but not IL-6 production, by B cells upon TLR stimulation.

This suggests that the TLR-MyD88-STAT3 pathway is responsible

for both IL-10 and antibody production in B cells. Interestingly,

upon R848 and IFNa stimulation, the level of IL-10 produced

peaked on day 2–4 and decreased afterwards, whereas antibody pro-

duction appeared from day 4. Therefore, we hypothesized that regu-

latory B cells differentiate into antibody-producing B cells upon TLR

and IFNa stimulation. Indeed, FACS sorted IL-10+ B cells produced

relatively high levels of antibody, whereas antibody was barely pro-

duced by the IL-10- B cells. In line with this, CD38++CD27++
plasmablasts or plasma cells were only observed in the IL-10+, but
not in the IL-10-, population.

Conclusions: We show in this study that the TLR-MyD88-STAT3

pathway is required for the induction of IL-10 by B10 cells and IFNa
increased TLR-induced IL-10 production via enhancing the activity

of the TLR-MyD88-STAT3 pathway in B cells. The TLR-MyD88-

STAT3 pathway governs both IL-10 and antibody production in B

cells. Upon stimulation, regulatory B cells differentiate into antibody

producing B cells. Thereby, regulatory B cells limit inflammation

and immune responses by the transient production of IL-10, and

may facilitate clearance of antigens through the capacity of generat-

ing antibody-producing B cells.

238
TLR7-elicited regulatory B cells use IL-10 to suppress airway

inflammation through induction of CD4+FoxP3+ T cells

A. R. Khan*, S. Amu*, S. P. Saunders*, C. Weaver†,

T. Sparwasser‡ & P. G. Fallon*,§,¶

*Translational Immunology Group, School of Medicine, Trinity

Biomedical Sciences Institute, Trinity College Dublin, Dublin, Ireland,
†Department of Pathology, University of Alabama at Birmingham,

Birmingham, AL, USA, ‡Institute of Infection Immunology,

TWINCORE, Centre for Experimental and Clinical Infection Research,

Medical School Hannover (MHH) and the Helmholtz Centre for

Infection Research (HZI), Hannover, Germany, §Institute of Molecular

Medicine, St. James’s Hospital, Trinity College Dublin, Dublin, Ireland,
¶National Children’s Research Centre, Our Lady’s Children’s Hospital,

Dublin, Ireland

Traditionally, the role of B cells in disease was thought to be

restricted to that of antibody production. Recently, the ability of B

cells to negatively regulate cellular immune responses and inflamma-

tion has been described and the concept of regulatory B cells (Breg)

proposed. A variety of cytokines produced by Breg subsets have been

reported, with IL-10 being the most studied (B10 cells). Concur-

rently, it has emerged that helminths are potent modulators of the

immune system using a diverse range of mechanisms, one of which

is the generation of B10 cells. These helminth-induced B10s have

been shown have suppressive activity and ameliorate inflammation

in several murine models of inflammation.

Using, microarray technology we have identified genetic character-

istics of Schistosoma mansoni-elicited Breg that produce IL-10. With

respect to innate activation of these cells, toll-like receptor 7 (Tlr7)

was significantly upregulated. Ligands of TLR7 both in vitro and in

vivo stimulated the generation of B10s – with TLR7-elcited B10s dis-

playing a similar phenotype to helminth-elicited B10 cells. In a

mouse model of allergic lung inflammation the use of either TLR7

ligands to induce B10 cells in vivo or the adoptive transfer of in vitro

generated B10 cells both reduced airway inflammation and improved

lung function. We further investigated if TLR7-elicited B cells sup-

press inflammation via the expansion of T regulatory cell responses

in an IL-10 mediated mechanism. The study of helminth-immune

interactions can yield novel means of generating regulatory B cells

and, furthermore, provide new insights into their functions in

inflammation.

258
The role of the p110d subunit of PI3K in the development of

regulatory B cells

R. Newman, S. Bell & M. Turner

LLSD, Babraham Institute, Cambridge, UK

The p110d catalytic subunit of PI3K is highly expressed in haemato-

poietic cells, and has been shown to be an essential, non-redundant

regulator of B cell development and activation. Mice lacking p110d
have reduced numbers of B1 and marginal zone B cells, and are

defective in B cell antigen receptor signalling. It is thought that the

p110d catalytic isoform of PI3K is also important for the develop-

ment of regulatory B cells and in the molecular regulation of cyto-

kine production. Regulatory B cells have recently been recognised as

an important component of the immune system, and have been

shown to have protective roles in animal models of autoimmune dis-

ease by suppressing excessive inflammatory responses through the

production of the anti-inflammatory cytokine IL-10. A subset of B

cells, which have a rare CD1dhiCD5+CD19hi phenotype, have been

designated B10 cells, and are responsible for most IL-10 production

by B cells. In order to study the role of PI3K in regulatory B cell
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development, tissue specific gene targeting has been used to generate

mice in which p110d is deleted in early B cell development. These

mice lack peritoneal B1 cells, and marginal zone cells, and are defi-

cient in the regulatory B10 cell subset. Despite this, there was no dif-

ference between p110dfl/flmb1cre/+ mice and p110dfl/fl control mice in

the inflammatory model contact hypersensitivity.

273
The role of hedgehog signalling in B cell development

C. E. Umukoro*, S. V. Outram* & T. Crompton†

*University of East London, London, UK, †UCL- Institute of Child

Health, London, UK

Background and aims: Morphogens are signalling molecules that

determine cell fate and organogenesis. They diffuse from a localised

source forming a concentration gradient. Hedgehog protein is a

morphogen that is essential for the determination of cell fate in a

wide variety of tissues in different species. There are three homo-

logues of hedgehog protein, Sonic, Indian and Desert hedgehog pro-

tein. Hedgehog proteins signal via a similar pathway involving two

receptors, Patched and Smoothened. Hedgehog signalling has been

shown to be crucial for T cell development but the role it plays in B

cell development is still unclear. The aim of this study is to further

characterise the molecular events that occur downstream of Hedge-

hog signalling in B cell development.

Method: Purified mouse B cells were stimulated with antiCD40/IgM

and cultured with recombinant Sonic Hedgehog protein (rShh) for

18 and 40 h before analysis for expression of cell-surface markers for

activation, differentiation and survival.

Results: At 18 h, co-culture with rShh enhances activation of B cells

together with their enhanced survival resulting in the appearance of

increased numbers of B220+CD23+CD25- B-cells. At 40 h, co-cul-

ture with rShh enhances differentiation of B cells along a

B220+CD25+CD27+CD23- lineage. The B-cells are also found to be

dying more in the presence of rShh as judged by annexin staining.

Additionally, antibody production in the presence of rShh is

increased at 18 h compared to stimulated control and at 40 h there

is no further increase in antibody production in the presence of rShh

thus suggesting a negative regulatory effect of Hh signalling at this

time point. This negative regulatory effect of hedgehog protein has

not been reported before.

In order to determine the effect of absence of Hh protein in this

system, B cells were isolated from desert knockout mice and analysed

as previously described. B cells from Dhh�/� mice were found to

be spontaneously activated as judged by CD23 expression compared

to littermate controls. At 40 h, B-cells isolated from Dhh�/� mice

were found to express enhanced levels of CD23 and less CD25 and

CD27compared to littermate control.

Conclusion: These data indicate that hedgehog signalling may exert

both a positive and negative regulatory effect on B cell development

at different time points. It is possible that the enhanced numbers of

CD25+ B cells appearing in the presence of rShh are either regula-

tory B cells or memory B cells. The molecular events underpinning

these observed effects are yet to be determined.

327
Corticosteroid withdrawal normalises the proportion of

transitional B cells but does not significantly change gene

expression in renal transplant recipients

N. Smallcombe*, E. Nova-Lamperti*, P. Mobillo*,

I. Rebollo-Mesa†, M. Runglall‡, Y. Kamra*, S. Norris*,

S. Rezae*, R. Hilton§ & G. Lombardi¶

*Department of Experimental Immunobiology, King’s College London,

London, UK, †MRC Centre for Transplantation, King’s College

London, London, UK, ‡Department of Experimental

Immunoregulation, King’s College London, London, UK, §Renal Unit,

Guy’s and St Thomas’ NHS Trust, London, UK, ¶Immunoregulation

Laboratory, King’s College London, London, UK

Background and aims: Following renal transplantation all patients

receive mandatory immunosuppression therapy. However, the use of

these pharmaceuticals long term has been linked with increased mor-

tality and morbidity and despite their use, acute rejection is still

occurring. Thus, even after 30 years experience with current immu-

nosuppressants, the necessary level of therapy each patient needs is

still largely unknown and thus controlled with blood levels or patient

weight, which we know is inaccurate. In addition, the discovery of a

subset of patients who maintained good graft function in the absence

of immunosuppressants allowed for the characterisation of these

‘operationally tolerant’ patients, who showed differential gene

expression and B lymphocyte expansion. These findings led to the

development of a signature of tolerance to potentially identify those

patients that would be safely maintained with therapy adjustments.

We aimed to study the effect of immunosuppressants on the

expression of this signature of tolerance. An available clinical model

was used to focus on the effect of corticosteroids, whereby we analy-

sed the results from a set of patients undergoing corticosteroid with-

drawal. We aimed to demonstrate that corticosteroid withdrawal

would not alter the expression of the signature of tolerance.

Methods: Forty-two renal transplant recipients from the GAMBIT

study (REC no: 09/H0713/12) were studied prospectively on a pro-

gramme of corticosteroid withdrawal. Flow Cytometry was used to

assess lymphocyte populations and RT-PCR was used to assess the

gene expression associated with the tolerant state in isolated PBMCs

from a limited number of patients.

Results: Percentages of Transitional B cells in peripheral blood were

significantly increased in patients who successfully underwent corti-

costeroid withdrawal. However, only one out of 12 of the genes

included in the signature of tolerance was significantly different in a

group of the same patients.

Conclusion: This is the first evidence that levels of corticosteroid

dose uniquely affect transitional B cells and also a-1,2 mannosidase

gene expression, both important biomarkers in the characterisation

of tolerance. Therefore it can be concluded that for the full clinical

utility of the biomarkers of tolerance to be realised, and translation

to the clinic achieved, patients might need to be stratified according

to their corticosteroid dose. Therefore, a larger study, including

more patients should be conducted in which patients are categorised

according to their corticosteroid dose, and standardised in regard to

the other immunosuppressants they are receiving, to cement the

findings in this study.
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339
IL-21 synergistically enhances TLR-MyD88-STAT3 pathway but

not the conventional TLR-MyD88-NF-jB pathway in human B

cells, resulted in increased antibody production

B. Liu, J. N. Stoop, T. W. Huizinga & R. Toes

Leids Universitair Medisch Centrum, Leiden, The Netherlands

Introduction: Both IL-21 and TLR signaling are important regula-

tors of B cells responses and the combination of IL-21 and TLR

stimulation results in an increased antibody production by B cells.

However, it is not clear yet how IL-21 interacts with TLR signaling

in B cells.

Materials and methods: To understand the interplay between IL-21

and TLR signaling in human B cells, we isolated human total CD19-

positive B cells from buffycoats and stimulated these cells with dif-

ferent TLR agonists in the presence or absence of IL-21. The interac-

tion between IL-21 and TLR signaling was studied by analyzing

antibody and cytokine production as well as the activation of TLR

downstream signaling pathway using flow cytometry and immuno-

blotting.

Results: We show that IL-21 enhances TLR-induced IgG production

by human B cells while no effect on TLR-induced IL-6 production.

Intriguingly, stimulation of B cells with IL-21 and TLR7/8 or TLR9

agonists synergistically increases of the phosphorylation of STAT3 in

human B cells while the activation of NF-jB is not affected. These

results indicate that the enhanced TLR-induced IgG production fol-

lowing IL-21 stimulation is explained by the modulation of the

TLR-MyD88-STAT3 pathway, but not the conventional TLR-

MyD88-NF-jB pathway. Interestingly, like IL-21, IL-10 in combina-

tion with TLR signaling also enhances phosphorylation of STAT3 in

B cells, allowing optimal IgG production.

Conclusion: IL-21 synergistically enhances the TLR-MyD88-STAT3

pathway but not the conventional TLR-MyD88-NF-jB pathway

explaining the selective effects on antibody production without

increasing cytokine-production of human B cells.

390
Immunoglobulins drive terminal maturation of splenic dendritic
cells

M. Lyszkiewicz*, N. Zietara*, J. Puchalka†, G. Pei†,

M. G. Gutierrez†, S. Lienenklaus†, E. Hobeika‡,

M. Reth‡, V. A. P. Martins dos Santos† & A. Krueger

*Hannover Medical School, Hannover, Germany, †Helmholtz Centre

for Infection Research, Braunschweig, Germany, ‡University of

Freiburg, Freiburg, Germany

Nature and physiological status of antigen-presenting cells, such as

dendritic cells DCs, are decisive for the immune reactions elicited.

Multiple factors and cell interactions have been described that affect

maturation of DCs. Here, we show that DCs arising in the absence

of immunoglobulins (Ig) in vivo are impaired in cross-presentation

of soluble antigen. This deficiency was due to aberrant cellular tar-

geting of antigen to lysosomes and its rapid degradation. Function

of DCs could be restored by transfer of Ig irrespective of antigen

specificity and isotype. Modulation of cross-presentation by Ig was

inhibited by coapplication of mannan and, thus, likely to be medi-

ated by C-type lectin receptors. This unexpected dependency of sple-

nic DCs on Ig to cross-present antigen provides insights into the

interplay between cellular and humoral immunity and the immuno-

modulatory capacity of Ig.

391
Investigation of the effects of cigarette smoke on

immunoglobulin levels in saliva and serum, in relation to COPD

N. Tarbiah*, L. Fairclough*, P. Tighe* & I. Todd†

*Department of Life Sience/Immunology, University of Nottingham,

Nottingham, UK, †University of Nottingham, Nottingham, UK

Cigarette smoke has many damaging effects on the body. These

include inflammatory damage to the lungs, which can lead to the

development of chronic obstructive pulmonary disease (COPD).

Chronic obstructive pulmonary disease can be defined as the perma-

nent damage the airways of the lung. It is estimated that it affects

approximately three millions people in UK. Although not all smok-

ers are susceptible to COPD, it is predominately caused by smoking.

The immunological effects of cigarette smoke are being investi-

gated and provide essential insight into mechanisms of smoking

related disease. The aim of this study is to determine whether the

levels of immunoglobulin (Ig) isotypes are different in the serum

and saliva specimens of non-smoking individuals and smoking indi-

viduals (with or without COPD). Examination of serum and saliva

will provide information on the effects of cigarette smoke systemi-

cally and in the upper respiratory tract, respectively.

In order to determine Ig isotype levels, enzyme-linked immuno-

sorbant assays (ELISAS) have been established and calibrated for

determining sample concentrations of IgM, IgG, IgA and IgD.

If cigarette smoke is found to influence the serum and salivary

levels of Ig isotypes, then the mechanisms underlying these effects

will be investigated.

434
Aged B cells outperform young B cells in old and as well young
immunological environments

J. L. Marshall*, Y. Zhang*, J. E. Long†, J. M. Lord*, A. Phillips† &

K. M. Toellner*

*School of Immunity and Infection, University of Birmingham,

Birmingham, UK, †School of Sport and Exercise Sciences, University of

Birmingham, Birmingham, UK

Immunosenescence is a well known phenomenon of old age. Our

ability to produce adequate responses to vaccination declines dra-

matically as we enter our 70 s. How B cells are affected by aging

remains unclear. Different B cell subsets have been shown to increase

as we age and are also associated with autoimmunity. In addition

mRNA stability has been shown to decrease. Here we examine the

contributions of the splenic environment compared to that of the

intrinsic effects of aging on B cells. Using young (~8 weeks) and old

(>18 months) host and donor mice, in conjunction with NP-binding

B cells from quasi monoclonal mice (QM, specific for the hapten

NP) we investigated the response to a T cell independent antigen:

NP-Ficoll. In the presence of high frequencies of QM B cells this

antigen induces extrafollicular plasma cell differentiation and short

lived germinal centres. In both the young and old hosts B cells from

old donors produced more antibody and longer lived germinal cen-

tres than their young counterparts. This was associated with an

increase in serum IgM and higher Aicda expression in germinal cen-

tre B cells. Our data also show that the aged environment is repres-

sive to immune responses of young B cells pointing to both cell

intrinsic effects of aging as well as effects of the changing milieu.
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A novel role for the atypical chemoattractant receptor CCRL2 in

the B cell antibody response

S. L. Cook, L. A. George, J. L. Marshall, Y. Zhang, M. H. Ulvmar,

A. Rot & K.-M. Toellner

Department of Immunity and Infection, University of Birmingham,

Birmingham, UK

Background and aims: The chemerin receptor CCRL2 is a member

of the atypical chemoattractant receptor (ACR) family. ACRs do not

signal upon ligand binding, but instead act to regulate the response

to their ligands. We aim to dissect the role of CCRL2 in the anti-

body response.

Methods: WT and CCRL2 KO mice are immunised with specified

antigen and the antibody response analysed by ELISA, flow cytome-

try and histology. To dissect which cells influence the phenotypes

seen, we use irradiation bone marrow chimeras, B cell receptor

transgenic mice and in vitro stimulation of cells.

Results: Compared to wild type mice there is no difference in the

amount of antibody produced upon primary immunisation of

CCRL2 deficient with the thymus-dependent antigen NP-CGG.

However, in response to the thymus-independent antigen NP-Ficoll

CCRL2 deficiency leads to increased antibody levels in the blood and

increased plasma cell numbers in the spleen.

Although CCRL2 has previously been shown to be expressed by

endothelium, irradiation bone marrow chimeras indicate that CCRL2

deficiency in haematopoietic cells is responsible for the observed

phenotype. Furthermore, transfer of CCRL2 KO NP-specific B cells

into WT hosts results in increased antibody levels compared to

transfer of their WT counterparts. Interestingly, CCRL2 KO B cells

undergo increased proliferation in vitro upon stimulation with IL-4

and LPS.

Conclusions: Altogether our results suggest that CCRL2 expression

plays a role on B cells, and deficiency of CCRL2 can lead to

increased B cell responses. This indicates a new role of CCRL2 in

the regulation of the plasma cell response.

554
NF-jB and cMyc cooperate to induce B-cell transformation and

plasma cell neoplasia

R. Barbosa*, B. Zhang†, Y. Sasaki‡, T. Wunderlich§,

M. Schmidt Supprian¶, K. Rajewsky** & D. Calado*,††

*Immunity and Cancer Laboratory, London Research Institute, Cancer

Research UK, London, UK, †Dana Farber Cancer Institute, Harvard

Medical School, Boston, MA, USA, ‡Kyoto University, Kyoto, Japan,
§Institute of Genetics, University of Cologne, Cologne, Germany, ¶Max

Plank Institute of Biochemistry, Munich, Germany, **Max Delbrueck

Center for Molecular Medicine, Berlin, Germany, ††Immunobiology,

King’s College London, London, UK

Mature B-cell derived cancers remains a challenge in medicine. Acti-

vating NF-jB mutations and increased cMyc expression are recurrent

events in the ABC-subgroup of Diffuse Large B-cell Lymphoma

(ABC-DLBCL), and in Multiple Myeloma (MM). However, it

unknown whether NF-jB signalling and cMyc cooperate to induce B-

cell transformation and are at the origin of ABC-BLBCL and/or MM.

To test this hypothesis we used conditional targeted mutagenesis

in the mouse, to express a constitutively active IKK2 molecule and/

or cMyc in CD19pos B-cells through tamoxifen-induced Cre-medi-

ated elimination of a STOP-cassette. This genetic system is unique in

two ways: first, transgene activation occurs in a small fraction of

CD19pos B-cells (3-5%) through transient Cre expression, mimick-

ing the sporadic nature of oncogenic events; second, due to incom-

plete Cre-mediated recombination in individual cells, the CD19+B-

cell population is constituted by IKK2capos/MYCpos, IKK2capos/

MYCneg and IKK2caneg/MYCposexpressing cells, providing all pos-

sible ‘oncogene’ combinations in the same mouse at the same time.

While the fraction of IKK2capos/MYCneg and IKK2caneg/MYC-

pos B-cells respectively remained constant or decayed over time, the

fraction of IKK2capos/MYCpos B-cells increased and eventually,

100% of the mice succumbed to a plasma cell neoplasia derived

from this population.

Thus, using a conditional targeted mutagenesis system that reca-

pitulates the sporadic nature of oncogenic events, we demonstrate

that NF-jB cooperates with cMyc to induce B-cell transformation

and MM in the mouse. These results suggest that this oncogene

combination represents a primary event in MM rather than ABC-

DLBCL.

628
Investigating the role of B cells in periodontitis

J. Oliver-Bell*,†, J. Butcher*,†, J. Malcolm*,†, P. Garside†,

M. MacLeod†, I. McInnes† & S. Culshaw*,†

*Infection and Immunity Research Group, Dental School, College of

Medical, Veterinary and Life Sciences, University of Glasgow, Glasgow,

UK, †Institute of infection, Immunity & Inflammation, College of

Medical, Veterinary and Life Sciences, University of Glasgow, Glasgow,

UK

Epidemiological evidence suggests periodontitis (PD) is more com-

mon in rheumatoid arthritis (RA) patients. B cells play key roles in

the pathogenesis of both diseases, including production of antibodies

and induction of osteoclastogenesis by expression of receptor activa-

tor of nuclear factor kappa-B ligand (RANKL). Therefore, investigat-

ing B cells in PD could be useful for developing specific B cell

targeted therapies with applications in PD and RA.

Samples of gingival tissue from eleven patients with periodontitis

were collected during periodontal surgery. B1a cells (CD19+CD5+)
which are more likely to become autoreactive, and plasma cells

(CD138+) producing IgA or IgG were quantified by immunohisto-

chemistry. B cell subsets were investigated in a murine model of PD

induced by oral infection with Porphyromonas gingivalis. Six weeks

post infection, alveolar bone loss is clearly evident around the teeth.

The proportions of mature B cell subsets (B2 marginal zone (MZ),

B2 follicular (FO), B1a and B1b) were determined in gingiva, drain-

ing lymph node (dLN), peripheral blood and peritoneal fluid by flow

cytometry. B cell phenotype with respect to RANKL expression was

also investigated.

Large numbers of B cells and plasma cells were found in human

PD patient gingiva, but CD19+CD5+ B1a cells constituted <1% of

the total number B cells. In the blood and peritoneal fluid of mice

with PD compared with controls, there was a small increase in B2

MZ cells (CD19+CD43-CD23-), a decrease in B2 FO cells

(CD19+CD43-CD23+) and no difference in the proportions of B1a

cells. In the gingiva of mice with PD, there was a trend towards

increased numbers of B1a (CD19+CD43+CD5+), B1b

(CD19+CD43+CD5-) and B2 MZ cells and a decrease in B2 FO cells,

compared with control mice. In the dLN of animals with PD, B1a

and B1b cells expressed significantly more RANKL than B2 MZ and

M2 FO cells (P < 0.01, One-Way ANOVA). A similar pattern was

observed in gingival B cell RANKL expression, which was highest in

B1a cells.

In conclusion, the proportion of B1a cells was not significantly

altered in the gingiva of human PD patients, or systemically in

mouse models of PD. However, B1a cells express more RANKL than

other mature B cell subsets in the gingiva and dLN of mice with PD.

It remains to be determined whether this particular feature of B1a

cells plays an important role in the disease process.
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56
A comparison of anti-CD20 chimeric antigen receptors in

targeting B-cell malignancies

R. Britton, R. French & M. Glennie

University of Southampton, Southampton, UK

Chimeric antigen receptors (CARs) are constructs typically encom-

passing an antibody single chain variable fragment (scFv) linked via

a spacer region to a transmembrane domain allowing surface expres-

sion on effector cells. The intracellular region includes activation

domains of co-stimulatory molecules to induce effector cell function.

Previous studies have shown CARs can elicit potent anti-tumour

responses against a variety of B cell malignancies. However, the

mechanisms of CAR function and factors determining efficacy

remain largely unknown.

Anti-human CD20 scFvs were generated by PCR, and purified using

an anti-HA column. These comprised heavy and light variable chains

derived from the antibodies Leu16, rituximab and B-HH2. CARs were

generated using these domains, along with an IgG-Fc spacer and CD4

transmembrane region. Three signalling regions were included in the

intracellular region; the CD3f chain and the activation domains of

CD28 and 4-1BB. The CARs were expressed transiently on 293F HEK

cells and shown to bind CD20 successfully. These interactions have

been demonstrated to be specific using a blocking assay. A difference

in binding efficiency was observed between the various CARs. Retrovi-

ral transduction of the CAR constructs into a T cell reporter line has

demonstrated activation upon CD20-CAR interaction in vitro. Acti-

vated splenocytes have also been transduced with the CAR constructs

and these will be transferred into a humanCD20 transgenic mouse

model to investigate their ability to mediate B-cell depletion in vivo

and compare the different CARs. CAR-T-cell proliferation and in vivo

survival will also be evaluated.

77
Combined TLR and CD40 targeting in tumour therapy

J. Carlring, A. Lewis & A. W. Heath

Infection and Immunity, University of Sheffield, Sheffield, UK

Background: Monoclonal antibody (mAb) treatments for cancer are

expensive as generally the whole system must be flooded with costly

mAb. We discovered fortuitously that a combination of CD40mAb

(clone 10C8) with the TLR-4 agonist MPLA eliminates B cell lym-

phoma in a therapeutic setting, without antigen, at a low (10 lg)
dose of mAb. This study aims to determine whether this is a prop-

erty general to CD40mAb of different isotypes and whether other

TLR agonists would be equally effective as a combination therapy

for the treatment of B cell lymphoma.

Materials and methods: BALB/c mice were inoculated subcutane-

ously on the right flank with 105 A20 cells (murine B cell lym-

phoma) on day 0 and thereafter mice were treated with 10 lg
CD40mAb alone or in combination with 50 lg poly I:C (TLR-3),

10 lg MPLA or PHADTM – the synthetic form of MPLA (TLR-4),

and 50 lg CpG (TLR-9) on days 1 and 8 after tumour challenge.

Tumour size was measured every 3 days to daily and survival moni-

tored for a period of 60 days.

Results: Three clones of CD40mAb (1C10, 10C8 and 4F11) pre-

vented A20 tumour cell growth to the same extent. Combination

therapy of CD40mAb with the TLR-9 agonist CpG was more effec-

tive than the TLR-4 agonists MPLA and PHADTM or the TLR-3 ago-

nist Poly I:C. CD40mAb and CpG combination therapy injected on

the same flank as the tumour site resulted in higher survival than

when injected on the opposite flank.

Discussion: The fact that all CD40mAb clones tested were equally

effective at preventing tumour growth implies that the effect of

CD40mAb is not dependent on epitope or subclass. However, the

proximity of the injection site to the tumour is of importance for

effective tumour prevention in this model, as combination therapy

given on the same flank as the tumour site resulted in a better out-

come. Ongoing studies aim to determine the mechanism of action

of this combination therapy through the in vivo depletion of CD4

and CD8 T cells using antibodies and of macrophages using chlodro-

nate liposome therapy prior to tumour inoculation.

102
Molecular mechanisms of endothelial cytoprotection by
CD31-mediated signals

K. Cheung, C. Mauro & F. M. Marelli-Berg

Heart Centre, Queen Mary University of London, London, UK

Background: CD31 is a member of the immunoglobulin gene super-

family expressed by leukocytes and endothelial cells (ECs). CD31 can

engage in homophilic interactions both in EC:EC junctions and in

EC:leukocyte interactions, thus regulating leukocyte trans-endothelial

migration. Recent studies have demonstrated a wider range of func-

tions for this versatile molecule including participation in mainte-

nance of adherent junction integrity and permeability, regulation of

catenin localization and other transcriptional activities. CD31 signals

can protect the endothelium from pro-apoptotic stimuli, such as

those mediated by inflammatory cytokines, including TNF-alpha,

although the molecular mechanism is still largely unknown.

Results: Here we show that CD31 functions prominently in inhibit-

ing apoptosis induced by TNF-alpha and T cell induced cytotoxic-

ity but has no significant effect on cell lysis induced by

complement fixing antibodies. CD31-afforded protection is depen-

dent on the activation of AKT and ERK signalling pathways. In

addition, CD31 engagement was found to be associated with

increased levels of c-Flar (CASP8 and FADD-like apoptosis regula-

tor). These data suggest the possibility that the pro-survival activi-

ties of CD31 are mediated via the c-Flar-dependent activation of

Akt. Furthermore, amino acid substitutions within CD31 cytoplas-

mic ITIM at 663 and 686 positions completely abolished CD31-

mediated cytoprotection.

Conclusion: Taken together, these results implicate a CD31-medi-

ated protection of the endothelium from cell death induced by

pro-inflammatory stimuli via the triggering of AKT and Erk path-

ways. Isoforms of CD31 containing point mutations in the ITIM

motifs (Y663 and Y686) and the recruitment of SHP1/2 to these

domains have been showed to be important in these pro-survival

signals.

165
Tumour-infiltrating T-helpers and regulatory-cells in patients
with breast cancer from Iraq

R. A. A. Abdul-Jabbar*, A. A. N. Alrekabi†, M. J. Hussain‡ &

A. H. Ad’hiah§

*Department of Biology, Al-Mustansiryiah University, Baghdad, Iraq,
†Department of Science, Al-Mustansiryiah University, Baghdad, Iraq,
‡Institute of Liver Studies, King’s College London, London, UK,
§Tropical-Biological Research Unit, University of Aberdeen Baghdad,

Baghdad, Iraq

Introduction: The contributions of Th1 and Th17 involvement in

breast tumour progression are the subject of intense investigation in

Iraq.
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Aim: To investigate the tumour-infiltrating inflammatory cells in

breast tumours, focusing on transcription factors defining effector

(Th1 and Th17) and T-regs (Foxp3), using an antigen retrieval

immunohistochemical method on archived breast tumour tissue

(before treatment), and compared it with beneign tumour condi-

tion.

Patients and methods: Fifteen paraffin-embedded breast tissue were

obtained from patients with malignant tumour (Invasive forms). Fif-

teen control breast tissue were obtained from patients with benign

breast tumour. Antigen retrieval from deparaffinized breast tissue

was obtained through the combined use of high temperature and

appropriate buffers. Expression of T-bet, GATA3, IL-17 and Foxp3,

markers of Th1, Th2, Th17 and Treg cells, was determined using a

previously defined semi-quantitative immunological scoring system

using a polymeric conjugate system (EnVision, Dako). Expression of

CD4, CD8 and CD68 was also determind. Intra-tumour lymphocytic

infiltrate was assessed semi-quantitatively.

Results: Prominent CD4, CD8, CD68, T-bet, Gata 3, Foxp3 and IL-

17 positivity were present in ducts, lobules and connective tissue of

the breast tissue of both malignant and benign forms. However, T-

bet, CD-4, CD-8, CD68, IL -17 and FOXP-3 positive cells except

GATA-3 were significantly higher in patients with malignant

tumours than in benign forms (P < 0.01). FOXP3, Th1 and Th-17

staining of mild to moderate severity were present in malignant

group in both invasive ductal and lobular carcinoma. Th1 staining

cells in malignant tumour are significantly correlated with Th17 and

CD68 staining cells (P < 0.02).

Conclusion: The expression of T-bet, Th17, GATA-3, Foxp3 and

CD68 indicates that acquired and innate immunity is involved in

both conditions of breast tumour. The higher expression of Th1,

TH17, Foxp3 and macrophages in patients with malignant tumour

suggests that they are involved in progression of tumour.

219
Induction of immunogenic cell death by anti-CD20 antibodies

E. J. Cheadle, L. Sidon, S. J. Dovedi, M. H. Melis, W. Alduaij,

T. M. Illidge & J. Honeychurch

Targeted Therapy Group, Institute of Cancer Sciences, University of

Manchester, Manchester, UK

Background and aims: The anti-CD20 monoclonal antibody (mAb)

rituximab has significantly improved the outcome for patients with

B-cell malignancies and has led to the development of a number of

other anti-CD20 mAb. We have recently characterised the anti-CD20

mAb GA101 (Obinututzumab) as a type II anti-CD20 mAb which

induces direct Programmed Cell Death (PCD) through a novel non-

apoptotic pathway involving actin reorganisation, lysosomal perme-

abilisation and ROS generation. We investigated whether this PCD

was immunogenic and compared it to tumour cell death initiated by

the type I rituximab via complement dependent cytotoxicity.

Methods: Human B-lymphoma cell lines including Raji and Daudi

were incubated with GA101 or rituximab with and without human

serum and supernatants (s/n) analysed for presence of HMGB1, heat

shock proteins and ATP. Human immature dendritic cells were cul-

tured for 48 h in the presence of supernatant taken from GA101

treated Raji cells and DC were phenotyped for upregulation of CD83

and CD86. GA101 s/n matured DC were cultured with allogeneic T-

cells in a 5 days MLR to measure T-cell proliferation.

Results: PCD induced by type II GA101 led to the release of the

damage associated molecular pattern molecules (DAMPs) HSP60,

HSP90, HMGB1 and ATP from lymphoma cell lines. DAMP release

occurred as a result of the PCD pathway as shown by dependence

on actin reorganisation and ROS generation. No DAMP release was

seen following culture of rituximab with tumour cells, most likely

due to the lack of PCD induction by rituximab. However, rituximab

was able to induce cell death via complement dependent cytotoxicity

which was associated with the release of HMGB1 through an actin-

independent pathway. Importantly, supernatant from GA101 treated

Raji cells was able to induce dendritic cell maturation and subse-

quent T-cell proliferation.

Conclusions: Despite the successes of anti-CD20 mAbs in the clinic,

the precise mechanism of action in patients is unclear. Generation of

a cellular immune response post anti-CD20 mAb therapy is an

important strategy for improving responses. We have demonstrated

that the novel cell death induced by type II CD20 mAbs such as

GA101 is a form of immunogenic cell death typified by the release

of DAMPs such as HMGB1, HSP90 and ATP. Importantly this cell

death can induce dendritic cell maturation and T-cell proliferation

and as such may enhance the generation of T-cell responses post

antibody therapy.

271
Head and neck cancers: human papilloma virus and tumour

angiogenesis

P. Baruah*, M. Lee†, P. Wilson‡, J. C. Kaski§ & I. E. Dumitriu§

*Department of Otolaryngology and Clinical Sciences, St George’s

Hospital, University of London, London, UK, †Department of

Otolaryngology, St George’s Hospital, University of London, London,

UK, ‡Department of Pathology, St George’s Hospital, University of

London, London, UK, §Department of Clinical Sciences, St George’s

Hospital, University of London, London, UK

Background and aims: Head and neck squamous cell cancers

(HNSCC) are aggressive tumours and survival rates remain poor in

spite of advances in surgical and oncologic approaches. Recently, the

oncogenic human papilloma virus (HPV) has been associated with

60–70% of oro-pharyngeal cancers. HPV-positive HNSCC are known

to carry a better prognosis than HPV-negative tumours. However

the reasons behind this are not understood. The aim of our work

was to dissect the impact of HPV on angiogenesis in HNSCC with

the long-term goal to identify novel therapeutic targets.

Methods: We analysed 18 newly diagnosed HNSCC patients and

controls. Patients with inflammatory disorders that could potentially

alter the immune status were excluded from analysis. HPV tumour

status was ascertained by p16 staining. Eleven pro- and anti-angio-

genic factors were quantified in sera using a multiplex assay. In addi-

tion, angiogenic factors were analysed in the tumour tissue using

immunohistochemistry.

Results: We found that circulating levels of anti-angiogenic factor

endostatin was higher in all HNSCC patients compared to healthy

subjects. No difference in endostatin was noted between HPV-posi-

tive and negative patients. Notably, we detected higher levels of the

proangiogenic factors angiopoetin-1 and vascular endothelial growth

factor (VEGF) in the circulation of HPV-negative patients compared

to patients with HPV-positive tumours. We next analysed these

angiogenic factors in the tumour tissue. VEGF was expressed by

tumour cells as well as stromal cells. There was no difference in

VEGF expression between HPV-positive and negative tumours in

situ. Interestingly, angiopoietin-1 was differentially expressed in

HPV-negative and HPV-positive tumours: whilst in HPV-positive

tumours angiopoietin-1 was only expressed in tumour cells, in HPV-

negative tumours angiopoietin-1 was found both in tumour and

stromal cells. Another interesting finding was that macrophages in

HNSCC had an M2 ‘alternatively activated’ phenotype and appeared

to be the major source of endostatin in the stroma.

Conclusions: Our novel results indicate that angiogenic factors are

differentially expressed in the circulation and tumour tissue in

patients with HPV-positive and HPV-negative HNSCC. We found a
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marked difference in circulating levels and pattern of in situ expres-

sion of pro-angiogenic factors VEGF and angiopoietin-1, which

could potentially confer a more aggressive phenotype to HPV-nega-

tive tumours. In particular, we identify stromal cells (i.e. M2 macro-

phages) as an important source of angiogenic factors. Better

understanding of the mechanisms by which HPV induces changes in

tumour stroma may reveal novel therapeutic strategies to tackle these

aggressive cancers.

275
Extracellular ATP promotes immunosuppressive mesenchymal

stromal cells (MSCs) by enhancing their kynurenine production

and increasing their metabolic activity: impact of necrosis on
immunosuppressive MSCs

R. Hang*, M. Rojewski*, T. Yildiz*, B. Jahrsd€orfer†,
H. Schrezenmeier*,† & R. Lotfi*,†

*Institute of Transfusion Medicine, University of Ulm, Ulm, Germany,
†Institute of Clinical Transfusion Medicine and Immunogenetics Ulm,

German Red Cross Blood Transfusion Service Baden-W€urttemberg –
Hessen, Ulm, Germany

Background and aims: Mesenchymal stromal cells (MSCs) are

known to act as immuosuppressive cells, partially due to the expres-

sion of the enzyme indoleamine dioxygenase (IDO) which converts

tryptophan to kynurenine. Decreased concentration of tryptophan

and increased kynurenine, both inhibit lymphocyte proliferation and

promote a shift from Th1 to Th2 immune response. Accumulation

of MSCs within tumor tissue is associated with tumor progression

and poor prognosis.

Necrotic cell death with subsequent release of damage associated

molecular patterns (DAMPs) is a characteristic feature of advanced

solid tumors. ATP is a DAMP family member as it leaks out of the

cytoplasm when cell membrane integrity is perturbed. Hence, un-

physiologically increased concentrations of ATP is found around

stressed and necrotic (tumor) tissue.

We have already shown that DAMPs act as chemoattractants on

MSCs also promoting their proliferation. We now sought to deter-

mine if DAMPs have any impact on immunosuppressive capacities

of MSCs with specific regard to IDO-activity.

Methods: To in vitro expand MSCs, heparinized bone marrow from

healthy donors was cultured for 14 days in alpha-MEM supple-

mented with 10% platelete lysate. Fibroblastoid-shaped adherent cells

with capacity for chrondrogenic, ostegenic, and lipogenic differentia-

tion and positive for CD73, CD90, CD 105 and HLA-A, B, C and

negative for CD34, CD3, CD45 were referred to as MSCs. In the

presence of ATP at concentrations between 62 and 2000 lM, MSCs

were cultured for 4 days in DMEM containing 10% human serum

and 100 lg tryptophan/ml. Supernatants were tested for kynurenine

in a colorometric assay, as described previously. Metabolism was

assessed by measuring WST-1 cleavage. MSC proliferation was mea-

sured by using CyQuant detecting DNA-content.

Results: Following in vitro stimulation of MSCs with ATP, we dem-

onstrate an increased kynurenine concentration within the superna-

tant, in a dose depended manner. Of note, ATP intensely enhanced

MSC metabolism without having any influence on their prolifera-

tion.

Conclusions: We characterized ATP as a DAMP family member

responsible for necrosis-induced immunomodulation. Given the

increased concentration of DAMPs within tumor tissue and the fact

that necrotic material/DAMPs can act as chemotattractants to MSCs,

our results have implications for therapeutic strategies targeting the

tumor microenvironment.

277
Increased levels of myeloid derived suppressor cells in

pancreatic adenocarcinoma patients

Y. S. Khaled*,†,‡, B. J. Ammori*,‡ & E. Elkord*,‡,§

*Department of Hepatobiliary Surgery, Institutes of Cancer &

Cardiovascular Sciences, University of Manchester, Manchester, UK,
†Section of Translational Anaesthesia and Surgical Sciences, Leeds

Institute of Molecular Medicine, University of Leeds, Leeds, UK,
‡Biomedical Research Centre, School of Environment & Life Sciences,

University of Salford, Manchester, UK, §College of Medicine & Health

Sciences, United Arab Emirates University, Al-Ain, United Arab

Emirates

Introduction: Pancreatic adenocarcinoma remains one of the deadli-

est human cancers with poor prognosis as it often presents at an

advanced stage. While the role of immune suppressive cells in pre-

clinical studies has helped to generate immunotherapeutic agents,

these cells remain under investigated in pancreatic cancer (PC).

Myeloid derived suppressor cells (MDSC) are a heterogeneous group

of immature myeloid cells that negatively regulate the immune

responses during tumour progression, inflammation, and infection.

The aim of this study was to characterise the different subsets of

MDSCs and evaluate their levels and functions in the circulation and

tissue of PC patients.

Methods: Flow cytometric staining was performed on peripheral

blood samples of 24 PC patients, 12 patients with chronic pancreati-

tis (CP) and 16 age-matched healthy donors. Tumour (n = 7) and

benign (n = 7) pancreatic tissue samples were also examined for

comparative analysis.

Results: A significant increase in the frequency of circulating and

tumour infiltrating granulocytic (Lin-HLA-DR-CD33+CD11b+
CD15+), but not monocytic (Lin-HLA-DR-CD14+) MDSC was

observed in PC when compared with healthy donors and matched

benign pancreatic tissues. The circulating MDSCs from PC patients

express arginase 1 (ARG 1), which represent the functional state of

these cells. MDSC levels, in peripheral blood, showed no association

with PC stage or pre-operative levels of tumour markers.

Conclusions: Our findings provide a first characterisation of the

phenotype of different subsets of peripheral and local MDSCs in

PC patients and suggest that the frequency and contribution of

these cells are predominantly granulocytic. This information dem-

onstrates that MDSCs have a role in pancreatic cancer and it may,

if incorporated into future large validation studies, help to evolve

new immunotherapeutic strategies via inhibiting and eliminating

MDSCs in PC.

305
The role of antigen-presenting cell subsets in directing anti-

lymphoma immune responses to radiation induced tumour cell
death in combination with anti-CD40 monoclonal antibody

S. J. Dovedi*, G. Lipowska-Bhalla*, S. A. Beers†, M. J. Glennie†,

T. M. Illidge* & J. Honeychurch*

*Institute of Cancer Sciences, University of Manchester, Manchester,

UK, †Antibody & Vaccines Group, Cancer Sciences Unit, University of

Southampton, Southampton, UK

Background and aims: Radiation therapy (RT) is administered to

around 50% of all cancer patients making it one of the most impor-

tant treatment modalities for cancer. Recent evidence demonstrates

that in addition to the direct cytoreductive effect, RT-induced

tumour cell death can also be immunogenic. We have previously

demonstrated that the immune response to RT-induced tumour cell

death can be substantially enhanced by combination with aCD40
mAb therapy through the generation of tumour antigen specific
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CD8+ cytotoxic T lymphocytes (CTL). However, it remains

unknown how the different sub-sets of antigen presenting cells

(APC) frequently found to infiltrate established tumour impact on

the priming of these tumour specific CD8+ CTL following therapy

and whether anti-tumour responses can be improved by manipula-

tion of these tumour-resident APC populations.

Methods: Mice were inoculated subcutaneously with either B (A20

and BCL1) or T cell (EL4 and EG7) lymphoma cell lines. Dendritic

cells (DC) depletion was achieved using the CD11c-Diphtheria Toxin

Receptor (DTR) transgenic mice. B cell (for non-B cell lymphomas)

and macrophage depletion was achieved by administration of aCD20
mAb or clodronate encapsulated liposomes respectively. Radiother-

apy was delivered either alone or in combination with a single dose

of aCD40 mAb when tumours were established and measured at

least 100 mm3.

Results: Combination therapy involving RT and aCD40 mAb ther-

apy leads to improved survival in syngeneic models of B and T cell

lymphoma through the activity of CD8+ CTL. Our data demonstrate

that whilst the depletion of macrophages or B cells did not impact

on the survival of mice with established B or T cell lymphoma fol-

lowing combination therapy, therapeutic efficacy was completely

abrogated by the depletion of DC. In addition, the depletion of DC

enhanced the growth of distant metastases outside of the radiation

field in a model of T cell lymphoma demonstrating their critical role

in systemic tumour control.

Conclusions: Our findings demonstrate that intra-tumoural macro-

phages or B cells do not impact the generation of tumour reactive

CTL following combination treatment with radiotherapy and an ago-

nistic aCD40 mAb and that the induction of anti-tumour immune

responses is dependent on the priming of CD8+ T cells by DC.

348
Contribution of heparan sulphate binding domain of chemokine

CCL21 to trans-endothelial migration of breast cancer cells

M. I. Malki*,†, S. Cobb†, E. Pohl†, J. Kirby* & S. Ali*

*Institute of Cellular Medicine, Newcastle University, Newcastle, UK,
†Department of Chemistry, Durham University, Durham, UK

Lymph node metastasis constitutes a key event in Breast Cancer pro-

gression. Chemokines are small proteins, which can promote meta-

static spread by inducing cancer cell migration and invasion.

Chemokine function is dependant upon their binding to both cell

surface heparan sulphate (HS) molecules and to their specific recep-

tor. Our group has demonstrated a significant increase in chemokine

receptor CCR7 expression in cancerous breast epithelia compared to

healthy controls. This study is designed to test the hypothesis that a

non-HS binding forms of chemokine CCL21 can disrupt the normal

response to CCL21, therefore reducing the metastasis of CCR7-

expressing cancer cells.

Truncated CCL21 chemokine (D98-134 C-terminal basic exten-

sion), was synthesised to investigate a possible linkage between

chemokine binding capacity and cell activation. Wild type (WT) and

mutant-CCL21 were tested for their ability to stimulate a dose-

dependent increase in intracellular-free calcium in peripheral blood

mononuclear cell (PBMC) and breast cancer epithelial cells MDA-

MB-231. Mutant-CCL21 at concentrations 50 and 100 nM showed

potential to mobilise Ca2+ at levels similar to that produced by WT-

CCL21.

A series of experiments was performed to determine how deletion

of the HS-binding site altered the ability of CCL21 to stimulate

chemotaxis within a concentration gradient generated by free solute

diffusion. PBMC stimulated to migrate by wild-type CCL21 was not

significantly different from that stimulated by mutant (P > 0.05).

Similar results were observed in assays using MDA-MB-231 cells.

A further series of experiments was performed to compare the

potential of WT and mutant-CCL21 to stimulate the migration of

cells across endothelium. In contrast to results for trans-filter migra-

tion, it was found that the non HS-binding mutant stimulated no

increased in transendothelial cell migration above the background at

each of the tested concentrations, 10, 30 and 50 nM respectively

(P > 0.05). However, WT-CCL21 stimulated significant increased

PBMC migration at each of the tested concentration (all P < 0.001).

Similar results were observed in assays using MDA-MB-231.

Furthermore, the effect of heparin on chemotactic properties of

WT and mutant- CCL21 was examined. Interestingly, heparin

(250 lg/ml) completely inhibit the chemotaxis mediated by WT-

CCL21 (50 nM; P < 0.001), whereas it did not inhibit the chemo-

taxis at concentrations 100, 250 & 500 lg/ml in response to mutant

CCL21 (50 nM; P > 0.05). Similar assay will be performed using

MDA-MB-231 cells.

Work is ongoing to characterise the biophysical properties of

mutant-CCL21 and determine its potential role for a therapeutic

blockade of the migration of breast cancer cells in-vivo.

359
Characterization of adhesion molecule and chemokine

expression by tumour endothelium isolated from colorectal

cancer

E. A. Hepburn*, S. T. Ward*, S. Suresh*, R. K. Hejmadi†,

T. Ismail‡ & P. F. Lalor*

*Centre for Liver Research and NIHR Biomedical Research Unit,

University of Birmingham, Birmingham, UK, †Department of

Pathology, Queen Elizabeth Hospitals, Birmingham, Birmingham, UK,
‡Department of Surgery, Queen Elizabeth Hospitals, Birmingham,

Birmingham, UK

A higher density of tumour infiltrating T-cells within colorectal can-

cer (CRC) stroma is reported to strongly correlate with increased

patient survival. Currently, mechanisms that modulate T-cell prolif-

eration and differentiation are targeted as potential anticancer thera-

peutics, however, key data regarding regulation of T-cell trafficking

in CRC immune-environment are lacking. We show data character-

izing the tumour specific phenotype regarding adhesion markers of

colorectal tumour endothelium.

Endothelial cells (EC) isolated from colorectal cancer and

matched normal colon (NC) specimen using anti-CD31 immuno-

magnetic and fluorescent assisted cell sorting were analysed for

expression of adhesion markers with RT-QPCR and flow cytometry.

Proteome profiling arrays identified chemokines and static adhesion

assays blocking adhesion molecules were used.

Cytometric analysis and immunocytochemistry confirmed expres-

sion of standard endothelial markers (CD31/VWF) and Tumour

endothelial marker-8 expression in tumour ECs validated a tumour

phenotype. RT-PCR revealed increased gene expression of ICAM-1,

VCAM-1 and E-Selectin in all tumours (up to 10.96-, 23.43- and

2.28-fold increase respectively, n = 4). MadCAM-1 gene expression

was elevated in some samples and down regulated in others. We

found no correlation with stage. We observed a trend between

increased gene expression of ICAM-1 and VCAM-1 and right-sided

tumours and lymphovascular invasion. Blockade of the MAdCAM-1/

a4b7 axis in CRC and not NC, significantly inhibits CD3+ T cell

adhesion. Soluble chemokine RANTES/CCL5 was found in cultured

tumour endothelium supernatant and was absent in normal endo-

thelial supernatant.

Our data shows that endothelium within colorectal cancer express

molecules and chemokines typically required for lymphocyte traffick-

ing. Of note, ICAM-1, VCAM-1 and E-Selectin expression at a gen-

ome and protein level was elevated in all tumour endothelium
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although the heterogeneity of MAdCAM-1 expression supporting the

paradigm that down-regulation of expressed adhesion markers by

tumour endothelium can reduce the number of infiltrating T cells

and may lead to immunotherapeutic targets in CRC.

366
Effects of concomitant therapies on gd T cell responses to

zoledronate in patients with advanced prostate cancer

D. Enting*,†, M. L. Iannitto*,†, E. Binda*,†, M. Eberl‡, H. Pandha§

& A. Hayday*,†

*Department of Immunobiology, KCL School of Mediciine, London,

UK, †London Research Institute, CRUK, London, UK, ‡Department of

Infection, Immunity and Biochemistry, School of Medicine, Cardiff

University, Cardiff, UK, §Department of Microbial & Cellular Sciences,

University of Surrey, Guildford, UK

Gamma delta (gd) T cells have attracted interest as a biological tool for

cancer therapy owing to demonstrated tumour cytocidal potential in

vitro, and their correlation with improved outcome in patients with

malignancies. They are also not MHC-restricted, offering opportuni-

ties beyond individual-specific therapies. Indeed, clinical trials with

bisphosphonate-activated gd T-cell-based immunotherapy are ongo-

ing. However any clinical adoption of gd immunotherapy will need to

be in the context of other therapies (‘standard-of-care’). The influence

of concomitant therapies such as chemotherapy on the effector func-

tion of gd T cells remains largely unexplored. We developed an im-

munomonitoring protocol to determine the gd T cell response to

zoledronate (ZOL) in the context of hormonal therapy with or without

docetaxel chemotherapy in patients with advanced prostate cancer.

Blood samples were collected prior to ZOL and chemotherapy and

6 days later, with a second collection cycle after 4 weeks. Phenotypic

and functional analyses were performed on purified peripheral blood

mononuclear cells from each of the four successive collection points.

Many patients receiving ZOL show a markedly low percentage of

gd T cells. Moreover, the percentage of NKG2D+ gd T cells is signifi-

cantly reduced in both treatment groups, although the majority of

patients experienced a conspicuous boost in this compartment after

ZOL treatment. However, this ‘bounce-back’ effect was lost in

patients who have received ZOL long term. Thus, ZOL modulates gd

T cell phenotypes in vivo but repeated long term ZOL treatment

could lead to exhaustion of this immune compartment. This obser-

vation could have important clinical implications with regards to the

duration of bisphosphonate treatment, which currently is undeter-

mined. Furthermore, it the form of an interventional clinical trial,

we are now assessing whether adjuvant IL-2 therapy can prolong the

activation potential of gd T cells in the context of ZOL, offering a

simple immune-enhancement potential that might usefully be

adopted for particular cohorts of patients.

372
Using zinc finger nucleases to improve CD8+ T cell function for

cancer immunotherapy

S. Wehenkel, G. Dolton, J. Bridgeman, A. Ager & J. Matthews

Department of Infection and Immunity, Cardiff University School of

Medcine, Cardiff, UK

Clinical trials in cancer patients utilising adoptive T cell therapy have

given encouraging results. However, this therapy does not work

routinely for all patients leaving considerable scope for improvement

such as the use of genetically manipulated T cells.

Mouse studies, from our group and others, have shown that the

transfer of CD8+ T cells deficient in a negatively regulating protein

tyrosine phosphatase (PTP), termed SHP-1, are superior to wild-type

cells at killing tumour cells. Furthermore, in vitro studies have shown

that SHP-1 deficient T cells form more conjugates with antigen pre-

senting cells, divide more readily in response to T cell receptor trig-

gering and are more readily activated. It is presently unclear,

whether a SHP-1 deficiency would have similar effects in human T

cells and whether SHP-1 deficient human T cells could provide

improved immunotherapy.

Owing to the lack of natural human SHP-1 knockout T cells, we

have generated SHP-1 deficient human T cells using SHP-1 gene

specific zinc finger nucleases (ZFNs).

A pair of SHP-1 specific ZFNs was delivered to T cells by infec-

tion with two recombinant lentiviruses each encoding for a separate

SHP-1 specific ZFN. Mutations in the SHP-1 gene target site were

confirmed by a DNA mismatch assay (Cel-I), T cells cloned, SHP-1

protein deficiency confirmed by Western blotting and the mutated

loci sequenced. The SHP-1 deficient cells have been analysed for

functional responses, such as T cell receptor down regulation in

response to peptide pulsed antigen presenting cells. A SHP-1 defi-

cient Molt3 leukemic cell line showed a significant increase in T cell

activation when compared to wild-type and mock infected cells indi-

cating that SHP-1 deficiency in human T cells also leads to a more

profound T cell activation due to the lack of negative regulation by

this PTP.

Additional leukaemic cell lines and tumour-specific CD8+ T cell

clones are currently being genetically manipulated and examined for

functional differences such as conjugate formation, cytokine produc-

tion and target cell killing.

379
A preliminary study of the effect of BET bromodomain inhibition

on interleukin-6 secretion in multiple myeloma

R. R. Ghurye, H. J. S. Stewart & T. J. Chevassut

Brighton and Sussex Medical School, Brighton, UK

Background: Multiple myeloma (MM) is a malignant and progres-

sive neoplasm of plasma cells, which is characterised by destructive

lytic bone lesions, plasma cell infiltrate in the bone marrow and

monoclonal protein in the serum or urine. Overproduction of inter-

leukin-6 (IL-6), a pleiotropic cytokine, is believed to play a key role

in the pathogenesis of MM. Consequently, attention has focused on

targeting IL-6 as a novel therapeutic strategy for MM. Bromodo-

mains are a diverse family of protein interaction modules, which are

the principal readers of acetylation marks on histones and have a

vital role in transcriptional regulation. Recent studies have demon-

strated that inhibitors of the bromodomain and extraterminal (BET)

family of proteins suppress the expression of several pro-inflamma-

tory cytokines including IL-6. The aim of this study is to investigate

the effect of JQ1, a highly potent small molecule bromodomain

inhibitor, on human MM cells and IL-6 secretion.

Methods: After obtaining informed consent, primary MM cells were

isolated from venous blood of a patient with refractory MM. To

explore the effect on IL-6 secretion, primary MM cells were pre-trea-

ted with various concentrations of JQ1 then stimulated with lipo-

polysaccharide (LPS) and an IL-6 ELISA was performed. The effect

on cell viability was measured using the WST-1 colorimetric assay.

Results: Pre-treatment of LPS stimulated primary MM cells with

JQ1 led to a dose-dependent suppression of IL-6 secretion. In addi-

tion, JQ1 exposure caused a time-dependent decrease in primary

MM cell viability.

Conclusion: Treatment with JQ1 not only suppresses secretion of

IL-6 in MM cells but is also cytotoxic. These findings suggest that it

is likely that bromodomain inhibitors will emerge as a new class of

immunomodulatory drugs for the treatment of cancer.
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MAGE-specific T cells are elevated in the peripheral blood of

testicular germ cell tumour patients

H. Pearce*, P. Hutton†, R. Viney†, P. Patel†, E. Porfiri†,

S. Chaudhri†, N. S. Deshmukh† & P. Moss*,†

*Cancer Sciences, University of Birmingham, Birmingham, UK,
†University Hospitals Birmingham NHS Foundation Trust,

Birmingham, UK

Background and aims: A large lymphocytic infiltrate is observed

within testicular germ cell tumours (TGCTs). This is particularly

apparent in seminomatous tumours, in which a variety of Cancer

Testis Antigens (CTAgs) are expressed. Here, we examine the fre-

quency, function, and kinetics of MAGE-specific T cell responses in

TGCT patients.

Methods: Peripheral blood lymphocytes were isolated from heparin-

ised whole blood from patients with testicular cancer prior to, and

at intervals following adjuvant chemotherapy. The frequency and

kinetics of MAGEA1, A3 and A4-specific T cell responses were deter-

mined by MHC-Dextramer analysis, and by the use of overlapping

peptides in an IFNc ELISPOT assay. Functional analysis was per-

formed on MAGE-specific T cell clones.

Results and conclusion: MAGEA1, A3, and A4 responses were

detected in a significant proportion of patients with seminomatous

tumours. In the vast majority of these patients, multiple MAGE

responses were observed. Interestingly, only MAGEA3-specific T cells

were detected in patients with non-seminomatous disease. Further-

more, detailed analysis revealed a mixture of both CD4+ and CD8+

T cell responses. The frequency of MAGE-specific T cells in respond-

ing patients was as high as 0.25% of total PBMC. These inflated

populations had diminished by up to 95% following chemotherapy.

MAGE-specific T cell clones isolated prior to chemotherapy secreted

inflammatory cytokines and demonstrated cytotoxic potential against

tumour cells presenting endogenously processed antigen. Our data

suggests MAGE-specific T cells are recognising cognate antigen pro-

duced by the tumour, and subsequently undergoing clonal expansion

leading to their increased frequency in peripheral blood.

433
ps20 expression inhibits tumour growth and regulates immunity

within the prostate

O. J. Hickman*, C. Galustian*, A. Vyakarnam† & P. Dasgupta*

*MRC Centre for Transplantation, King’s College London, London,

UK, †Department of Infectious Diseases, King’s College London,

London, UK

prostrate stromal 20(ps20) encoded by the gene WFDC1, is a 24 kDa

secreted factor containing the highly conserved whey-acidic protein

domain, normally associated with modulating innate-immune

responses at mucosal membranes. Ps20 has been shown to exhibit

immuno-modulatory and growth inhibitory properties and is highly

expressed in the prostate-stroma, as well as the brain, eyes, cardiovas-

cular system and in CD4 T cells, though its expression is frequently

lost in tumours. While its physiological function remains largely un-

characterized, ps20 has been shown to be permisivity factor in HIV

spread between CD4 T cells, and to be associated with reduced mur-

ine hepatitis virus titers through modulation of neutrophil chemo-

attractant chemokines and an increased neutrophil response.

We investigated the immune-suppressive and anti-tumorigenic

properties of ps20 by over-expression of two WFDC1 cDNAs, full-

length (FL), and exon 3 truncated (TR), in ps20 negative prostate-

stromal WPMY-1 cells. Conditioned media from ps20 expressing

WPMY-1 cells potently inhibits growth of PC-3, DU145 and LNCaP

prostate cancer cell lines and halts the proliferation of CD3/28 acti-

vated CD4 and CD8 T cells. These functions are retained following

depletion of ps20 from the conditioned media suggesting involve-

ment of downstream factors.

We performed an unbiased microarray on EV, ps20FL and ps20TR

WPMY-1 cells identifying numerous upregulated cytokines, chemo-

kines and growth factors. T cell chemo-attractive CCL5, CXCL1,

CCL2 were upregulated in ps20 expressing cells, along with the

growth inhibitory molecules SerpinF1 and COX-2, as were a host of

innate-immune associated cellular factors.

We hypothesize therefore that through regulation of a host of

lymphotactic and growth-inhibitory paracrine effectors prostate-asso-

ciated ps20 regulates the infiltration and expansion of T lymphocytes

via modulation of the inflammatory milieu in a manner similar to

mesenchymal-stromal cells. Further, that ps20 expression in healthy

prostate-stroma is a key mediator of tissue homeostasis through

induction of an immune-surveillance phenotype and anti-prolifera-

tive environment, thereby acting to restrict neoplastic growth.

444
The presence of pre-operative carcinoembryonic antigen (CEA)-

specific Th1-type cells is associated with early recurrence of
colorectal cancer following resection

M. Scurr*, C. Brown*, G. Betts†, R. Hills‡, A. Gallimore* &

A. Godkin*,§

*Institute of Infection and Immunity, Cardiff University, Cardiff, UK,
†Nuffield Department of Surgical Sciences, Oxford University, Oxford,

UK, ‡Clinical Trials Unit, Cardiff University, Cardiff, UK,
§Department of Integrated Medicine, University Hospital of Wales,

Cardiff, UK

Colorectal cancer (CRC) is the third most common malignancy in

the UK. After surgical resection, the primary tumour is graded using

TNM staging to predict patient prognosis and direct future treat-

ment. An increasing body of evidence now suggests that anti-tumour

IFN-g-producing T cells perform a crucial role in limiting disease

progression; thus we sought to assess the utility of pre-operatively

measured anti-tumour T cell responses in predicting 5-year outcome

in 76 CRC patients (TNM stage I-III) who had undergone a resec-

tion with curative intent.

T cells derived from pre-operative blood samples were subjected

to ex vivo IFN-g ELISpot assays, measuring responses to the up-reg-

ulated tumour auto-antigen CEA, the tumour-specific oncofoetal

antigen 5T4 and two control re-call antigens. The influence of

immune regulation was also recorded by repeating the experiments

after in vitro depletion of regulatory T cells.

Although subjects with stage III-graded tumours had an increased

likelihood of recurrence, the most significant risk factor during the

5-year follow-up was the presence of pre-operative CEA-specific T

cell responses; the negative influence of these responses was indepen-

dent of the TNM stage (log rank test P = 0.0008, hazard ratio 5.00,

95% CI 1.96–12.77). Pre-operative immune responses to other anti-

gens did not reflect outcome, although 5T4-specific responses

improve overall survival in the subgroup of patients responding to

CEA.

Given the significance of anti-CEA Th1 responses in predicting

tumour recurrence irrespective of tumour stage, this information

could improve prognostication and help re-direct adjuvant treatment

strategies. These results also suggest caution in the use of auto-anti-

gens such as CEA in future cancer immunotherapies for CRC.
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448
The immunomodulatory drug Lenalidomide alters the threshold

for NK cell activation and augments NK cell effector functions

K. Lagrue*,†, R. Chopra‡ & D. M. Davis*,†

*Manchester Collaborative Centre for Inflammation Research,

Manchester University, Manchester, UK, †Division of Cell and

Molecular Biology, Imperial College, London, UK, ‡Celgene

Corporation, Summit, NJ, USA

The immunomodulatory drug Lenalidomide is widely used for the

treatment of multiple myeloma. Although there is some evidence

that the drug can influence both the phenotype and function of Nat-

ural Killer (NK) cells, little is known about its effects on specific NK

cell effector functions. For example, it has not yet been established

whether the effects of Lenalidomide on NK cells are direct or indi-

rect, e.g. through augmenting cytokine secretion from other cells.

Here, we show that Lenalidomide augments NK cell-mediated cyto-

toxicity and also increases the secretion of IFN-c from primary

human NK cells in conjugate with NK-sensitive target cells. Treat-

ment with Lenalidomide resulted in a twofold increase in the pro-

portion of primary NK cells producing IFN-c, and a threefold

increase in the amount of IFN-c produced per cell, in response to

ligation of specific activating receptors, including CD16 and NKG2D.

This establishes that Lenalidomide acts downstream of specific acti-

vating receptor signalling. In addition, in the presence of Lenalido-

mide, NK cells were activated by lower concentrations of MICA used

to coat slides, indicating that Lenalidomide alters the threshold for

NK cell activation. Taken together, these results show that Lenalido-

mide can directly influence the NK cell immune response. We are

now investigating the molecular basis by which Lenalidomide has

this effect on NK cells.

469
Immunotherapy: identification of 5T4 epitopes for individual

colorectal cancer patients

M. Besneux, M. Scurr, A. Gallimore & A. Godkin

Department of Infection and Immunity, School of Medicine, Cardiff

University, Cardiff, UK

Anti-tumour effector Th1 CD4+ T cells (Teff) dominated by IFN- c
production are considered beneficial in patients. Regulatory CD4+
Foxp3+ CD25high T cells (Tregs) control host auto-reactive immune

responses, and may inhibit anti-tumour immune responses. The use

of a broad repertoire of T cell receptors argues for antigen specificity

in Tregs as well as Teff. The aim of this project was to compare the

range of target epitopes in a tumour oncofetal antigen (5T4) for

each type of T cell in HLA-typed subjects. In order to achieve this,

we initially measured T cells responses using IFN- c ELISpot assays

against overlapping peptides covering the whole 5T4 protein. We

obtained a map highlighting 5T4 peptides capable of being presented

by 6 HLA -DR types most common in the local population

(n = 42). Anti- HLA DR antibodies confirmed the restriction of 11

candidate peptides. In silico peptide prediction program suggested

these peptides bound to the relevant HLA-DR molecules. To evalu-

ate the impact of Tregs on Teff responses, CD25 depletion was per-

formed with magnetic beads before peptide stimulation. The Teff

response increased after depletion to three out of 11 HLA-DR

restricted epitopes measured in three subjects, suggesting dual recog-

nition of some, but importantly not all, epitopes by Teff and Tregs.

The detailed characterisation of these T cell responses is now

planned using in-house MHC class II tetramers based on these

mapped epitopes.

471
Investigating the role of hIgh endothelial venules in colorectal

cancer progression

D. Costa Bento, E. Jones, S. Junaid, G. Williams, A. Godkin,

A. Ager & A. Gallimore

Department of Infection and Immunity, Cardiff University School of

Medcine, Cardiff, UK

Colorectal cancer (CRC) is one of the leading malignancies causing

death in the Western world. Despite continuous efforts to treat the

condition, the tumour still reappears in 40–50% of the patients pos-

terior to tumour excision. A prolonged patient survival, better

response to therapy and lack of tumour recurrence is associated with

a higher cytotoxic and memory T cell density, thus indicating that

the population of tumour-infiltrating lymphocytes (TILs) can deter-

mine tumour fate. High endothelial venules (HEV), present in sec-

ondary lymphoid organs (SLO), are specialised post-capillary venules

expressing peripheral node addressins (PNAds), ligands for L-selectin

expressed on na€ıve T cells. Expression of PNAds on HEV mediates

infiltration of na€ıve and central memory T cells from the blood into

the SLO. Thus, HEV may also serve as a facultative lymphocyte

route of entry into the tumour site, possibly facilitating the immune

response. Limited studies to date have demonstrated an association

of tumour HEV with a better patient outcome in breast cancer and

melanoma. In this study, we investigated whether HEV neogenesis

occurs during progression of colorectal cancer. Immunohistochemi-

cal staining has revealed that CRC is associated with development of

organised lymphoid follicles in the submucosa, which are often asso-

ciated with newly formed HEV. Interestingly and in contrast to pre-

vious reports (breast cancer and melanoma) HEV were rarely found

within the tumours. The presence of HEV in the submucosa was

however associated with the frequency of T cells at the invasive mar-

gins of the tumours. The significance of these findings in terms of

disease progression and prognosis is under investigation.

472
ICAM-1 mediated regulation of tumour specific CD8+ T cell
responses

F. S. Basingab*, M. Ahmadi† & D. J. Morgan†

*School of Cellular and Molecular Medicine, Bristol, UK, †University of

Bristol, Bristol, UK

Introduction: Tumour infiltrating CD8+ T cell are essential in con-

trolling and preventing tumour growth. Priming naive CD8+ T cells

by tumour antigens to become effector Cytotoxic T-Lymphocytes

(CTL), occurs either as a consequence of direct or indirect antigen

presentation by metastatic tumour cells or dendritic cells respec-

tively. However, despite the activation of large numbers of tumour

specific CTL their subsequent inability to control tumour growth

often results from the immune suppression that is created within the

tumour microenvironment. Several mechanisms of tumour-mediated

immune suppression have been shown which can vary from one

tumour to another. We have shown that elevated levels of prosta-

glandin (PG) E2 secretion within tumours can directly suppress anti-

tumour CTL responses through the increased level of intracellular

cyclic Adenosine monophosphate (cAMP) within CD8+ T cells,

which in turn, reduces T cell proliferation as well as IFN-c produc-

tion and prevents the up regulation of ICAM-1. ICAM-1 provides

potent alternative co-stimulatory signal via the binding to LFA-1

expressed by na€ıve CD8+ T cells that is crucial for CD8+ T cell acti-

vation in the absence of the classical stimulation (CD80/CD86) on

most cancer cells.

Material and methods: Murine renal carcinoma cells (Renca) which

over-express cyclooxygenase 2, resulting in increased levels of PGE2
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production, were further transfected with a recombinant plasmid con-

taining full length murine ICAM-1. Using Renca specific TcR trans-

genic CD8+ T cell, experiments were carried out to assess the anti-

tumour CTL response to these Renca cells in vitro and in vivo.

Results: ICAM-1 is a potent alternative costimulatory molecule for

na€ıve CD8+ T cell activation. Overexpression of ICAM-1 by Renca

cells can counteract the immune suppressive effect that PGE2 has on

CD8+ T cell responses in vitro and can restore productive activation

of CTL responses in vivo which can prevent tumour growth.

Conclusion: Immunotherapeutic strategies that target ICAM-1 inter-

actions with LFA-1 on tumour-specific CD8+ T cells could counter-

act tumour mediated immune-suppression and control tumour

growth.

479
T cell trafficking mediated by high endothelial venules (HEV)

facilitates tumour control after regulatory T cell depletion

E. Colbeck, E. Jones, J. Hindley, A. Godkin, A. Gallimore, A. Ager

& A. Gallimore

Department of Infection and Immunity, Cardiff University School of

Medcine, Cardiff, UK

CD4+Foxp3+ regulatory T cells (Tregs) inhibit antigen-specific T cell

activation. Tregs thereby prevent autoimmunity and limit excessive

inflammatory responses. Tregs are found in tumours where they

may contribute to immunosuppression by limiting tumour-specific

T cell activation. Selective Treg depletion in order to initiate an

effector T cell response to tumour antigens holds promise as a

potential cancer immunotherapy.

We use a mouse model of carcinogen-induced tumorigenesis

within which de novo fibrosarcomas are induced by injection of the

carcinogen methylcholanthrene (MCA), to examine the impact of

Treg depletion on tumour progression. Our data shows that therapeu-

tic depletion of Tregs can result in significantly reduced tumour

growth. Furthermore, data have demonstrated a highly significant

association between tumour growth rate and extent of entry of

tumour-infiltrating T cells (TIL) into tumours. Following this obser-

vation, some tumours were found to contain high endothelial venules

(HEV). HEV are specialized post capillary venules normally found in

secondary lymphoid tissues which facilitate extravasation of na€ıve and

central memory T cells from blood to lymphoid organs. When TILhi

and TILlo tumours were compared, we observed an absolute concor-

dance between TILhi tumours and the presence of HEV. Critically,

HEV were not observed in tumours from Treg-replete mouse indicat-

ing that in this model Treg depletion is an essential pre-requisite to

HEV development. These data support the hypothesis that Tregs con-

trol development of HEV in peripheral sites.

We are now investigating signaling factors involved in HEV neo-

genesis in tumours via a series of in vivo cytokine blockade and cell

depletion assays. Thus far, our data indicate that blockade of TNFa

signalling prevents control of tumour growth after Treg depletion.

Experiments are now in progress to determine whether this is due to

a role for TNFa in promoting HEV neogenesis or whether TNFa has

a direct anti-tumour effect. Data generated from this project could

provide rationale for the modification of cancer immunotherapies to

incorporate means through which access of efficacious antigen-spe-

cific T cells to the tumour mass can be improved.

504
HEV formation in murine tumours is not dependent on presence

of tertiary lymphoid organs

S. Cutting, E. Jones, E. Colbeck, J. Hindley & A. Gallimore

Department of Infection and Immunity, Cardiff University School of

Medcine, Cardiff, UK

Immune evasion by tumours limits anti-tumour immune responses

but the mechanisms involved are not fully understood. Regulatory T

cells (Tregs) protect the body from excessive inflammation and au-

toimmunity but they can also dampen anti-tumour immune

responses. Activation of tumour-specific T cells can be facilitated by

the depletion of Tregs. However, failure of activated lymphocytes to

infiltrate the tumour remains a problem and there is no significant

association between T cell activation and the rate of tumour growth.

In contrast, there is a highly significant association between extent of

T cell infiltration and tumour growth rate. We examined the effect

of Treg depletion on intra-tumoural T cell infiltration in a mouse

model of carcinogen-induced tumours. We found that the tumours

from Treg depleted mice fell into two groups – those with high T

cell numbers and those with low T cell numbers. Tumours were

analysed for the presence of high endothelial venules (HEVs), blood

vessels normally found in secondary lymphoid tissue, which are

specialised for lymphocyte recruitment. It was observed that

increased numbers of CD4+ and CD8+ T cells, but not B cells, were

found only in HEV+ tumours. HEVs were only observed in tumours

from Treg-depleted mice.

As HEVs have been found in tertiary lymphoid organs (TLO) we

addressed whether presence of HEVs in the murine tumours was

linked to TLO formation. Therefore, the tumours were immunohis-

tochemically stained for HEVs, T cells, B cells and follicular dendritic

cells (FDC) to look for TLOs. The vast majority of HEV+ tumours

showed no evidence of TLOs.

These results suggest TLO formation is not necessary for HEV

formation. Further experiments are needed to determine the mecha-

nism behind HEV formation and the role of Tregs in this process as

this information could provide a new strategy for tumour immuno-

therapy.

523
The effect of retinoic acid on regulatory and effector T cells in
anti-tumour immunity

L. Dyck, K. C. Galvin & K. H. G. Mills

School of Biochemistry and Immunology, Trinity College Dublin,

Dublin, Ireland

Tumour eradication by the immune system is largely dependent on

pro-inflammatory signals and effector cell infiltration into the

tumour. However, tumours can overcome effector immune

responses, for example by the secretion of immunosuppressive fac-

tors like TGF-b or the recruitment of regulatory cells. TGF-b has

been shown to induce the conversion of na€ıve CD4+ T cells into reg-

ulatory T (Treg) cells and this is enhanced by retinoic acid (RA), a

Vitamin A metabolite. In the present study we investigated the

capacity of a RA receptor-alpha antagonist (RARi) to block the

induction of Treg cells and thus to enhance anti-tumour immunity.

We found that RA and TGF-b induced conversion of na€ıve CD4+ T

cells into Treg cells could be blocked by RARi. TGF-b in combina-

tion with RA also converted committed CD4+ T cells into Treg cells,

decreasing the effector T cell population and IFN-c production in vi-

tro. Furthermore, RARi suppressed the secretion of the anti-inflam-

matory cytokine IL-10 and enhanced IL-12 production from TLR-

activated dendritic cells (DCs). Using a B16 melanoma murine

tumour model, we found that RARi enhanced the therapeutic effi-
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cacy of a TLR-activated antigen-pulsed DC vaccine, significantly

attenuating tumour growth and enhancing survival. Treatment of

DCs with RARi in vitro prior to transfer in to mice with tumours

reduced the frequency of tumour infiltrating Foxp3+ and IL-10+

Treg cells, while enhancing IFN-c-secreting CD4+ and CD8+ T cells.

In addition, RA has been shown by others to target tumour cells

directly, promoting differentiation and inhibiting proliferation. We

are currently investigating the effect of direct therapy with RA on

tumour growth and the development of effector versus regulatory

cells when administered at different stages of tumour progression.

We hypothesize that RA given at an early stage will promote Treg

cells and enhance tumour growth, whereas late RA treatment will

promote effector T cell responses and impair tumour cell prolifera-

tion. Our findings demonstrate that RARi enhances the efficacy of a

tumour vaccine but that RA may also have potential as a combina-

tion immunotherapy against tumours.

531
The impact of antigenic modulation on anti CD20 effector

mechanisms

T. R. W. Tipton*, A. Mead†, A. McIntosh†, A. Roghanian†,

M. S. Cragg† & S. A. Beers†

*Antibody and Vaccines Group, Southampton General Hospital,

Southampton, UK, †University of Southampton, Southampton General

Hospital, Southampton, UK

Background: Rituximab is a B cell deleting anti-CD20 monoclonal

antibody (mAb) used in the treatment of diseases ranging from leukae-

mia and lymphoma to rheumatoid arthritis. There are three major

effector mechanisms by which CD20 mAb are proposed to work, com-

plement dependent cytotoxicity (CDC), antibody dependent cellular

cytotoxicity (ADCC) and antibody dependent cellular phagocytosis

(ADCP). Following treatment, antigen antibody complexes can be lost

from the cell surface, potentially resulting in a diminished therapeutic

response and patient relapse. Two hypotheses have been put forward to

explain this phenomenon: the ‘shaving’ reaction involving an Fcc
Receptor (FccR) dependent, physical removal of antibody: CD20 com-

plexes by saturated/exhausted effector cells; and ‘antigenic modulation’

whereby internalisation of these complexes occurs on the target cell.

Here we have employed a range of in vitro assays to address the impact

of these processes on mAb effector function.

Material and methods: FccR dependent effector functions and CDC

were measured following initial or prolonged incubation with anti-

body and were correlated with the level of modulation using estab-

lished assays. To investigate the shaving reaction macrophages were

‘fed’ latex beads at various concentrations, fluorescently conjugated

anti-CD20 opsonised B cells were then used to determine levels of

modulation and ‘shaving’.

Results: We found that over 6 h isolated B cells opsonised with Ritux-

imab showed a decrease in the level of surface antibody and this corre-

lated with decreased CDC, ADCP and ADCC. This was independent of

effector interaction as B cells were incubated with antibody prior to

introduction to effector cells or complement. ADCP mediated by

FccRs, of which ‘shaving’ and modulation are both reliant, is emerging

as a major mechanism of action. The introduction of B cells to latex

filled macrophages resulted in reduced phagocytosis as bead load

increased, although B cell: macrophage interaction was maintained. As

macrophage bead load increased the level of shaving and modulation

decreased, in contrast to what has previously been suggested.

Conclusion: We conclude that antigenic modulation can impact on

all effector mechanisms investigated and that ‘shaving’ of antigen

antibody complexes from the cell surface does occur but only in the

context of on-going phagocytosis by non-saturated macrophages

and, at least in vitro, this is not the rate limiting factor for this

mechanism. Rather target intrinsic antigenic modulation appears

more important and there is now the need to examine whether these

results can be confirmed in vivo.

546
The serotonin receptor antagonist ondansetron shows

antiproliferative properties which are associated with a

down-regulation of interleukin 1 gene expression in acute
lymphoblastic leukaemia cells

J. Prada*,† & H. Long‡

*Biomedical Research Center, Charit�e Universit€atsmedizin Berlin,

Humboldt University of Berlin, Berlin, Germany, †Department of

Pediatric Oncology and Haematology, Charit�e Universit€atsmedizin

Berlin, Berlin, Germany, ‡Institute for Surgical Research, University of

Munich, Munich, Germany

Introduction and background: Ondansetron is a serotonin (hy-

droxitryptamine, 5-HT) receptor-3 (5-HT3) antagonist, used as anti-

emetic agent in the prophylactic treatment of chemotherapy induced

nausea and vomiting (CINV) in children with acute lymphoblastic

leukaemia (ALL). It has previously been reported that ondansetron

shows antiproliferative effects on ALL cells in vitro, further associated

with increases in the production of interferon-gamma (IFNc) and

nitric oxides (NO), as well as with an overexpression of the induc-

ible NO-synthase (iNOS). Since the release of IFNc and NO, also

known as reactive nitrogen intermediates (RNI), are mostly related

to the production of pro-inflammatory cytokines, it was of further

interest to analyse the effects of ondansetron on the expression of

interleukin 1 alpha (IL-1a) in ALL cells.

Material and methods: The B-cell precursor leukaemia cell line

REH, derived from a patient with ALL at first relapse, was used in

all the performed experiments. REH cells in the logarithmic growth

phase were cultured at cell concentrations of 1–2 9 104 cells/ml.

Dot-Blot mRNA in situ hybridizations were performed with aid of

an high specific gene probe for human IL-1a, by using a commer-

cially available non-radioactive DIG-labelling and detection Kit.

Results: After 72 h incubation in standard conditions, reproducible

amounts of IL-1a mRNA were systematically detected and further

quantified in all the tested cell pellets, either in the presence or in

the absence of 5–50 lM ondansetron. Interestingly, the analysed

REH cells showed reproducible and significant decreases in the

expression of IL-1a mRNA after 72 h incubation with 5–50 lM
ondansetron, either in the presence (34–43%), or in the absence

(41–51%) of 10 lM exogenous 5-HT. Moreover, the observed

decreases of IL-1a mRNA were further found to correlate with the

previously detected antiproliferative effects of ondansetron in the

ALL cell line REH.

Discussion and conclusions: Taken together, the 5-HT3 antagonist

ondansetron was found to differently modulate the expression of

pro-inflammatory markers, such as IL-1a (downregulation), or IFNc,
NO/RNI and iNOS (upregulation) in ALL-cells in vitro. These results

may represent further beneficial effects of ondansetron as a selective

anti- or pro-inflammatory anti-leukaemic compound, and further

support its actual use in the current therapy of CINV in ALL

patients.
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560
TLR2 inhibition with OPN-305 increases the efficacy of

gemcitabine in a murine model of pancreatic cancer

B. Keogh*, P. McGuirk* & T. Hagemann†

*Opsona Therapeutics Ltd, Dublin, Ireland, †Centre for Cancer and

Inflammation, Queen Mary, University of London, London, UK

Pancreatic adenocarcinoma was the fourth leading cause of death

from cancer in 2010. The 5-year survival rate is 6%. Survival of 6–
11 months is typical for untreated patients with locally advanced dis-

ease, but is <6 months in untreated patients presenting with meta-

static disease. In this study, we investigated the efficacy of OPN-305,

an IgG4 humanised anti-TLR2 antibody, in combination with gem-

citabine in a spontaneous pancreatic cancer model. Tumour size was

assessed by ultrasound prior to treatment. Gemcitabine or OPN-305

alone showed a modest increase on overall survival (OS) compared

with no treatment. However, when OPN-305 and gemcitabine were

combined, there was a significantly greater increase in OS

(P < 0.01). This correlated with a decrease in metastases, prolifera-

tion index and number of circulating tumour cells. QPCR analysis

of tumour tissue revealed that combination therapy led to increased

Th1, CD8a and NK1.1 markers, and decreased Th2, neutrophil and

monocyte markers. There was a decrease in IL-6 and IL-1b expres-

sion and a normalisation of gemcitabine-induced TNF-a expression

following TLR2 inhibition. Transwell experiments showed that cell

lines derived from KPC mice secreted a soluble factor that decreased

CD80 expression on macrophages. This effect was reversed by TLR2

inhibition. Fluorescent microscopy on pancreatic lesions also showed

that combination therapy led to a preservation of ductal morphol-

ogy, this correlated with the decrease in metastases. In conclusion,

inhibition of TLR2 by OPN-305, in combination with a first line

standard of care significantly increased OS in this model and repre-

sents a novel potential therapeutic for the treatment of pancreatic

cancer.

561
The unique profile of tumour-primed natural killer cells shows

loss of activating receptor expression and pro-inflammatory
cytokine secretion upon activation

M. Sabry & M. W. Lowdell

Department of Academic Haematology, University College London,

London, UK

Background: Natural killer (NK) cells play an important role in host

protection against tumours. Co-engagement of multiple NK cell acti-

vating receptors is a requirement for NK cell-mediated natural cyto-

toxicity against tumour targets. Work by our group defined this co-

stimulation into two discrete stages; the first ‘priming’ signal can be

delivered by an activating cytokine or an appropriate tumour target

cell, to achieve NK cell adhesion, conjugate formation and granule

polarization. The second ‘triggering’ signal results in NK cell granule

exocytosis and NK cell-mediated killing of targets. We have previ-

ously shown that CTV-1, an NK-resistant leukemic cell line, is capa-

ble of priming resting NK cells to lyse previously resistant targets,

partially through ligation of CD15 ligand by CD2 on NK cells. Here,

the activation profiles of tumour-primed NK cells (TpNKs) are

defined, and the tumour-priming signal as delivered by CTV-, is fur-

ther dissected.

Methods: Human NK cells were isolated from peripheral blood

mononuclear cells (PBMCs) of normal healthy donors by magnetic

cell sorting for CD56+ cells. Resting NK cells (2 9 105) were washed

twice and mixed with CTV-1 (4 9 105), IL-2 (200 IU/ml), IL-7, -12,

-15 or 21 (10 ng/ml) in 200 ll of complete medium. Cells were

incubated for the indicated time at 37°, 5% CO2. Thereafter, immu-

nophenotyping and 8-colour flowcytometry (MACS Quant) were

carried out or supernatants were collected and stored at �80° pend-

ing measurement. The concentrations of cytokines were quantified

by a multiplex immunoassay (Luminex 100 IS; Invitrogen). Blockade

studies involved pre-treatment of NK cells with saturating concentra-

tions of antibodies against indicated receptors. Data analysis was per-

formed using GraphPad software.

Results: Uniquely, TpNKs showed significant (P < 0.05) downregula-

tion of important NK cell activating receptors including CD16,

NKG2D, NKp46, DNAM-1, ICAM-1 and 2B4 (n = 7). Differential NK

cell secretory responses were also observed by TpNKs, which produced

a pro-inflammatory cytokine profile characterized by MIP-1a, MIP-1b,
RANTES, TNF-a and IFN-c, with accelerated kinetics (n = 4). Block-

ade studies showed that receptor cooperation between CD2, NKG2D

and LFA-1 is crucial for the delivery of the tumour-priming signal as

delivered by CTV-1. Results suggest that the ligand expression profile

of CTV-1, might hold the code for optimal synergy among NK cell acti-

vating receptors for enhanced effector functions against tumours.

Conclusion: Tumour- priming of NK cells is different from cyto-

kine- priming as evidenced by unique NK cell surface expression

patterns and secretory profiles. Further defining tumour-specific

responses of NK cells, can enhance NK cell-based immunotherapeu-

tic strategies for cancer.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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Synergistic targeting of breast cancer stem cells by human cd T

cells and cytotoxic CD8+ T cells

H.-C. Chen*, R. Clarkson†, T. Herrmann‡ & M. Eberl*

*Cardiff Institute of Infection & Immunity, School of Medicine, Cardiff

University, Cardiff, UK, †School of Biosciences, Cardiff University,

Cardiff, UK, ‡Institute for Virology and Immunobiology, Julius-

Maximilians-Universit€at W€urzburg, W€urzburg, Germany

Background and aims: Breast cancer stem cells (bCSCs) are consid-

ered as the principal cause of disease recurrence, distant metastases,

and mortality in breast cancer patients. The inherent resistance of

these cells to existing therapies has largely hampered the develop-

ment of effective treatments for patients with advanced breast can-

cer. Our research aims at establishing novel immunotherapy

approaches efficiently targeting bCSCs by harnessing cd T cells as

non-MHC-restricted killer cells and simultaneously as potent APCs

to induce tumour-specific CD8 T cell responses.

Methods: By the use of a ras-transformed human mammary epithe-

lial cell line (HMLER), an experimental model allowing reliable dis-

tinction of CSCs and non-CSCs was setup based on a range of

phenotypical, morphological and functional criteria. Preferential kill-

ing of CSCs and non-CSCs by cd T cells and CD8 T cells was

assayed in co-cultures of two target cell populations that had been

prelabelled with different fluorescent membrane dyes. In order to

provide proof-of-principle for CSC-targeting immunotherapies by

cytotoxic CD8 T cells, viral model T-cell epitopes such as FluM1

and CMVpp65 were used as surrogates for yet-to-be-discovered

bCSC-associated antigens.

Results: Stable sublines with characteristics of CSCs and non-CSCs

were generated from HMLER cell line as confirmed (i) by their

distinct expression profiles of CD24, CD44 and GD2, (ii) by their

mesenchymal-like and epithelial-like characteristics and (iii) by

their differential growth patterns in mammosphere culture. Both

CSCs and non-CSCs were found to be resistant to cytotoxicity by

human cd T cells but could be sensitized by inhibition of farnesyl

diphosphate synthase (FPPS) through pretreatment with zoledro-

nate or FPPS-targeting shRNA, resulting in efficient activation of

cd T cells and upregulation of APC markers including MHC class

I and class II molecules as well as CD80 and CD86. CSCs express-

ing FluM1 or CMVpp65 exhibited stronger resistance to antigen-

specific CD8+ T cell cytotoxicity as compared to their non-CSC

counterparts, which may be in part due to down-regulation of

MHC class I and ICAM-1 expression. Of note, pretreatment of

FluM1-or CMVpp65-expressing CSCs and non-CSCs with gd T cell

conditioned supernatant significantly increased their surface expres-

sion of MHC class I and ICAM-1 and their susceptibility to CD8+

T cell-mediated killing.

Conclusions: Our findings identify a powerful synergism between

MHC-restricted and non-MHC-restricted human T cells in the effec-

tive eradication of both CSCs and non-CSCs. These findings also

suggest that patients receiving CD8+ T cell based immunotherapies

may benefit from co-administration of zoledronate and/or co-trans-

fer of cd T cells.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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Complement in Pathogenesis of Disease

43
Carbamylation of immunoglobulin abrogates the classical

pathway of complement activation

C. Koro*, E. Bielecka†,‡, A. Dahl-Knudsen§, J. J. Enghild§,

J. G. Brun¶, A. Hellvard*, B. Bergum*, R. Jonsson*,

J. Potempa†,**, A. M. Blom‡ & P. Mydel*

*The Broegelmann Research Laboratory, Department of Clinical

Science, University of Bergen, Bergen, Norway, †Department of

MicrobiologyFaculty of Biochemistry, Biophysics and Biotechnology,

Jagiellonian University, Krakow, Poland, ‡Department of Laboratory

Medicine Malm€o, Lund University, Malm€o, Sweden, §Interdisciplinary
Nanoscience Center at the Department of Molecular Biology and

Genetics, Aarhus University, Aarhus, Denmark, ¶Department of

Rheumatology and Department of Clinical Science, Haukeland

University Hospital and University of Bergen, Bergen, Norway,

**Centre for Oral Health and Systemic Diseases, University of

Louisville School of Dentistry, Louisville, KY, USA

Background: The carbamylation of positively charged lysine residues

to neutral homocitrulline occurs primarily under inflammatory con-

ditions through myeloperoxidase-dependent cyanate formation. This

study was undertaken to analyse the pattern of IgG1 carbamylation

and the effects that this modification has on the ability to trigger

complement activation via the classical pathway.

Material and method: Human myeloma IgG1 was carbamylated by

incubation with 0.1 M KCNO. The complement-activation capacity

of the modified antibodies was thereafter investigated by measuring

the deposition of C1q, C4b and C3b in normal human serum. The

pattern and extent of the carbamylated samples was employed by

mass spectrometry of IgG1 samples carbamylated in vitro and immu-

noglobulins purified from synovial fluid from patients with rheu-

matic inflammatory joint disease.

Results: In the current study, we found that selected lysine residues

in IgG1 were rapidly modified after exposure to KCNO. Interestingly,

these modifications were specifically limited to Lys residues within

the hinge region and N-terminal fragment of the CH2 domain. A

complement activation assay combined with mass spectrometry data

showed high correlation between carbamylation of lysine residues

K222, K246, K322, K326 and K334 and proper binding of C1q to

human IgG1 and subsequent complement activation. We were able

to confirm our in vitro findings using synovial fluid from rheuma-

toid arthritis patients.

Conclusion: Our data suggest that carbamylation has a profound

impact on the complement activating ability of IgG1 and reveals a

pivotal role for previously uncharacterised lysine residues in that

process.

117
Cloning, expression and characterisation of the globular head

regions of mouse C1q

A. Shastri*,†, L. Pednekar*, A. Nayak*, S. Vecchiarelli*,

D. A. Mitchell‡, Y. M. Ali§, W. J. Schwaeble§, A. G. Tsolaki* &

U. Kishore*

*Centre for Infection, Immunity and Disease Mechanisms, Brunel

University, London, UK, †Health Education Yorkshire and the

Humber, The Leeds Teaching Hospitals NHS Trust, Leeds, UK,
‡Clinical Sciences Research Institute, University of Warwick, Coventry,

UK, §Department of Infection, Immunity and Inflammation, University

of Leicester, Leicester, UK

The classical pathway of complement system, activated by immune

complexes, involves binding of globular heads of C1q to the Fc

regions of aggregated IgG or IgM. At the C-terminal region of C1q,

is globular head region (gC1q) where each globular head is com-

posed of one A (ghA), one B (ghB) and one C (ghC) chain. In order

to understand modularity of gC1q region of mouse C1q and to gen-

erate useful reagents for in vivo studies, we have expressed these

recombinant individual heads of mouse C1q in Escherichia coli as

soluble proteins linked to maltose-binding protein (MBP). We have

examined their interaction with heat-aggregated mouse IgG and IgG

isotypes, mouse C-reactive protein (CRP), pentraxin-3 (PTX-3) and

prion peptide (PrP). These fusion proteins (MBP-ghA, -ghB, and

-ghC) were found to bind differentially to mouse IgG, IgG isotypes,

PTX3, CRP and PrP. Both MBP-ghA and MBP-ghB also inhibited

C1q-dependent hemolysis of IgG sensitized sheep erythrocytes. The

expression and functional characterisation of individual mouse gC1q

domains has allowed to examine specificity and selectivity of individ-

ual globular heads of mouse C1q to known ligands. Production of

mouse gC1q domains will be helpful in antibody mapping of anti-

C1q autoantibodies recognising gC1q region.

217
Roles of innate immune molecules in pre-term birth

G. Sotiriadis, U. Kishore & E. Karteris

School of Health Sciences and Social Care, Brunel University, London,

UK

Pre-term birth (birth at <37 completed weeks of gestation) is a

major cause of perinatal mortality and morbidity. Emerging evidence

implicates surfactant proteins SP-A and SP-D, two important regula-

tors of homeostasis and innate immunity, in the pathogenesis of

pre-term labour. In particular, they have been implicated in modula-

tion of labour through the regulation of prostaglandins. Preliminary

data has shown that there’s a difference in the expression of SP-A

and SP-D in human myometria (uterine tissue) from women with

term and pre-term labour, and also that treatment of human my-

ometrium cells with 10 and 20 lg/ml of rhSP-D after 12 and 24 h

leads to increased mRNA expression (twofold or more) of oxytocin

receptor and connexin 43 compared to control, which are key con-

tractile genes that take part in parturition. In this study we will also

(i) use inflammatory cytokines to mimic a preterm environment in

vitro and study the subsequent regulation by SP-A, SP-D and C1q (a

innate immune molecule of the classical complement pathway) and

finally (ii) examine the modulation of immune cells in amnion,

chorion and decidua by SP-A, SP-D and C1q. This study will pro-

vide a novel insight into the molecular mechanisms of preterm

labour at uterine level, and provide exciting avenues towards new

therapeutic strategies.

265
Misleading serology in HAE: are we misclassifying some cases?

W. Egner, S. Murng, A. Shrimpton & R. Sargur

Department of Immunology, Sheffield Teaching Hospitals NHS

Foundation Trust, Sheffield, UK

Background: HAE 1 has reduced C1 inhibitor level (C1INH) func-

tion (C1INHF) and complement C4. HAE 2 has reduced C1INHF

and C4 but normal/increased C1INH. Mutational analysis may be

helpful if C1INH deficiency likely but serology uncertain. We present

three patients from the same family with an identical HAE 2 muta-

tion who could be serologically misclassified.

Methods: A 22 year-old lady with HAE had symptoms for 5 years.

Her tests showed marginally reduced C1INH and C1INHF with low

C4 repeatedly, when well. One of two brothers and her father have

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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angioedema and/or intermittent abdominal symptoms. One of our

HAE patients was related to the index case (paternal great uncle).

Serial C1INH, C1INHF and C4 in father and great uncle were simi-

larly unremarkable when well irrespective of treatment, but C4 levels

were low. C1INH was neither as high as in typical HAE 2 nor as low

as in typical HAE 1.

Results: Three family members (index case, father and paternal great

uncle) had a heterozygous ′S438P/p.Ser460 Pro exchange′ mutation

previously associated with HAE type 2. Only C1INHF reliably differ-

entiated affected individuals.

Discussion: This mutation has previously been associated with a

HAE 2 serological picture. Serological diagnosis of HAE is more

uncertain than is generally recognised. Individuals with suspected

HAE should be managed in Specialist Centres. Some HAE cases may

potentially be hidden in serologically unremarkable patients, or mis-

classified, if changes in C4 are not checked in an attack.

303
N-acetylmannosamine (ManNAc) supplementation of drinking

water does not protect mice from nephrotoxic nephritis or

complement-mediated renal injury

S. Narayan*, H. T. Cook*, M. C. Pickering* & A. Richards*,†

*Centre for Complement and Inflammation Research, Imperial College,

London, UK, †UoE/MRC Centre for Inflammation Research, Queens

Medical Research Institute, Edinburgh, UK

Background and aims: Sialic acids have many important roles in

human biology. Mice with a homozygous knock in mutation in the

gene for a key enzyme in the sialic acid biosynthetic pathway (GNE/

MNK) unexpectedly developed severe proteinuric renal injury and pod-

ocytopathy. The lethal phenotype could be rescued by oral supplemen-

tation of pregnant mice with N-acetylmannosamine (ManNAc), a sialic

acid precursor. Loss of binding of complement factor H to sialic acid

residues is also important in the pathogenesis of atypical haemolytic

uremic syndrome (aHUS), a complement-mediated renal disease. Free

sialic acid has been reported to regulate the complement cascade.

We hypothesised that supplementing drinking water with Man-

NAc would reduce the severity of injury seen in a complement-med-

iated mouse model of aHUS induced by accelerated nephrotoxic

nephritis (aHUS/NTN) by increasing glomerular endothelial sialyla-

tion. We also investigated effects of ManNAc in wild type (WT)

mice given NTN.

Methods: The drinking water of WT mice and mice susceptible to

aHUS was supplemented with ManNAc 1 mg/ml for 1 week prior to

the induction of NTN. ManNAc water was continued until termina-

tion of experiment. There were four groups of n = 8 mice in each

experiment: i) WT or aHUS ii) WT or aHUS + ManNAc iii) WT or

aHUS + NTN iv) WT or aHUS +NTN + ManNAc. Experiments

were terminated when 70–80% of mice in each experiment had 3+
haematuria by dipstick measurement. This was D11 for WT/NTN

mice and D3 for aHUS/NTN mice. Sialic acid staining in the kidney

was measured by fluorescent lectins. Renal histology, plasma urea,

glomerular C3 and CD31 expression were measured in all groups.

Results: Supplementation with ManNAc significantly increased levels

of a2-3 and a2-6 linked sialic acid in the kidney (P < 0.001) in WT

mice. This was significantly reduced following NTN (P < 0.05) but

to a lesser extent in mice supplemented with ManNAc. Renal histo-

logical injury and plasma urea levels were significantly increased in

all groups receiving NTN compared to baseline. ManNAc supple-

mentation was not protective. C3 and CD31 glomerular staining

were reduced in mice which received ManNAc.

Conclusions: ManNAc supplementation of drinking water does not

protect WT mice from NTN or from aHUS/NTN. There was a trend

towards increased severity of injury in ManNAc treated groups.

Reduced CD31 staining intensity in glomerular capillary vessels in

mice who received ManNAc supplementation may indicate vessel

injury/dropout.

614
Direct visualisation of HLA-B27 forms in cell lines and
Spondyloarthropathy tissues

O. Rysnik, P. Bowness, K. McHugh & S. Kollnberger

Nuffield Department of Orthopaedics, Rheumatology and

Musculoskeletal Sciences, University of Oxford, Oxford, UK

Background: The strong association of the human leukocyte antigen

HLA-B27 (B27) with the Spondyloarthropathies (SpA), particularly

with Ankylosing Spondylitis (AS), was discovered more than four

decades ago, yet the role of B27 plays in disease remains unclear.

Our research group discovered that B27 free heavy chains (B27 HC)

can form dimers (B272) and/or non-classical B27 molecules (NC-

B27), which can bind innate immune receptors in non-conventional

way, compared with other MHC class I molecules. We therefore

investigated the pathogenic role for these forms of B27 in AS.

Methods: We used a novel HD6 antibody, generated against B272,

alongside the conventionally used HC10 and ME1 antibodies to

examine surface expression of NC-B27 in AS patient and healthy

control primary cells and transduced cell lines using flow cytometry,

confocal microscopy and immunoprecipitation techniques.

Results: Confocal microscopy experiments revealed that NC-B27 can

form clusters at the cell surface of B27-transduced cells. Immunopre-

cipitation data demonstrated that NC-B27 are present at the surface

of the B27-positive cells more abundantly in a higher molecular

weight form (approximately 80 kDa) compared with the monomeric

form (approximately 45 kDa). Moreover, low pH treatment of cells

can further induce both forms of B27. HD6 did not stain monocyte-

derived dendritic cells (moDCs) from AS patients or healthy con-

trols, irrespective of moDC maturation state. However, LPS treated

AS moDCs expressed higher levels of HC10-reactive molecules than

those from healthy controls. HD6 and HC10 staining can be induced

in AS moDCs by low pH treatment.

Conclusions: Confocal microscopy data brought additional insight

into the segregation patterns of classical and non-classical B27 mole-

cules at the cell surface. We showed by flow cytometry and immuno-

precipitation that HC-B27 expression on AS moDCs is significantly

increased compared with healthy controls. Importantly, we showed

that low pH treatment can induce HD6 and HC10 staining on the

B27 positive cells.
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Conservation and Divergence of Mammalian Immune

Systems

70
Discovery and characterisation of bovine CD16++CD14� cells: a

novel myeloid cell population in peripheral blood elevated in

Johne’s disease

Y. Corripio-Miyar*, J. Hope*, C. J. McInnes†, S. Wattegedera†,

Y. Pang†, G. Entrican† & E. J. Glass*

*Infection and Immunity Division, The Roslin Institute and Royal

(Dick) School of Veterinary Studies, Edinburgh, UK, †Moredun

Research Institute, Edinburgh, UK

In humans and mice, CD16 and CD14 distinguish myeloid subpopu-

lations which play distinct roles in the response to pathogens. In cat-

tle, we have identified four distinct peripheral blood populations

based on CD16 and CD14 expression and cytokine profiles following

LPS stimulation. CD14� CD16+ cells expressed the NK marker

NKp46 and had low responses to LPS. Based on differential cytokine

expression, we have demonstrated that the CD16� CD14+ and

CD16+CD14+ populations are similar to the human/mouse classical

and non-classical monocytes respectively. In contrast, the

CD16++CD14� population has a highly pro-inflammatory profile,

expresses high levels of MHC-II and co-stimulatory molecules and is

highly phagocytic, characteristics similar to Slan DCs, a human DC

subset.

Slan DCs are increased in patients with inflammatory disorders

such as Crohn’s disease. In cattle, Mycobacterium avium paratubercu-

losis (MAP) infection results in the chronic gut inflammatory condi-

tion Johne’s disease (JD) which has similar aetiology and pathology

to Crohn’s disease. Disease control of JD, characterised by an

extended subclinical period is hampered by the poor performance of

current tests to detect subclinical cases. An increased proportion of

the CD16++CD14� subset was found in cattle diagnosed with both

clinical and subclinical JD. We hypothesise that CD16++CD14� cells

are a specialised subset of blood DCs associated with MAP infection

and disease progression. Further investigations on the function and

involvement of this novel myeloid population with JD could lead to

the development of an early diagnostic test for the disease.

76
Comparison of the innate responses of cattle and sheep cells to

Chlamydia abortus infection

L. E. Doull*,†, S. Wattegedera*, D. Longbottom*, E. J. Glass† &

G. Entrican*,†

*Moredun Research Institute, Edinburgh, UK, †Roslin Institute,

Edinburgh, UK

Objective: Chlamydia abortus is an obligate intracellular bacterium

that is a major cause of abortion in sheep worldwide but is rarely

linked to abortion in cattle. The reasons for this differential pathog-

ensis are unknown. We are investigating the innate responses of

ovine and bovine cells to chlamydial infection to address this. Pat-

tern recognition receptors (PRR) such as TLR2/4 that activate NF-

kB-mediated cytokine production and NOD-like receptors (NLRs)

that activate the inflammasome complex are known to recognise

chlamydial infection in human and mouse cells. Production of in-

flammasome dependant IL-1b has been implicated in both protec-

tion and pathology, we therefore hypothesize that early innate

immune interactions determine the outcome of C. abortus infection

in ruminants.

Methods: Cattle and sheep dendritic cells (DC) were generated from

CD14+ve peripheral blood mononuclear cells using IL-4 and GM-

CSF. Oro-nasal turbinate cells were derived post-mortem. Cells were

infected with C.abortus or exposed to UV-killed organisms and then

analysed for PRR and cytokine/chemokine expression.

Results: Both cattle and sheep DC and turbinate cells expressed

TLR2, TLR4, NOD1 and NLRP3. Infection of DCs resulted in early

IL-1b production whereas turbinate cells produced no IL-1 b but

did produce CXCL8 late into the chlamydial developmental cycle.

This cytokine/chemokine profile was not observed in cells exposed

to UV-killed organisms. CXCL8 expression was higher in sheep than

cattle turbinates.

Conclusions: Ruminant DC and turbinate cells exhibit different

responses to C. abortus infection despite similar PRR expression.

Cattle and sheep cells do not appear to differ qualitatively in their

responses but do differ quantitatively.

197
Hybrid immunoglobulin light chain IgG4 molecules in normal

human serum

G. Wallis*, E. Young*, D. G. Ward† & E. Lock*

*The Bindingsite Group Ltd, Birmingham, UK, †School of Cancer

Sciences, College of Medical and Dental Sciences, University of

Birmingham, Birmingham, UK

Background and aims: Human IgG4 molecules are dynamic and

have been shown to exchange half molecules to become bi-specific

antibodies in a process termed Fab-arm exchange. Bi-specific mole-

cules cannot cross-link antigen nor elicit lymphoid cell activation. It

has been proposed that this mechanism may dampen-down unneces-

sary inflammatory responses. The aim of this work was to discover

the extent of polyclonal IgG4 Fab-arm-exchange and whether this

process can result in molecules with both kappa and lambda light

chains.

Methods: Polyclonal IgG4 was purified from pooled or individual

donor batches of human serum and sequentially fractionated into

monomeric IgG4j, IgG4k and IgG4j/k. These were analysed by

ELISA, SDS-PAGE, immunoblotting, and MALDI-mass spectrome-

try.

Results: Polyclonal IgG4 purified from normal serum contained a

substantial portion that could not be fractionated by light chain

specificity. Size exclusion chromatography showed that this material

was principally composed of immunoglobulin monomers (150 kDa)

and not aggregates. Analysis of these monomers by ELISA and wes-

tern blotting suggested the presence of both kappa and lambda light

chains on the same IgG4 molecule. Analytical antibodies different to

those used during the purification process were employed to rule

out idiotypic false positives. MALDI-Mass spectrometry showed that

polyclonal light chain hybrid IgG4j/k had an average molecular

weight approximately half-way between that of IgG4j and IgG4k.
Reduction with DTT released both kappa and lambda light chains

from only the former. The analytical techniques clearly indicated that

IgG4 proteins containing different light chains on the same molecule

were present. Based on the molecular weight these molecules were

formed of 2 IgG4 heavy chains plus 1 kappa and 1 lambda light

chain. Polyclonal IgG (IgG4-depleted) was purified and similarly

fractionated according to light-chain specificity. No evidence of

hybrid IgG j/k antibodies was observed. This would rule out the

possibility that the hybrid light-chain immunoglobulins had been

generated in vitro, and suggests that they are restricted to the IgG4

subclass. A total of 5 different human sera were analytically fraction-

ated. Compositional analysis indicated that about 30% of purified

polyclonal IgG4 was of the hybrid j/k form.

Conclusions: These results have unambiguously demonstrated that

hybrid asymmetrical IgG4j/k antibodies compose a substantial por-

tion of IgG4 from normal (non-immunised) human serum. This is a

logical outcome from the process of ′Fab-arm′ exchange in vivo.
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Comparative evolutionary analysis of IL6 in lagomorphs

F. Neves*,†, J. Abrantes*,‡, P. P. Costa†,§ & P. J. Esteves*,¶

*CIBIO/UP, Centro de Investigac�~ao em Biodiversidade e Recursos

Gen�eticos, InBio Laborat�orio Associado, Universidade do Porto, Vair~ao,

Portugal, †UMIB/UP - Unidade Multidisciplinar de Investigac�~ao
Biom�edica/Universidade do Porto, Porto, Portugal, ‡INSERM, U 892,

Universit�e de Nantes, Nantes, France, §Department of Gen�etica,

CSPGF, Instituto Nacional de Sa�ude Dr. Ricardo Jorge, Porto,

Portugal, ¶CESPU, Instituto de Investigac�~ao e Formac�~ao Avanc�ada em

Cîencias e Tecnologias da Sa�ude, Gandra PRD, Porto, Portugal

Background and aims: Interleukin 6 (IL6), also known as interferon

beta 2, is a class-I helical cytokine with a broad spectrum of biologi-

cal activities in humoral and cellular defense. This class of cytokines

has a gene structure conserved throughout vertebrates, with five cod-

ing exons.

IL6 is involved in the immune response against rabbit hemor-

rhagic disease virus that causes a highly fatal disease in the European

rabbit. Previously, IL6 from European rabbit samples belonging to

the subspecies Oryctolagus cuniculus cuniculus, was shown to differ

from the other mammals by extending for further 27 amino acids.

This difference results from a mutation in the typical stop codon

into a glutamate encoding codon. However, in other leporids (Sylvil-

agus spp. and Lepus spp.) that diverged from European rabbit

approximately 12 million years ago this mutation was also not pres-

ent.

The purpose of this study was to confirm the mutation of the

stop codon in other lagomorph specimens: Oryctolagus cuniculus al-

girus, Brachylagus idahoensis, Sylvilagus bachmanii, Lepus europaeus

and Ochotona princeps.

Methods: The IL6 gene was PCR-amplified and sequenced for the

five lagomorph species. The obtained sequences were translated and

compared with other mammalian IL6 sequences retrieved from pub-

lic databases (GenBank, Ensembl and Uniprot).

A maximum-likelihood (ML) tree was inferred in MEGA5 with

the following options: HKY+G model, 500 bootstrap replicates and

partial deletion to gaps/missing data treatment.

Results: We confirmed the presence of the mutated stop codon in

both O. c. cuniculus and O. c. algirus. In agreement with previous

reports, we found that the stop codon is not mutated in S. bachma-

nii and L. europaeus. We further extended this observation to the

leporid B. idahoensis and ochotonid O. princeps.

In rabbits, sequence translation of IL6 continues into the exonic

sequence and stops in the next STOP codon (81 nucleotides down-

stream). Typically, the IL6 protein has five cysteine residues that

might be important to establish disulfide bonds. In rabbit, the 27

amino acid extension has four more cysteine residues.

The inferred phylogeny for the IL6 gene is in agreement with

what has been accepted for the mammals and lagomorphs.

Conclusions: Our results indicate that in the ancestral of the Oryc-

tolagus genus, (approximately 2 million years ago), a single mutation

at exon 5 occurred that made IL6 longer than for the other mam-

mals. Biological implications of this extension remain to be assessed

but the occurrence of the 4 extra cysteine residues might suggest

some functional relevance.

480

Myb-independent macrophages: a family of cells that develops
with their tissue of residence and is involved in its homeostasis

E. Gomez Perdiguero & F. Geissmann

Centre for Molecular and Cellular Biology of Inflammation (CMCBI),

King’s College London, London, UK

Background and aims: In most metazoan, all tissues contain phago-

cytes ‘in residence’, generally termed ‘macrophages’ in vertebrates. In

contrast to myeloid cells produced continuously by the bone mar-

row, tissue resident macrophages develop during embryogenesis

together with their tissue of residence, and persist in adulthood,

independently of hematopoietic stem cells and the transcription fac-

tor Myb. They therefore represent an independent lineage from

blood monocytes, dendritic cells, and monocyte/macrophages that

are recruited to tissues during inflammation.

Methods: We reinvestigated the origin and developmental relation-

ship between different tissue resident myeloid populations using

complementary fate mapping strategies based on Cre/Lox systems.

Fate mapping of HSC-derived cells was performed sing Flt3-Cre

mice whereas HSC- and Myb-independent macrophages were pulse

labeled during embryonic development using tamoxifen in Csf1r-

mer iCre mer mice.

Results and conclusions: Tissue resident macrophages functions are

yet to be completely defined. They all share the ability to scavenge

toxic compounds, lipids, microorganisms, dead cells and contribute

to tissue remodeling, via phagocytosis and the production of growth

factors. In contrast the production of inflammatory mediators seems

more associated with bone marrow derived cells. Tissue resident

macrophages and bone marrow derived myeloid cells thus differ in

developmental origin and functions. A genetic and molecular dissec-

tion of resident macrophages functions will reveal their roles in

tissue metabolism and the maintenance of homeostasis indepen-

dently of the extravasation of inflammatory leucocytes, and in the

control of the recruitment of bone marrow derived cells in overt

inflammation.

511
Immune escape strategies of a recently emerged contagious
cancer, Devil Facial Tumour Disease

H. Siddle1, A. Kreiss2, C. Tovar2, A.-M. Pearse3, R. Hamede4,

M.E. Jones4, K. Skjødt5, G.M. Woods2 & J. Kaufman1

1Department of Pathology, University of Cambridge, Cambridge, UK,
2Menzies Research Institute, University of Tasmania, Hobart,

Tasmania, 3Animal Health Laboratory, Department of Primary

Industries and Water, Launceston, Tasmania, 4University of Tasmania,

Hobart, TAS, Australia, 5Department of Cancer and Inflammation,

University of Southern Denmark, Odense, Denmark

Background and aims: In rare cases cancer cells do not die within a

single individual, but successfully pass between individuals becoming

a contagious cancer derived from a single neoplastic cell. Devil Facial

Tumour Disease (DFTD) is one such contagious cancer that has

emerged in the Tasmanian devil, a carnivorous marsupial endemic

to the island of Tasmania. Despite an efficient immune system

DFTD does not elicit a protective immune response from host dev-

ils, resulting in 100% mortality of affected animals and rapid decline

of the species. The emergence of DFTD provides an opportunity to

understand the immunological basis for the transmission of a

tumour in a wild population.

Results: We have shown that DFTD cells down-regulate cell surface

MHC class I molecules both in vitro and in vivo. The loss of class I

molecules is not due to structural mutations, but to epigenetic

down-regulation of genes essential for antigen processing, including

β2-microglobulin (β2m), the Transporters associated with Antigen
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Processing (TAPs), MHC class II A (MHCIIA) and DMB. MHC

class I molecules can be restored to the surface of DFTD cells

in vitro using recombinant devil IFN-c, which is associated with up-

regulation of the MHC class II transactivator (CIITA), a key tran-

scription factor with de-acetylase activity. Further, expression of

MHC class I molecules by DFTD cells can occur in vivo during lym-

phocyte infiltration. We have examined the response of DFTD cells

to IFN-c using transcriptomics and find that wildtype DFTD cells

predominantly express transcripts for a non-classical MHC class I

gene, while IFN-c treated cells express transcripts for classical MHC

class I and class II genes, indicating that wildtype DFTD cells are dif-

ferentially regulating their MHC class I.

Conclusions: The loss of MHC molecules from the surface of DFTD

cells provides a molecular basis for how DFTD can pass between

individuals without being targeted by cytotoxic T cells. Further, we

suggest that down-regulation of MHC molecules using regulatory

mechanisms allows evolvability of transmissible cancers and could

affect the evolutionary trajectory of DFTD as well as its interaction

with the host immune system. Finally, a potential whole-cell vaccine

strategy in the form of IFN-β treated MHC positive DFTD cells is

now generating preliminary results and may help preserve this vul-

nerable species in the wild.

530
Association of human beta defensin-1 (DEFB1) polymorphisms

and in vivo protein expression: first population-based analysis

C. James*, M. Bajaj-Elliott†, A. Syngelaki‡, N. Klein†,

K. Nicolaides‡ & D. Peebles§

*Research Department of Maternal and Fetal Medicine and Infectious

Diseases and Microbiology Unit, UCL Institute for Women’s Health

and UCL Institute of Child Health, London, UK, †Infectious Diseases

and Microbiology Unit, UCL Institute of Child Health, London, UK,
‡Fetal Medicine Unit, King’s College London NHS Foundation Trust,

London, UK, §Research Department of Maternal and Fetal Medicine,

UCL Institute for Women’s Health, London, UK

Background and aims: Single nucleotide polymorphisms (SNP) of

the gene encoding for human beta defensin 1 (hBD1) are associated

with increased risk of vertical HIV transmission (rs1799946) and

reduced risk of periodontal disease (a predictor of poor obstetric

outcome, rs1047031). This study aims to explore the relationship

between DEFB1 genotype and serum hBD1 expression in pregnant

women.

There are conflicting reports from in vitro studies on the effect(s)

of hBD1 SNPs on protein expression. This is the first in vivo study

to describe the relationship between DEFB1 genotype and hBD1 pro-

tein expression.

Methods: This is a retrospective case control study. Genomic DNA

and serum were extracted from blood collected from women at 11–
13 weeks’ gestation attending King’s College Hospital March 2006-

September 2010. The SNPs rs1799946 (5′UTR) and rs1047031 (3′
UTR) were genotyped by KASP assay (Kompetitive Allele Specific

PCR, LGC). Serum hBD1 concentration was determined by ELISA.

Data were analysed using the Kruskal–Wallis and Mann–Whitney-U-

Test.

Results: DNA and serum samples were available for 292 women.

Genotyping was successful in 98% (rs1047031) and 96% (rs1799946)

cases. Data were assessed initially in three groups (ancestral allele ho-

mozygotes, heterozygotes, and SNP homozygotes). SNP homozygotes

(rs1047031) had a lower median serum hBD1 concentration than

those heterozygous or homozygous for the ancestral allele (3321 pg/

ml, IQR 2497 pg/ml versus 5824 pg/ml, IQR 3857 pg/ml;

P = 0.0013). SNP homozygotes and heterozygotes (rs1799946) had a

higher median serum hBD1 concentration than those carrying only

the ancestral allele (5955 pg/ml, IQR 3925 pg/ml versus 5477 pg/ml,

IQR 2951 pg/ml; P = 0.0241).

Conclusion: The DEFB1 SNPs rs1799946 and rs1047031 have a clear

relationship with hBD1 protein expression in vivo rs1799946 is asso-

ciated with higher serum concentrations of hBD1 in the first trimes-

ter while rs1047031genotype mediated lower serum concentrations

of hBD1 in the first trimester.

532
IGHE genetic diversity in european rabbit and hares (leporidae)

A. Pinheiro*,†,‡, P. C. Alves*,†,§, C. Gort�azar‡ & P. J. Esteves*,¶

*CIBIO Centro de Investigac�~ao em Biodiversidade e Recursos

Gen�eticos, InBio Laborat�orio Associado, Universidade do Porto, Vila do

Conde, Portugal, †Departamento de Biologia, Faculdade de Cîencias,

Universidade do Porto, Porto, Portugal, ‡SaBio - IREC, CSIC-UCLM-

JCCM, Ciudad Real, Spain, §Wildlife Biology Program, College of

Forestry and Conservation, University of Montana, Missoula, MT,

USA, ¶Centro de Investigac�~ao em Tecnologias da Sa�ude, IPSN,

CESPU, Gandra, Portugal

Aims: The European rabbit (Oryctolagus cuniculus) has long been an

important model for immunological studies. Despite this, studies of

rabbit immunoglobulin genetic diversity have focused on the Ig

gamma isotype disregarding other Ig isotypes. In fact, the informa-

tion available for rabbit IgE is extremely scarce with only two

sequences available in public databases. In this study we sequenced

the complete IGHE exons for the two European rabbit subspecies as

well as for four species of another leporid genus, Lepus.

Methods: The four IgE exons, CH1, CH2, CH3 and CH4, were PCR

amplified and sequenced for wild European rabbits belonging to the

subspecies Oryctolagus cuniculus cuniculus and O. C. algirus and for

four extant Lepus species: L. americanus, L. californicus, L. europaeus

and L. granatensis. The primers were designed on European rabbit

IGHE available sequences. The location on the IgE structure of the

observed polymorphic positions was analyzed by mapping the resi-

dues onto the human IgE crystal structure.

Results: A total of 71 variable nucleotide positions were observed,

35 of which, corresponding to 12 aminoacid modifications, tell apart

the European rabbit and hares. The European rabbit IgE showed 10

SNP that translate to two amino acid modifications. Within hares 31

SNP were observed, that translate to 13 aminoacid changes. Specific

amino acids were detected for O. c. algirus and for each of the four

studied Lepus species. The greatest nucleotide variability is found on

the CH2 domain and the greatest amino acidic variability is found

on the CH4 domain. The majority of the observed polymorphic

positions occupy fairly exposed positions on the IgE protein.

Conclusions: IGHE shows a great sequence homology in the studied

European rabbit and Lepus species. Nonetheless, specific residues

were observed for the European rabbit algirus subspecies as well as

for the four analysed Lepus species. These are distributed along the

four IgE domains. The exposed position occupied by these residues

suggests that these may be important for the interaction with effector

molecules such as the IgE-Fc receptors.
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Innate Immune Defence Mechanisms in the Lung

12
The effect soluble products from Pseudomonas aeruginosa on

immune cells

F. Hussain, J. Lazenby, S. Singh, A. Robins, M. C�amara &

L. Mart�ınez-Pomares

Department of Immunology, School of Life Sciences/Nottingham

University, Nottingham, UK

Pseudomonas aeruginosa is an opportunistic pathogen that represents

a major burden to the healthcare system as it accounts for a vast

number of hospital-acquired infections and is a particular threat in

Cystic Fibrosis (CF) patients. This bacterium expresses an arsenal of

exoproducts that play a fundamental role in the invasion of the

damaged physical barriers of the host and abrogate immune

responses which aid the resistance and persistence of P. aeruginosa

infections. The aim of this study is to elucidate the role of P. aeru-

ginosa secretions in the modulation of the immune system and

determine the key factors and their specific impact on immune cells

such as T helper cells and monocytes. Our results to date indicate

inhibitory effects of P. aeruginosa supernatants on T cell prolifera-

tion in response to Staphylococcus Enterotoxin B (SEB), but not

anti-CD3 and anti-CD28 stimulation in peripheral blood mononu-

clear cells cultures. This effect appears to be mediated by the action

of P. aeruginosa products on monocytes, a precursor of antigen pre-

senting cells. Indeed PA supernatants exert cytotoxic effects on puri-

fied monocytes that do not lead to increased LDH release. Future

work will involved the characterisation of the cytotoxic agent and

the type of cell death triggered on monocytes. Understanding the

key factors and signalling events triggered in monocytes upon stimu-

lation with P. aeruginosa secreted products may lead to the design

of better therapeutic interventions for infections caused by this

organism.

40
A tale with a STING: pivotal pathways in innate immune cells
that control immunity to DNA

A. L. Mellor, L. Huang, L. Li, H. Lemos, P. R. Chandler,

T. L. McGaha, T. S. Johnson, M. Sharma & D. H. Munn

Department of Cancer Center, Georgia Regents University, Augusta,

GA, USA

Indoleamine 2,3 dioxygenase (IDO) is an inducible, intracellular

enzyme that catabolizes compounds containing indole rings such

as the essential amino acid tryptophan (Trp) to produce kynure-

nines (Kyn). Both Trp depletion and Kyn production mediate

potent effects on immune cells that suppress T cell immunity and

activate Foxp3-regulatory T cells (Tregs) that promote local toler-

ance. IDO is induced by interferons (IFNs) at sites of inflamma-

tion and IDO catabolizes tryptophan to regulate immune

responses. IDO is induced by local malignant cell growth and

some pathogen infections to create formidable local barriers to

effective immunotherapy in patients with cancer and chronic infec-

tions. Thus, IDO inhibitors offer a novel strategy to enhance effec-

tive clinical responses in these hypo-immune syndromes. Discrete

populations of dendritic cells (DCs) in mice and humans can

express IDO to activate and stabilize the regulatory phenotype of

Tregs. The IDO-specific inhibitor 1-methyl-[D]-tryptophan (1MT)

synergizes with anti-tumor vaccines and with chemo-radiation

therapy in mouse models of skin and brain tumors, respectively,

to enhance anti-tumor responses. Moreover, Murine leukemia virus

(MuLV) induces progressive increase in IDO activity suggesting

that MuLV exploits the IDO pathway to promote viral persistence,

which also increases the risk of leukemia. The mechanisms by

which malignancies and infected cells exploit the IDO pathway to

suppress anti-tumor and anti-pathogen immunity will be discussed

in relation to adaptive immunity and innate immune responses to

DNA and dying cells.

78
Comparison of the anti-inflammatory interactions of the beta-2-
adrenoreceptor agonists salbutamol, formoterol and indacaterol

with human neutrophils in vitro

R. Anderson*, A. J. Theron*, H. C. Steel*, C. Durandt*,

G. R. Tintinger* & C. Feldman†

*Medical Research Council Unit for Inflammation and Immunity,

Department of Immunology, University of Pretoria, Pretoria, South

Africa, †Department of Internal Medicine, University of the

Witwatersrand and Charlotte Maxeke Johannesburg Academic

Hospital, University of the Witwatersrand, Johannesburg, South Africa

Background/introduction/context/objective: Beta-2-adrenoreceptor

agonists (b2-agonists) which are used primarily as bronchodilators

in the therapy of bronchial asthma and chronic obstructive pulmo-

nary disease also possess secondary anti-inflammatory properties.

The clinical relevance of these, however, remains uncertain, possibly

due to differences in molecular structure and agonist activity. To

address this issue, we have compared the anti-inflammatory activities

of 3 different categories of commonly used b2-agonists, viz.salbuta-
mol (short-acting), formoterol (long-acting) and indacaterol (ultra-

long-acting) at concentrations of 1–100 nM with human blood neu-

trophils in vitro.

Materials and methods: Neutrophils were activated with either N-

formyl-L-methionyl-L-leucyl-L-phenylalanine or platelet-activating

factor in the absence and presence of the b2-agonists followed by

measurement of the generation of reactive oxygen species and leuko-

triene B4, release of elastase, and expression of the b2-integrin, CR3,
using a combination of chemiluminescence, ELISA, colourimetric,

and flow cytometric procedures. These were correlated with altera-

tions in the concentrations of intracellular cyclic-3′-5′-adenosine
monophosphate (cAMP) and cytosolic Ca2+.

Results: At the concentrations tested, formoterol and indacaterol

caused statistically significant (P < 0.05 at 10 nM) equivalent, dose-

related inhibition of all of the pro-inflammatory activities tested,

while salbutamol was much less effective (P < 0.05 at 100 nM and

higher). b2-agonist-mediated suppression of neutrophil reactivity

was accompanied by elevations in intracellular cAMP and accelerated

clearance of Ca2+ from the cytosol of activated neutrophils.

Conclusion/discussion: These findings demonstrate that: (i) the

anti-inflammatory interactions of b2-agonists with neutrophils are

associated with cAMP-mediated clearance of Ca2+ from the cytosol

of activated cells; and (ii) meaningful anti-inflammatory activity is

not a common property of these agents.
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B cell differentiation factor BAFF and chemokine CXCL13 are

expressed in a murine model of human respiratory syncytial

virus infection

W. H. Alturaiki*, A. McFarlane†, P. Fitch†, J. Slupsky‡,

P. McNamara*, J. Schwarze† & B. Flanagan*

*Department of Women’s and Children’s Health, Institute of

Translational Medicine, University of Liverpool, Alder Hey Children’s

NHS Foundation Trust Hospital, Liverpool, UK, †MRC-Centre for

Inflammation Research, Queens Medical Research Institute, University

of Edinburgh, Edinburgh, UK, ‡Institute of Translational Medicine,

University of Liverpool, Alder Hey Children’s NHS Foundation Trust

Hospital, Liverpool, UK

Background: Production of antibody in the lungs is an essential

defense mechanism against respiratory pathogens. However, little is

known about the mechanisms of local B cell activation in airway

mucosa. Previously, we have demonstrated expression of the, BAFF

in human RSV infection (McNamara et al 2013 Thorax).

To better understand this process we examined BAFF expression

in a murine model of RSV infection and measured expression of the

CXCL13, CCl19 and CCl21 which could influence lymphocyte

recruitment.

Methods: We measured BAFF, CXCL13, CCL19 and CCL21 expres-

sion in homogenised lung tissue from control mice at day 0 and

mice challenged with RSV (A2 strain) or control UV-treated RSV at

days 1,2,4 or 7 post infection (n = 3) by ELISA. Cytokine mRNA

and RSV N gene expression were measured by Taqman PCR.

Results: BAFF was elevated significantly post RSV infection at day 1

(mean 1092 pg/ml, P = 0.07), day 2 (1157 pg/ml, P = 0.01) and day

7(2941 pg/ml, P = 0.0001) in comparison to UV treated RSV control

on day 1 (421 pg/ml), day 2 (370 pg/ml) and day 7 (393 pg/ml).

BAFF mRNA expression was similarly increased on day 1 (fold

increase 2, P = 0.03) and day 7(1.7, P = 0.02).

CXCL13 protein was increased post RSV infection at day 1 (mean

762 pg/ml, P = 0.01), day2 (612 pg/ml, P = 0.02), and day 7

(388 pg/ml, P = 0.007) in comparison to control day 1 (374 pg/ml),

day 2 (278 pg/ml) and day 7 (249 pg/ml). CCL19 or CCL21 levels

were not increased.

Conclusion: RSV infection results in up-regulated BAFF and CXCl13

expression, consistent with a role for CXCL13 in recruiting B cells

and BAFF in promoting airway B cell differentiation.

85
The role of Pellino1 in modulating signalling pathways

controlling the inflammatory response to viruses in airway
epithelial cells

E. Prestwich, C. Paiva, L. Parker & I. Sabroe

University of Sheffield, Sheffield, UK

Introduction: Exposure to viral pathogens can exacerbate airway

inflammation and tissue destruction generated by recruited neu-

trophils, culminating in altered epithelial cell responses in diseases

such as asthma and Chronic Obstructive Pulmonary Disease

(COPD). Pellino1 is an E3 ubiquitin ligase that has been associated

with the regulation of viral signalling pathways activated via TLR3,

modulating both interferon production and activation of NF-jB.
Our previous work has identified Pellino1 as a potential target to

enable the downregulation of neutrophilic inflammation whilst

retaining antiviral immunity by selectively regulating the NF-jB sig-

nalling branch of the TLR3 signalling pathway.

Objectives: To investigate the physiological role of Pellino1 and its

regulation in human primary bronchial epithelial cells (HBEpCs) in

response to the viral mimic, Poly(I:C).

Methodology: HBEpCs underwent Pellino1 knockdown using tar-

geted siRNA, followed by stimulation with Poly(I:C). Changes in IL-

8, IFNb and Pellino1 mRNA levels were measured by qPCR whilst

cytokine release, specifically IL-8 and RANTES, was measured using

ELISA. Regulation of signalling molecule protein expression was

measured using western blot. Caspase-8 activity was measured by

luminescent assay.

Findings: Pellino1 knockdown led to a reduction in Poly(I:C)

induced IL-8, IL-1a and b gene expression and release of IL-8. The

cytokines IL-1 and IL-8 play critical roles in airway inflammation

and neutrophil recruitment respectively. Pellino-1 knockdown also

inhibited phosphorylation of p38 MAP Kinase and the NF-jB tran-

scription regulatory units, IKKaand IKKb. There was also a reduction

in the total and processed forms of non-canonical NF-jB p100/p52.

RIP1, a Pellino1 binding partner, is a negative regulator of non-

canonical NF-jB and plays a role in apoptosis by activating Caspase-

8. Importantly, Pellino1 knockdown resulted in increased caspase-8

activity. These data support a role for Pellino1 in regulating both the

canonical and non-canonical NF-jB pathways in HBEpCs.

131
Activation of annexin A1-FPR2 axis promotes resolution of house

dust mite induced airway hyper-reactivity

S. A. Mathie*, S. Bena†, M. Mondae‡, D. Davda*,

V. B. O’Donnell‡, M. Perretti† & C. M. Lloyd*

*Leukocyte Biology, National Heart & Lung Institute, Imperial College

London, London, UK, †William Harvey Research Institute, Barts and

the London School of Medicine, London, UK, ‡Cardiff Institute of

Infection and Immunity, Cardiff University School of Medicine,

Cardiff, UK

Allergic asthma is a chronic inflammatory disease of the conducting

airways. Exacerbations in allergic asthmatics are induced by inhala-

tion of an innocuous protein that promotes an aberrant immune

response. Current therapy has focused on the initiation of inflamma-

tion but less is understood about the mechanisms that control the

regulation of allergen induced mucosal injury. Indeed, deficiencies in

endogenous pro-resolving mechanisms may contribute to the persis-

tence of inflammation in the lung. One such endogenous molecule

is Annexin A1, a 37 kDa peptide with potent anti-inflammatory and

pro-resolving properties. It exerts these effects primarily through

FPR2. However, expression of Annexin A1 and FPR2 in the pulmo-

nary allergic inflammatory environment is not well described. Using

a mouse model of house dust mite (HDM) induced allergic airways

disease (AAD) we investigated the role of Annexin A1. BALB/c mice

receive intranasal administration of HDM three times a week for

3 weeks. We established in a naive mouse that Annexin A1 is highly

expressed in alveolar macrophages and, at lower levels, in airway epi-

thelium and polymorphonuclear cells. The receptor FPR2 displayed

a similar distribution. Following HDM treatment, Annexin A1

mRNA transcripts were increased eight-fold and numbers of Annex-

in A1+ cells in the cellular infiltrate were significantly elevated. Inter-

estingly, expression of Annexin A1 remained significantly higher

during the resolution phase of inflammation. To investigate the

functional importance of Annexin A1 in AAD, we exposed Annexin

A1 knock-out mice to inhaled HDM. Mice deficient in Annexin A1

exhibited an exacerbated allergic inflammatory phenotype, with

increased airway hyper reactivity (AHR) and a five-fold increase in

airway eosinophilia. Th2 immunity was also elevated: Th2 lympho-

cytes increased three-fold [7.45 9 103cells/ml versus

2.57 9 103 cells/ml, P < 0.05] IL-13 was up regulated [33.9 pg/ml

versus 18.4 pg/ml, P < 0.05] and levels of the leukotriene LTB4

increased 2-fold. To corroborate the importance of Annexin A1 in

our model we treated allergic mice with an Annexin A1 mimetic for
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the final week of HDM exposure. These mice showed ameliorated

AHR and a 35% decrease in lung tissue inflammation. Conversely,

the use of an FPR2 antagonist WRW4 heightened AHR and pro-

moted a 41% increase in total lung inflammation [166.0 9 105 cells/

ml versus 117.3 9 105 cells/ml, P < 0.05]. These data indicate that

Annexin A1 and FPR2 are critical regulators of the pulmonary

mucosal response following HDM challenge. Targeting Annexin A1

and its receptor FPR2 may provide a novel target to treat airway

hyper-reactivity in allergic individuals.

180
The antimicrobial activity of the cationic host defence peptide,

LL-37, is inhibited by exposure to nanomaterials

F. Findlay*, L. Proudfoot*, P. Svoboda†, J. Pohl† & P. G. Barlow*

*School of Life, Sport and Social Sciences, Edinburgh Napier

University, Edinburgh, UK, †Peptide Core Facility, US Centres for

Disease Control and Prevention, Atlanta, GA, USA

Background and aims: Cationic host defence peptides (CHDP; also

known as antimicrobial peptides) are key components of the immune

system, with broad spectrum antibacterial, antiviral and immuno-

modulatory activities. The human cathelicidin, hCAP18/LL-37, has

been shown to be upregulated at sites of infection and inflammation

and has significant immunomodulatory activity. Several studies have

shown that LL-37 has pluripotent roles within the immune system

and that dysregulation or dysfunction of peptide activity could have

significant implications for health. The importance of this peptide is

evidenced by human patient groups and mouse models that are defi-

cient in neutrophil cathelicidin being susceptible to severe infections

of the lung, skin, gut and urinary tract.

Increasing usage of nanomaterials has provoked a growing concern

that exposure to nano-sized particles could result in immune dysfunc-

tion. Studies have shown them to be more toxic than their larger bulk

counterparts in cell and animal models, and it has been shown that

nanomaterials can adsorb proteins to their surface resulting in struc-

tural and functional changes. The lungs remain the most vulnerable

organ for nanoparticle exposure due to their large surface area and

continuous contact with inhaled materials. As such, we aim to identify

if interactions can occur between nanomaterials and the innate

immune peptide LL-37, and to determine whether or not these inter-

actions could translate to functional changes in the peptide, resulting

in immune dysfunction as a result of nanomaterial exposure.

Methods: LL-37 peptide and carbon black nanoparticles were incu-

bated together for 1 and 4 h at 37°. Bicinchonic acid (BCA) protein

assay, SDS-PAGE, ELISA and MALDI-TOF mass spectrometry were

used to analyse peptide-particle interactions. Antimicrobial assays

using Staphylococcus aureus (NCIB 6571) and Escherichia coli (NCIB

86) were used to assess antimicrobial function of the peptide follow-

ing nanomaterial exposure.

Results: Our results suggest that there is an interaction occurring

between the peptide and nanomaterials, resulting in reduced detect-

able LL-37. ELISA and SDS-PAGE analysis suggest a loss of intact

peptide from solution in the presence of nanoparticles. Furthermore,

the antimicrobial function of the peptide was significantly inhibited

when exposed to the nanoparticles at all time points studied.

Conclusion: We hypothesise that the a-helical structure of LL-37 is

disrupted due to interactions with the surface of the nanomaterials,

potentially resulting in a loss of antimicrobial and immunomodula-

tory function. This has significant health implications as exposure to

nanomaterials could translate to increased susceptibility to respira-

tory infections in vulnerable patient populations.

190
Changes in inflammatory cytokine production by airway

epithelial cells in response to mild acidification and LPS

stimulation under acidic conditions

A. P. Hackett, B. F. Flanagan & P. S. McNamara

Institute of Child Health, University of Liverpool, Liverpool, UK

Background: Reflux-aspiration is common in children with severe

neurodisability (ND) and can lead to increased risk of recurrent

lower respiratory tract infections and cause pulmonary fibrosis.The

current consensus suggests damage is caused by chronic micro-aspi-

ration which leads to mild but persistent airway acidification. Our

group has previously shown presence of inflammatory cytokines in

BAL fluid from children with severe ND.

Aim: To investigate how mildly acidic conditions affect inflamma-

tory cytokine (IL-6) production in airway epithelial cells (AECs) and

the response of AECs to bacterial challenge [using lipopolysaccharide

(LPS)] under mildly acidic conditions.

Methods: BEAS2B cells were cultured to 70% confluence in 24 well

plates in BEGM (Lonza).

BEGM media pH was adjusted using 1 M hydrochloric acid (Nor-

mal = pH7.4).

Cells were incubated in acidic media at increasing incriments of

acidity for 4, 8, 16 h before media was changed to pH 7.4 media in

which cells were incubated for a further 24 h.

For LPS experiments cells were rested for 1 h in pH 7.4 media fol-

lowing incubation in acidic media. After 1 h resting the cells were stim-

ulated with Escherichia coli LPS (5 lg/ml) for 24 h in pH 7.4 media.

AEC IL-6 mRNA expression was measured by RT-PCR (Taqman).

Secreted protein (cell supernatant) concentration was measured by

ELISA (R&D).

Results: Mildly acidic conditions increase IL-6 mRNA expression,

with corresponding protein production, in AECs at all time-points.

AECs produce less IL-6 protein in response to LPS following incuba-

tions at low pH, however, there appears to be little or no change in

corresponding IL-6 mRNA expression.

Conclusions: Mild acidification of AECs induced inflammatory cyto-

kine production. Incubation of AECs at low pH does not appear to

alter response to LPS stimulation. It is possible that reduction in

IL-6 protein expression, following LPS challenge, may be due to

cell cytotoxicity, however, experiments are on-going to elicit the

mechanism.

194
Investigating the mechanism of interaction between neutrophils
and virus in Respiratory Syncytial Virus (RSV) disease

G. L. Saint*, B. F. Flanagan*, P. S. McNamara* & R. L. Smyth†

*Institute of Translational Medicine, University of Liverpool, Liverpool,

UK, †Institute of Child Health, University College London, London,

UK

Background: Neutrophils are the most numerous cell in the airway

during Respiratory Syncytial Virus (RSV) bronchiolitis. We have pre-

viously found neutrophils in bronchoalveolar lavage (BAL) from

infants with RSV disease contain RSV proteins. I hypothesise that

neutrophils may play a vital role in viral clearance in the airway. My

aim is to understand the mechanism of interaction between the neu-

trophil and virus by using in vitro modelling.

Methods: Highly purified neutrophils from whole blood of healthy

adult donors were incubated with A2 strain RSV in the presence of

GM-CSF, used as a neutrophil pro-survival factor. Samples were

taken at 1, 2, 4, and 20 h for quantitative PCR of RSV N gene,

FACS analysis of RSV F, G and N protein and cytospins for immu-

nocytochemistry.
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Results: Interaction of RSV and neutrophils was replicated in vitro.

Neutrophils were positive for RSV F, G and N proteins by FACS

analysis, and immunocytochemistry using a monoclonal antibody

showed RSV in the cytoplasm of the neutrophil. Quantitative PCR

revealed a 1000–2000 fold increase in RSV N gene expression com-

pared to the L 32 housekeeping gene, maximal between 2 and 4 h

with some inter-donor variability. Expression reduced in all experi-

ments by 20 h. Uptake was enhanced by autologous serum, with a

strong dose response. Uptake is 5-fold higher when comparing 0.1%

serum with 10% serum (P < 0.05). Although these results suggested

phagocytosis as a mechanism of viral entry the use of a phagocytosis

inhibibitor, cytochalasin D, did not reduce uptake, nor did a mono-

clonal antibody to RSV, Palivizumab, enhance uptake.

Conclusion: Phagocytosis of complement-opsonized bacteria,

assisted by antibodies, is a well-documented role for the neutrophil.

A similar process could be involved in viral clearance as part of the

immune response to viral invasion. However, experiments to date

do not appear to support this hypothesis and experiments are on

going to investigate what alternative mechanism might be involved

in viral uptake by the neutrophil.

206
Contribution of alkyl-quinolone quorum sensing to the

interaction of Pseudomonas aeruginosa with lung epithelial
cells

Y.-C. Liu*, S. Singh*, C. Bosquillon†, P. Williams‡, M. Camara‡ &

L. Martinez-Pomares*

*Department of Immunology, School of Life Science, University of

Nottingham, Nottingham, UK, †School of Pharmacy, University of

Nottingham, Nottingham, UK, ‡Department of Molecular

Microbiology, School of Life Science, University of Nottingham,

Nottingham, UK

Lung mucosal immunity is at the frontline in the combat against bac-

terial infection. The signaling molecules from Pseudomonas aerugin-

osa (Pa), alkyl-quinolone quorum-sensing molecules (PQS),

coordinate the expression of virulent factors and are present in the

lung in patients with cystic fibrosis indicating a role in the pathogene-

sis of Pa infection. Indeed, previous studies indicated that PQS can

suppress the activation of murine macrophages and epithelial cells.

However, how the cross-talk between the airway barrier and Pa shapes

the innate immune recognition of this pathogen and the role of PQS

in this process remain unknown. In this study, an in vitro infection

model has been established to investigate the contribution of alkyl-

quinolone QS to the initial recognition of Pa by human airway epithe-

lium. This was achieved by infecting human differentiated bronchial-

epithelial cells with PAO1 (Wt) and its isogenic PQS-deficient mutant

strain. Unexpectedly, although the expression of virulence factors,

pyocyanin and rhamonolipids were highly reduced in the PQS-

deficient mutant, no differences between the Wt and mutant strains

were detected regarding bacterial growth, cellular invasion, amount of

bacteria across the epithelial barrier, cytotoxicity and the induction of

proinflammatory cytokines. Both strains induce transcripts for

GM-CSF, TNF-a, IL-6, IL-8 and IL-17c and largely remained cell-

associated. Taken together, our findings indicated that lung epithe-

lium alone might not be able to discern the impact of PQS on Pa

infection and the collaboration of professional innate immune cells

could be required to identify its contribution to Pa virulence.

232
Epigenetic control of Th2 induction by dendritic cells via the

methyl-CpG binding protein Mbd2

P. Cook*, H. Owen*, A. Deaton*, J. Borger*, T. Clouaire*,

G.-R. Jones*, L. Jones*, R. Lundie*, A. Marley*, V. Morrison† &

A. Phythian-Adams

*University of Edinburgh, Edinburgh, UK, †University of Dundee,

Dundee, UK, ‡Medical Research Council Laboratory of Molecular

Biology, Cambridge, UK, §MCCIR, University of Manchester,

Manchester, UK

Background and aims: Dendritic cells (DCs) play a central role in

Th2 priming against allergens and helminths, yet the mechanism by

which they direct Th2 polarization is poorly understood. Methyl-

CpG binding domain protein-2 (Mbd2), which links CpG methyla-

tion to repressive chromatin structure, has been shown to play a

dominant role in regulating T cellcytokine production. However, it

is currently unknown whether Mbd2 is also important for the func-

tion of innate cells such as DCs.

Methods: We first performed mRNA microarray and H3K9/14 acet-

ylation ChIPseq analysis on Mbd2�/� bone marrow derived DCs to

determine if Mbd2 controls DC gene expression. To determine the

ability of Mbd2 in governing the ability of DCs to polarize T cells,

we generated mice with deletion of Mbd2 in CD11c+ cells

(Mbd2DDC) and challenged them with heat killed Salmonella or eggs

from the parasitic helminth Schistosoma mansoni. This approach was

complemented by using Mbd2�/� DCs to assess whether Mbd2 con-

trolled their ability to prime Th2 responses in vitro and in vivo. WT

or Mbd2�/� DCs were co-cultured with cytokine reporter T cells in

vitro, or exposed to schistosome egg Ag (SEA) or house dust mite

(HDM) and transferred s.c. or intranasally into naive recipient mice.

Readouts included Th2 development in the draining LN, and HDM

challenge lung inflammation.

Results: Despite Mbd2�/� DCs showing unimpaired development, a

large number of genes across several key pathways that related to

DC function displayed altered levels of mRNA expression and

H3K9/K14 acetylation. In vitro assays demonstrated that Mbd2 con-

trolled key aspects of DC function, and several dysregulated genes

have been previously shown to be required for DC-mediated Th2

induction. Mbd2DDC mice displayed impaired Th2 development fol-

lowing S. mansoni egg injection, but in-tact Th1/Th17 development

in response to Salmonella. Further, Mbd2�/� DCs were dramatically

less able than WT DCs to promote Th2 polarization in vitro and

exhibited severely impaired induction of helminth Th2 responses.

Finally, Mbd2 was key for regulating DC ability to initiate HDM

allergic airway inflammation in vivo.

Conclusions: These data demonstrate that epigenetic regulation of

DCs, via the action of Mbd2, can be critical for Th2 induction and

development against either helminths or allergens, in vitro and in

vivo. Ongoing work is investigating the genes targeted by Mbd2, with

the aim being identification of specific mechanisms employed by

DCs that are fundamental for Th2 promotion.

250
Phosphoinositide 3-kinase (PI3K) inhibition modulates

responses to rhinovirus by mechanisms that are predominantly
independent of autophagy

S. Ismail*, R. L. Roberts*, C. A. Stokes*, J. K. Juss†, I. Sabroe* &

L. C. Parker*

*Infection and Immunity, University of Sheffield, Sheffield, UK,
†Respiratory Medicine, University of Cambridge, Cambridge, UK

Background and aim: Human rhinoviruses (HRV) are a major cause

of exacerbations of airway diseases, such as asthma and chronic
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obstructive pulmonary disease (COPD). The control of HRV infec-

tion may include signalling via PI3K, and the class III PI3K-depen-

dent pathway, autophagy. We therefore aimed to investigate the

extent to which the responses of airway epithelial cells to HRV were

dependent upon these pathways.

Methods: The bronchial epithelial cell line BEAS-2B cells were

infected with RV-1B or RV-16 (minor or major group HRV, respec-

tively) at MOI approximately 3, or stimulated with poly(I:C). Tran-

sient knockdown of autophagy proteins was performed using siRNA.

Pharmacological inhibitors of PI3Ks and mammalian target of rapa-

mycin (mTOR) were used accordingly. Cytokine release was measured

by ELISA, protein expression by western blot, and intracellular viral

RNA and IFNb mRNA levels were quantified by qPCR. Fluorescently

labelled LC3 puncta were examined using fluorescence microscopy.

Results: HRV infection did not increase autophagic flux in BEAS-2B

cells. Knockdown of the autophagy regulators Beclin-1 or Atg7

inhibited autophagosome formation. However, the knockdown had

no or minimal effects on HRV-induced production of the proin-

flammatory cytokine CXCL8 and the antiviral cytokine CCL5, and

viral replication. Similarly, siRNA targeting of the autophagy protein

LC3, or the autophagy-specific class III PI3K (Vps34), also caused

no impairment of cytokine release. The PI3K inhibitor 3-MA, com-

monly used to inhibit autophagy, reduced HRV-induced cytokine

generation. However, comparison to a general PI3K inhibitor,

LY294002, and a panel of class I-selective PI3K inhibitors revealed

that several PI3Ks cooperatively regulated the cytokine responses to

HRV. Subsequent studies demonstrated that 3-MA, LY294002 or PI-

103 (a pan class I PI3K inhibitor) also impeded viral replication. To

explore whether the inhibitory effect of the above PI3K inhibitors on

HRV-induced cytokine production was due to a reduction in the

viral dsRNA replicates responsible for triggering this response, fur-

ther studies were conducted using a synthetic dsRNA mimic, poly(I:

C). 3-MA, LY294002 or PI-103 also inhibited cytokine generation

induced by poly(I:C), indicating that the mechanisms of action of

these PI3K inhibitors on cytokine generation were independent of

viral replication. Interestingly, inhibition of mTOR, a negative regu-

lator of autophagy, by rapamycin also resulted in reduced HRV- or

poly(I:C)-induced cytokine production.

Conclusion: Our data demonstrate that class I PI3Ks and mTOR,

but not class III PI3K or the autophagy proteins Beclin-1, Atg7 and

LC3, are involved in induction of inflammatory responses to HRV

infection.

310
Cytokines produced by alveolar macrophages after Respiratory

Syncytial Virus (RSV) infection

S. Makris, M. Goritzka & C. Johansson

Section of Respiratory Infections, National Heart and Lung Institute,

Imperial College London, London, UK

Alveolar macrophages (AMs) in the lung are, together with epithelial

cells, the first cell types to encounter microbes or particles that reach

the lower airways. AMs account for 95% of airspace leukocytes and

they are crucial for clearing particles, destroying microbes and initi-

ating immune responses to clear invaders. AMs are long-lived leuco-

cytes with a life span of at least 10 weeks. They are thought to

derive from blood monocytes and it is suggested the lung environ-

ment is crucial for their development. AMs can perform the tasks

usually associated with macrophages such as phagocytosis, pathogen

destruction and cytokine and chemokine production. However, the

position of AMs in the alveolus, exposing them to air, makes them

unique compared to other macrophages. AMs are responsible for

initiating innate immune responses to various infections such as

Respiratory Syncytial Virus (RSV). RSV is one of the most important

pathogenic infections of childhood and the primary cause of bron-

chiolitis, the most common cause of hospitalisation in children

<1 year of age. It is currently not clear which cytokines and chemo-

kines that are produced by AMs during RSV infection. We are there-

fore investigating which inflammatory mediators that AMs produce

after ex vivo exposure to RSV. This study highlights the importance

of AMs in the early events after RSV infection.

389
The effect of cigarette smoke extract on dendritic cells

generated in vitro as a model to study COPD

N. Alkhattabi, P. Radford, P. Tighe, I. Todd & L. Fairclough

University of Nottingham, Nottingham, UK

Chronic obstructive pulmonary disease (COPD) is an airway disor-

der characterized by airway obstruction that is not fully reversible.

The main cause for the development of COPD is cigarette smoking,

however not all smokers are susceptible. Immunological response

has a major role in the development of this disease. One of the

interesting cells that could have an important role in the develop-

ment of COPD is the dendritic cell (DC). These cells are considered

as orchestrators between innate and adaptive immunity and are pro-

fessional antigen presenting cells. Their role in the development of

COPD still not fully understood. In this study, our aim is to estab-

lish a non-animal model that could be used to study the effect of

cigarette smoke on DCs.

Immature DCs were generated from positively selected CD14+

monocytes that were cultured in the presence of IL-4 and GM-CSF

and stimulated with either LPS or Poly I:C. In addition, the effect of

CSE and nicotine was assessed by protein expression level for DCs

cell surface markers using flow cytometry and cytokine secretion

using antibody microarray. Moreover, the genetic profile of the cells

treated with 1% CSE and 3% CSE has been screened using transcrip-

tomic analysis.

Our results indicate that both CSE and nicotine don’t have any

effect on the expression of the chosen screened proteins. On the

other hand, the gene profile of DCs stimulated with CSE revealed

alterations in a number of genes that could be a key to some inter-

esting proteins that may have relation to COPD.

In conclusion, we have established an in vitro system to look at

the effect of cigarette smoke on DCs that would be suitable to exam-

ine COPD patients’ samples.

396
PHD inhibition induces a distinct type of murine and human

M2-like macrophage and enhances murine lung fibrosis

A. Alber*, M. C. Ross*, B. J. Scally*, D.de Benedictis*,

S. Moncur*, J. Stewart*, M. K. Whyte†, S. R. Walmsley†,

S. E. Howie* & N. Hirani*

*University of Edinburgh, Edinburgh, UK, †University of Sheffield,

Sheffield, UK

Background: Pulmonary fibrosis is a common consequence of lung

inflammation. Macrophages play a role in lung homeostasis and

alternatively activated (M2) macrophages have been associated with

lung fibrosis. Prolyl hydroxylases (PHD) are the main oxygen sensors

and regulators of hypoxia inducible factors (HIF). The PHD/HIF

pathway is known to play a role in tissue inflammation and fibrosis,

but its role in macrophage polarisation is not fully understood.

Methods: We employed a combination of pharmacological (PHD

inhibitors DMOG and FG41) and genetic (HIF and PHD-null) tools.

The bleomycin lung fibrosis model was used to define the effect of
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PHD inhibition on murine lung fibrosis and clinical samples from

IPF patients were used to study the effect on human macrophages.

Results: In vitro in murine bone marrow derived macrophages

(BMDM) PHD inhibition augmented IL-4 induced M2 polarisation

generating a distinct type of ‘augmented M2-like’ macrophage in

which M2 polarisation was enhanced but Fizz-1 induction selectively

attenuated. In the bleomycin model, PHD inhibition (through

DMOG administration) worsened lung fibrosis when induced during

the fibrotic phase of the model. Enhanced lung fibrosis was associ-

ated with augmented M2-like polarisation. Mechanistically, the ‘aug-

mented M2-like’ polarisation was maintained in HIF-1A or HIF-2A

deficient macrophages. PHD-3 deficient macrophages had normal

M2 polarisation.

In human macrophage cultures, PHD inhibition led to a distinct

M2-like macrophage in which the M2 markers MRC1 and ALOX15

were unchanged but CCL18, an M2 marker associated with IPF dis-

ease progression, was selectively inhibited. CCL18 studies in bronc-

hoalveolar lavage fluid (BALF) from IPF patients showed that

CCL18 is elevated in the lungs of patients with IPF, but high levels

did not correlate with disease severity or disease progression.

Conclusion: We have shown that pharmacological PHD inhibition

promotes a distinct murine and human M2-like macrophage and

worsens lung fibrosis when the drug is administered during the

fibrotic phase of the bleomycin model. In human macrophages,

PHD inhibition attenuated CCL18 production, an ‘M2’ chemokine

reported to be a biomarker in IPF progression. However, our data

did not support a role for CCL18 in disease progression.

A. Alber was supported by a BLF/MRC PhD studentship.

422
Phenotype and function of pulmonary macrophages after

Respiratory Syncytial Virus (RSV) infection

S. S. Affendi*,†

*Respiratory Infections, Viral Immunology, Imperial College London,

London, UK, †Respiratory Medicine (National Lung and Heart

Institute), Imperial College London, London, UK

The hallmark of pathology in respiratory synctytial virus (RSV)

infection is thought to be due to excess inflammation and often.

Therefore, understanding and managing inflammation in RSV dis-

ease is of great importance. RSV infection is followed by activation

and recruitment of innate cells into the airway and lungs which then

mediates the release of an array of cytokines and chemokines.

Amongst the cells that are involved in the innate response of RSV

immunity are the recruited inflammatory monocytes and resident

alveolar macrophages. Studies of recruited inflammatory monocytes

in murine model of influenza infection demonstrated the role of

these cells in the contribution to the pathology of the disease.

We hypothesized that inflammatory monocytes recruited from the

bloodstream into the lung and not resident alveolar macrophages

contributes to inflammation during the innate stage of RSV immu-

nity. In our model, we aim to characterise the recruited recruited

monocytes and the resident alveolar macrophages. We saw recruit-

ment of inflammatory monocytes in the airway and lung at day 2

post RSV infection. Frequency of these cells started to decrease both

in the airway and lungs at day 4 post infection suggesting their pos-

sible role early in RSV infection.

We then deplete blood monocytes via intravenous injection of

clodronate liposomes in RSV infection. We found that intravenous

injection of clodronate liposomes reduced the number of recruited

monocytes both in the airway and lung at days 4 and 7 compared

RSV infection only. In murine model of RSV, pathology is measured

via weight loss. Administration of clodronate liposomes altered RSV

pathology. Depleting recruited monocytes demonstrated a significant

protection against RSV in terms of weight loss. Although there was

an increase in NK cell number in the airway at days 4 and 7 post

infections with clodronate liposomes treatment, we saw no signifi-

cant changes in CD4+ and CD8+ T cell percentage and number. Our

data suggest that depletion of recruited monocytes altered CD4+ and

CD8+ T cell function in RSV infection.

423
Interferon-a/b receptor signalling is amplifying early pro-
inflammatory cytokine production in the lung during Respiratory

Syncytial Virus (RSV) infection

M. Goritzka, L. R. Durant, C. Pereira, S. Salek-Ardakani,

P. Openshaw & C. Johansson

Imperial College London, London, UK

Respiratory Syncytial Virus (RSV) is a major cause of bronchiolitis

and subsequent hospitalization of infants. Severe bronchiolitis is

associated with polymorphisms in several innate immune response

genes, in particular many that control the interferon (IFN) system.

Type I IFNs are produced very early upon direct recognition of virus

and are crucial for both inducing anti-viral defences and for direct-

ing immune responses. Signalling through the IFN-a/b receptor (IF-

NAR) induces more than 300 IFN stimulated genes, including genes

important for limiting viral replication and for further production of

type I IFNs. The mechanisms underpinning how these cytokines reg-

ulate host resistance and immunopathology early during RSV infec-

tion is poorly understood. Using IFNAR1 knockout (IFNAR1�/�)
mice we found that the lack of IFN signalling increased viral load

and pathology (weight loss) during RSV infection. In addition, the

production of all IFNs and, surprisingly, proinflammatory cytokines

and chemokines was dependent on signalling through the IFNAR.

Furthermore, low levels of proinflammatory cytokines were detected

in the lungs of IFNAR1�/� mice after TLR agonist stimulation and

recombinant IFN-a alone was shown to potentiate the production of

inflammatory mediators in the lungs of wildtype mice. Thus, IFNs

and IFN-receptor signalling are crucial in amplifying the early cyto-

kine production in the lung and are therefore involved in shaping

the immune response important for infections and inflammatory

disease.

467
Accumulation of airway hyaluronic acid after influenza infection:

consequences for innate immunity

T. J. Bell*,†, R. J. Snelgrove† & T. Hussell*

*Manchester Collaborative Centre for Inflammation Research,

University of Manchester, Manchester, UK, †Leukocyte Biology,

National Heart and Lung Institute, Imperial College London, London,

UK

Background and aims: Severe respiratory viral infections are often

clinically associated with bacterial complications. The regulation of

innate immunity has previously been linked to altered susceptibil-

ity, e.g. expression of the negative regulator CD200R on alveolar

macrophages. Hyaluronan accumulates in the airway in a number

of inflammatory disease models, initiating and perpetuating

inflammation through TLR-4. Hyaluronan also self-limits macro-

phage inflammatory responses; interactions with CD44 induce

upregulation of the TLR negative regulators A20 and IRAK-M.

This work describes the altered hyaluronan landscape in the air-

ways following viral infection, the effect this has on alveolar mac-

rophages and the consequences for subsequent bacterial

complications.
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Methods: Airway hyaluronan content in the airways of female BL/6

mice was determined by ELISA following infection with PR8 H1N1

influenza. Hyaluronan metabolism enzyme expression was deter-

mined in whole lung RNA extracts by qRT-PCR. Alveolar macro-

phages were isolated and treated with hyaluronan prior to

stimulation with LPS, then cytokine production quantified by ELISA.

Alternatively, mice were treated in vivo with hyaluronan, then airway

macrophages isolated and stimulated with LPS or LTA. Finally, mice

were treated with hyaluronan and then infected with S. pneumonia,

and bacteraemia determined.

Results: Airway hyaluronan content increased >1000-fold following

influenza infection, and was associated with upregulated synthase

expression in the lung. These changes persisted following resolution

of infection, resulting in a long-lived alteration to hyaluronan

homeostasis in the airway. Inflammatory HA-protein complexes were

also observed in the airways during influenza-induced inflammation.

Histological staining of lung sections for hyaluronan revealed a loss

of localisation of hyaluronan around the larger airways and dissemi-

nation into the alveolar space, along with more frequent HA-CD44

interactions. MIP-2 and histamine-induced oedema resulted in only

a modest increase in airway hyaluronan, suggesting that influenza-

associated inflammation drives de novo hyaluronan synthesis. Incu-

bation of alveolar macrophages with hyaluronan either in vivo or ex

vivo resulted in desensitisation to stimulation with the bacterial TLR

agonists LPS and LTA. This modulation of the threshold of macro-

phage activation by hyaluronan translated into increased susceptibil-

ity to bacterial infection in vivo.

Conclusions: Influenza induces hyaluronan synthase expression and

results in an altered hyaluronan homeostasis long after resolution of

infection. Macrophage-hyaluronan interactions restrict the ability of

alveolar macrophages to respond to the TLR-ligands, whilst in vivo

hyaluronan treatment limits the ability of mice to clear bacterial

infection. The mechanisms that regulate hyaluronan synthesis and

the subsequent cross-tolerance to TLR-ligands will provide novel

therapeutic targets for the management of secondary bacterial

complications.

475
Alveolar macrophages modulate early immune responses to
Respiratory Syncytial Virus (RSV) infection through MAVS

signalling and type I interferons

M. Goritzka*, L. R. Durant*, C. R. Pereira*, S. Makris*,

F. Kausar*, Y. Kumagai†, S. Akira† & C. Johansson*

*Section of Respiratory Infections, National Heart and Lung Institute,

Imperial College London, London, UK, †Laboratory of Host Defense,

World Premier International Immunology Frontier Research Centre,

Osaka University, Osaka, Japan

Human respiratory syncytial virus (RSV) is the leading cause of

severe lower respiratory tract infections in infants as well as in the

elderly and immunocompromised individuals. Type I interferons

(IFNs) are crucial for inducing an antiviral response, protecting from

viral spread and inducing appropriate immune responses. To identify

the cellular source of type I IFNs following RSV infection in mice

we utilized a mouse strain in which green fluorescent protein (GFP)

is expressed under the control of the Ifna6 promoter. Upon intrana-

sal RSV infection, GFP signal could only be detected in alveolar

macrophages (AMs). Neither different populations of dendritic cells

(DCs; CD103+, CD11b+ DCs or pDCs) nor epithelial cells or lung

interstitial macrophages were a source of IFN-a6 (as detected by

GFP). We also investigated the role of pattern recognition receptors

in the detection of RSV and subsequent type I IFN production. A

deficiency in MAVS, the adaptor protein for cytosolic RIG-I-like

receptors (RLRs), led to a complete loss in IFN-a production from

AMs. Furthermore, mice lacking MAVS displayed increased pathol-

ogy, increased viral load and diminished production of other cyto-

kines and chemokines. In addition, a marked deficiency in the

recruitment of monocyte-derived DCs (moDCs) and inflammatory

monocytes (infMO) was observed. We further showed that the

monocyte recruitment was dependent on the production of IFN-a
during RSV infection, as recombinant IFN-a given to MAVS KO

mice 6 h post infection. restored moDCs and infMO recruitment

into the lungs. Moreover, we could further prove the role of AMs in

monocyte recruitment by adoptively transferring wildtype AMs intra-

nasally into MAVS KO mice prior to RSV infection. In conclusion,

AMs are the major source of IFN-a during RSV infection and this

production is dependent on cytosolic RLRs. The IFN-a production is

crucial for the production of other early cytokine and chemokines

that are necessary for the recruitment of infMO and moDCs to the

site of infection and also for dampening pathology.

501
Mast cell-Bordetella pertussis interaction is mediated by

macrophage galactose-type lectin and mannose receptor

A. Ravida, K. V. Vukman, A. M. Aldridge & S. M. O’Neill

Parasite Immunomodulation Group, School of Biotechnology, Dublin

City University, Dublin, Ireland

C-type lectin receptors (CLRs) play an important role in the activa-

tion of immune cells by bacterial pathogens. Mast cells are crucial in

the development of immunity against Bordetella pertussis although

the mechanism of interaction is not fully understood. In this study

two CLRs, macrophage galactose-type lectin (MGL) and mannose

receptor (MR) were detected for the first time on the surface of mast

cells. The involvement of MR and MGL in the stimulation of mast

cells by the heat inactivated B. pertussis antigen (BP) was investigated

by the use of blocking antibodies and specific carbohydrate ligands.

The cell wall lipooligosaccharide (LOS) of BP was also isolated to

explore its role in this interaction. Mast cells stimulated with heat-

inactivated BP or BP LOS induced cytokine (TNF-a, IL-6 and IFN-

g) secretion, which could be suppressed by blocking of MR or MGL.

Spleen tyrosine kinase (Syk) was found to be involved in the CLRs-

mediated activation of mast cells by BP. Bacterial recognition by

immune cells has been predominantly attributed to TLRs, in this

study the novel role of CLRs in BP-mast cell interaction is high-

lighted.

507
Human respiratory syncytial virus viroporin SH: a viral

recognition pathway used by the host to signal inflammasome

activation

K. Triantafilou, S. Kar, E. Vakakis, S. Kotecha & M. Triantafilou

Institute of Infection and Immunity, School of Medicine, Cardiff

University, Cardiff, UK

Respiratory syncytial virus (RSV) remains the leading cause of seri-

ous viral bronchiolitis and pneumonia in infants and young children

throughout the world. The burden of disease is significant, with 70%

of all infants being infected with RSV within the first year of their

life. 40% of those children discharged from hospital have recurrent,

repeated respiratory symptoms and wheezing for at least 10 years.

The infection is also an important illness in the elderly and immu-

nocompromised individuals. Ongoing symptoms relate to continued

lung inflammation. One cytokine that is associated with RSV infec-

tion is IL-1b, but the mechanism of activation remain unclear. In

the current study, we set out to decipher the molecular mechanisms
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of RSV-induced inflammasome activation. Using deletion mutants of

the virus and measuring IL-1b secretion, as well as caspase 1 expres-

sion via western blotting, we demonstrate that the NLRP3 inflamma-

some is activated through the small hydrophobic (SH) RSV

viroporin which induces membrane permeability to ions or small

molecules. Confocal microscopy revealed that during virus infection,

SH seems to accumulate within lipid rafts in the Golgi compart-

ments. Upon RSV infection, SH gets localised in the cell membranes

and intracellular organelle membranes, and then induces permeabil-

ity by disrupting membrane architecture, thus leading us to believe

that formation of viral ion channels in lipid bilayers of cells is a viral

recognition pathway used by the host to signal inflammasome

activation.

510
Rhinovirus-induced calcium fluxt triggers NLRP3 and NLRC5

activation in bronchial cells

K. Triantafilou*, S. Kar*, F. J.van Kuppeveld† & M. Triantafilou*

*Institute of Infection and Immunity, School of Medicine, Cardiff

University, Cardiff, UK, †Department of Medical Microbiology,

Nijmegen Center for Molecular Life Sciences, Nijmegen, The

Netherlands

Human Rhinoviruses have been linked with underlying lung disor-

ders such as asthma and chronic obstructive pulmonary disease in

children and adults. However the mechanism of virus induced air-

way inflammation is poorly understood. In this study, using virus

deletion mutants as well as silencing for NLRs, we show that the rhi-

novirus ion channel protein 2B triggers NLRP3 and NLRC5 inflam-

masome activation and IL1b secretion in bronchial cells. 2B protein

targets the Endoplasmic reticulum and Golgi and induces Ca2+
reduction in these organelles thus disturbing the intracellular calcium

homeostasis. The NLRP3 and NLRC5 act in a cooperative manner

during the inflammasome assembly by sensing intracellular Ca2+
fluxes and trigger IL1b secretion. These results reveal for the first

time that human rhinovirus infection in primary bronchial cells trig-

gers inflammasome activation.

542
Abnormal CFTR affects the IL-17pathway in cystic fibrosis

S. Singh*, H. Barr†, S. Amanfo*, F. Qader*, D. Jackson*,

P. Williams*, A. Fogarty†, M. Camara* & L. Martinez-Pomares*

*School of Life Sciences, University of Nottingham, Nottingham, UK,
†School of Medicine, University of Nottingham, Nottingham, UK

Background and aims: Cystic fibrosis (CF) is a hereditary disease

caused by loss / impairment of a cellular chloride channel known as

cystic fibrosis transmembrane conductance regulator (CFTR). CF

patients are extremely susceptible to chronic respiratory infections

caused by extracellular pathogens, but the reasons for this are still

unknown. Our aim was to investigate CF patient susceptibility to

chronic respiratory infections and assess the contribution of CFTR

dysfunction to this.

Methods: CF patient and healthy control peripheral blood mononu-

clear cells (PBMCs) were stimulated with phytohaemagglutinin,

staphylococcal enterotoxin B, or bacterial lysates. For CFTR inhibi-

tion assays, healthy PBMCs were pre-treated with CFTR inhibitors,

GlyH-101 or CFTRinh-172, before stimulation. On Day 6/7 cytokines

in supernatants were measured and T helper cell subsets analysed by

flow cytometry.

Results: CF PBMCs produced significantly less IL-17A than healthy

control PBMCs upon in vitro stimulation (2–7-fold less, P ≤ 0.05).

A similar impairment in IL-17A occurred in healthy PBMCs upon

pharmacological inhibition of CFTR (1.5 to 4-fold reduction after

GlyH-101 treatment, P ≤ 0.05). IFN-c production (which is also

attenuated in CF patients) was not affected by CFTR inhibition in

healthy PBMCs, suggesting that CFTR function is intrinsically linked

to the induction of an IL-17 response. Further, preliminary results

indicate that CFTR inhibition in healthy PBMCs led to a decrease in

the percentage of Th17 cells, but not Th1 cells, after stimulation.

Conclusions: IL-17 has been postulated as a therapeutic target in CF

because of its importance in immunity against extracellular patho-

gens and its potential role in mediating pulmonary destruction.

Studies comparing IL-17A and IL-17F in CF versus control pulmo-

nary samples have hypothesised that overproduction of IL-17 may

drive chronic lung inflammation in CF. These studies, as in the case

of our investigation using CF PBMCs, cannot distinguish between

primary defects caused by CFTR deficiency and immune adaptation

to the chronic inflammation characteristic of CF. Our results using

CFTR inhibitors are the first to indicate that CFTR itself could play

a role in the induction of IL-17-mediated inflammation. In contrast,

our data also suggest that the reduction in IFN-c production

observed in CF patients is likely due to an adaptation to recurrent

infection. It is essential to understand the precise role of the CFTR /

IL-17 axis in CF respiratory disease as this knowledge can direct the

development of therapeutic approaches aimed at eradicating chronic

respiratory infections whilst controlling inflammation-mediated tis-

sue damage.

547
TAM receptors and their role in the regulation of lung innate

immunity

T. Fujimori, T. Hussell & R. Snelgorve

Imperial College London, London, UK

Background: The role of TAM receptors are well characterised in au-

toimmunity, developmental biology and cancer biology. Their role in

infectious diseases is now being elucidated. The goal of this study is to

characterise TAM receptor expression profiles of various innate

immune components at homeostasis as well as in various infection/

inflammation models. The hypothesis of this study is that up-regula-

tion of TAM receptors, AXL and MerTK, are responsible for the de-

sensitisation of airway macrophages to bacteria following influenza

infection. Furthermore, I hypothesise that TAM receptors may be

involved in limiting innate immune activation at homoeostasis.

Methods: Using a murine model, we characterised TAM receptor

expression on various innate immune populations following viral

(influenza A) and bacterial (Streptcoccus pneumoniae) infections. We

also investigated the role of AXL in influenza and bacteria single/co-

infection models using AXL�/� mice.

Results: AXL and MerTK are differentially expressed by innate pop-

ulations in the respiratory system depending on their location. Alve-

olar macrophages and infiltrating monocytes significantly up-

regulate TAM receptor expressions during the influenza infection.

Lack of AXL significantly potentiates innate immunity by up-regulat-

ing the release of inflammatory cytokines in vitro.

Conclusion: Up-regulation of AXL following a viral infection may

explain the exacerbation of secondary bacterial complications as its

up-regulation limits the innate inflammatory responses.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184

Abstracts88



585
A spoonful of sugar helps the medicine go down… In the most

delightful way! (Sialic-acid nanoparticles induce potent anti-

inflammatory effects through targeted activation of Siglec-E)

S. Spence*, F. Fay*, M. Greene*, D. Schmidt*, E. Hams†,

S. P. Saunders†, J. Beck*, C. O’Kane*, D. Fitzgerald*,

S. Abdelghany* & J. Johnston

*Queen’s University Belfast, Belfast, UK, †St. James Hospital, Dublin,

Ireland

Sialic acid-binding Immunoglobulin-like lectins (Siglecs) are cell-sur-

face inhibitory receptors found predominantly on haematopoietic cells,

which when cross-linked can inhibit pro-inflammatory signalling.

Here we describe a surface functionalized nanoparticle that

potently down-regulates endotoxin-induced pro-inflammatory

cytokine release through the targeting of macrophage inflammatory

responses.

We demonstrate that poly (lactide-co-glycolide) acid nanoparticles

functionalized with disialic acid, di(a,2?8) N-acetylneuraminic acid,

specifically bind to Siglec-E, which is up-regulated on macrophages

on lipopolysaccharide (LPS) stimulation. By depletion of macro-

phages, we have shown that the nanoparticle therapeutic was primar-

ily targeted to those cells. This Siglec-E dependent binding of the

nanoparticle induced a potent anti-inflammatory effect, blocking

LPS-induced production of both interleukin-6 (IL-6) and tumor

necrosis factor-alpha (TNFa) in a tyrosine specific phosphatase 2

(SHP-2) dependent manner.

Notably, we have discovered a novel IL-10 dependent pathway

leading to upregulation of Siglec-E, which is enhanced by these

nanoparticles. Indeed, the nanoparticles are ineffective in IL-10

knockout mice, which lack Siglec-E.

We found that these therapeutic and anti-inflammatory effects are

conserved in vivo using both the intra-peritoneal model of LPS-induced

endotoxic shock and the caecal ligation and puncture model of polymi-

crobial sepsis. In these models, nanoparticle treatment significantly

increased survival in mice over controls in the LPS shock model (100%

versus 12.5% survival at 40 h, P = 0.009) and in the caecal ligation and

puncture model (90% versus 0% survival at day 9, P < 0.0001).

We have shown similar efficacy in human monocyte-derived mac-

rophages which clearly demonstrates the potent and importantly, the

immediate immuno-suppressive properties of these sialic acid-conju-

gated nanoparticles and their potentially beneficial use as anti-

inflammatory therapeutic modalities in the treatment of acute

inflammatory conditions such as sepsis, ALI and ARDS.

Acknowledgements: The authors would like to thank Ms. Mary

Poppins for her excellent foresight and theories into the use of sug-

ars as targeting ligands for disease treatment.

646
The role of epithelial cells in the immune response during

respiratory tract infections

F. Kausar, F. Culley & C. Johansson

Imperial College London, London, UK

The airway epithelium is the first line of defence against viral respira-

tory pathogens, acting both as a physical barrier as well as in the detec-

tion of the virus, and subsequent induction of the host immune

response. Respiratory syncytial virus (RSV) is the most important

cause of acute lower viral respiratory tract infections in infants, and

influenza A viruses (IAVs) are significant pathogens of seasonal, ende-

mic and pandemic respiratory infections. The characteristics of RSV

and IAV infection and spread in the host lung are not well character-

ised, however epithelial cells are thought to be the first cells of infec-

tion. In spite of this assumption, there is very little data that address

this in vivo. In addition, the contribution of epithelial cells in the inter-

feron and cytokine production in vivo has not been established. Using

a dispase-agarose based method of lung epithelial cell isolation we have

been able to identify alveolar epithelial cells using flow cytometry. We

are optimising a method to obtain a pure population of epithelial cells

from mouse lung using magnetic-activated cell sorting (MACS) and

fluorescence-activated cell sorting (FACS) in order to perform gene

expression analysis and identify the inflammatory mediators such as

interferons, cytokines and chemokines produced by epithelial cells in

vivo during respiratory infection. We have preliminary data suggesting

an upregulation of several inflammatory mediators in epithelial cells

early after RSV infection in vivo. This confirms a role for epithelial cells

in the initial stages of RSV infection in vivo. Furthermore, the results

from this study will help future development of therapeutics and vac-

cines against respiratory viral infections.

653
Dissecting the role of sphingosine kinase isozymes in mast

cells: significance to anaphylaxis and allergic airway

inflammation

P. N. Pushparaj, N. Kothandaraman, K. Gauthaman,

A. Abuzenada, A. Choudhary, M. Gari & M. H. Al Qahtani

Center of Excellence in Genomic Medicine Research, King Abdulaziz

University, Jeddah, Saudi Arabia

Background and aims: naphylaxis is caused by an acute, potentially

lethal immune reaction primarily induced by the elevated immuno-

globulin-E (IgE) antibodies that signal through the high affinity

FceRI receptor to release inflammatory mediators from immune cells

such as mast cells. Similarly, airway inflammation is driven by

increased mast cell activation and Th2 cytokines/chemokines. The

sphingosine kinases (SphK1 & SphK2) have been investigated as

potential therapeutic target for the treatment of allergic anaphylaxis,

refractory asthma and chronic airway inflammation. The isoenzymes,

SphK1 and SphK2, generate the pleiotropic sphingolipid mediator

called as sphingosine-1-phosphate (S1P).

Methods: Using Ingenuity Pathway Analysis (IPA) software, we have

constructed the biological networks initiated through FceRI receptor
in mast cells and the intracellular molecular activation networks reg-

ulated by SphK1 and SphK2 during the activation process in allergic

responses. In our preliminary in vivo studies, we have specifically

silenced SPHK1 or SPHK2 in vivo, using specific siRNAs. We have

used both Passive Cutaneous Anaphylaxis (PCA) and Passive Sys-

temic Anaphylaxis (PSA) models to study the isoform specific in

vivo role of SphKs which has not been well-characterized.

Results: Our in silico analysis using IPA has precisely shown that

various pro-inflammatory cytokines and chemokines are triggered

through the S1P/SphK signalling in immune cells. Besides, our study

demonstrates that SphK1, but not SphK2, is indeed required for

most of the effector responses triggered during anaphylaxis in mice

models.

Conclusions: Hence, dissecting the S1P/SphK1 signalling in mast

cells could provide novel cues for the effective treatment and man-

agement of an extensive range of allergic disorders in a typical clini-

cal setting.
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Significant role of the activating NK cell receptor NKG2D in

cancer-linked to inflammation

S. Sheppard, J. Guedes, A. Mroz, R. Goldin & N. Guerra

Imperial College London, London, UK

There is increasing evidence linking chronic inflammation to cancer

progression. Yet, the cellular and molecular mechanisms involved in

this process are poorly understood and whether natural killer (NK)

cells and NK receptors play a role is still unknown.

NKG2D is a key activating NK receptor expressed on effectors of

the innate and adaptive immune system including NK, NKT, cd T

cells and activated CD8+T cells. NKG2D participates in the anti-

tumour and anti-viral functions of these cells upon recognition of

specific ligands generally expressed on transformed and infected cells

but absent from normal tissues. Recent studies have identified these

ligands on normal tissues in the context of autoimmune diseases

suggest a role of NKG2D and its ligands in inflammatory disorders.

Here we investigated the relevance of NKG2D in chronic inflamma-

tion linked to liver damage and tumorigenesis using a well-described

model of chemically-induced hepatocellular carcinoma (HCC).

NKG2D-deficient mice and control littermates were treated with the

carcinogen diethyl-nitrosamine to induce persistent liver injury and

consequent HCC. Our data show that NKG2D favors tumor progres-

sion. Specifically, when compared to wild-type mice (WT), NKG2D-

deficient mice (KO) showed a better survival, a lower liver/body

weight ration and lower ALT level, associated with liver damage.

In addition, we observed differences in the distribution of

NKG2D- expressing cells in the tumor infiltrate when comparing

WT and KO mice. CD8+T cells but not NK cells significantly accu-

mulated in WT tumor indicating that NKG2D favors the recruit-

ment and/or expansion of CD8+T cells in damaged liver. On the

contrary, NKT cells were significantly reduced in the tumor environ-

ment of WT mice demonstrating a role for NKG2D in regulating

the inflammatory mediators present in the tumor environment.

Together, these findings unravel a new contribution for NKG2D

in cancer, as a tumor promoter, and suggest to carefully select the

type of tumors which may benefit from therapeutic approaches

designed at increasing NKG2D ligand expression.

105
Human Vc9Vd2 T cells can selectively promote TH1 or TH2

responses via interactions with dendritic cells or B cells in vitro

A. Petrasca & D. G. Doherty

Department of Immunology, Trinity College Dublin, Dublin, Ireland

The Vc9Vd2 subset of human cd T cells can induce maturation of

dendritic cells (DC) into antigen-presenting cells (APC) and B cells

into antibody-secreting plasma cells. Since B cells are capable of pre-

senting antigens to T cells, we investigated if Vc9Vd2 T cells can

influence antigen presentation by these cells. Vc9Vd2 T cells, B cells

and monocytes were isolated from human blood. Vc9Vd2 T cells

were expanded by phosphoantigen stimulation and monocytes were

induced to differentiate into immature DC. Vc9Vd2 T cells were co-

cultured with equal numbers of DC or B cells. Expression of APC

markers, production of cytokines and antibodies, and stimulation of

T cells by the DC or B cells was then measured using flow cytometry

and ELISA. Vc9Vd2 T cells induced expression of CD86 and

HLA-DR and the secretion of IL-6, TNF-a and IFN-c by DC. They

augmented the ability of DC to stimulate proliferation and IFN-c
production by antigen-specific and alloreactive T cells. In contrast,

Vc9Vd2 T cells induced CD86, HLA-DR and CD40 expression by B

cells and they promoted the release of IL-6, TNF-a, IL-4 and IgG,

IgA and IgM by B cells. B cells matured with Vc9Vd2 T cells stimu-

lated proliferation but not cytokine secretion by conventional T cells.

These data suggest that Vc9Vd2 T cells can induce maturation of

DC and B cells into APCs, but while they prime DC to stimulate

TH1 responses, they prime B cells to stimulate TH2 responses.

138
GATA3 expressing innate lymphoid cells are an important early

source of Th2 cytokines driving allergen induced inflammation

and AHR

L. Denney, A. J. Byrne, S. Saglani & C. M. Lloyd

NHLI, Imperial College, London, UK

Background and aims: Allergic asthma is a T helper (Th)2 cytokine

driven chronic inflammatory disease. Several cell types contribute to

disease pathology including eosinophils and Th2 cells. Recently, a

novel lymphocyte population termed innate lymphoid cells (ILCs)

has been suggested as an alternative source of Th2 cytokines and a

potential driver of pathology. Administration of allergen or the

innate cytokine IL-33 has been shown to induce IL-13+ILCs. How-

ever, the relative contribution of ILCs and Th2 cells to the initiation

of allergic disease is not well understood. We aimed to investigate T

cells and ILCs as important early producers of IL-13 and asses their

relative importance in driving AHR and allergic inflammation.

Methods: Adult balb/c mice (6–8 weeks) were given either house dust

mite extract (HDM), alternaria (ALT) or recombinant cytokine (IL-33,

IL-25 or TSLP) intranasally three times over a period of 1 week.

Airway responsiveness was determined by direct measurements of

resistance and compliance in anaesthetised and tracheostomised mice

18 h after the 3rd dose of allergen or cytokine. The lymphocyte popu-

lations in the lung, bronchoalveolar lavage and mediastinal lymph

nodes were compared to control (PBS) treated mice.

Results: Using both the HDM and ALT models of acute allergic air-

ways disease we show that a population of IL-13 secreting ILCs

(Lin-CD45+ICOS+) was induced in bronchoalveolar lavage, lung

and mediastinal lymph nodes compared to control treated mice. An

expansion in the IL-13+ILC population was also observed in mice

administered intra-nasal recombinant IL-33 or IL-25 but not TSLP.

In both the allergen and IL-33 treated mice an expanded IL-13+ILC
population correlated with a significant increase in AHR compared

to control mice.

We further characterised the allergen induced ILCs showing all

IL-13+ILCs co-expressed the Th2-associated transcription factor

GATA-3. The innate cytokine IL-33 is implicated in the generation

of the IL-13+ILC population as these cells could not be induced in

mice lacking functional IL-33 receptors (T1ST2). Although the fre-

quency of IL-13+Th2 cells (CD4+CD3+) increased in the lungs after

HDM, ALT or IL-33 administration, this cell population represented

a significantly lower proportion of the total lymphocytic IL-13 pro-

ducing cell population compared with ILCs.

Conclusions: In conclusion, the predominant early lymphocytic

source of IL-13 in the lung and lung draining lymph nodes following

allergen exposure are ILCs suggesting these cells likely play a key role

in the generation of asthma pathology and AHR.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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Circulating mucosal-associated invariant T cells are depleted in

patients with common variable immunodeficiency

S. Arduini*, D. G. Doherty* & C. Feighery†

*Division of Immunology, School of Medicine, Trinity College Dublin,

Dublin, Ireland, †Department of Immunology, St. James’s Hospital,

Dublin, Ireland

Background and aims: Common Variable ImmunoDeficiency

(CVID) is the most commonly diagnosed primary immunodefi-

ciency. It is clinically heterogeneous but always characterized by

abnormally low immunoglobulin titres and recurrent infections in

patients. Since T cell help is required for B cell differentiation and

immunoglobulin production, we investigated if circulating conven-

tional and innate T cell and lymphocyte subsets are numerically or

phenotypically altered in CVID patients alongside B cell subsets.

Methods: Blood was obtained from 28 healthy controls and 21

CVID patients attending St. James’s Hospital, Dublin. Using flow

cytometry we determined the frequencies and absolute numbers of

plasmablasts, naive and transitional B cells, unswitched and switched

memory B cells, CD4+, CD8+ and CD4� CD8� T cells, natural killer

(NK) cells, cd T cell subsets (Vd1, Vd2 and Vd3), invariant Natural
Killer T (iNKT) cells and Mucosal-Associated Invariant T (MAIT)

cells. Clinical data were also collected from patient records.

Results: B cell maturation was skewed in CVID patients, with signif-

icantly increased frequencies of naive B cells (P < 0.005) and

decreased frequencies and absolute numbers of switched memory B

cells and plasmablasts (all P < 0.0001). NK cells and cd T cell sub-

sets were normal. iNKT and MAIT cells were significantly depleted

in CVID patients (P < 0.0001 and P < 0.01, respectively). MAIT

cells also exhibited an atypical CD4/CD8 distribution, and their fre-

quencies were particularly low in patients with CVID and autoim-

mune complications (P < 0.005).

Conclusions: These data show that circulating MAIT and iNKT cells

are depleted in patients with CVID. iNKT cells can influence B cell

differentiation and antibody production. MAIT cells require B cells

for their expansion and could, like iNKT cells, affect B cell matura-

tion and function. Their reduction in patients with autoimmune

complications moreover suggests that they have regulatory functions

in peripheral tissues.

243
RORc+ innate lymphoid cells form a unique microenvironment

within the mesenteric lymph node

E. C. Mackley*, C. L. Marriott*, S. Houston†, V. Cerovic†,

S. Milling† & D. R. Withers*

*Immunity and Infection, University of Birmingham, Birmingham,

UK, †Institute of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK

Whilst significant advances have been made in understanding the

biology of innate lymphoid cells (ILCs), much has focused on the

gut or more recently within non-lymphoid tissue. Whilst the role of

lymphoid tissue inducer cells in the development of lymph nodes is

well established, the subsequent roles of ILCs within these tissues in

the adult are not clear. Analysis of individual lymph nodes revealed

significant differences in the composition of ILCs between peripheral

lymph nodes (e.g. inguinal, brachial) and the mesenteric lymph

nodes. Within peripheral lymph nodes, the majority of RORc+ cells

are cd+ T cells and ab+T cells, with RORc+ ILCs a rare population.

In contrast, within mesenteric lymph nodes, RORc+ ILCs make up a

significant part of the RORc expressing population, with cd+ T cells

largely absent. Strikingly, many of these RORc-expressing cells reside

within the same area of the lymph node. In mesenteric lymph nodes,

unlike peripheral ones, this domain is populated almost entirely by

RORc+ ILCs, forming a unique microenvironment. The conse-

quences of this on immune responses in the lymph node are cur-

rently being investigated, with effects on adaptive and also innate

cells analysed. We hypothesise that the RORc+ ILCs in this region

provide local cytokine and costimulatory signals to other immune

cells. Trafficking experiments using KAEDE mice indicate that the

higher frequency of RORc+ ILCs in the mesenteric lymph node

reflects continuous tracking from the gut, suggesting a role in the

homeostasis of responses to antigens in the gut.

255
Investigating the role of RORc+ innate lymphoid cells in
regulatory T cell survival

E. Halford, D. Withers & P. Lane

University of Birmingham, Birmingham, UK

Background and aims: A greater understanding of regulatory T cell

(Treg) survival and the emerging concept of regulatory memory

would have far reaching therapeutic implications. Using confocal

microscopy we have observed co-localisation of some FoxP3+ Tregs

with RORc+ Innate Lymphoid Cells (ILCs) in secondary lymphoid

tissue, particularly in the mesenteric lymph node. This ILC popula-

tion expresses Tumour Necrosis Factor superfamily members, such

as OX40L and CD30L, which are important in T cell homeostasis.

OX40 has also been implicated in Treg survival. RORc+ ILCs also

express MHC class II molecules in the absence of CD80 and CD86,

the classic co-stimulatory molecules for driving T cell expansion.

Therefore we have sought to investigate whether RORc+ ILCs are

important for the survival of Tregs.

Methods: To track antigen-specific Tregs, we have used immunisa-

tion with 2W1S peptide to expand an endogenous, polyclonal popu-

lation of antigen-specific CD4 T cells, which can then be identified

using tetramers. Although tracking antigen specific Tregs is techni-

cally challenging, we have found that an agonistic anti-TNFRSF25

antibody enhances numbers of antigen-specific Tregs.

Results: We detected significantly fewer 2W1S+ Tregs in RORc�/�

mice, which lack RORg+ ILCs. Interestingly we have found that

TNFRSF25 is expressed by both RORc+ ILCs and Tregs.

Conclusions: Following these observations, current studies are inves-

tigating whether RORg+ ILCs directly support antigen-specific Tregs

and if so, by what mechanism.

290
Contrasting patterns of natural killer and T cell reconstitution in

the first 4 weeks following allogeneic haemopoietic stem cell

transplantation

Y. L. T. Chan*,†, C. F. Inman*, J. E. Croudace*, B. Abbotts*,

K. Wall‡, J. Nunnick*,†, S. Nagra†, C. Craddock*,†, R. Malladi*,† &

P. A. Moss*,†

*Institute of Cancer Sciences, University of Birmingham, Birmingham,

UK, †Centre for Clinical Haematology, Queen Elizabeth Hospitals,

Birmingham, UK, ‡West Midlands Regional Genetics Laboratory,

Birmingham Women’s NHS Foundation Trust, Birmingham, UK

Background and aims: Allogeneic haemopoietic stem cell transplan-

tation (HSCT) is used as a treatment for high-risk or relapsed hae-

matological malignancies. Effective lymphocyte reconstitution is an

important factor in determining risk of infection and overall out-

come following HSCT. However very little is currently known about

lymphocyte reconstitution in the first 4 weeks immediately following

HSCT.
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Methods: Peripheral blood lymphocytes were isolated from heparin-

ised whole blood from patients undergoing HSCT with samples

taken at various time points: pre-transplant and day 7, day 14 and

4 weeks following HSCT. Lymphocytes were analysed using flow

cytometry to assess lymphocyte subsets and proliferation by Ki-67

positivity. Cell counts were measured using Trucount tubes (BD Bio-

sciences). Sorted NK cells were purified and analysed by microsatel-

lite assay for chimerism analysis.

Results: Immediately pre-HSCT, patients are lymphopenic with

mean peripheral blood lymphocyte counts of 1300 cells/ll
(SD � 800). This represents both their underlying disease process

and previous chemoradiotherapy. Lymphocyte numbers drop rapidly

to 96 cells/ll (SD � 59) by day 7 following HSCT, gradually

increasing to 150 cells/ll (SD � 79) by day 14 and 330 cells/ll
(SD � 200) by week 4.

There are striking differences in the pattern of reconstitution

between lymphocyte subsets during this time period. T cells comprise

the majority of peripheral blood lymphocytes pre-transplant with a

mean of 870 cells/ll (SD � 710) but numbers drop to 20 cells/ll
(SD � 15) at 4 weeks following SCT. In contrast, NK cells have a

pre-transplant level of 118 cells/ll (SD � 102), which drops to

25 cells/ll (� 28) and 40 cells/ul (� 58) at days 7 and 14 respec-

tively. However, by week 4 NK cell numbers have reconstituted to

levels exceeding those seen pre-transplant �160 cells/ll (� 120).

NK cells identified at day 14 following HSCT stain strongly for

Ki-67 (>95%; n = 6) indicating rapid proliferation of these cells.

This contrasts with the low Ki-67 staining seen in healthy donor NK

cells (<5%; n = 4). In addition, chimerism analysis of NK cells at

day 14 have confirmed full donor chimerism at this very early time

point.

Conclusions: NK cell numbers recover quickly following HSCT, con-

trasting with the small numbers of T cells identified at matched time

points. These cells are proliferating rapidly, originate from the donor

stem cells infused and do not represent residual patient NK cells.

304
Reciprocal interactions control the development of invariant

NKT-cells and RANK-dependent medullary thymic

microenvironments

A. J. White, W. E. Jenkinson, J. E. Cowan, S. M. Parnell,

A. Bacon, N. D. Jones, E. J. Jenkinson & G. Anderson

Department of Immunity and Infection, University of Birmingham,

Birmingham, UK

The thymus recruits blood-borne lymphoid progenitors and provides

specialized cortical and medullary microenvironments that guide

their differentiation into multiple lineages. While positive selection

in the thymic cortex generates conventional abT-cells expressing a

diverse T-cell receptor repertoire recognizing antigens bound to self-

MHC, the thymic medulla controls production of additional T-cell

subsets including CD4+Foxp3+ regulatory T-cells and invariant Vc5+

dendritic epidermal cdT-cells. In turn, thymus medulla formation

requires RANKL expression by both innate and adaptive immune

cells, highlighting the complex interactions controlling its develop-

ment and function. Invariant Natural Killer T (iNKT) cells, a spe-

cialized subset of abT-cells linked to the regulation of both innate

and adaptive immune responses, are also generated within the thy-

mus. While initiation of iNKT-cell development requires recognition

of the non-classical MHC class I-like molecule CD1d on CD4+8+

progenitors in the thymic cortex, the role of the thymic medulla in

iNKT-cell development, as well as the potential impact of these cells

on medulla development, are unclear.

Here, we show that iNKT-cells express RANKL during early stages

in their intrathymic development, and trigger Aire+ medullary thy-

mic epithelial cell (mTEC) development, thereby contributing to thy-

mus medulla formation. Furthermore, we show that mTEC are

required during later stages of iNKT-cell development, and can be

partly replaced by soluble IL15/IL15Ra complexes, correlating with

their expression of genes required for IL15 trans-presentation.

Collectively, our findings reveal a novel role for iNKT-cells in thy-

mus medulla development, and further highlight the importance of

the thymus medulla in the development of non-conventional T-cell

subsets.

337
NAD levels modulate macrophage subset responses

A. Al-Shabany, J. Moody, A. D. Foey & R. A. Billington

University of Plymouth, Plymouth, UK

It has been determined that intracellular levels of NAD have a criti-

cal role in modulating a wide range of cell signalling pathways.

Among these, regulation of gene expression by the NAD-consuming

enzymes has been shown to have an important role in modulation

of the expression and secretion of the pro-inflammatory cytokine,

TNF-a. In order to investigate potential roles of NAD (NAMPT, sal-

vage and tryptophan catabolism) pathways in determining macro-

phage effector subset responses, we have investigated NAD levels and

their relationship to cytokine production using THP-1 cell line-

derived M1 (pro-inflammatory) and M2 (anti-inflammatory) macro-

phages via differentiation by PMA and vitamin D3, respec-

tively.Results show that NAD levels differ markedly between M1 and

M2 macrophages with M1s having much higher basal levels. Upon

stimulation with LPS, NAD levels increase dramatically in M1s but

not in M2s. Coupled with this NAD profile, secretion of TNF-a par-

allels LPS-induced NAD levels in M1s but not M2s.This data com-

pares to the published association of intracellular NAD levels and

cytokine production in THP-1 monocytes; suggesting NAD as a key

mediator of TNF-a synthesis.In conclusion, M1 and M2 macrophage

subsets display differential production and utilization of NAD in

response to LPS activation, with downstream effects on pro-inflam-

matory cytokine production. These findings open the possibility of

pharmacological modulation of NAD synthesis as a way of selective

modulation of macrophage subset responses.

399
Human invariant natural killer T cells control multiple B cell

functions in vitro

Y. Ghnewa, G. S. Zeng, V. P. O’Reilly & D. G. Doherty

Discipline of Immunology, School of Medicine, Trinity College Dublin,

Dublin, Ireland

Human B cells express CD1d and therefore are likely to present

glycolipid antigens to invariant natural killer T (iNKT) cells. We

investigated if B cells could present the iNKT cell agonist glycolipid,

a-galactosylceramide (a-GC) to expanded autologous iNKT cells in

vitro and if a-GC-stimulated iNKT cells could reciprocally activate

the B cells. Since iNKT cells comprise functionally-distinct subsets

based on CD4 and CD8a expression, we analysed the effects of

co-culturing sorted CD4+, CD8a+ and CD4-CD8a- double negative

(DN) iNKT cells with B cells. B cells were capable of presenting

a-GC to CD4+ and DN (and to a lesser degree CD8a+) iNKT cells

resulting in IFN-c, TNF-a, IL-4, IL-5 and IL-13 secretion by iNKT

cells. However B cells were 10-200-fold less efficient than DC at

stimulating the production of these cytokines by iNKT cells. Recip-

rocally, all subsets of iNKT cells could induce antibody production

by autologous B cells in vitro, but interestingly, a-GC was not
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required. Culture of B cells with CD4+ or DN iNKT cells resulted in

the expansions of cells with regulatory B (BREG; CD1dhiCD5+,
CD24hiCD38hi) phenotypes and CD4+ iNKT cells promoted IL-10

production by some B cells. These BREG phenotypes were induced

without the need for a-GC. These results suggest that human iNKT

cells can differentially control adaptive immune responses, depending

on whether or not stimulatory glycolipid ligands are present. In the

presence of a-GC, human B cells can weakly activate iNKT cells,

resulting in Th1 and Th2 cytokine secretion. In the absence of a-GC,
B cells do not stimulate cytokine secretion by iNKT cells, but iNKT

cell subsets can induce antibody production and promote differentia-

tion of B cells into IL-10-producing BREG cells.

411
The role of invariant natural killer T cells in recovery from

thymic damage

A. M. Holland*, A. J. White*, K. Nakamura*, S. M. Parnell*, K.-

M. Toellner*, A. N. McKenzie†, E. J. Jenkinson* & G. Anderson*

*University of Birmingham Medical School, Birmingham, UK, †MRC

Laboratory of Molecular Biology, Cambridge, UK

While the role of the thymus in generating T cells is well-established,

the reciprocal crosstalk between developing thymoyctes and thymic

epithelial cells (TEC) is still being elucidated. The formation of the

thymus medulla requires interactions between conventional CD4+ ab
T cells, Vc5+ dendritic epidermal T cells, or invariant natural killer T

cells (iNKT cells), and TEC, wherein the developing thymocytes pro-

vide TNF family signaling to drive maturation of medullary TEC

(mTEC). In addition, innate lymphoid cells (ILC) expressing IL-22,

though dispensable for thymic development, appear to significantly

contribute to thymic recovery after insult. Unique among thymo-

cytes, iNKT cells are selected on lipid antigens presented by CD1d

molecules on CD4+CD8+ thymocyte progenitors, moving from

CD44� early stage 0–1 and mature CD44+ stage 2–3 cells. Unlike

most thymocyte subsets, which move into the periphery upon com-

pleting development, a population of mature CXCR3+ iNKT cells

remains as long-term thymic residents. Mature iNKT cells are heter-

ogeneous and can be further subdivided based on their expression of

cell surface and secreted molecules, including CD4, IL-17RB, IL-4,

IL-13, and IL-22, which are implicated in conflicting inflammatory

and suppressive roles in peripheral tissues. We aim to more fully

characterize the repertoire of phenotypically distinct recirculating

and resident thymic iNKT cells and understand their potential roles

in adult thymus homeostasis and recovery from insult, which are as

yet unknown. In order to characterize the repertoire of thymic iNKT

cells and their function in thymus biology, we have utilized flow

cytometry and quantitative PCR in iNKT and TEC populations from

embryonic and adult wildtype and genetically altered mice. We have

investigated the role of iNKT cells in the steady state thymus, as well

as following cytoreductive damage. The heterogeneous thymic-resi-

dent iNKT population appears to contain a subset that acts on TEC,

which is particularly important for recovery from thymic damage. In

addition to their role in thymic medullary development, iNKT cells

may aid in thymic rejuvenation following injury.

425
Vaccine-induced activation of natural killer cells is restricted to

the CD57− subset

C. M. Nielsen*, M. J. White*, R. H. McGregor†, E. M. Riley* & M.

R. Goodier*

*Department of Immunology and Infection, LSHTM, London, UK,
†MRC Centre for Transplantation, Kings College London, London, UK

Introduction: Natural killer (NK) cells contribute to the effector

phase of vaccine-induced adaptive immune responses, secreting cyto-

kines and killing infected cells. The proportion of responding NK

cells varies between individuals and by vaccine, suggesting that func-

tionally discrete subsets of NK cells with different activation require-

ments may be involved. Here, we have used the components of the

DTwP vaccine- diphtheria toxoid, tetanus toxoid, and whole cell

pertussis- to characterise the NK cell subsets involved in restimula-

tion responses.

Methods: Adult volunteers were recruited from among staff and

student donors at LSHTM. PBMCs were cultured with vaccine

antigen, with or without a sub-optimal low dose concentration of

accessory cytokines (IL-12, IL-18), in the presence or absence of IL-2

blockade. Functional characteristics of NK cells and NK cell subsets

(CD56bright and CD56dimCD57�, CD56dimCD57intermediate(int) and

CD56dimCD57+) were measured by flow cytometry. Responses of

these NK cell subsets were similarly measured to receptor crosslink-

ing and a high dose of accessory cytokines. Ex vivo expression of

receptors for these cytokines, IL-12Rb2 and IL-18Ra, was also com-

pared between subsets.

Results: In vitro stimulation of PBMC with tetanus toxoid, diphthe-

ria toxoid, or whole cell pertussis induced CD25 expression and

IFN-c production in previously vaccinated individuals. Mechanistic

studies with tetanus toxoid demonstrated that NK responsiveness

was associated with the presence of antigen-specific IL-2+ CD4+ T

cells and NK cell responses were abrogated by IL-2 blockade. Func-

tional analysis of discrete NK cell subsets revealed that increasing

CD57 expression correlated with a gradual loss of responsiveness to

exogenous cytokines. Accordingly, NK cells making IFN-c in

response to tetanus toxoid, diphtheria toxoid or whole cell pertussis

were predominantly CD57� while highly differentiated CD57+ NK

cells responded very poorly. CD25+IFNc+ responses were the most

robust against whole cell pertussis, with responses to tetanus toxoid

being particularly low frequency. IL-12Rb2 and IL-18Ra expression

decreases with increased expression of CD57, perhaps partially

explaining the differential responses. Backgating all CD25+IFNc+ cells

in response to pertussis stimulation, showed that while CD56bright

NK cells are robust responders, their contribution to the

CD25+IFNc+ response is minimal as compared to CD56dimCD57�

NK cells, which represent a much larger subset.

Conclusions: Given that CD57+ NK cells accumulate with increasing

age, particularly in individuals with human cytomegalovirus infec-

tion, these findings have implications for the ability of NK cells to

contribute to effector response after vaccination and their contribu-

tion to vaccine-induced immunity in older individuals.

485
NK cell phenotype defines the balance of functional responses
in malaria responders

A.-S. Wolf, M. J. White & E. M. Riley

Department of Immunology and Infection, London School of Hygiene

and Tropical Medicine, London, UK

Background and aims: Natural killer (NK) cells are important ini-

tial producers of gamma interferon (IFNc) when incubated with

malaria parasites in vitro, but may also be capable of killing infected
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erythrocytes (iRBCs) by direct cell contact, as indicated by upregula-

tion of CD107a/LAMP-1 on the NK cell surface and the formation

of ‘rosettes’ between iRBCs and NK cells. However, cellular immune

responses between individuals are highly heterogeneous both in

terms of cytokine responses and cytotoxic activity. Here, we have

looked at variation in these individual responses by IFNc production

and CD107a expression, with a view to looking for evidence of ‘ro-

setting’ and formation of the immune synapse.

Methods: Fresh PBMCs were obtained from 21 healthy, malaria-

naive donors at LSHTM. PBMCs were cultured with MACS-isolated

P. falciparum schizonts, strain 3D7, for 18 h and stained for func-

tional markers of NK cells (IFNc+, CD25+, CD107a+) and NK cell

subsets analysed by flow cytometry.

Results: Co-culture of fresh PBMCs with P. falciparum-infected ery-

throcytes induced both IFNc production and CD107a/LAMP-1 sur-

face expression within NK cell subsets. Donors appeared to be

capable of both responses overall, although individual NK cells

tended to only respond by increasing either IFNc or surface CD107a.

In responsive donors, immature NK cells (CD57�) contributed to

the response by preferentially producing IFNc compared to mature

NK cells (CD57+), which may indicate a change in function from

cytokine production to cytotoxicity with increased NK cell maturity.

Upregulation of CD107a in response to direct contact with iRBCs

has previously been controversial, and these data show that the vari-

ation between the responsiveness of donors as well as the distribu-

tion of immature versus mature NK subsets within donors may

account for this inconsistency. We also found a slight correlation

between NK cell IFNc responses to iRBCs and high concentrations

of IL-12 and IL-18 (HDC), which may indicate that the capability of

donors to induce NK cell responses differs regardless of the type of

stimulus.

Conclusions: The variation in NK cell response between donors may

account for the differences in reported responses to malaria para-

sites, and certain NK subsets may be responsible for the cytokine-

producing versus cytotoxic responses. Individuals identified from

this work as preferentially favouring cytotoxic responses will be used

in further work to look at immune synapse formation.

515
Investigating the role of innate lymphoid cells in adaptive

immune responses

E. C. Mackley, C. L. Marriott, F. M. McConnell, K. M. Toellner,

G. Anderson, P. J. Lane & D. R. Withers

Department of Immunity and Infection, University of Birmingham,

Birmingham, UK

With their expanding range of functions and emerging importance

in a range of disease states, an increased understanding of the role of

innate lymphoid cells (ILCs) following immunisation promises to

provide a variety of new targets for the manipulation of immune

responses. Although well characterised in the gut, comparatively less

is known of their function in secondary lymphoid tissue, important

sites for the generation of adaptive immune responses. Using immu-

nofluorescence microscopy to stain for the critical transcription fac-

tors, we have located clusters of GATA-3+ and RORc+ ILCs co-

localising within lymph node tissue. Consistently we detect these

cells at the interface of the B cell and T cell areas, particularly within

the interfollicular regions of lymph nodes. These sites are thought to

be critical microenvironments for interactions between responding

adaptive immune cells during an immune response. Whilst ILCs are

rare populations within lymph nodes, clustering of these cells may

enable different ILC populations to influence other immune cells

through their local cytokine production. Using draining lymph node

immunisation models, combined with tracking antigen specific B

and T cells, we aim to characterise the behaviour of ILCs within a

responding lymph node. We observe co-localisation of activated

antigen specific lymphocytes with ILCs at early time points following

immunisation. We hypothesise that here these cells receive signals

from ILCs, and aim to determine the consequence of this on the

progression of an adaptive immune response using models where

RORc+ ILCs are depleted. Preliminary experiments suggest that

whilst published data from our group shows that RORc+ ILCs sup-

port the survival of memory CD4+ T cells in secondary lymphoid

tissue, they are not essential for initial CD4+ T cell expansion. We

observe that loss of RORc+ ILCs results in increased numbers of

GATA-3+ ILCs within these niche locations, and investigate whether

the resulting altered ILC cytokine environment affects the type of

immunity generated.

610
Increase of NKp44+ group 3 innate lymphoid cells (ILC3) in
psoriasis

F. Villanova*,†, B. Flutter*, I. Tosi*,†, K. Grys*,†, H. Sreeneebus*,†,

G. K. Perera*,‡, A. Chapman§, C. H. Smith*, P. Di Meglio* & F.

O. Nestle*,†

*St John’s Institute of Dermatology, KIng’s College London, London,

UK, †NIHR GSTT/KCL Comprehensive Biomedical Research Centre,

Guy’s and St Thomas’ NHS Foundation Trust, London, UK,
‡Dermatology Department, Middlesex University Hospital, London,

UK, §Dermatology Department, Queen Elizabeth Hospital, London, UK

Innate lymphoid cells (ILC) are a recently characterized population

of immune cells with emerging key roles in tissue immunity. How-

ever, their function in human tissue homeostasis and disease remains

to be completely clarified. In this study we investigated the role of

ILC in human skin from healthy individuals and from the inflamma-

tory skin disease psoriasis. We found that a considerable number of

IL-17A and IL-22 producing cells in skin and blood of healthy indi-

viduals and psoriasis patients are CD3 negative innate lymphocytes.

Detailed immunophenotyping of human ILC subsets showed a sig-

nificant increase in the frequency of circulating NKp44+ ILC3 in

blood of psoriasis patients compared to healthy individuals or atopic

dermatitis patients. Circulating NKp44+ ILC3 expressed cutaneous

lymphocyte-associated antigen indicating their potential for skin

homing. Further analysis of skin tissue revealed a significantly

increased frequency of total ILC in skin compared to blood. Interest-

ingly the frequency of NKp44+ ILC3 was significantly increased in

non-lesional psoriatic skin compared to normal skin, indicating a

potential role of such cells in starting the psoriatic disease progres-

sion. Moreover the clinical response to anti-TNF therapy in one

patient followed during treatment showed a close association with

the frequency of circulating NKp44+ ILC3. Our data suggest a

potential role for NKp44+ ILC3 in psoriasis pathogenesis.

621
The role of eosinophils in perivascular adipose tissue

R. Forman*, S. Withers*, S. Meza-Perez†, D. Sorobetea†,

A. Heagerty*, W. Agace†, K. Else*, M. Svensson-Frej† &

S. Cruickshank*

*University of Manchester, Manchester, UK, †Lund University, Lund,

Sweden

Eosinophils are innate immune cells present in the mesenteric peri-

vascular adipose tissue during steady state conditions. Classically the

function of eosinophils has been associated with tissue destruction

via release of cytotoxic granule contents however, recent evidence
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has demonstrated a more diverse role for eosinophils. Interestingly,

adipose eosinophils regulate metabolic homeostasis through mainte-

nance of adipose alternatively activated macrophages. To further elu-

cidate the function of eosinophils in adipose tissue we investigated

the role of eosinophils in perivascular adipose tissue (PVAT). The

release of adipokines from PVAT plays an important role in reduc-

ing tone in a variety of vascular beds and this anti-contractile effect

is lost in obesity, which may contribute to hypertension. We investi-

gated the role of eosinophils in maintaining normal PVAT function

and artery constriction using wire myography on eosinophil deficient

mice (DdblGATA) and littermate control wildtype (WT) mice.

In WT mice healthy PVAT exerts an anti-contractile effect on

arteries in the mesenteric bed. However, in DdblGATA mice, despite

normal contractility of arteries, the anti-contractile effect of the

PVAT was lost. The anti-contractile effect of WT PVAT was medi-

ated via a soluble factor that could restore anti-contractile function

in the absence of eosinophils. Importantly, the anti-contractile effect

of PVAT in DdblGATA mice could be rescued both in vivo and in

vitro through the reconstitution of the mice or PVAT respectively

with eosinophils. The altered PVAT function did not appear to be

mediated by alternatively activated macrophages, although the effect

is dependent on IL-4 and adiponectin. As well as alterations in

PVAT anti-contractile effects the loss of eosinophils in DdblGATA
mice had an important effect on blood pressure with elevated sys-

tolic blood pressure observed in the DdblGATA mice compared to

littermate WT control mice.

Our data demonstrates an important and novel role for eosinoph-

ils in mediating the anti-contractile effect of PVAT and an elevation

in blood pressure in mice lacking eosinophils. The pathway by which

the effect(s) is being mediated is yet to be fully elucidated but IL-4

and adiponectin both play key roles.

622
Human ILC2s selectively produce PGD2 in response to IL-33

B. M. J. Rana, E. Fuerst, G. Woszczek & D. J. Cousins

King’s College London, London, UK

Asthma is understood to be a Th2 mediated condition where the

associated cytokines (IL-4, IL-5 and IL-13) and lipid mediators such

as PGD2 are central to disease pathogenesis. PGD2 is understood to

play a role in asthma through type-2 cell recruitment and activation,

via its receptor CRTh2 expressed by basophils, Th2 cells and type-2

innate lymphoid cells (ILC2s). ILC2s have been shown to be crucial

for effective type-2 immunity in several mouse models and to

require IL-25 and IL-33 for their expansion and function. ILC2s

have been shown to secrete type 2 cytokines, in particular IL-13 and

IL-5, which were required for effective helminth eradication. ILC2s

have also been identified in the human lung and nasal polyps and

may play a role in allergic disease.

We sought to develop methods for the isolation, phenotyping and

culture of humans ILC2s from peripheral blood and to assess gene

activation and mediator production in response to IL-25 and IL-33

treatment in vitro. ILC2s were analysed and sorted using flow cytom-

etry and cultured for up to 14 days in the presence of IL-25 and IL-

33. Time course experiments were performed to assess the kinetics

of gene activation and mediator production from these cells using

flow cytometry, real time PCR, microarray analysis and ELISA.

Our results demonstrate human ILC2s to have a similar pheno-

type to their murine equivalent and to also proliferate in response to

IL2/7/25 and 33 in vitro. We found IL-33 to significantly upregulate

IL-5 and IL-13 gene and protein expression. Microarray and real-

time PCR analyses showed that IL-33, but not IL-25, induced expres-

sion of the enzymes required for PGD2 synthesis, cPLA2, COX2 and

prostaglandin D2 synthase. Measurement of PGD2 levels by ELISA

showed that ILC2s express high levels in response to IL-33. Further-

more, we found that IL-33 treatment down regulated CRTh2 expres-

sion by ILC2s, indicating that these cells may respond to PGD2 in

an autocrine fashion. Collectively these results show that human

ILC2s produce PGD2 in response to IL-33 and that ILC2s may

recruit other CRTh2+ cell types to the site of inflammation via

expression of PGD2.

657
Innate lymphoid cell ‘memory’ to bacterial infection

A. Monahan*, R. Muir*, R. Allen† & R. J. Ingram*

*Centre for Infection & Immunity, Queen’s University Belfast, Belfast,

UK, †Department of Infection & Immunity, St. George’s University of

London, London, UK

The innate and adaptive immune systems have traditionally been

segregated into separate compartments. The innate immune system

being defined as short lived cell populations which rapidly respond

in a non-specific manner where secondary exposure to the pathogen

results in an identical response to that initiated at the first exposure.

In contrast, the T and B cells of the adaptive immune response

respond more slowly in a highly antigen specific manner. Clonal

expansion of antigen specific effector cells resulting in a pool of

long-lived memory cells which respond far more efficiently to re-

encounter with the same pathogen. However, these definitions of

innate and adaptive have been re-assessed in light of evidence dem-

onstrating ‘memory’ responses in NK cells against viral pathogens,

although bacterial memory responses have yet to be identified. The

population of innate lymphoid cells (ILCs) has recently been

expanded beyond the classical NK cells. A diverse range of subsets of

ILCs which parallel the subsets and functions of previously defined

Helper T cells (Th) subsets. ILCs have been shown to play a substan-

tive role in limiting the expansion of microorganisms. However, the

potential of ILCs to develop into memory cells emulating classical

NK cells has not yet been investigated. Potential ‘memory’ ILCs

(from C57/BL6 mice immunised 7 days previously with heat-killed

Pseudomonas aeruginosa) or naive (sham immunisation) were iso-

lated from the spleen by magnetic separation and transferred to

unexposed hosts concurrently with Pseudomonas aeruginosa infec-

tion. The transfer of these ‘memory’ ILCs resulted in a significant

reduction in bacterial CFUs in the peritoneal fluid (P = 0.006) and

prevented systemic spread compared to niave ILC transfer. To assess

if this was simply due to bystander activation of the innate lympho-

cytes, memory was induced by immunisation with either heat-killed

Staphylococcus aureus or P. aeruginosa. Whilst the P. aeruginosa

memory cells were able to significantly reduce a P. aeruginosa infec-

tion, S. aureus induced memory cells were not. This demonstrates

the pathogen specificity of innate lymphoid cell memory response.

The protective effect was demonstrated to be IL-17 dependent, indi-

cating a role for ILC3 cells. Further flow cytometric characterisation

of these cells was carried out and it was shown that both NK cells

and ILC3s were present. This is the first demonstration that ILCs

can confer a ‘memory’ response against a bacterial pathogen; these

highly novel findings offer insight into an unexplored area of ILC

role in response to bacterial infection.
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Metabolic Control of Immunity in Health and Disease

41
Altered functions and adhesive capacity of neutrophils in

diabetes with poor glycemic control

W. Umsa-ard*, A. Sriwijitkamol†, V. Thongboonkerd‡ &

J. Soongsathitanon*

*Department of Immunology, Mahidol University, Bangkok, Thailand,
†Department of Internal Medicine, Mahidol University, Bangkok,

Thailand, ‡Office for Research and Development, Faculty of Medicine

Siriraj Hospital, Mahidol University, Bangkok, Thailand

Neutrophils were evidenced to be associated with atherosclerosis, but

their roles in diabetes-related atherosclerosis remain unknown. This

study aimed to investigate the effect of hyperglycemia and advanced

glycation end product (AGE) on the phenotypes and biological func-

tions of neutrophils. Type 2 diabetic patients were divided into two

groups according to the level of HbA1c, good glycemic control

(HbA1c ≤ 7%) and poor glycemic control (HbA1c > 9.0%) and

neutrophils were isolated from peripheral venous blood of the

patients. In vitro effects of high glucose and AGE on neutrophils

were studied in the cells derived from normal subjects under expo-

sure to different conditions; 5 mM glucose, 25 mM glucose, 100 lg/
ml BSA and AGE-BSA. The cells were then determined for basal and

PMA-stimulated production of reactive oxygen species (ROS),

expression of CD11b and CD66b, release of myeloperoxidase

(MPO), cell migration and adhesion to endothelial layer. In diabetic

subjects, cells from well controlled patients produced significantly

higher basal and PMA-stimulated ROS. Poorly controlled patients

showed significantly increased expression of CD11b, CD66b and

MPO production. After incubation with AGE-BSA in vitro, the

release of MPO was significantly increased after PMA stimulation in

comparison to unmodified BSA. High glucose incubation signifi-

cantly enhanced neutrophil migration towards IL-8 and neutrophil

adherence to endothelial cells. From this study, the results showed

activated status of neutrophils in diabetic patients and increased

adhesive capacity of neutrophils in hyperglycemic condition in vitro.

These altered functions may lead to the development and progres-

sion of atherosclerosis in diabetes.

53
Mitochondrial morphological change during dendritic cell

maturation

T. Kita*, S. Terada*, K. Sumida*, N. Arakaki† & H. Kitamura*

*Division of Immunoregulation, Section of Disease Control, Institute

for Genetic Medicine, Hokkaido University, Sapporo, Japan,
†Department of Molecular Cell Biology and Medicine, Institute of

Health Biosciences, University of Tokushima Graduate School,

Tokushima, Japan

Growing evidence shows that mitochondria play an important role

in innate immune responses. Mitochondrial tethering to endoplasmic

reticulum according to increased fusion of mitochondrial network

regulates mitochondrial antiviral signaling protein. In addition,

mitochondrial fusion/fission events are closely related with various

cellular events, such as programmed cell death, cell differentiation

and aging. However, the relationship between mitochondrial fusion/

fission events and acquired immune response is still unclear. Den-

dritic cells, professional antigen presenting cells, are essential for an

acquired immune responses including activation of T cells. In this

study, we investigated the characteristic features of mitochondria in

dendritic cells during the activation. As a result, mitochondrial

fusion/fission events in mouse bone marrow-derived dendritic cells

were confirmed by the observation using laser scanning microscopy.

Here, we report the precise relations of mitochondrial fusion/fission

with activation of dendritic cells.

89
Soluble CTLA-4 is a marker of inflammation in elderly people
and correlates with cardiovascular disease risk factors

especially in females

A. M. Gazali*, F. Kaiser*, J. Schaaf*, A. Steptoe†, B. Henderson‡,

L. Dahal§, F. Ward¶ & S. Thompson*

*Academic Department of Rheumatology, King’s College London,

London, UK, †Department of Epidemiology & Public Health,

University College London, London, UK, ‡Division of Microbial

Diseases, University College London, London, UK, §Institute of Medical

Science, University College London, London, UK, ¶Institute of Medical

Sciences, University of Aberdeen, Aberdeen, UK

Cardiovascular disease (CVD) refers to any disease that affects the

cardiovascular system, principally cardiac disease, vascular diseases of

the brain and kidney, and peripheral arterial disease and is the lead-

ing cause of deaths worldwide. One of the studies dedicated to car-

diovascular disease is the Whitehall II study which investigates the

importance of various factors in the development of CVD in healthy

population. By using this study, our aim was to find any immuno-

logical parameters that can be used to predict the development of

CVD in healthy populations. The cohort that we used in this study

consisted of 68 people, 56 females and 12 males aged from 55 until

75 years old. Our data shows that soluble CTLA-4 (sCTLA-4) can be

used as a marker of inflammation in elderly people. This novel iso-

form of CTLA-4 is produced by alternative mRNA splicing and

importantly not by proteolytic digestion or shedding of membrane-

bound CTLA-4. Data from the Whitehall II study cohort revealed

positive associations between sCTLA-4 and circulating cytokine levels

(n = 68). sCTLA-4 correlated with both pro-inflammatory IL-1b
(R = 0.254, P = 0.037), IL-6 (R = 0.447, P < 0.0001), TNF-a
(R = 0.729, P < 0.0001) and IFN-c (R = 0.496, P < 0.0001) and

anti-inflammatory cytokines IL-10 (R = 0.27, P = 0.026). All associa-

tions with clinical/biochemical parameters were not statistically sig-

nificant. Therefore, we further analysed the cohort based on sex and

age differences. The cohort was divided into three groups; male (55–
64 years), female (55–64 years) and female (65–75 years). No associ-

ations were found between sCTLA-4 and any parameters in the male

group (n = 12) but sCTLA-4 correlated with several parameters in

the female groups. sCTLA-4 positively correlated with coronary

artery calcification (R = 0.346, P = 0.031) while it negatively corre-

lated with total cholesterol level (R = �0.42, P = 0.008) and Low

Density Lipoprotein (R = �0.356, P = 0.026) in females aged 55–
64 years old (n = 39). However, analysis from the older female

group (65–75 years, n = 17) demonstrated correlations of sCTLA-4

with High Density Lipoprotein (R = 0.568, P = 0.017) and triglycer-

ide level (R = �0.514, P = 0.025). These associations indicate

sCTLA-4 secretion and regulation can be related with lipid metabo-

lism. However, sCTLA-4 associations with lipid parameters gave a

mixed picture about its role in CVD development; therefore a larger

cohort is needed to confirm these associations.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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The effect of obesity-induced metabolic stress on T cell

migration

J. Smith*, D. Coe*, H. Fu*, K. Okkenhaug†, F. Marelli-Berg* & C.

Mauro*

*Queen Mary University of London, London, UK, †Babraham Institute,

Cambridge, UK

Purpose and objective: Chronic low-grade inflammation is a key

feature of many cardiovascular metabolic diseases associated with

obesity. T cells have been shown to infiltrate obese adipose tissue,

where pro-inflammatory immune responses are preponderant over

immunomodulatory and immunosuppressive responses and as such

drive disease progression. The regulation of energy metabolism is

crucial for many aspects of T cell-mediated immunity including acti-

vation and proliferation, and more recently has also been shown to

affect T cell migration. However how changes in metabolic status

orchestrate pathological T cell trafficking is still unknown.

Results: Activated T cells from obese mice show no difference in

their activation state as measured by CD44 positivity or their prolif-

eration rate, but do show increased migration to the pro-inflamma-

tory cytokine IP-10 in vitro and increased recruitment in the

inflammatory sites in vivo. In syngeneic recipient mice, activated T

cells from obese mice left the bloodstream at a faster rate than T

cells from lean mice and were recruited more efficiently to the peri-

toneal cavity in a model of zymosan-induced peritonitis. This phe-

notype was independent of whether recipient mice where obese or

lean. Activated T cell from obese mice showed an increase in their

effector memory population which is dependent on functional PI3K-

signalling.

Conclusions: Obesity causes a metabolic imprinting of T cells

switching them towards a memory effector phenotype, which leads

to an increased ability of T cells to migrate towards inflammatory

sites. Aberrant T cell migration could favour the establishment of

chronic inflammation in obesity.

253
Expansion of arginase-expressing myeloid-derived suppressor

cells in hepatotropic viral infections

L. J. Pallett*, M. Haniffa†, M. Jover-Cobos‡, A. Schurich*, A. Das*,

U. Gill§, N. Davies‡, I. Ghosh¶, R. Gilson¶, P. T. Kennedy§,

A. Bertoletti† & M. K. Maini*

*Infection and Immunity, UCL, London, UK, †Infection and Immunity

Program, Agency of Science and Technology (A*STAR), Singapore,
Singapore, ‡Centre for Hepatology, Royal Free Campus, UCL, London,

UK, §Centre for Digestive Diseases, Institute of Cell and Molecular

Science, Bart’s and the London School of Medicine and Dentistry,

London, UK, ¶Centre for Sexual Health and HIV Research, UCL,

London, UK

Background and aims: Previous work from our group has pointed

to a role for nutrient deprivation in driving a global T cell defect in

chronic hepatitis B infection (CHB), indicating that the conditionally

essential amino acid L-arginine is depleted and arginase-1 activity is

increased in the HBV-infected liver (Das, JEM 2008). In this study

we postulated that myeloid-derived suppressor cells (MDSC), a pop-

ulation known to expand at sites of chronic antigenic stimulation,

may contribute to the arginase-rich suppressive milieu in CHB.

Methods: Using 11-colour flow cytometry and image stream tech-

nology, we analysed the circulating frequency of granulocytic MDSC

(gMDSC) and their expression of putative regulatory mediators in

patients with CHB (n = 80) and healthy controls (n = 52). Patient

and healthy control serum L-arginine levels were measured by tan-

dem high-pressure liquid chromatography mass spectrometry.

Results: Circulating gMDSC were expanded approximately 10-fold

in CHB compared to healthy controls (P < 0.001). This increase in

gMDSC occurred in all patients regardless of disease activity, but

expansion was significantly further increased in those patients with-

out biochemical evidence of liver damage (ALT < 40I U/l). Analysis

of the patient cohort according to clinical stage showed that the

most striking expansion was evident in patients in the ‘immunotol-

erant’ phase of disease characterized by extremely high viral replica-

tion in the absence of liver damage. A striking further enrichment of

gMDSC was found in the intrahepatic compartment, the site of viral

replication. Another hepatotrpic viral infection, HCV, likewise

resulted in MDSC expansion in the circulation that was further

amplified in the liver compartment, whereas CMV serostatus did not

affect MDSC frequencies. One key function of gMDSC is their pro-

duction of suppressive regulators, including arginase-1 which

depletes the amino acid L-arginine required for T cell effector func-

tion; we were able to demonstrate strong expression of this enzyme

by the majority of gMDSC by flow cytometry and image stream

analysis. A functional role for arginase-1 was corroborated by the

fact that depletion of serum L-arginine concentrations was most

striking in the patient group without liver inflammation, who had

the largest gMDSC expansions. Preliminary sorting experiments have

confirmed the capacity of MDSC to suppress bystander T cell func-

tion in an arginase-dependent manner.

Conclusions: Our data therefore show that gMDSC accumulate in

hepatotropic viral infections and have the potential to suppress glo-

bal T cell function through nutrient deprivation, thereby contribut-

ing to the down-regulation of liver inflammation.

329
Insights into the role of inflammation in dystroglycanopathies -
analysing the effect of alpha dystroglycan glycosylation on

immune function

E. Lacey, E. Gullen, M. Hopkinson, D. Palmer & S. C. Brown

Comparative Biological Sciences, Royal Veterinary College, London, UK

The dystroglycanopathies are a sub-group of muscular dystrophies

with a wide clinical phenotype ranging from the severe Walker Wal-

burg Syndrome and Muscle Eye Brain Disease which are associated

with structural eye and brain involvement in addition to the muscu-

lar dystrophy, to milder forms of limb girdle muscular dystrophy.

Central to the disease process is a defect in alpha dystroglycan

(aDG) glycosylation which perturbs binding to extracellular matrix

ligands such as laminin and perlecan and leads to basement mem-

brane defects. However, aDG is also expressed by cells of the

immune system and inflammatory infiltrates into the muscle are

common in dystroglycanopathy patients. The aim of this investiga-

tion was to determine whether a disruption of aDG glycosylation

alters the immune system and so contributes to the pathogenesis of

disease. In order to do this Largemyd dystrophic mice, which express

hypo glycosylated aDG and LargemydLV5, which express hypergly-

cosylated aDG but are no longer dystrophic, were used to analyse

the steady state of the thymus, spleen and lymph nodes in 12 and

20 weeks old mice. Our preliminary results suggest glycosylation of

aDG is important in the control of memory and na€ıve pools of CD4

and CD8 T cells. We also detected altered activation states of B cells

in the spleens of mice with either hypo or hyperglycosylated aDG.
In addition T cell development and the nature of aDG’s capacity to

bind laminin in primary and secondary lymphoid organs was evalu-

ated along with characterisation of the inflammatory infiltrate in

both the Largemyd and LargemydLV5 mice. This work confirms a role

for aDG glycosylation in the immune system. and furthermore

investigates whether there is any detrimental effect on the immune

system by inducing hyperglycosylation of aDG which is currently

being considered as a therapeutic approach.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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Characterizing human Burkholderia pseudomallei infections

using untargeted metabolomics

D. Riyapa*,†, G. Maker‡, T. J. J. Inglis§, J. M. Blackwell†,

G. Lertmemongkolchai* & S. Decuypere†

*Centre for Research & Development of Medical Diagnostic

Laboratories, Faculty of Associated Medical Sciences, Khon Kaen

University, Khon Kaen, Thailand, †Telethon Institute for Child Health

Research, Centre for Child Health Research, The University of Western

Australia, Subiaco, WA, Australia, ‡School of Veterinary and

Biomedical Sciences, Murdoch University, Perth, WA, Australia,
§Division of Microbiology and Infectious Diseases, PathWest Laboratory

Medicine Western Australia, Nedlands, Perth, WA, Australia

Metabolomics is a discipline that allows comprehensive profiling of

the small biochemical molecules, the metabolites, in a living organ-

ism. Because the impairment of metabolic homeostasis is common

in critical illnesses, metabolomics is increasingly integrated in studies

of pathophysiological processes in disease, and in the discovery of

disease biomarkers. Melioidosis is an infectious disease caused by the

bacterium Burkholderia pseudomallei, with septicemia being the most

common clinical presentation amongst melioidosis patients. Here,

we investigated the interaction between B. pseudomallei and human

host cells during infection using an untargeted metabolomics

approach. First, we characterized the Burkholderia intracellular me-

tabolome in in vitro culture. We determined the metabolic profile of

different Burkholderia spp. strains, including B. pseudomallei

NCTC13177, B. pseudomallei K96243, B. pseudomallei NCTC10276,

B. thailandensis E264, and B. thailandensis 49639 at in vitro bacterial

growth phases of late stationary phase for the first time. We subse-

quently profiled the metabolic changes that occur in human macro-

phage cell line U937 during in vitro infection with B. pseudomallei

K96243. We will discuss how metabolomics characterization studies

may help to understand the interaction between B. pseudomallei and

human host cell metabolism, and to discover candidate biomarkers

for melioidosis.

333
Novel insights in translational control of myeloid hematopoietic

cell function through maintaining mTOR phosphorylation

I. M. Yasinska, B. F. Gibbs, G. S. Lall, M. Abooali &

V. V. Sumbayev

Medway School of Pharmacy, University of Kent, Chatham Maritime,

UK

Background and aims: Mammalian myeloid cells are crucial effec-

tors of host innate immune defence against pathogens. Immune

responses of these cells require adaptation to signalling stress

through the hypoxia-inducible factor 1 (HIF-1) transcription com-

plex and associated pathways. Upon adaptation to inflammatory

stress myeloid cells activate the mammalian target of rapamycin

(mTOR), initially by phosphorylating its S2448 residue. This leads to

activation of the mTOR pathway which induces de novo translation

of vital signalling proteins. On the other hand, phosphorylation of

the T2446 residue of mTOR leads to its inactivation and could be a

cause of myeloid cell death. However, the molecular mechanisms

underlying the maintenance of mTOR phosphorylation remain

unclear. We therefore aimed to provide additional insight into

understanding this concept.

Methods: THP-1 human myeloid leukaemia cells were used for the

experiments. Six week old CD1 male mice (25 � 2.5 g) were also

involved following approval by the Institutional Animal Committee

and handled in accordance with the Helsinki Declaration. Western

blot analysis, ELISA, quantitative real-time PCR, in-cell Western and

luminometric/colorimetric assays were used for analysis.

Results: We demonstrate for the first time that inactivation of HIF-

1, by silencing its inducible alpha subunit, significantly decreases

mTOR S2448 phosphorylation caused by ligand-dependent activa-

tion of human myeloid leukaemia cells. This occurs due to activation

of adenylate kinase leading to an increase in the intracellular AMP

levels. AMP triggers activation of AMP-dependent kinase which

causes phosphorylation of mTOR on the T2446 residue thus pre-

venting phosphorylation of S2448. On the other hand, inhibition of

xanthine oxidase (XOD), which converts hypoxanthine into xanthine

and further into the uric acid, also leads to a similar effect. In the

latter case, lack of XOD-dependent AMP degradation leads to an

increase in AMP kinase activity thus leading to mTOR phosphoryla-

tion on T2446. The results were partly confirmed using in vivo

models.

Conclusions: These results indicate that mTOR-mediated transla-

tional control during myeloid cell responses depends on successful

activation of the HIF-1 transcription complex and balanced purine

catabolism.

528
Highly specific targeting of human myeloid hematopoietic cells

using gold nanoparticle-based conjugates

B. F. Gibbs*, I. M. Yasinska*, L. Calzolai†, D. Gilliland† &

V. V. Sumbayev*

*Medway School of Pharmacy, University of Kent, Chatham Maritime,

UK, †European Comission Joint Research Centre, Ispra, Italy

Background and aims: Application of nanomaterials in immunolog-

ical research and translational medicine has become increasingly

promising during last 10 years. Currently there is a wide range of

biomedical applications for nanomaterials. However, it remains

extremely problematic to generate biocompatible nanomaterials

which are able to specifically recognise immune cells. Development

of these technologies is one of the primary focuses of Nanobiotech-

nology and Immunology since this type of technology is of potential

importance for targeting non-adherent blood cells responsible for

host immune defence. We therefore explored the opportunity of

using functionalised gold nanoparticles to target leukocytes.

Methods: Functionalised gold nanoconjugates were produced from

citrate-stabilised gold nanoparticles. Nanomaterials contained both

immune receptor ligands (toll-like receptor 4 or CD203c) and phar-

macological signal transduction inhibitors. THP-1 human myeloid

leukaemia cells and primary human basophils were used in the

experiments. Western blot, fluorescent/colorimetric tests, in-cell

assays and microscopy were used for analysis.

Results: We demonstrated a new approach for highly specific target-

ing of viable human leukocytes of myeloid lineage by functionalised

gold nanoconjugates. Using this technology we managed to deliver

pharmacological inhibitors (rapamycin and ascomycin) into the tar-

get cells where they were able to induce the necessary functional

effects.

Conclusions: This approach demonstrates the possibilities of using

nanoconjugates for drug delivery and immune therapy.
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The contribution of Foxp3 and TGFb to the iTreg proteome

D. Howie & H. Waldmann

Sir William Dunn School of Pathology, Oxford University, Oxford, UK

Given the current state of knowledge and uncertainty on how Treg

deliver suppression, there is clear value in generating information of

proteins whose levels selectively change in Treg. We conducted a

comparative quantitative proteomics study to compare the contribu-

tion of TGFb and the transcription factor Foxp3 to the Treg prote-

ome. This study complements our previously established SAGE and

microarray databases of regulatory T-cell populations in comparison

with other CD4 T-cell subsets. To measure the relative importance

of Foxp3 versus TGFb to the Treg proteome we used two cell mod-

els. First, we used a conditional Foxp3 T cell line expressing a GFP-

tagged tamoxifen responsive Foxp3 construct cFoxp3tg.GFP which

translocates into the nucleus only in the presence of 4’hydroxy

tamoxifen. Second, we used highly purified TGFb-induced iTreg

from Foxp3 reporter mice expressing human CD2 under control of

the Foxp3 promoter. Using SILAC and heavy dimethyl labelling we

quantified differences between nuclear and cytoplasmic Foxp3-con-

taining T cell proteomes and Foxp3 positive iTreg and Foxp3 nega-

tive activated CD4 T cells. We used Thermo Q Exactive Orbitrap

mass spectrometers coupled to UHPLC 50 cm long nano-columns

with 8 h gradients along with a streamlined minimal sample loss

methodology important for dealing with low cell numbers. Analysis

of the data using geneset enrichment analysis and Metacore analysis

has highlighted significant differences between the proteomes of T

cells with conditional or induced Foxp3 and T cells which lack

Foxp3. Our data suggest that Foxp3 drives a significant shift in the

respiratory capacity of T cells by upregulating several members of

the mitochondrial electron transport chain. The significance of these

changes are discussed.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184
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Modulation of host response by infection

7
Significant increase in numbers and functional activity of CD56+
T cells in healthy CMV sero-positive subjects

M. M. Almehmadi*, B. F. Flanagan†, N. Khan‡ & S. E. Christmas*

*IGH, University of Liverpool, Liverpool, UK, †Women’s and

Children’s Health, ITM, University of Liverpool, Liverpool, UK,
‡Clinical Immunology Service, University of Birmingham Medical

School, Birmingham, UK

Human T cells expressing CD56 are capable of tumour cell lysis fol-

lowing activation with IL-2 but their role in viral immunity has been

less well studied. Proportions of CD56+ T cells were found to be

highly significantly increased in CMV seropositive compared to sero-

negative healthy subjects (9.1 � 1.5% versus 3.7 � 1.0%;

P < 0.005). Proportions of CD56+ T cells expressing CD28, CD62L,

CD127, CD161 and CCR7 were significantly lower in CMV+ than

CMV- subjects but those expressing CD4, CD8, CD45RO, CD57,

CD58, CD94 and NKG2C were significantly increased (P < 0.05),

some having the phenotype of TEM cells. Functionally, cells from

CMV+ subjects expressed higher levels of IFNc and TNFa than those

from CMV- subjects following stimulation with CMV antigens. More

CD56+ T cells were induced to express CD107a and to proliferate

following stimulation with CMV antigensin CMV+ than CMV- sub-

jects. Using different Class I HLA Pentamers (HLA-A2, HLA- B7

and HLA-B8), it was found that CD56+ T cells represented a sub-

stantial proportion of the antigen-specific CD8+ T cells in CMV+
subjects of several different HLA types. In view of the link between

CD56 expression and T cell cytotoxic function, this strongly impli-

cates CD56+ T cells as being a major component of the cytotoxic T

cell response to CMV in healthy carriers.

8
The Mycobacterium tuberculosis protein ESAT-6 induces

inflammasome activation and apoptosis in monocytes

M. P. O’Sullivan*, R. Shaughnessy*, S. O’Leary*, M. Coleman* &

J. Keane*,†

*Department of Clinical Medicine, Trinity College Dublin, Dublin,

Ireland, †St James Hospital, Dublin, Ireland

ESAT-6 is a secreted protein of Mycobacterium tuberculosis (Mtb)

important for virulence and immunity and a putative vaccine candi-

date. The function of ESAT-6 is not fully understood, however, its

ability to cause macrophage cell death is thought to contribute to

the tissue damage and inflammation characteristic of Mtb infection.

Previously published reports indicate that recombinant ESAT-6

causes apoptosis of macrophage cell lines. The aim of this study was

to investigate the susceptibility of primary human macrophages to

ESAT-6-mediated cell death and characterise the cell death mecha-

nism.

Human alveolar macrophages were obtained by bronchoalveolar

lavage. Monocytes purified from buffy coats were used immediately,

or differentiated to macrophages (MDMs) or dendritic cells (DCs).

THP-1 cells were differentiated with PMA for 72 h. Cells were stim-

ulated with recombinant ESAT-6 (1–10 lg/ml), and viability was

determined by propidium iodide staining. Caspase and inflamma-

some activation were assessed by western blotting and ELISA.

In agreement with previous reports, ESAT-6 treatment induced

caspase-independent apoptosis of THP-1 macrophages. Surprisingly,

alveolar macrophages treated with ESAT-6 remained viable for up to

72 h. We next compared the response of monocytes, MDMs and

DCs to ESAT-6. Similar to alveolar macrophages, MDMs and DCs

did not undergo cell death following exposure to ESAT-6. In con-

trast, freshly isolated monocytes from the same donars succumbed

to ESAT-6-mediated apoptosis within 24 h, with nuclear fragmenta-

tion and activation of caspase 3. Susceptibility to ESAT-6-mediated

apoptosis correlated with inflammasome activity and monocyte

apoptosis was abrogated by the NALP3 inhibitor glyburide.

Infiltrating monocytes play an important role in shaping innate

and adaptive immune responses to mycobacteria by secreting cyto-

kines at the site of infection and differentiating into macrophages

and DCs. Mtb may exploit the resistance of macrophages and DCs

to ESAT-6-mediated apoptosis to establish a niche while simulta-

neously eliminating newly recruited monocytes, limiting the numbers

available to differentiate into professional antigen presenting cells in

the granuloma. The mode of cell death induced by ESAT-6 (apopto-

sis accompanied by the secretion of pro-inflammatory cytokines)

may also influence adaptive immunity and have implications for vac-

cine design.

64
T cells from intraperitoneally infected donors control migration

of toxoplasma to the brain

N. Kobets, D. Goncharov, E. Gubareva & E. Ievleva

Lab of Protozoa Infection, Gamaleya Research Institute for

Epidemiology and Microbiology, Moscow, Russia

Introduction: Toxoplasma gondii is a widely spread protozoan para-

site that cause fatal infection in immunocompromised host. Recently

we have shown that mice infected intraperitoneally (ip) with RH

strain of toxoplasma had less parasites in their brain compared to

orally infected. In this study we analyze the role of T cells in control

of toxoplasma dissemination to the brain.

Materials and methods: T cells from ip infected A/Snell mice were

transferred to intact recipients which later received CFSE-labeled

bone marrow derived dendritic cells (DC) infected with tachyzoites.

The presence of infected DC or free tachyzoites in different organs

was assessed 24 h post transfer by microscope.

Results: Interestingly, while we observed CFSE labeled DC as well as

free tachyzoites released from DC in spleens and lymph nodes of

controls there were no CFSE labeled DC in the brain of these mice.

However free CFSE labeled tachyzoites were found in their brain in

abundance. In contrast, mice that received T cells from ip infected

mice had neither CFSE labeled tachyzoites nor DC in their brain. In

vitro studies of infected DC migration confirmed our in vivo obser-

vation that specific T cells are able to control the spread of infected

DC. T cells from per os infected mice were not able to control the

spread of infected DC. The mechanisms of T cells control of dissem-

ination are currently under the study.

Conclusion: Our results define the role of T cells in control of toxo-

plasma infected DC migration to the target organ.

66
Suppressor of cytokine signalling three regulated intestinal

epithelial cell turnover: impact on microbial resistance

E. Shaw*, K. Else† & R. Rigby*

*Lancaster University, Lancaster, UK, †University of Manchester,

Manchester, UK

Background: Intestinal epithelial cell (IEC) turnover has been impli-

cated in the expulsion of and resistance to intestinal pathogens,

including the murine whipworm Trichuris muris. Failure to initiate

a transient increase in IEC turnover can lead to chronic infection.

Over-expression of SOCS3 in vitro leads to decreased proliferation

and reciprocally, lack of epithelial SOCS3 promotes proliferation and
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tumour growth in intestinal injury and cancer models. SOCS3 may

have an important role in regulating the magnitude and/or duration

of IEC turnover and consequently resistance to pathogens. This

study aims to examine the ability of SOCS3 to regulate IEC turnover

in an in vivo murine model of T. muris infection.

Methods: SOCS3 expression was examined in the intestine of T. mu-

ris resistant or susceptible mice by immunohistochemistry and real-

time PCR. Mice with and without IEC SOCS3 conditional knock-

down were infected with T. muris and intestinal tissue examined at

3, 14, 21 and 35 days after infection. Crypt depth was measured and

cell proliferation rates determined using an EdU assay. Outcome of

infection was assessed at 35 days.

Results: SOCS3 mRNA was increased in the intestine of mice sus-

ceptible to T. muris infection compared to resistant mice both prior

to infection and at 14 days following infection. IEC SOCS3 protein

was increased in susceptible mice at 15 and 21 days post-infection.

This led to the hypothesis that increased SOCS3 blocks IEC turnover

and a reduction in IEC SOCS3 expression may promote IEC prolif-

eration and expulsion of parasites. Examination of tissue from IEC

SOCS3 knockout mice, 3 days post infection, showed little difference

in crypt depth or inflammation but suggested an increase in cell

turnover, i.e. proliferation. It was too early to determine the impact

of lack of IEC SOCS3 on helminth expulsion but this will be deter-

mined from later time points.

Conclusion: During the early stages of helminth infection SOCS3

may be blocking proliferation as suggested by data from susceptible

mice and preliminary knockout experiments. Lack of IEC SOCS3

may promote resistance to T. muris infection.

71
Dectin-1 is required for normal CD4+ T-cell function in the

murine GI tract during systemic candidiasis

R. A. Drummond*, D. Kaplan†, D. M. Reid* & G. D. Brown*

*Department of Infection and Immunity, University of Aberdeen,

Aberdeen, UK, †Department of Dermatology, University of Minnesota,

Minneapolis, MN, USA

Candida albicans is a medically important human fungal pathogen

causing both mucosal and systemic infections. Optimal CD4+ T-cell

responses during infection are critical to the development of mucosal

immunity, thus our understanding of these cells’ behaviour during

infection is important in developing future treatments, such as

adjunctive immunotherapies. Dectin-1, an essential component of

protective anti-fungal responses, has been shown to be important in

innate and adaptive immunity to C. albicans. We have recently

shown that the gastrointestinal (GI) tract is more heavily infected in

Dectin-1 deficient animals during systemic candidiasis. We therefore

sought to understand how Dectin-1 may influence CD4+ T-cell

responses during murine systemic candidiasis, with a focus on traf-

ficking into the GI tract. Using T-cell receptor transgenic animals to

track antigen-specific CD4+ T-cells in vivo, we show that Dectin-1

plays an influential role on CD4+ T-cell survival and proliferation in

the murine gut during systemic infection. Our data highlights an

important relationship between innate recognition and the induction

of adaptive anti-fungal immunity.

81

TGFb and T regulatory cells mediate nasopharyngeal carriage of
Streptococcus pneumoniae

D. R. Neill*, W. R. Coward†, J. F. Gritzfeld‡, L. Richards§,

S. B. Gordon‡ & A. Kadioglu*

*Institute of Infection and Global Health, University of Liverpool,

Liverpool, UK, †Centre of Respiratory Research, University of

Nottingham, Nottingham, UK, ‡Respiratory Infections Group, Liverpool

School of Tropical Medicine, Liverpool, UK, §School of Veterinary and

Medical Sciences, University of Nottingham, Nottingham, UK

Rationale: Nasopharyngeal carriage of Streptococcus pneumoniae is a

prerequisite for invasive disease but the majority of carriage episodes

in adults are asymptomatic and self-resolving. The interactions deter-

mining the development of carriage versus invasive disease are

poorly understood but will influence the effectiveness of vaccines or

therapeutics that disrupt nasal colonization.

Objectives: We sought to elucidate the immunological mechanisms

underlying non-invasive pneumococcal nasopharyngeal carriage.

Methods: Pneumococcal interactions with human nasopharyngeal

and bronchial fibroblasts and epithelial cells were investigated in vi-

tro. A murine model of nasopharyngeal colonization and an experi-

mental human pneumococcal challenge model were utilized to

characterize immune responses in the upper airways during carriage.

Results: We describe the previously unknown immunological basis

of non-invasive carriage and highlight mechanisms whose perturba-

tion may lead to invasive disease. We identify the induction of active

TGFB1 by S. pneumoniae in human host cells and highlight the key

role for TGFB1 and T regulatory cells in establishment and mainte-

nance of nasopharyngeal carriage in both mice and humans. We

identify the ability of pneumococci to drive TGFB1 production from

nasopharyngeal cells in vivo and show that an immune tolerance

profile, characterized by elevated TGFB1 and high nasopharyngeal

T regulatory cell numbers is crucial for prolonged carriage of pneu-

mococci.

98
Mycobacterium bovis growth in bovine monocyte-derived

macrophages is inhibited by siRNA silencing of IL10 and c-MAF

K. Jensen & E. J. Glass

Department of Infection and Immunity, The Roslin Institute and Royal

(Dick) School of Veterinary Studies, Edinburgh, UK

Background: Bovine tuberculosis, caused by Mycobacterium bovis, is

an increasing problem in the UK. Inhaled M. bovis bacilli are phago-

cytosed by alveolar macrophages, where the intracellular pathogen

employs a range of mechanisms to prevent detection and promote

survival. The macrophage response is key to determining the out-

come of infection, either pathogen clearance or persistence. How-

ever, the host-pathogen interactions involved are not fully

understood.

Materials and methods: The functional significance of several candi-

dates; interleukin 10 (IL10), suppressor of cytokine signaling 3

(SOCS3), Mediterranean Fever (MEFV), v-maf avian musculoapo-

neurotic fibrosarcoma oncogene homolog (c-MAF) and the microR-

NA miR-147, was investigated by siRNA-induced gene silencing in

bovine monocyte-derived macrophages (bMDM) and infection with

the atteunuated M. bovis strain BCG.

Results: Treatment of bMDM with the gene specific siRNAs or

scrambled control did not affect BCG uptake. Intracellular mycobac-

teria or DNA was extracted from bMDM 7 days post infection for

mycobacteria quantification. Reduced numbers of BCG were isolated

from bMDM treated with siRNA targeting IL10 and c-MAF. This

result was confirmed by qPCR analysis of BCG genome copy num-

ber. Interestingly, the bovine genome copy number was increased in
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IL10 siRNA treated cells, suggesting that cell proliferation was occur-

ring. Further analysis revealed proliferation of a low granularity mye-

loid cell population in IL10 siRNA treated cells infected with BCG.

Conclusion: IL10 is rapidly up-regulated by bMDM in response to

M. bovis infection and appears to be an important regulator of early

infection. c-MAF regulates IL10 expression, which may explain how

it affects M. bovis growth.

103
Distributions of CD4 T lymphocyte epitopes on Epstein-Barr

virus latent antigens correlate with binding affinities to class II

HLA

H. J. Wassall*, M. MacKenzie*, D. Marshall*, R. N. Barker* &

M. A. Vickers†

*Department of Immunology and Infection, University of Aberdeen,

Aberdeen, UK, †Academic Transfusion Medicine Unit, Blood

Transfusion Centre, Aberdeen, UK

Background and aims: Epstein-Barr virus (EBV) infects >90% of

humans, and is associated with certain immune-mediated diseases.

After initial infection, the virus establishes a latent infection in B-

lymphocytes, during which six nuclear antigens (EBNAs 1, 2, 3A, 3B,

3C, and -LP), two membrane proteins (LMP 1 and 2) may be

expressed. EBNA1 is most widely expressed (latency patterns 1, 2

and 3), followed by LMPs 1 and 2 (latency 2 and 3). Both acute and

latent viral infections stimulate humoral and cellular adaptive

immune responses, but despite this, the virus is never cleared.

EBNA1 has been shown to stimulate relatively few CD4 responses,

which localise to its C-terminal portion. LMP1 stimulates numerous

CD4 responses in its N-terminal portion, but few in its C-terminal

portion. LMP2 has not been epitope mapped in detail. Here we epi-

tope map LMP2 and investigate whether the skewed distributions of

latent antigen epitopes might be explained by class II HLA binding.

Methods: Epitope mapping was performed by incubation of PBMC

with peptides from LMP2; cellular proliferation was measured by

thymidine incorporation and cytokine secretion by celELISAs. Class

II HLA affinities for the four commonest European HLA alleles were

assessed by the Concensus and NNalign algorithms,

http://tools.immuneepitope.org. MHC-peptide binding and rate

assays were performed by the ProImmune REVEALTM system for

DRA*01:01;DRB1*01:01 and DRA*01:01;DRB1*15:01.
Results: Epitope mapping for LMP2, showed frequent IL-10 eliciting

helper epitopes across most of its sequence. Distributions of helper epi-

topes for all EBV latent proteins correlated with predicted affinities for

common class II HLA molecules, with areas of strikingly infrequent

epitopes concentrated in frequently expressed latent antigens, in con-

trast with more randomly distributed affinities for other latent and lytic

EBV proteins. To determine whether domains of high affinities have

evolved to bind specific HLA motifs, viral sequences were randomly

permuted and affinities retested. Observed patterns were similar to

native, implicating amino acid composition as the main determinants

of binding. Furthermore, observed patterns of epitope distribution cor-

related well with hydrophobicity. Predicted affinities for LMP1 were

confirmed using binding assays for HLA DRB1*01:01 and *15:01.
Conclusions: These analyses highlight the importance of class II

HLA binding affinities in determining immune responses to latent

infection with EBV and raise the possibility that latent viral

sequences are subject to selective pressure with respect to binding

affinities for class II HLA molecules.

127
Trichuris muris infection is associated with exacerbated

intestinal tumours

K. S. Hayes*, L. J. Cliffe*, C. S. Potten†, C. E. Booth† &

R. K. Grencis*

*Faculty of Life Sciences, University of Manchester, Manchester, UK,
†Epistem Ltd, Manchester, UK

Inflammatory bowel disease (IBD) is a chronic inflammatory condi-

tion of the gastrointestinal tract affecting around 2 million people in

Europe and the USA. A new and novel approach to treatment of IBD

has been the administration of helminths, such as Trichuris suis. IBD

patients, however, bear an increased risk of developing colorectal can-

cer with IBD ranking as one of the top three high risk factors in

intestinal neoplasia. T. muris is a natural gut-dwelling parasitic nema-

tode of mice. Inbred strains of mouse can be resistant or susceptible

to infection, but importantly, all strains of mouse mount an immune

response against this parasite. Interestingly, infection of cancer-model

mice with chronic T. muris infection leads to an increase in tumour

numbers in the intestine and an increase in tumour development.

APCmin/+ and Fabp1Cre:APC15/+ mice, that develop spontaneous

tumours in the intestine, were administered a low dose T. muris

infection, thus ensuring a chronic infection. Tumours were assessed

at d18 and d42 post-infection and associated immune responses

analysed by ELISA, CBA and worm burden analysis.

APCmin/+ mice were assessed at d42pi. At this time point, infected

animals had significantly more tumours than non-infected animals

throughout the intestine i.e. tumour enhancement was not restricted

to the site of infection. Infected mice additionally had a higher num-

ber of smaller tumours suggesting that T. muris infection was initiat-

ing tumour development. Enhanced proliferation and apoptosis

associated with T. muris infection was only evident in the caecum of

infected mice suggesting no causative relationship with tumour

development. Fabp1Cre:APC15/+ mice were also found to develop

more tumours in association with T. muris infection at both d18

and d42 p.i Infection was associated with a Th1 phenotype as

expected. Again, enhanced tumour formation was seen throughout

the intestine rather than restricted to the site of infection demon-

strating the systemic effects of T. muris infection.

Chronic T. muris infection increases the number of tumours in

two different cancer-model mice. Though more work is needed to

dissect out the cause of the enhanced tumour genesis, this study

highlights that Trichuriasis is not a benign infection and is associated

with considerable host damage, an important consideration when

these helminthes are used as immunotherapy agents.

132
Pathogen-specific local immune fingerprints in acute disease:

towards point-of-care diagnosis of bacterial infection

M. Eberl* & N. Topley†

*Cardiff Institute of Infection and Immunity, Cardiff University,

Cardiff, UK, †Institute of Translation, Innovation, Methodology and

Engagement, Cardiff University School of Medcine, Cardiff, UK

Background and aims: Effective management of patients with sus-

pected infections is hampered by the poor performance of current

diagnostics and hence inadequate or delayed implementation of spe-

cific treatment. Standard microbiological identification of the causa-

tive pathogen is inefficient and slow, and failure to isolate organisms

in the face of clear clinical indication of infection is a frequent

occurrence. Moreover, neither microbiological culture nor molecular

methods (PCR, mass spectrometry) discriminate between pathogens

causing disease, asymptomatic carriage and contaminants. Early

patient management thus remains largely empirical, which may lead
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to unnecessary and inappropriate treatment, chronic or recurrent

infection, and increased morbidity and mortality. Oversubscription

of antibiotics ultimately drives multidrug resistance, one of major

global health threats identified by the WHO. Stratified approaches

and rapid and accurate point-of-care methods are needed that direct

effective therapy, improve outcome and reduce costs for the NHS.

Despite this unmet need the physiological/pathophysiological events

driving local and systemic inflammatory responses to specific patho-

gens remain poorly characterised.

Methods: The immune system is capable of a rapid, sensitive and

specific detection of a broad spectrum of microbes, which has been

optimised over millions of years of evolution. A patient’s early

immune response is therefore likely to provide better insight into

the true nature and severity of microbial infections than any conven-

tional test. To exemplify this we characterised the local immune

responses of peritoneal dialysis (PD) patients during episodes of

acute PD-associated peritonitis using multi-colour flow cytometry

and multiplex ELISA, and defined the immunological signatures in

relation to microbiological culture results and clinical outcomes

using ROC analyses and multivariate statistical approaches.

Results: We provide evidence that unique local ‘immune finger-

prints’ robustly discriminate between culture-negative, Gram+ and

Gram� episodes of infection and even predict eventual outcome, on

the first day of presentation with acute peritonitis. Those humoral

and cellular parameters most promising for the definition of disease-

specific immune fingerprints include the local levels of IL-1b, IL-10,
IL-22, TNF-a and CXCL10, as well as the relative proportion of peri-

toneal neutrophils, monocytes/macrophages and cd T cells.

Conclusions: Our data indicate the real possibility that a

‘fingerprint’-based point-of-care test can be developed for primary

and secondary care use, or even as self-administered home test.

We are now studying the molecular and cellular mechanisms under-

lying these unique responses and addressing whether and how

pathogen-specific ‘immune fingerprints’ can be exploited in the clinic

to facilitate targeted prescription and improved patient management.

137
TH17 related cytokine response with pneumococcal pilus

proteins in human nasopharynx associated lymphoid tissues

M. S. Ahmed*, S. Derbyshire†, A. Kasbekar†, M. McCormick‡,

M. Barocchi§, V. Masignani§, B. Flanagan¶ & Q. Zhang*

*Clinical Infection, Microbiology and Immunology, Institute of

Infection and Global Health, University of Liverpool, Liverpool, UK,
†ENT Department, Alder Hey Children’s NHS Foundation Trust

Hospital, Liverpool, UK, ‡ENT Department, Royal Liverpool and

Broadgreen University Hospitals, Liverpool, UK, §Novartis Vaccines

and Diagnostics, Siena, Italy, ¶Institute of Translational Medicine,

University of Liverpool, Liverpool, UK

Background: Streptococcus pneumoniae remains a major cause of

infection in humans, despite the availability of polysaccharide vac-

cines for more than three decades. The pneumococcal polysaccharide

vaccines are not effective in young children and the conjugate vac-

cines are expensive with narrower serotype coverage. One of the

major focuses in current research is to develop protein vaccines.

Pneumococcal pilus plays an important role in virulence. We have

recently shown that pilus proteins induce strong antibody responses.

However, it is not known whether they induce CD4+ T cell

response, especially TH17 response.

Aims and objectives: To investigate whether pneumococcal pilus

antigens activate human TH17 cells, and whether there is any associ-

ation between TH17 activation in human nasopharynx-associated

lymphoid tissue (NALT) and pneumococcal carriage.

Methodology: Bacterial culture of nasal swabs was performed for

pneumococcal carriage. Adenotonsillar cells were co-cultured with

pneumococcal concentrated culture supernatants (CCS) derived from

wild-type or pilus RrgA or RrgB-deficient strains, followed by analy-

sis of CD4+ T cell activation and intracellular cytokine staining by

flow-cytometry; and measurement of in vitro cytokine production in

cell culture supernatants by ELISA.

Results and Conclusion: Our results suggest that pneumococcal

pilus proteins RrgA and RrgB proteins are capable of activating

CD4+ T cells including TH17 cells in human nasopharynx-associated

lymphoid tissue (NALT) and peripheral blood mononuclear cells. In

vitro production of TH-17 cytokines (IL-17A, IL-17F and IL-22) in

cell culture supernatants after stimulation with pneumococcal CCS

containing both of these pilus proteins (TIGR4wt) was significantly

higher than that of isogenic (RrgA�/� and RrgB�/�) mutants. The

TH17 responses appeared to be higher in pneumococcal carriage

negative than in carriage positive children.

143
Comparison of kinetics of cytokines (IL-6 and CINC-1) in juvenile

versus mature rats after inflammatory stimulation

T. Kuribayashi*, T. Seita*,† & S. Yamamoto*

*Department of Immunology, Azabu University, Sagamihara, Japan,
†Azabu University, Sagamihara, Japan

The aim of this study was to be cleared the kinetics of interleukin-6

(IL-6) and cytokine-induced neutrophil chemoattractant (CINC-1)

in juvenile and mature rats. Furthermore, the kinetics of a2-maco-

globulin (a2M), typical acute phase protein in rats, was compared. A

total of 15 Sprague-Dawley rats (3, 7 and 11 weeks of age) were used

in this study. Turpentine oil was intramuscularly injected at 0.2 ml/

kg body weight to be induced inflammation. Blood was collected by

ventricular puncture before turpentine oil injection, and 6, 12, 24,

48, 72 and 96 h after injection under anesthesia with pentobarbital.

The serum concentrations of IL-6, CINC-1 and a2M were measured

by ELISA. The maximum concentration of CINC-1 in 3-week-old

rats was observed 6 h after turpentine oil injection. The serum con-

centrations of IL-6 and CINC-1 increased more quickly in juvenile

rats than in mature rats after inflammatory stimulation. The concen-

trations of IL-6 and CINC-1 in juvenile rats were significantly higher

than in mature rats. Then, only the concentrations of a2M were not

observed significantly difference at 6 h after inflammatory stimula-

tion between juvenile and mature rats. No significant difference was

observed for the area under the concentration versus time curve

(AUC) of IL-6, but that of CINC-1 in 3-week-old rats was signifi-

cantly lower than that in 7- or 11-week-old rats. These results sug-

gested that the synthesis of IL-6 and CINC-1 did not differ in an

age-dependent manner. However, the synthesis of a2M increased in

an age-dependent manner and the AUC for a2M was significantly

different among 3, 7 and 11 weeks of ages. These results suggest the

synthesis of IL-6 and CINC-1 were not difference between in juve-

nile and mature rats, however, the synthesis of a2M was increased in

mature compared to juvenile rats.
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148
Respiratory syncytial virus (RSV) infection during early life

suppresses antibody responses by the induction of interferon

gamma

J. S. Tregoning*, B. Wang†, J. U. McDonald*, Y. Yamaguchi†,

J. A. Harker†, M. Goritzka†, C. Johansson†, A. Bukreyev‡,

P. L. Collins‡ & P. J. Openshaw†

*Section of Infectious Diseases, Imperial College London, London, UK,
†Department of Respiratory Medicine, Imperial College London,

London, UK, ‡Laboratory of Infectious Diseases, National Institutes of

Health, Bethesda, MD, USA

Respiratory syncytial virus (RSV) infects most children in the first

year of life and is a major single cause of hospitalization in infants

and young children. There is no effective vaccine, and antibody gen-

erated by primary neonatal infection is poorly protective against re-

infection even with antigenically homologous viral strains, suggesting

inhibition of the host response by the virus. Studying the immuno-

logical basis of these observations in neonatal mice, we found that

antibody responses to infection were low and unaffected by CD4

depletion, in contrast with adult mice, which had stronger CD4

dependent antibody responses. NK cell depletion or co-depletion of

CD4+ and CD8+ cells during neonatal RSV infection caused a strik-

ing increase in anti-RSV antibody titer. Neonatal RSV infection lead

to the induction of IFN-c in NK and T cells and blocking IFN-c
enhanced RSV specific antibody responses in neonates. In addition,

infection with a recombinant RSV engineered to produce IFN-c
reduced antibody titer, confirming that virally induced IFN-c modu-

lates the antibody response after neonatal infection. Strikingly when

neonatal mice were immunized with tetanus toxoid during RSV

infection, the antibody titer in response to the vaccine was reduced,

potentially by the same effect. These unexpected findings show that

the induction of a strong cellular immune response by viral infection

may limit antibody responses in early life and that pathogens which

induce IFN-c secreting cells during the neonatal period might be less

protective than those that do not.

157
Cell-matrix interactions regulate the immune response to

Mycobacterium tuberculosis

B. Al Shammari*, T. Shiomi†, L. Tezera‡, V. Workman§,

S. Jayasinghe§, T. Sathyamoorthy*, F. Mauri¶, B. D. Robertson**,

J. S. Friedland*, J. D’Armiento† & P. T. Elkington*,††,‡‡

*Department of Infectious Diseases and Immunity, Imperial College

London, London, UK, †Department of Medicine, Columbia University,

New York, NY, USA, ‡Clinical and Experimental Sciences Academic

Unit, University of Southampton, Southampton, UK, §Department of

Engineering, University College London, London, UK, ¶Department of

Histopathology, Imperial College London, London, UK, **Department

of Microbiology, Imperial College London, London, UK, ††Clinical and

Experimental Sciences Academic Unit, Faculty of Medicine, University

of Southampton, Southampton, UK, ‡‡NIHR Respiratory Biomedical

Research Unit, University Hospital Southampton, Southampton, UK

Background and aims: A central tenet of tuberculosis (TB) pathol-

ogy is that caseation of TB granuloma leads to matrix degradation

and pulmonary cavitation, resulting in Mycobacterium tuberculosis

(Mtb) transmission and disease progression. Lung destruction must

involve activity of Matrix metalloproteinases (MMPs) which are

emerging as key proteases contributing to lung tissue pathology in

TB. MMP-1 is the dominant collagenase in human pulmonary TB;

however mice do not express an orthologue of human MMP-1 in

the lung. The precise relationship between the formation of caseous

necrosis and lung matrix destruction has not been systematically

examined.

Methods: We studied lung matrix integrity in human TB granulo-

mas by Masson’s Trichrome, Sirius red and Elastin van Giesen

stains. We investigated the effect of transgenic expression of human

MMP-1 and -9 in the mouse on TB pathology after intranasal infec-

tion with the Indo-oceanic Mtb strain. In cellular models, PBMCS

were infected with Mtb in the presence of type I collagen and cell

survival was assessed.

Results: In human granulomas, extracellular matrix destruction and

caseous necrosis co-localise, with loss of collagen fibres in areas of

caseous necrosis. In the mouse model, wild type (WT) mice showed

typical histological appearance of TB infection with areas of macro-

phages infiltration but the alveolar wall structure remained intact.

Transgenic expression of human MMP-1 caused collagen destruction

and caseous necrosis without modulating the release of cytokines or

altering bacterial growth, whereas MMP-9 transgenic expression did

not, suggesting that the initial event in caseation is collagen break-

down. Consistent with this hypothesis, in cell culture collagen

improves survival of Mtb-infected cells, assessed by LDH release and

Propidium iodide staining.

Conclusions: We re-examined the sequence of events underlying TB

immunopathology and demonstrated that collagen destruction is a

critical initial event. This results in rather than arises from caseous

necrosis. Together, these data demonstrate that the extracellular

matrix regulates the host-pathogen interaction in TB.

168
The long-term effect of neonatal respiratory syncytial virus

(RSV) infection on the response to adult allergen challenge

L. Lambert, N. Farhadi & F. J. Culley

Imperial College London, London, UK

Respiratory syncytial virus (RSV) infection is a major cause of bron-

chiolitis in young children, resulting in around 600,000 hospitalisa-

tions annually in the USA. Developing RSV bronchiolitis during a

‘critical window’ as an infant is associated with a long-term

increased risk of wheezing, allergy and asthma, persisting to early

adulthood. In a murine model of RSV infection, the pulmonary

inflammatory response to RSV is exacerbated in adults if the mouse

has first been ‘primed’ with RSV as a neonate. This effect also occurs

if the adult challenge is an unrelated infection such as influenza

virus, suggesting it is not solely due to an adaptive memory

response.

We aimed to investigate the innate component of RSV’s neonatal

priming effect in a clinically relevant model. We hypothesised that a

neonatal RSV infection would alter the airway cytokine and cellular

responses to an adult challenge with house dust mite (HDM) extract,

a common allergen and potent stimulus of innate immunity.

Neonatal BALB/c mice received intranasal RSV A2, or HEp2 cell

supernatant as a control. As adults they were challenged intranasally

with HDM or PBS. Four hours later, bronchoalveolar lavage (BAL)

fluid was taken for leukocyte counts, and RT-PCR performed on

lung tissue for cytokine and chemokine expression.

The HDM challenge resulted in rapid airway neutrophilia and

increased expression of inflammatory cytokines including CCL2, IL-

6, IL-1a and neutrophil chemoattractants. When mice had been neo-

natally primed with an RSV infection, expression of these genes was

significantly increased. HDM-induced BAL neutrophilia was also sig-

nificantly augmented both in terms of percentages (64% versus

42%) and numbers (5.1 9 104 versus 2.3 9 104 cells). This indicates

that a neonatal RSV infection can have a long-term ‘innate imprint-

ing’ effect resulting in exacerbated responses to the unrelated anti-

gens found in HDM.

Our findings model the clinical observation that infants hospita-

lised with RSV bronchiolitis are more likely to experience pulmonary
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immune dysregulation later in life, supporting the hypothesis that

early life environmental exposures can have a persisting influence on

the health status of an individual.

171
Novel type three secretion system inhibitor enhances innate
resistance and antibody response to salmonella

N. V. Kobets*, L. N. Nesterenko†, D. V. Balunets†, E. S. Zayakin‡,

N. A. Zigangirova‡ & A. L. Gintzburg†

*Laboratory of Protozoa Infection, Gamaleya Research Institute for

Epidemiology and Microbiology, Moscow, Russia, †Laboratory of Gene

Enginering of Pathogenic Microorganisms, Gamaleya Research Institute

for Epidemiology and Microbiology, Moscow, Russia, ‡Laboratory of

Chlamydiosis, Gamaleya Research Institute for Epidemiology and

Microbiology, Moscow, Russia

Introduction: The rise of antibiotic resistance in the wide range of

bacterial species facilitated the interest to look for novel strategies of

anti-infective therapy efficient for the evolved drug resistant strains.

Disruption of innate resistance and adaptive immune response as a

result of antibiotic (ab) treatment is another problem that may lead

to chronic infection and inflammation. In contrast virulence inhibi-

tors including type three secretion system inhibitors (TTSSi) may

help to overcome drug resistance and presumably enhance protective

immunity. However, the benefits of TTSS inhibitors treatment on

immune response were not fully assessed. In this study we compare

the effects of novel TTSSi (CL55) and ab treatment on early innate

reactions and specific antibody response in mice infected with sal-

monella.

Materials and methods: A/JsnYCit (A/Sn) mice were infected intra-

peritoneally with 103 CFU of S. enteridis serovar Typhimurium, and

immediately treated with either TTSS inhibitor TTSS (CL55)

(5 days, 50 mg/kg) or ampicillin (20 mg/kg). The recruitment of

neutrophils, macrophages, dendritic cells, B cells and NK cells and

expression of activation markers on macrophages was assessed by

flow cytometry. The levels and isotypes of specific antibodies were

evaluated by ELISA.

Results: No decrease in neutrophil recruitment at day 1 post infec-

tion (PI) and no late raise in recruited neutrophils at day 7 PI was

found in TTSSi treated compared to ab treated group. Higher level

of inflammatory macrophages was observed in ab treated group

compared to TTSSi treated group while more recruited phagocytes

were found in TTSSi treated group. Higher level of B cells was

observed in TTSSi treated at day 1 PI compared to ab treated group.

The level of NK cells was increased in TTSSi treated group at days

3–8 PI. TTSSi did not affect MHC II and CD40 expression on mac-

rophages while ab treatment decreased the expression of these mole-

cules. In contrast to ab treatment TTSSi did not decrease specific

IgG2a antibodies, while the decrease in IgG1 antibodies was less pro-

nounced in this group.

Conclusions: Overall in contrast to antibiotic treatment our TTSS

inhibitor enhanced innate reactions and antibody response to salmo-

nella.

173
Switching adjuvants from alum to CpG improves the efficacy of

the acellular pertussis vaccine

A. C. Allen, S. Higgins, P. J. Ross & K. H. G. Mills

Immune Regulation Research Group, Department of Biochemistry and

Immunology, Trinity College Dublin, Dublin, Ireland

The incidence of whooping cough caused by Bordetella pertussis is

increasing in many developed countries, despite extensive vaccine

coverage. The acellular pertussis vaccine (Pa), which is the vaccine

currently in use in most of these countries, consists of a number of

B. pertussis antigens adsorbed to alum as the adjuvant. We have

previously shown that Th1 cells play a crucial role in the clearance

of B. pertussis from the respiratory tract during a primary infection.

However, the current alum-adjuvanted Pa promotes both Th2 and

Th17 responses. Interestingly, the Th17 cells confer protection

induced by the Pa vaccine, whereas protection with the more effica-

cious whole cell pertussis vaccine (Pw) is mediated by Th1 cells. We

have found that replacing alum with a Th1-promoting adjuvant, the

Toll-like receptor agonist CpG, enhanced the efficacy of the vaccine

by promoting the induction of Th1 cells. Our study showed that

mice immunized with detoxified pertussis toxin and FHA in combi-

nation with CpG as the adjuvant (Ag + CpG) had significantly lower

bacterial load in the lungs post B. pertussis challenge when compared

with mice immunized with the same antigens adsorbed to alum.

Importantly, the efficacy of the Ag + CpG vaccine was also compara-

ble with that observed with Pw. We are currently assessing the effect

of adding CpG to the efficacy of Pa already formulated with alum

and comparing memory responses following immunization with Pa

formulated with alum or CpG as the adjuvant.

189
Induction of Th17 in nasopharynx-associated lymphoid tissue by
pneumococcus and the effect of IL-21 and IL-15

A. S. Mubarak*,†, A. Kasbekar‡, M. McCormick§, H. Beer§,

N. Cunliffe*, P. S. McNamara‡ & Q. Zhang*

*Department of Clinical Infection, Microbiology and Immunology,

University of Liverpool, Liverpool, UK, †Department of Microbiology,

King Saud University, Riyadh, Saudi Arabia, ‡Alder Hey Children’s

Hospital, Liverpool, UK, §ENT Department, Royal Liverpool

University, Liverpool, UK

Background: Th17 cells have been suggested to be crucial in bacte-

rial clearance from the host although those cells have a negative role

in autoimmune diseases. It has been proved that IL17 provides pro-

tection from intracellular pathogens such as mycobacterium but

IL17 can participate in tissue damage, particularly in intracellular

infection. In this study, we have studied the induction of Th17 cells

in children by pneumococcus in human nasal-associated lymphoid

tissue (NALT) especially in the presence of exogenous cytokines that

favour Th17 cells’ environment.

Methods: Adenotonsillar mononuclear cells (MNC) were isolated

from children undergoing adenotonsilectomy. The cells (CD45R0-

depleted MNCs) were then stimulated for 7 days with or without

concentrated pneumococcal culture supernatant (CCS) derived from

a type II pneumococcus D39 followed by intercellular staining of

IL17. The culture supernatant was collected on day 7 to measure the

level of IL-17 production in adenotonsillar MNC by ELISA Assay.

Results and conclusions: Our results reveal that different pneumo-

coccal stimulants can induce a high proportion of Th17 and a con-

siderable production of IL17 from CD45R0- depleted MNCs in the

presence of different combinations of Th17-favoured cytokines. The

favourite combination for Th17 condition was IL21+IL1-b+TGF-b
and it is considered the greatest one in inducing Th17. However, we

have demonstrated that IL21 + IL15 together amplified the induc-

tion of IL17 in stimulated cells with pneumoCCS compared to IL21

alone and IL21+IL1-b+TGF-b. It is suggested that the development

and balance of Th17 cells and Foxp3+Treg in the local mucosal

immune tissues play an important role in modulating the specific

immunity against pneumococcal carriage in humans.
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Investigating macrophage proliferation: IL-4 and CSF1 in conflict

or cooperation?

L. H. Jones*, G. D. Thomas†, S. J. Jenkins‡, D. A. Ruckerl*,

S. M. Duncan*, D. J. Gow§, D. A. Hume§ & J. E. Allen*

*Institute of Immunology and Infection Research, University of

Edinburgh, Edinburgh, UK, †La Jolla Institute for Allergy and

Immunology, San Diego, CA, USA, ‡Centre for Inflammation Research,

University of Edinburgh, Edinburgh, UK, §The Roslin Institute,

University of Edinburgh, Edinburgh, UK

Over the last 2 years, a paradigm shift has occurred in macrophage

biology. Monocytes are no longer considered to be a major contribu-

tor to the tissue resident pool of macrophages in the steady state.

Contributing to this paradigm shift was the finding that the arche-

typal Th2 cytokine IL-4 can drive local macrophage proliferation,

both in tissues and body cavities, in response to nematode infection.

In the steady state, the prototypical macrophage growth factor CSF1

is known to be required for macrophage proliferation but IL-4 is not

involved. CSF1 also plays a role in the recruitment of monocytes

and neutrophils in inflammatory settings but no inflammatory

recruitment occurs in response to IL-4. In the context of nematode

infection, there exists both IL-4Ra dependent and CSF1-dependent

macrophage proliferation. CSF1 is capable of inducing low-level pro-

liferation of macrophages in vitro, in contrast to the limited ability

of IL-4 to do so. Using gene targets identified by microarray and

RNAseq analysis we are beginning to understand the disparity

between the actions of IL-4 and CSF1. In vitro treatment of macro-

phages and in vivo delivery of IL-4, CSF1 or both cytokines together

are uncovering the similarities and differences in their modes of

action. Furthermore we are beginning to unravel the complex regula-

tion of macrophage activation that exists in infection settings where

both IL-4 and CSF1 are prevalent.

199
Innate defences at mucosal barriers: the anti-parasitic potential

of the purified gastric mucin MUC5AC

A. L. Gallagher, F. Melo Gonzalez, K. Rousseau, S. Z. Hasnain,

D. J. Thornton & R. K. Grencis

University of Manchester, Manchester, UK

Background and aims: The epithelium of the gastrointestinal tract is

protected from pathogens by the gel-like extracellular matrix, mucus.

The primary components of mucus are the large O-linked glycopro-

teins called mucins, and it is their interaction with each other, which

generates the mesh-like structure of mucus. Mucins are synthesised

and secreted by goblet cells, which are interspersed within the epi-

thelium. The classic Th2 immune response to parasitic infection in

the intestine can regulate mucin production and secretion by goblet

cells and this ultimately affects the properties of the mucus barrier.

It is well established that the physical barrier provided by the mucin

network is an important aspect of innate immune defence. However,

preliminary work from our laboratory suggests a more direct role

for mucins in combating parasitic infection. We have recently dem-

onstrated that expression of the mucin Muc5ac, normally expressed

in non-intestinal mucosa, is highly up-regulated in the intestine fol-

lowing infection with the murine homologue of Trichuris trichiura,

T. muris. Moreover, genetic deletion of Muc5ac leads to complete

susceptibility to infection in an otherwise resistant mouse strain,

indicating Muc5ac plays a major role in protection against this para-

site. We now have preliminary data to suggest that Muc5ac is acting

directly as an anti-parasitic molecule.

Methods: In order to evaluate the effect of Muc5ac on the viability of

T. muris, both adult worms and larval stages were incubated ex vivo

with purified Muc5ac. A number of biological indicators of viability

were assessed following incubation. This included video capture of

worm movement, assessment of metabolism by cytochrome C oxid-

ade staining and determining fecundity of adult female worms.

Results: Muc5ac affects the motility of larval T. muris. Reduced

motility was observed in worms cultured in the presence of Muc5ac,

when compared with those cultured in media alone. The affect on

worm motility was at some life cycle stages comparable to the reduc-

tion observed in anti-helminthic drug- treated worms.

Conclusions: The barrier function of mucins in protection of the

host is well accepted as an important aspect of innate defence. How-

ever, our data suggests that mucins have a much more direct role in

combating parasites and are an important part of the coordinated

immune response to infection, with Muc5ac being an essential anti-

parasitic effector molecule.

214
Nippostrongylus brasiliensis hookworm infection, Th2 activation

and onset of chronic obstructive pulmonary disease

E. Ringqvist, T. Sutherland, S. Duncan, N. Logan, A. Fulton,

Y. Harcus, R. M. Maizels & J. E. Allen

Institute of Immunology and Infection Research, University of

Edinburgh, Edinburgh, UK

Background and aims: The rodent hookworm Nippostrongylus bra-

siliensis is widely used as a model for strong Th2 induction and as a

model for human hookworm infection. During infection develop-

ment the larvae move from the skin to reside in the lungs, then pas-

sage through the airways to be swallowed and develop into egg-

laying adults in the intestine. The lung stage is very brief, but cause

dramatic bleeding and destruction. The lung heals rapidly and by

gross morphology appears similar to uninfected lungs within

2 weeks. However, the lungs of infected animals develop progressive

emphysema with continuous microbleeding. Interestingly, human

hookworm infection is a risk factor for emphysema development.

Previous studies have suggested that the rapid repair of the lungs is

Th2-immune mediated and involves IL-4Ralpha-dependent alterna-

tive macrophage activation, whereas emphysema development was

found to be independent of IL-4Ralpha in BALB/c mice. Our aim

was to further elucidate the acute repair response and subsequent

emphysema in different mouse strains as well as mice deficient in

RELM-alpha, an IL-4Ralpha induced protein associated with tissue

repair and fibrosis.

Methods: Infected mice were analysed on immune status and patho-

physiogy by histology, FACS, protein and mRNA. Parasite burden

was assessed by egg and worm counts, mRNA and antigen levels.

Results: As expected N. brasiliensis infection in both C57BL/6 and

BALB/c mice led to pulmonary immune response activation, with

early neutrophilia, followed by alternative macrophage activation,

Th2 cytokine production, damage repair and subsequent tissue

deregulation and disruption. In long-term experiments (≤60 days)

pulmonary pathology was dependent on host genetic background,

with BALB/c mice showing a severe emphysema-like pathology along

with increased Th2 cytokines and antibody production compared to

C57BL/6 mice. However, C57BL/6 mice still developed marked

emphysematous pathology and this was not altered in IL-4Ralpha

deficient mice, as previously reported on the BALB/c background.

IL-4Ralpha deficient C57BL/6 mice also did not expel the adult

worms even at 60 days post infection. In contrast to previously pub-

lished data, experiments in the C57BL/6 RELMalpha deficient mice

suggest that this protein contributes to the IL-4Ra dependent-differ-

ences in parasite recovery as mice lacking RELMalpha were less

capable of expelling the adult worms, and had higher egg burdens

than WT controls. RELMalpha deficient mice also exhibited lower
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Th2 cytokines and antibody production but substantially increased

Eosinophilia.

Conclusions: We are using this highly tractable model to understand

the relationship between Th2-linked pulmonary immunology, lung

repair emphysematous development and anti-worm effector mecha-

nisms.

228
Th2 cell intrinsic tolerance determines susceptibility to helminth
infection via the PD-1/PD-L2 pathway

N.van der Werf*, S. Redpath†, M. Azuma‡, H. Yagita§ &

M. Taylor¶

*University of Amsterdam, Amsterdam, The Netherlands, †University

of British Columbia, Vancouver, BC, Canada, ‡Tokyo Medical and

Dental University, Tokyo, Japan, §Juntendo University School of

Medicine, Tokyo, Japan, ¶Institute of Immunology and Infection

Research, University of Edinburgh, Edinburgh, UK

The suppression of protective Type 2 immunity is a principal factor

driving the chronicity of helminth infections, and has been attrib-

uted to a range of Th2 cell-extrinsic immune-regulators. However,

the intrinsic fate of parasite-specific Th2 cells within a chronic

immune down-regulatory environment, and the resultant impact

such fate changes may have on host resistance is largely unknown.

We used IL-4gfp reporter mice to demonstrate that during chronic

helminth infection with the filarial nematode Litomosoides sigmodon-

tis, CD4+ Th2 cells are conditioned towards an intrinsically hypo-

responsive phenotype representing a novel form of T cell anergy or

exhaustion. This Th2 cell-intrinsic hypo-responsiveness was charac-

terised by a loss of functional ability to proliferate and produce the

cytokines IL-4, IL-5 and IL-2. It was a key element determining sus-

ceptibility to L. sigmodontis infection, and could be reversed in vivo

by blockade of PD-1 resulting in long-term recovery of Th2 cell

functional quality and enhanced resistance. Contrasting with T cell

exhaustion in Type 1 settings, the control of Th2 cell-intrinsic hypo-

responsiveness by PD-1 was mediated through PD-L2, and not PD-

L1. Thus, intrinsic changes in Th2 cell quality leading to a function-

ally hypo-responsive phenotype play a key role in determining sus-

ceptibility to filarial infection. The therapeutic manipulation of Th2

cell quality provides a novel avenue for promoting resistance to

helminths, or for tolerising pathogenic Th2 cells for the treatment of

Th2-mediated allergies and fibrosis.

246
Comparison of the effects of Clostridium difficile toxins A and B

in peripheral blood monocytes and intestinal macrophages

R. B. Shah*,†, A. Robins*,† & Y. R. Mahida*

*Institute of Infection, Immunology and Inflammation, University of

Nottingham, Nottingham, UK, †Division of Immunology, University of

Nottingham, Queens Medical Centre, Nottingham, UK

Background and aims: Clostridium difficile associated colitis is medi-

ated by secreted toxins A and B and results in recruitment of

immune cells to the intestinal mucosa. The aim of our study was to

compare the effects of C. difficile toxins A and B on peripheral blood

monocytes (PBM) and intestinal macrophages (IM).

Methods: Varying concentrations of the purified toxins were incu-

bated with either human intestinal lamina propria cells or washed

whole blood cells at 37° for 1h. Reductions in forward scatter (indic-

ative of subsequent cell death) were analysed by flow cytometry,

using expression of CD14 and HLA-DR (together with cell size) to

identify the cells of interest. The obtained median forward scatter

values were expressed as a% of the relevant control (cells incubated

without toxin) and the means (SEM) were calculated.

Results: At all three concentrations studied (2.5, 5.0 and 10.0 lg/
ml), PBM and IM were significantly (P < 0.05) more sensitive to the

effects of toxin B than to toxin A [e.g. at 10 lg/ml: PBM – 49.8

(7.2)% versus 92.9(2.0)%, P = 0.019; IM – 81.8(1.6)% versus 96.8

(1.2)%, P = 0.008]. CD14+ve PBM were found to be more sensitive

to toxin B than HLA-DR+ve PBM [e.g. at 5 lg/ml, 57.8(3.7)% ver-

sus 69.4(5.4)%; P = 0.003]. HLA-DR+ve PBM were more sensitive

to toxin B than HLA-DR+ve IM [e.g. at 5 lg/ml, 69.4(5.4)% versus

83.3(2.6)%; P = 0.008). In addition, CD14+ve IM were more sensi-

tive to toxin B than CD14-ve IM [significant at 5 lg/ml, 74.6(6.8)%

versus 95.8(4.0)%; P = 0.042).

Conclusions: This study showed significantly greater effects of Clos-

tridium difficile toxin B than toxin A in both peripheral blood

monocytes and intestinal macrophages. Of the two cell types,

monocytes were more sensitive to the effects of toxin B than macro-

phages. Furthermore our study suggests that CD14 expression may

increase the sensitivity of monocytes and macrophages to the effects

of toxin B.

282
The role of dendritic cells in inducing Th2 responses to

schistosoma mansoni eggs

J.-U. Mayer*, L. Webb†, S. Houston*, V. Cerovic*, A. MacDonald†

& S. Milling*

*Institute for Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK, †Manchester Collaborative Centre for

Inflammation Research, University of Manchester, Manchester, UK

Background and aims: Schistosoma mansoni eggs (SME), which are

the main cause of Schistosomiasis, provoke a strong Th2 immune

response that can lead to granulomatous reactions and fibrosis in

the affected organs. Recently, CD11c depletion has been shown to

severely disrupt Th2 immune responses against Schistosoma mansoni,

suggesting that antigen presenting cells expressing CD11c mediate

this immune response. Dendritic cells (DCs) are the most likely can-

didates as they migrate from epithelia, where they encounter anti-

gens, to the draining lymph nodes where they activate naive T-cells.

However, the precise role of DCs in inducing immune responses

against SME has not been studied.

Methods: SME were injected into the subserosal layer of the small

intestine of C57BL/6 male mice, at laparotomy. Five days later, mes-

enteric lymph nodes (MLN) were harvested and single cell suspen-

sions were prepared. In restimulation experiments, cells were then

cultured with Schistosome egg antigen and culture supernatants were

collected for analysis by ELISA. To characterize migrating DC popu-

lations, MLN cells were analysed by flow cytometry.

Results: We confirm a Th2 response against SME in a physiologi-

cally relevant in vivo mouse model with intestinal migratory den-

dritic cells as likely mediators. When SME are injected into the

subserosal layer of the small intestine they provoke a Th2 response

in the draining MLNs. This response, identified by the release of

characteristic cytokines from MLN T-cells restimulated with SEA in

vitro, was only observed in MLNs from egg injected animals. The

proportions of the four intestinal dendritic cell subsets, identified by

their expression of CD103 and CD11b, do not change between egg

and PBS injected animals.

Conclusions: Our results indicate that an antigen-specific immune

response is induced against SME, and that this does not require a

change in the proportions of the migrating DC subsets. We plan to

use this system to dissect the contributions of each of the migratory

intestinal DC populations to the anti-SME immune response. This

knowledge will contribute to a better understanding of how the
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immune response against Schistosoma mansoni eggs is mediated.

Information that can be applied not only against battling chronic

Schistosomiasis but may also be applied to Th2 driven responses

against other parasites or Th2 allergic responses.

283
Leishmania mexicana modulates dendritic cell migration

towards draining lymph nodes

J. Crowe*, R. Amor*, G. McConnell*, J. Alexander† &

O. Millington*

*Centre for Biophotonics, University of Strathclyde, Glasgow, UK,
†Strathclyde Institute of Pharmacy and Biomedical Sciences, University

of Strathclyde, Glasgow, UK

Following infection, migration of dendritic cells (DCs) is important

for the activation of an adaptive immune response. This migration is

driven by CCR7 expression by DCs, which facilitates migration

towards CCL19-expressing lymphatic vessels and the draining lymph

node. Therefore, manipulation of chemokine and chemokine recep-

tor expression by pathogens presents a potential opportunity for eva-

sion of protective immunity. Leishmania mexicana is a protozoan

parasite that establishes chronic, non-healing skin lesions, suggesting

a lack of effective adaptive immune response, although the mecha-

nism of immune evasion remains unclear.

Here we have examined the impact of L. mexicana on DC activa-

tion and migration. DCs co-cultured with L. mexicana fail to upre-

gulate CCR7 expression and are refractory to LPS-stimulation. Using

time-lapse imaging we show a concomitant failure of these cells to

migrate towards CCL19 in vitro, and DCs exposed to L. mexicana

fail to successfully infiltrate lymphatic vessels upon transfer into

na€ıve mice. Similarly, infection with L. mexicana in vivo is associated

with a failure of MHC-II-expressing cells to migrate towards lym-

phatic vessels. Finally, we investigate the potential mechanism by

which the parasite influences DC migration, with evidence suggesting

that the parasite virulence factor cysteine protease B (CPB) plays an

important role.

Our data demonstrate that L. mexicana can impair DC migration

and that reduced expression of CCR7 plays a key role in this process.

Additionally, parasites lacking CPB fail to suppress DC migration,

hinting that this virulence factor may play a key role in the

immune-evasion of L. mexicana.

287
Phosphatidylserine-containing liposomes: modulators of

rhinovirus induced inflammatory responses

C. A. Stokes*, N. Glanville†, R. Kaur‡, R. D. Hume*,

D. Robinson§, Y. Perrie‡, M. R. Edwards†, V. O’Donnell¶,

J. Harwood**, L. C. Parker* & I. Sabroe*

*Infection and Immunity, University of Sheffield, Sheffield, UK,
†Airway Disease Infection Section, Imperial College London, London,

UK, ‡School of Life and Health Sciences, Aston University,

Birmingham, UK, §Biomedical Sciences, University of Sheffield,

Sheffield, UK, ¶Institute of Infection and Immunity, Cardiff University

School of Medicine, Cardiff, UK, **School of Biosciences, Cardiff

University, Cardiff, UK

Background: Human rhinoviral infections are major contributors to

the healthcare burden associated with acute exacerbations of asthma.

We, and others have recently demonstrated that rhinovirus (RV)-

induced inflammatory responses are mediated by multiple signalling

mechanisms, such as IL-1/MyD88 (1) and TLR3/RIGI (2). We have

also previously published work showing that TLR signalling is effec-

tively inhibited by phosphatidylserine-containing liposomes (SAPS),

through the disruption of membrane microdomains (3). Evidence

has also suggested that membrane microdomains may influence

infections with RV. In this study, we explored the ability of SAPS to

modulate responses to the natural viral pathogens, RV-1B and

RV-16.

Method: The immortalized bronchial epithelial cell line, BEAS-2B or

primary bronchial epithelial cells were infected with RV-1B or RV-

16 at a TCID50/ml of 1 9 107 for 1 h. Immediately following infec-

tion, various concentrations of SAPS were added and changes in

cytokine release were measured at 24 h. SAPS remained present

throughout. Type I and III interferon (IFN) expression and rates of

viral replication were measured by quantitative PCR. Virus quantifi-

cation was also performed using a viral CPE assay, and IFN signal-

ling was measured by western blot. Liposome stability was

characterised and intracellular trafficking of fluorescently labelled

SAPS in BEAS-2B cells was investigated using confocal microscopy.

For in vivo studies, female wt Balb/c mice were pre-treated with

SAPS for 2 h prior to infection with RV as previously described and

changes in BAL cell number, BAL cytokine production and viral rep-

lication were quantified (4).

Results: Characterisation of SAPS liposomes by mass spectrometry

showed no obvious signs of oxidation over the time period tested,

and liposome size remained constant. Preliminary confocal studies

revealed that SAPS was rapidly internalised within the cell and was

found to associate with intracellular compartments such as the early

endosome and golgi. Viral infected BEAS-2B cells co-incubated with

SAPS, showed notably impaired responses to RV as assessed by

release of CXCL8 and CCL5. SAPS also reduced RV-induced IFNb

production and STAT-1 phosphorylation, without significantly influ-

encing viral replication rates. Modest increases in viral particle pro-

duction were only observed at 48 and 72 h time points. Suppression

of viral-induced cytokine production was also observed in primary

bronchial epithelial cells and pilot in vivo studies showed that SAPS

results in reduced KC production at 24 h post viral infection, and

this was associated with reduced neutrophil numbers within the BAL

fluid.

Conclusion: Our data demonstrates a potential means of modulating

inflammatory responses induced by human rhinovirus.

293
A key role for CD11c+ cells in maintenance of the Th2 response

during helminth infection

A. T. Phythian-Adams*, P. C. Cook*, S. Caserta†, J. G. Borger†,

L. H. Jones†, L. M. Webb†, A. K. Marley†, R. Zamoyska† &

A. S. MacDonald*

*Manchester Collaborative Centre for Inflammation Research,

University of Manchester, Manchester, UK, †Institute of Immunology

and Infection Research, University of Edinburgh, Edinburgh, UK

Background and aims: Many pathogens survive for prolonged peri-

ods, exposing their host to ongoing antigen stimulation. Although it

is clear that CD11c+ dendritic cells are both sufficient and necessary

to initiate Th2 polarisation against helminths, the role of CD11c+
cells in maintenance of CD4+ T cell responses is poorly understood.

This study aimed to clarify the role of CD11c+ antigen presenting

cells in maintenance of the CD4+ T cell response during murine

infection with the parasitic helminth Schistosoma mansoni.

Methods: We used a murine model that allows both inducible deple-

tion of diptheria toxin receptor expressing CD11c+ cells (following

administration of diphtheria toxin - DTx), and identification of cells

that express IL-4 mRNA (an F1 cross of B6-CD11c.DOG and Balb/

c-4get mice). Animals were infected with approximately 40 or 80

S. mansoni cercariae. DTx was administered between day 42 and 51
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of infection and immunology, parasitemia and pathology assessed by

multi-colour flow cytometry, ELISA, liver enzyme assays, egg counts

and histology.

Results: At a lower infection intensity (approximately 40 cercariae)

CD11c depletion led to a reduction in the percentage and number of

CD4+ T cells in the liver, which is a key effector site in S. mansoni

infection. This was associated with a significant decrease in the Th2

response, characterised by the loss of IL-4 mRNA expression and

protein production. At higher intensity infection (approximately 80

cercariae) CD11c depletion induced a striking impairment of the

hepatic CD4+ T cell response, with significant reductions in IL-4,

IL-5, IL-10 and IL-13, and also IFN-c. CD11c depletion at high, but

not low, dose infection was also associated with weight loss and an

overall increase in severity of pathology. In contrast to the liver,

there was comparatively little impact of CD11c depletion on the Th2

response in the MLN.

Conclusions: Surprisingly, these data suggest that CD11c+ cells are

important for maintenance of the Th2 response at effector sites dur-

ing helminth infection, possibly through recruitment, retention or

reactivation of CD4+ T cells.

309
Immunological silence and chronic Trichuris muris infection

A. J. Bancroft, S. Thompson, D. Osman, J. S. Cavet &

R. K. Grencis

Faculty of Life Sciences, University of Manchester, Manchester, UK

Background and aims: Soil transmitted helminth infections present

a major public health problem. Trichuris muris, a gastro intestinal

nematode, is used as a mouse model of the human parasite, T. trich-

iura. During chronic T. muris infection, the host immune response

is well characterised with high levels of the Th1 cytokine IFN-c being

a dominant feature. Trichuris muris is in intimate contact with the

murine host, with the excretory secretory products (ES) being the

first host parasite interaction by bathing the intestinal niche where

the parasite resides. The major component of ES is a 43kDa protein

(43) of unknown function. qRTPCR revealed the greatest increase in

expression of 43 occurred at the immunomodulatory, L3 stage. This

study examined the murine immune response to native ES, purified

43 (P43), recombinant, baculovirus derived 43 (B43) or ES with 43

removed (termed flow through, FT). A role for the 43 in metal bind-

ing was also examined.

Method: The 43kDa ES protein has a naturally occurring C-terminal

histidine tail, which allows purification of P43 using nickel beads.

Serum and cellular responses were compared to ES, P43, B43 and

FT. Antigen processing and presentation were investigated using

bone marrow derived dendritic cells and the ability of the various

antigens to drive FoxP3+ Tregs was also analysed. Metal binding by

P43 was examined using ICP-MS and its effects on metal availability

determined by culturing live worms with a strain of Salmonella ty-

phimurium containing a metal-responsive reporter gene (lacZ).

Results: Serum responses from T. muris infected resistant and suscepti-

ble mice showed little antibody recognition of P43 and B43 whereas

there was a strong antibody response to FT. In vitro re-stimulation

assays using resistant BALB/c mice also confirmed that there was little

immune recognition of P43 and B43 and that Th2 cytokine production

was due to ES proteins in the FT. b-galactosidase assays revealed live

worms can affect metal levels when cultured with S. typhimurium and

P43 was shown to be a metal-binding protein using ICP-MS.

Conclusion: The 43kDa ES protein is surprisingly non-immunogenic

but may still perform an important role in immune homeostasis.

The availability of iron in the intestine can be influenced by the host

microflora and our results also suggest that T. muris can affect metal

levels. This may affect the interplay between the parasite, the host

microflora and the immune response.

313
Mechanisms of impaired polymorphonuclear neutrophil

functions in diabetes mellitus in response to Burkholderia
pseudomallei

C. Kewcharoenwong*, D. Rinchai*, D. Suwannasaen*,

G. Bancroft†, M. Ato‡ & G. Lertmemongkolchai*

*Center for Research & Development of Medical Diagnostic

Laboratories, Faculty of Associated Medical Sciences, Khon Kaen

University, Khon Kaen, Thailand, †Department of Immunology,

London School of Hygiene and Tropical Medicine, London, UK,
‡Department of Immunology, National Institute of Infectious Diseases,

Tokyo, Japan

Diabetes mellitus (DM) is a major risk factor for melioidosis, an

infectious disease caused by B. pseudomallei infection. Recent evi-

dence from our group illustrates that polymorphonuclear neutroph-

ils (PMNs) from DM patients exhibited decreased functions in

response to B. pseudomallei when compared with healthy subjects. In

this study, we aimed to investigate mechanisms of impaired PMN

functions in DM subjects in terms of phagocytosis, bacterial killing,

and migration. The inhibition of phagocytosis by cytochalasin D

(Cyt-D) showed that Cyt-D could decrease phagocytosis of PMNs

only from healthy but not in DM subjects. Moreover, inhibition of

oxidative burst by chloroquine (CQ) on PMNs showed that CQ

could enhance intracellular survival of B. pseudomallei in PMNs of

both healthy and DM subjects. Taken together; these data suggest

that PMNs from DM impaired their phagocytosis activity, but not

killing via oxidative burst. Furthermore, the migration capacity of

PMNs from DM in response to IL-8 was impaired as compared with

that of healthy subjects. Additionally, the reduced chemokine, IL-8,

production was observed in PMNs from DM in response to

B. pseudomallei compared with healthy-PMNs. These findings indi-

cate that PMNs from DM shows impairment in phagocytosis, migra-

tion capacity in response to IL-8, and cytokine production to

B. pseudomallei infection. These may contribute to the host suscepti-

bility to B. pseudomallei infection in DM patients.

316
Herpesvirus modulation of immunological synapses

D. Fontinha, F. Lopes, M. Alenquer, S. Marques & P. Simas

Instituto de Medicina Molecular, Instituto de Microbiologia da

Faculdade de Medicina de Lisboa, Lisbon, Portugal

Gammaherpesviruses, such as Kaposi’s Sarcoma-associated Herpesvi-

rus (KSHV) and Epstein-Barr Virus (EBV), establish persistent infec-

tions that can be associated with lymphoproliferative disease. The

Murid Herpesvirus 4 (MuHV-4) is used as a mouse model to study

gammaherpesvirus pathogenesis. A critical determinant of persistence

is the ability to establish latent infection in memory B cells. To

accomplish that, virus-infected B cells go through a germinal centre

reaction. T cell help is essential for this process and it is still

unknown whether the virus is capable of modulating the B cell - T

cell immunological synapse (IS) for its own benefit. The MuHV-4

M2 protein is a good candidate for this hypothetical modulation

since it is expressed during the latency phase and it has been shown

to assemble multiprotein complexes with B cell signalling proteins

(Vav1, NCK1, PLCc2, SHP2, p85a). Thus, we investigated the

impact of M2 on the formation of B-T IS.
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Expression of M2 in B cells lead to upregulation of adhesion and

cell activation molecules involved in the B-T IS. We observed that

upon IS formation M2 polarised to the contact zone. Moreover, the

host cell microtubule organising centre was closer to the synapse

under the influence of M2. Using a system in which the T cells have

TCR specificity for the ovalbumin peptide (OVAp) we addressed

B-T conjugation. We showed by flow cytometry and confocal

microscopy that M2 expression in B cells promoted conjugation with

CD4+ T cells, even in the absence of peptide. Accordingly, expression

of M2 lead to an increase in the number of T cells activated. How-

ever, this increase did not correlate with an increase in the magni-

tude of each individual T cell response. We also demonstrated in

vitro that M2-expressing B cells successfully compete for T cell con-

jugation when mixed with control B cells.

Taken together, these results indicate that M2 promotes B-T con-

jugation, independently of specific antigenic recognition, which may

confer a competitive advantage to the infected B cell in entry and

maintenance within the germinal centre reaction.

317
Identification of a hybrid macrophage polarisation state
following recovery from LPS tolerance

C. O’Carroll* & R. Carmody†

*University College Cork, Cork, Ireland, †University of Glasgow,

Glasgow, UK

Background and aims: Lipopolysaccharide (LPS) tolerance is an

essential immune-homeostatic response towards repeated exposure

to LPS which prevents excessive inflammatory responses. LPS toler-

ance induces a state of altered responsiveness in macrophages result-

ing in repression of pro-inflammatory gene expression and increased

expression of factors which mediate the resolution of inflammation.

Methods: In this study we analysed the transcriptional plasticity of

macrophages following LPS tolerance using genome-wide transcrip-

tional profiling.

Results: We demonstrate that LPS tolerance is a transient state and

that the expression of pro-inflammatory genes is restored to levels

comparable to the acute response to LPS. However, following recov-

ery from LPS tolerance a number of genes remained locked in a tol-

erisable state including IL33, CD86, IL10 and NFIL3. Furthermore,

we identify a number of genes uniquely induced following recovery

from LPS tolerance. Thus, macrophage adopt a unique transcrip-

tional profile following recovery from LPS tolerance and have a dis-

tinct expression pattern of regulators of antigen presentation,

antiviral responses and transcription factors.

Conclusions: Our data suggests that recovery from LPS tolerance

leads to a hybrid macrophage activation state which is pro-inflam-

matory and microbicidal in nature but which possesses a regulatory

anti-inflammatory profile distinct from that of LPS tolerant and LPS

activated (M1) macrophages.

321
Prolonged vaginal shedding and upper genital tract pathology

in DBA/2 mice infected with clinically important serovar D of
C. trachomatis

E. Koroleva, N. Kobets & N. Zigangirova

Gamaleya Research Institute for Epidemiology and Microbiology,

Moscow, Russia

Introduction: Chlamydia trachomatis is a widely spread urogenital

infection that induces a range of severe inflammatory consequences

including ectopic pregnancy and infertility. Development of novel

anti-bacterial and immunotherapy is highly desirable. However as

the majority of mouse strains are resistant to Chlamydia trachomatis

serovars pathogenic for humans that creates serious limitations in

extrapolation of results obtained with Chlamydia muridarum com-

monly used in mouse models. In this study we developed a novel

model of C.thrachomatis serovar D inravaginal infection in suscepti-

ble DBA/2 mice.

Methods: Female DBA/2 and BALB/c mice received 33 mg/kg of cov-

inan (proligestone) and 7 days later were infected with 106 IFU of

C. tranchomatis serovar D. Chlamydia shedding was analysed in chla-

mydia infection assay in vitro. Real time PCR was used to detect Chla-

mydia DNA in ovaries and uterines. Pathology of upper genital tract

was assessed visually and by H&E staining. ELISA and in vitro neutral-

ization assay were used to detect Chlamydia specific antibodies.

Results: We found that while virtually no chlamydia vaginal shedding

was observed in BALB/c mice starting from day 3 post infection (PI),

moderate level of bacteria shedding (5 9 102) was still observed at day

17 PI in DBA/2 mice. Chlamydial DNA was consistently detected in

ovary and uterine tissues of DBA/2 mice at day 25 PI. Visual examina-

tion of uterine horns in DBA/2 mice revealed the presence of hemor-

rhages and moderate hydrosalpinx and H&E staining of ovaries

revealed polymorphonuclear leucocytes infiltration. Chlamydia specific

antibodies of IgG2a, IgG1 and IgA isotypes were detected in serum of

infected DBA/2 mice 2 weeks PI. Neutralization assay revealed the pres-

ence of neutralizing antibodies in serum of DBA/2 mice.

Conclusion: Our results confirmed the susceptibility of mice of

DBA/2 strain to clinically important C. trachomatis serovar D which

alongside with other reported traits of this strain such as misbal-

anced iron metabolism and susceptibility to pregnancy disorders

make them attractive model for chlamydia intravaginal infection.

323
Suboptimal TCR-ligand interactions determine host colonization

in gammaherpesvirus infection

C. Godinho-Silva*, S. Marques*, D. Fontinha*, B. Frederico† &

P. Simas*

*Instituto de Medicina Molecular e Instituto de Microbiologia da

Faculdade de Medicina de Lisboa, Lisbon, Portugal, †Division of

Virology, Department of Pathology, University of Cambridge,

Cambridge, UK

Host colonization by lymphotropic gammaherpesviruses depends

critically on the expansion of viral genomes in germinal centre (GC)

B cells. Yet virus driven lymphoproliferation is regulated by host

cytotoxic CD8+ T cell (CTL) responses and lymphoproliferative dis-

ease readily emerges with immunodeficiency. Thus, a balance must

exist that allows host colonization still lymphoproliferation control.

Here we have looked at this balance by assessing the in vivo impact

of T cell receptor (TCR) avidity in the host control of a gammaher-

pesvirus infection. Using Murid herpesvirus-4 (MuHV-4) infection

of mice our lab has shown before that CTL control of virus driven

lymphoproliferation in GCs can depend on a single MHC-class I-

restricted epitope encoded by a latency-associated viral protein, des-

ignated M2. In this work we demonstrate that presentation of the

ovalbumin (OVA) H-2Kb epitope, a high-affinity TCR ligand, within

the M2 context, generates a functional CTL response that prevents

viral expansion in the GCs. MuHV-4 recombinants were constructed

expressing OVA altered peptide ligands (APLs) in the M2 C’ termi-

nus. OVA APLs were selected in order to maintain binding to the

H-2Kb molecule but vary the functional avidities towards the

OVA257-specific TCR transgenic (OT-I) cells. Our experimental

approach involved the generation of a monoclonal OVA-specific

TCR transgenic animal model with a polyclonal CD4+ T cell
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repertoire. This was achieved by co-transferring Ly5.1+ Rag�/� OT-I

cells from Ly5.1+ Rag�/� OT-I mice and CD4+ T cells from C57BL/

6 mice into Ly5.2+ TCRalpha�/� mice. Infection with MuHV-4 rec-

ombinants expressing OVA APLs demonstrated that the strength of

the TCR ligation dictated the magnitude and the activation profile

of the generated CD8+ T cell responses. Strong TCR stimulation pre-

vented gammaherpesvirus latency amplification in GC B cells. In

contrast suboptimal TCR stimulation allowed viral expansion and

persistent infection. Thus, our data demonstrate that suboptimal

TCR-ligand interactions determine host colonization in gammaher-

pesvirus infection.

324
Cytokine profiles of primary human dendritic cells following

Hazara virus infection

B. Afrough*, M. Pitcher†, A. Varghese*, V. Graham*, S. Dowall* &

R. Hewson*

*Department of Research, Public Health England, Salisbury, UK,
†London School of Hygiene and Tropical Medicine, London, UK

Hazara virus (HAZV) is a tick-borne virus and is a member of the

same serogroup as the clinically important Crimean-Congo Haemor-

rhagic Fever virus (CCHFV) species that are endemic in Africa and

the Middle East. CCHFV are the causative agents of fatal haemor-

rhagic fever in humans with increased incidences being reported in

Turkey and Iran. HAZV is not known to cause disease in humans

and does not require high level containment facilities. It is an anti-

genically-relevant surrogate for pathogenic CCHFV. Recent work has

shown that similar pathologies and morbidities are achieved for both

HAZV and CCHFV in type I interferon receptor knockout mouse

models. In this work, we report the cytokine/chemokine profiles of

immature and mature dendritic cells following infection of HAZV to

gain a better understanding of the potential mechanisms of patho-

genesis. It also provides an opportunity for assessing the effects of

host responses and their potential role in immunomodulation.

Immature and mature monocyte-derived dendritic cells (Mo-DC)

were prepared from human peripheral blood mononuclear cells

(PBMCs) using GM-CSF and IL-4. The phenotype of Mo-DCs were

confirmed by flow cytometry. Immature/mature Mo-DCs were

infected with HAZV at multiplicity of infection ratios of 0.1, 1.0 and

5.0. Cytokine profiles where assayed by using a Novex� Cytokine

Human Magnetic 25-Plex Panel kit at 6 and 72 h post-infection

using the on a Luminex� platform. Non-infected cells for each cell

type were assayed in parallel. Seven cytokines were showed statisti-

cally significant increases in immature DCs for Eotaxin, GM-CSF,

MIP-1b, MCP-1, IL-7, IP-10, IFN-a and IL-8. For mature DCs, only

GM-CSF, MCP-1, IFN-a and IP-10 showed statistically significant

increases in secretion.

These results will help to elucidate the differences between infec-

tion with a non-pathogenic virus (HAZV) versus that with a severe

human infectious pathogen (CCHFV) to determine the contribution

of the immune response to disease susceptibility in humans.

332
MHC II tetramer analysis of CD4+ T cell responses to primary

and persistent Epstein-Barr virus (EBV) infection

H. M. Long*, O. L. Chagoury*, A. M. Leese*, G. B. Ryan*,

E. James†, L. T. Morton*, R. J. Abbott*, S. Sabbah*, W. Kwok† &

A. B. Rickinson*

*School of Cancer Sciences, University of Birmingham, Birmingham,

UK, †Benaroya Research Institute, Virginia Mason, Seattle, WA, USA

Virus-specific CD4+ T cells are key orchestrators of host responses

to viral infection yet, compared to their CD8+ T cell counterparts,

remain poorly characterised at the single cell level in humans. Here

we use MHC II tetramers to carry out the first concerted analysis of

a human CD4+ T cell response to viral infection using the ubiqui-

tous gammaherpesvirus Epstein-Barr virus (EBV). The virus’ associa-

tion with the clinically recognisable syndrome of infectious

mononucleosis (IM) in primary infection has provided a unique

opportunity to follow the evolution of the CD4+ T cell response

from primary to persistent infection. Nine MHC II:epitope peptide

tetramers representing a range of EBV latent and lytic cycle proteins

were used in multicolour flow cytometry to visualise the evolution

of the CD4+ T cell response. Our donor cohort included 21 IM

donors undergoing primary infection, of which 11 gave further

donations through to convalescence, and 10 EBV sero-positive

donors with no history of IM. We find that in primary infection,

MHC II tetramer-positive CD4+ T cells specific for EBV antigens

were expanded to frequencies that reached 10-fold above those seen

during viral persistence. Furthermore, the diverse range of epitopes

targeted by the highly activated CD4+ T cell response was large

enough to impact on the phenotype of the overall CD4+ population.

Responses were rapidly culled during convalescence to values typical

of life-long virus carriage, where most tetramer-staining cells display

conventional memory markers but some, unexpectedly, revert to a

naive-like phenotype. Interestingly, CD4+ T cell responses to one

EBV protein, EBNA1, are greatly delayed in IM patients, and we

have shown that this correlates to a similar delay in development of

IgG antibody responses to the same protein. We suggest from an in

vitro system, that this may be explained by differences in antigen

supply. Current experiments are expanding MHC II tetramer analy-

ses to study the cytokine profiles of EBV-specific MHC II tetramer-

positive cells in health and disease.

338
Anti-bacterial and immunopotentiative activity of novel CPAF

protease inhibitor

D. Y. Davydova*, N. A. Zigangirova*, N. V. Kobets†,

E. A. Koroleva*, A. V. Grishin‡, A. S. Karyagina‡ & Yu. F. Belyi§

*Laboratory of Chlamydiosis, Gamaleya Research Institute for

Epidemiology and Microbiology, Moscow, Russia, †Laboratory of

Protozoa Infection, Gamaleya Research Institute for Epidemiology and

Microbiology, Moscow, Russia, ‡Laboratory of Biologically Active

Nanostructures, Gamaleya Research Institute for Epidemiology and

Microbiology, Moscow, Russia, §Lab of Molecular Mechanisms of

Pathogenicity

Introduction: Chlamydial protease-like activity factor (CPAF) is an

important chlamydia virulence factor that cleaves a range of immu-

nologically significant targets including transcription factors RFX5

and USF1 required for the expression of MHC, the pro-apoptotic

factors Bim and Puma, p65/RelA, nectin1 and CD1d. In the same

time it was described as a highly immunogenic antigen able to elicit

protective immunity in vivo. This suggests that inhibitors of CPAF

protease activity may provide not only specific anti-bacterial therapy

but also boost protective immunity to this pathogen. In this study
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we have analyzed a range of novel bioinformatically predicted CPAF

inhibitors for their anti-chlamydial activity and ability to abrogate

CPAF mediated RFX5 degradation. The ability of two inhibitors to

restore bone marrow dendritic cells maturation impaired due to

CPAF protease activity was also assessed.

Materials and methods: Identification of novel small-molecule

CPAF inhibitors was performed by structure based virtual screening

of 2071038 chemical compounds against CPAF crystal structure.

Selected compounds were assessed for anti-chlamydial activity in

Chlamydia trachomatis in vitro assay. GST-tagged rCPAF was

expressed in pGEX-4T vector, grown in E. coli and purified. rCPAF

enzymatic activity and its inhibition were estimated in western blot-

ting by degradation of its substrate -eukaryotic factor RFX5. Bone

marrow dendritic cells maturation in the presence of LPS, CPAF and

its inhibitors was estimated by expression of MHC, CD40 and

CD86.

Results: We found that 10 of 30 non-toxic for eukaryotic cells com-

pounds with predicted CPAF inhibitory activity had dose-dependent

inhibitory effect on intracellular development of Chlamydia tracho-

matis. We also found that selected inhibitors blocked rCPAF proteo-

lytic activity that was assessed by inhibition of RFX5 degradation.

Additionally the ability of two inhibitors with both proteolytic and

anti-chlamydial activity to restore bone marrow dendritic cells matu-

ration in the presence of CPAF was evaluated. Indeed one of these

inhibitors was able to restore MHC, CD40 and CD86 upregulation

in response to LPS that was blocked in the presence of rCPAF. The

precise mechanisms of CPAF inhibitor activity and in vivo protective

potential of inhibitor treated rCPAF loaded dendritic cells with

restored expression of MHC and costimulatory molecules are cur-

rently under investigation.

Conclusions: Our results confirm that at least one of CPAF inhibi-

tors under the study possessed both specific anti-bacterial activity in

vitro, abrogated the consequences of CPAF proteolytic activity on

immunologically significant targets such as RFX5 and MHC and

restored dendritic cells maturation in response to LPS.

374
Impact of SIV infection on pDC-associated IFN-a production in

African green monkeys, a non-human primate model of
protection against AIDS

S. P. Jochems*,†, B. Jacquelin*, G. Petitjean*, A. Lepelley‡,

A.-S. Liovat*, M. J. Ploquin*, F. Barr�e-Sinoussi*, P. Lebon§,

O. Schwartz‡ & M. C. M€uller-Trutwin*

*Virology Department, Institut Pasteur, Unit�e de R�egulation des

Infections R�etrovirales, Paris, France, †Sorbonne Paris Cit�e, Universit�e
Paris Diderot, Paris, France, ‡Virology Department, Institut Pasteur,

Unit�e Virus et Immunit�e, Paris, France, §Laboratoire de Virologie,

Hôpital Saint-Vincent de Paul and Universit�e Paris Descartes, Paris,
France

Background and aims: Chronic immune activation during HIV

infection in human and simian immunodeficiency virus (SIV) infec-

tion in macaques (MAC) is considered the cause of AIDS. In natural

hosts of SIV, such as African green monkeys (AGM), T cell activa-

tion and inflammation is resolved by the end of acute infection, and

AIDS does not develop. In this work, we sought to investigate the

role of plasmacytoid dendritic cells (pDC) in the different inflamma-

tory profiles between pathogenic and non-pathogenic SIV infection.

Methods: We collected blood and lymph nodes from 4 to 10 ani-

mals per species at 2–4 timepoints before and 4–8 timepoints after

SIV infection. We stimulated mononuclear cells using SIV-infected

cells, seven distinct SIV isolates and HSV in vitro. We used A151, a

TLR7-, and G-ODN, a TLR9-antagonist, to inhibit the TLR7 and/or

TLR9 pathway. Bioactive type I interferon (IFN-I) levels were mea-

sured by the VSV/MDBK assay. Using flow cytometry we identified

IFNa+ cells and measured pDC counts and pDC surface markers.

Results: We found that pDC are the primary source of IFN-I in

response to SIV in AGM. AGM responded in vitro to free SIV parti-

cles, non-infectious SIV and SIV-infected cells by producing normal

levels of IFN-I. We discovered that the NF-jB pathway is functional

in AGM, as they produced TNF-a and IL-6 after stimulation. The

levels of cytokines produced varied among SIV isolates. During acute

SIV-infection, AGM pDC rapidly lose the capacity to make IFN-I in

response to SIV stimulation. This reduced response is not due to a

general anergy of the pDCs, as AGM displayed an increased response

to stimulation with HSV after SIV infection. We further studied this

virus-specific response, finding that SIVagm is sensed mainly

through TLR7, as already reported for HIV and SIVmac. However,

AGM pDC did not fully maturate in vitro upon SIV stimulation.

Moreover, AGM pDC did not display detectable surface levels of

CD4, hinting another mechanism of viral endocytosis could play a

role in this model.

Conclusions: We show that AGM make a robust inflammatory

response to SIV in vitro, showing the resolution of inflammation is

not due to a constitutive SIV sensing mechanism defect. While the

capacity to respond to SIV is rapidly blunted after in vivo infection,

AGM pDC remain reactive to HSV, an unrelated virus. Natural hosts

of SIV thus display perfect virus-host equilibrium.

402
Effect of Porphyromonas gingivalis outer membrane vesicles on

gingipain-mediated detachment of cultured oral epithelial cells
and immune responses

R. Nakao*, S. Takashiba†, S. Kosono‡, M. Yoshida§, D. Bai¶,

H. Watanabe**, M. Ohnishi* & H. Senpuku*

*Department of Bacteriology I, National Institute of Infectious Diseases,

Tokyo, Japan, †Department of Pathophysiology-Periodontal Science,

Okayama University Graduate School of Medicine, Dentisty and

Pharmaceutical Sciences, Okayama, Japan, ‡Biotechnology Research

Center, University of Tokyo, Tokyo, Japan, §Chemical Genetic

Laboratory, RIKEN, Tokyo, Japan, ¶Department of Gerodontology,

Graduate School of Tokyo Medical and Dental University, Tokyo,

Japan, **National Institute of Infectious Diseases, Tokyo, Japan

Introduction: Porphyromonas gingivalis is a major etiological agent

of periodontal diseases and the outer membrane vesicles (OMVs)

contain virulence factors such as LPS and gingipains. Recently, the

robust mucosal immunogenicity of P. gingivalis OMVs was shown in

a mouse model (Nakao R. et al. 2011. PLoS One). However, the role

of P. gingivalis OMVs in the immunopathology and immunogenicity

during development of periodontal diseases in human has remained

obscure.

Materials and methods: OMVs were prepared from a culture of

P. gingivalis ATCC 33277 at early stationary phase by a standard

method using a combination of ultracentrifugation and membrane

filtration. Patient serum samples with P. gingivalis seroconversion

were used for ELISA and Western blots. To investigate the effect of

OMVs on host cells, we assayed their ability to cause detachment of

oral squamous epithelial cell lines.

Results: Firstly, we found that sera from periodontitis patients had

significantly stronger reactivity against the OMV-producing wild type

33,277 strain than the isogenic OMV-depleted strain. These findings

prompted us to investigate the immunopathological role of OMVs

as a vehicle of antigens and virulence factors. OMVs were found to

be highly antigenic, as absorption of patient sera with OMVs greatly

reduced reactivity with whole cells of P. gingivalis. LC-MS/MS analy-

sis of OMVs revealed multiple forms of gingipains and several gingi-

pain-related proteins. Western blots of OMVs using patient sera
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revealed a conserved immunoreactive antigen profile resembling the

profile of OMV antigens that were recognized by gingipain antise-

rum, suggesting a potential role of OMV-associated gingipains in

triggering antibody-mediated immune responses to P. gingivalis

infection. OMVs also caused detachment of oral epithelial cells,

which was gingipain-dependent.

Discussion: These data suggest that gingipain-laden OMVs may con-

tribute to tissue destruction in periodontal diseases by serving as a

vehicle for the antigens and active proteases.

404
Promastigote secretory gel reduces inflammatory cytokine

production in an in vitro skin cell model of Leishmania infection

E. L. Beamish, R. Dillon, M. Bates & R. J. Rigby

Department of Biomedical and Life Sciences, Lancaster University,

Lancaster, UK

Background: Following transmission of Leishmania parasites from

the sand fly vector, establishment of an infection requires the para-

site to evade innate and adaptive immune response of the mamma-

lian host. Leishmania are able to ensure their survival and

propagation within the mammalian host by altering key signalling

pathways that trigger adaptive immunity. Recent evidence has high-

lighted the importance of the environment at the site of inoculation,

including the immune response of localised keratinocyte cells in the

progression of Leishmaniasis. Leishmania derived extracellular pro-

teins impact on the host immune response. In particular, promasti-

gote secretory gel (PSG), a gel-like structure composed of

filamentous proteophosphoglycan (fPPG) actively egested by the

sand fly, has an established functional role in the transmission of

Leishmania, and exacerbates Leishmania infection in mice.

Methods: To explore the localised effects of PSG on the initiation of

an immune response to Leishmania mexicana (L. mexicana) infection

an in vitro model utilising HaCaT keratinocytes was used. Interleu-

kin (IL)-6, IL-10 and tumour necrosis factor (TNF-a) mRNA was

assessed using qRT-PCR.

Results: Increase production of keratinocyte-derived T helper cell 1

(Th1) associated inflammatory cytokines, IL-6 and TNF-a mRNA,

was observed in response to lysed L. mexicana promastigotes. Addi-

tion of PSG to the cell culture system reduced the induction of IL-6

and TNF-a in response to L. mexicana and flagellin (TLR5 ligand).

Conclusions: PSG exerts an immunomodulatory effect at the site of

inoculation that may promote Leishmania survival; facilitating infec-

tion. PSG may modulate the induction of an immune response by

targeting TLR signalling pathways. Therefore, PSG may present itself

as a novel prophylactic target for the treatment of leishmaniasis.

419
Dengue and other flavi virus specific T cell specific responses

and antibody responses in past severe and non-apparent
dengue viral infections in Sri Lanka

C. Jeewandara*,†, T. Adikari†, L. Gomez†, S. Fernando†,

R. Fernando†, T. Perera†, D. Ariyarathne†, M. Salimi*,

V. Jayasuriya†, G. N. Malavige*,† & G. Ogg*

*MRC Human Immunology Unit, Weatherall Institute of Molecular

Medicine, Oxford, UK, †Center for Dengue Research, University of Sri

Jayawardanapura, Gangodawila, Nugegoda, Sri Lanka

Background and aims: Infection with the dengue virus (DENV)

causes severe clinical disease and may be fatal in some individuals

but results in mild or asymptomatic infection in the majority of

individuals. Therefore, we set out to determine correlates of a

DENV-specific protective immune response.

Methods: Of 1035 healthy individuals aged 5–80 years were recruited

from the community and serum was tested for the presence of

DENV and Japanese encephalitis virus (JEV) antibodies. Using

DENV-NS3 peptides, JEV live vaccine and non DENV peptides

(‘FEC’) ex vivo IFNc ELISpot assays were done in 183 individuals

with past non-apparent and 58 past severe DENV infection and 44

seronegative volunteers.

Results: 933/1035 were seropositive for DENV and 73(7.05%) had a

past severe dengue infection. DENV-NS3 specific responses were

seen in 141/182(77.47%) of those with past non-apparent DENV

infections and in 47/55(85.45%) of those with past severe dengue

infections. Ex vivo NS3 responses in those with non-apparent DENV

infections (mean 399.5 SFU/1 million PBMCs) and severe (mean

294.6SFU/1 million PBMCs) were not significantly different

(P = 0.7120) JEV responses were also seen in 36/55 (65.45%) of

those with past severe DENV infections and 120/182 (65.93%) with

past non-apparent DENV infections. Ex vivo JEL responses in those

with non-apparent DENV infections (mean 258.3 SFU/1 million

PBMCs and severe (mean 145.3 SFU/1 million PBMCs) were not

significantly different (P = 0.1028).The granzyme B levels in elisspot

supernatant were also not significant between the two groups for

NS3, JEL and non-dengue peptides.

253/988(25.6%) of DENV-seropositive individuals had anti-JEV

antibodies, while all of the DENV seronegative individuals were also

seronegative for anti JEV antibodies. Individuals with a past severe

DENV infection were more likely to have JEV specific antibodies

when compared to those with asymptomatic dengue infection which

was significantly different (P = 0.028) (Odds Ratio 2.16, CI: 1.07–
4.35).

Conclusions: Our data suggest that the IFN gamma NS3-specific T

cell response does not associate with severe disease. The presence of

JE antibodies is likely to be due to the presence of highly cross reac-

tive dengue antibodies.

430
Streptococal superantigens: recent development in the equine

species

R. Paillot, N. Rash, K. Steward, C. Robinson & A. Waller

Animal Health Trust, Kentford Newmarket, Suffolk, UK

Superantigens are potent toxins that bypass the conventional mecha-

nism of MHC-restricted antigen presentation and may interfere with

the development of a protective immune response. Superantigens

bind to MHC class II molecules and T-cell receptors (TCR) outside

the peptide groove, causing unspecific lymphocyte activation, with

subsequent proliferation and overzealous pro-inflammatory cytokine

synthesis. Superantigens are expressed mostly by Staphylococcal and

Streptococcal bacteria and are associated with several diseases in

humans, such as toxic shock syndrome and necrotising fasciitis. In

recent years, increasing amounts of evidence suggest superantigens

are key factors for Streptococcus equi (S. equi) and Streptoccus zooepi-

demicus (S. zooepidemicus), 2 of the most prevalent horse pathogens.

Streptococcus equi is a host-restricted equid pathogen that causes a

disease characterised by the abscessation of the lymph nodes in the

head and neck. Streptococcus equi produces four superantigens

(SeeH, SeeI, SeeL and SeeM) that share homology with the mito-

genic toxins of Streptocuccs pyogenes. Streptococcus equi superantigens

activity has now been well characterised in vitro, but their role in

vivo remains to be defined. An allelic replacement mutant of S. equi

strain 4047 with deletion of the superantigen genes was generated

(S. equi DHILM). Deletion of seeI, seeL and seeM completely abro-

gated the mitogenic activity of the strain 4047 culture supernatant in

equine T cells. The S. equi DHILM strain was used to experimentally

infect a group of seven ponies. Clinical signs of diseases were
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recorded and compared with a control group of seven ponies experi-

mentally infected with the wild type S. equi strain. PBMC prolifera-

tion and cytokines synthesis (IFN gamma, TNF alpha, IL-10 and IL-

4) were also measured after infection. Preliminary results will be pre-

sented and discussed here. The acquisition of superantigen genes by

S. equi probably represents a key step in the evolution of S. equi

from an ancestral S. zooepidemicus strain.

The S. zooepidemicus population is very diverse, able to infect

numerous animal species, including horses and humans. A signifi-

cant proportion of S. zooepidemicus strains produce superantigens

(szeF, szeN, szeP and szeQ), which have been recently discovered. In

the horse species, their presence is significantly associated with

lymph-node abcessation (P = 0.007), and dissociated from cases of

uterine infection/abortion (P = 0.003). We believe that S. zooepidem-

icus superantigens are of importance to both animal and human

health and therefore their activity requires to be further character-

ised. Using sequence analysis and site directed mutagenesis, the

TCR-binding site of SzeQ has been investigated and results will be

presented and discussed.

435
Neutrophils deliver TRAIL mediated protection from acute

cytomegalovirus infection

M. A. Stacey*, M. Marsden*, G. Dolton*, G. Stack*, E. Jones*,

P. Klenerman†, A. M. Gallimore*, P. R. Taylor*, S. A. Jones*,

R. J. Snelgrove‡, G. W. Wilkinson* & I. R. Humphreys*

*Infection and Immunity, Cardiff University, Cardiff, UK, †Nuffield

Department of Medicine, University of Oxford, Oxford, UK, ‡Leukocyte

Biology Section, National Heart and Lung Institute, Imperial College

London, London, UK

Pathogenic herpesviruses including cytomegalovirus target numerous

host organs during infection, but the immunological mechanisms

that afford antiviral protection in different tissue microenvironments

require a better understanding. Utilizing the murine cytomegalovirus

(MCMV) model, we demonstrate that neutrophils are critical antivi-

ral effector cells that restrict early viral replication and associated

pathogenesis in immune-competent and immune-deficient hosts.

Depletion of Ly6G+ neutrophils exacerbated virus-induced weight

loss and elevated virus load in a tissue-restricted manner. MCMV-

elicited neutrophil responses were orchestrated by the induction of

the neutrophil-attractant chemokine CXCL1 in MCMV-infected

peripheral organs. By employing a novel in vitro assay, we demon-

strate that neutrophils directly inhibit cytomegalovirus infection. The

antiviral properties exhibited by neutrophils in vitro are dependent

upon production of the TNF family member, TRAIL. These data

highlight a previously unappreciated and critical role for neutrophils

in countering cytomegalovirus infection.

436
The regulation of intestinal epithelial cell turnover and its

impact on life- and healthspan in Drosophila melanogaster

E. E. Smith*, S. J. Broughton*, N. Buchon† & R. J. Rigby*

*Lancaster University, Lancaster, UK, †Cornell University, Ithaca, NY,

USA

Background: Intestinal epithelial cells (IEC) play an important role

as a barrier from infection and damage and are replaced through

intestinal stem cell (ISC) division. Renewal and repair of the intesti-

nal epithelium must be carefully regulated, as dysregulation may lead

to diseases including barrier impairment. The JAK-STAT pathway

regulates ISC proliferation and differentiation and is needed to

maintain gut homeostasis. JAK-STAT regulation of IEC turnover is

highly conserved from human to Drosophila melanogaster. Suppres-

sors of Cytokine Signalling (SOCS) are negative regulators of the

JAK-STAT pathway.

Methods: We used the UAS/GAL4 system in a Drosophila model to

produce an ISC-specific knockdown of SOCS36E - a homologue of

mammalian SOCS5, which regulates intestinal JAK-STAT signalling.

We assessed the impact of SOCS36E on the regulation of ISC prolif-

eration through anti-phospho-histone H3 immunolabelling, both in

the steady state and following infection with Erwinia carotovora caro-

tovora 15 (Ecc15). Functional health was assessed using negative geo-

taxis and exploratory walking assays analysing several parameters of

walking behaviour. Life span was also monitored.

Results: Knockdown of SOCS36E led to increased basal ISC prolifer-

ation as well as sustained proliferation following Ecc15 infection.

SOCS36E knockdown significantly decreased median and maximum

lifespans of female flies, compared with controls (P < 0.001). Knock-

down accelerated the onset of age-associated declines in all walking

parameters in infected male flies when compared with uninfected

and infected controls (P < 0.01). Neither knockdown nor infection

affected the age-associated decline in negative geotaxis assay perfor-

mance.

Conclusions: Although increased IEC turnover could lead to more

rapid clearance of Ecc15, continued loss of JAK-STAT regulation,

through SOCS36E knockdown, had a negative effect on functional

health and lifespan in male and female flies respectively. This could

be due to dysplasia or intestinal degeneration caused by overprolifer-

ation of ISC.

438
The PI3K pathway negatively regulates inflammatory tissue

destruction in tuberculosis

P. T. Brace*, L. B. Tezera*, J. S. Friedland† & P. T. Elkington*

*Clinical and Experimental Science, University of Southampton,

Southampton, UK, †Infectious Diseases and Immunity, Imperial

College London, London, UK

Pulmonary Tuberculosis (TB) is characterized by lung extracellular

matrix (ECM) destruction and cavitation. The architectural frame-

work of the lung is resistant to proteolytic degradation despite exter-

nal insults. Matrix metalloproteinases (MMPs), especially the

collagenase MMP-1, can cleave types I, II and III fibrillar collagens

of the lung ECM at neutral pH, and MMP-1 drives immunopathol-

ogy in TB. Although the pathways driving inflammation in TB are

well understood, relatively little is known about regulatory mecha-

nisms that suppress pathology. We investigate the Phosphoinositide

3-kinase (PI3K) pathway and demonstrate a novel negative regula-

tory role that limits tissue destruction. TB up-regulates gene expres-

sion and secretion of MMP-1 in primary human monocyte derived

macrophages (MDMs) and THP-1 cells. LY294002, a pan-PI3K

inhibitor, significantly augmented MMP-1 secretion and gene expres-

sion in Mycobacterium tuberculosis (Mtb)-infected MDMs. IC87114,

a PI3Kd selective inhibitor, similarly increased MMP-1. Pharmaco-

logical inhibition of PTEN, a PI3K phosphatase that leads to accu-

mulation of PI (3,4,5)P3, suppressed MMP-1. Interestingly, AKT

inhibition suppressed MMP-1 secretion, suggesting that the PI3K

regulatory mechanism is AKT independent. Pre-treatment of MDMs

with Rapamycin, a specific inhibitor of mTORC1, also augmented

the MMP-1 secretion compared to the levels driven by Mtb infec-

tion. Taken together, Mtb induces MMP-1 secretion in THP-1 cells

and in primary macrophages and the PI3K pathway limits excessive

production of such tissue damaging proteases, independently of AKT

activity. PI3K inhibitors are entering clinical trials, but conversely

may accentuate tissue damage in inflammatory conditions.
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Hepatitis C triggers inflammation via inflammasome dependent

activation of intrahepatic T-cells

B. van Wilgenburg*, C. Willberg*, N. Ramamurthy*, Y. Oo†,

P. Klenerman* & F. Thompson*

*University of Oxford, Oxford, UK, †University of Birmingham,

Birmingham, UK

Background: Hepatitis C virus (HCV) is a single stranded RNA

virus that is hepatotropic. Cytotoxic T cell responses play a role in

clearing HCV, and HCV specific responses are found in those

patients who do clear the virus, but are difficult to detect in patients

who develop chronic disease. A population of CD8+ T cells (MAIT

cells) expressing the C-type lectin receptor CD161 are enriched in

the liver of patients with HCV representing up to 50% of CD8+ T

cells. Intra-hepatic inflammasome activity and local production of

IL-18 in response to HCV may, along with other cytokines (e.g. IL-

12) lead to local activation of MAIT cells and interferon gamma

(IFN-g) production. This would provide a mechanism for recruit-

ment of the adaptive immune system to the liver in HCV infection

and may form the basis of an effective immune response, capable of

clearing the virus.

Methods: Liver biopsy specimens were obtained from patients with

HCV infection (n = 55) or NASH (n = 6) at S. Bortolo Hospital and

histology scored using the Ishak system. Control samples were normal

adjacent tissue from 6 uninfected volunteers undergoing liver resection

for other reasons (Proteogenex, CA, USA). Ethical approval was

obtained, and all patients provided written informed consent. RNA

was extracted and quantitative PCR used to determine relative expres-

sion of genes of interest. Immunostaining was performed on explanted

liver tissue from patients with HCV. In vitro experiments were per-

formed using genotype 2a HCV strain J6CF-JFH1, and a variety of

sources of macrophages; including the monocyte cell line THP-1 cells,

monocyte derived macrophages and macrophages generated from

induced pluripotent stem cells. In vitro experiments were analysed

using IL-18 ELISA and flow cytometry staining.

Results: In this study, a series of ex vivo experiments (i) demon-

strated that IL-18 is present in the livers of patients with HCV, and

(ii) identified the likely cellular source as liver resident macrophages.

To further define the mechanism of IL-18 production in the con-

text of HCV activation, a series of in vitro co-culture experiments

were performed using HCV activated macrophages along with MAIT

cells. These experiments showed that HCV activated macrophages

induced the release of IFN-g from intrahepatic MAIT cells in an IL-

18 dependent, TCR-independent manner.

Conclusion: These experiments demonstrate that HCV-induced in-

flammasome-derived IL-18 from hepatic monocytes can trigger

MAIT cells. Within an inflamed liver this process may contribute to

local inflammation, including production of antiviral cytokines.

447
Studying the humoral immunogenicity of a novel CCHF vaccine

A. Miloszewska, K. R. Buttigieg, S. D. Dowall, R. Hewson &

M. W. Carroll

Department of Virology and Pathogenesis Research, Public Health

England, Salisbury, UK

Crimean-Congo Haemorrhagic Fever (CCHF) is the most wide-

spread tick-borne human viral disease. The virus is endemic in the

Balkans, Asia and Africa. The wide distribution of CCHF virus, the

potential for person-to-person transmission, the severity of the dis-

ease and the high fatality rate make CCHF a major public health

concern. In October 2012 a CCHF case was imported to the UK

from Afghanistan. There is no licensed vaccine or effective treatment

against CCHF available on the market. Mice deficient in the type I

interferon signalling pathway (e.g. strain A129) are the only small

animal models available for in vivo study of CCHF. Modified Vac-

cinia virus Ankara (MVA) is an attenuated poxvirus with a proven

safety record. Despite its growth deficiency in most mammalian cells,

MVA is able to promote high-level expression of recombinant genes.

Its potent immunogenicity elicits cellular and humoral immunity,

and avoids the requirement for an adjuvant to be co-administered.

MVA can be inexpensively manufactured to GMP and has an estab-

lished regulatory package for development as an Investigational New

Drug. A viral-vectored vaccine based on recombinant MVA express-

ing the major CCHF glycoproteins Gn and Gc was constructed.

Three different strains of mice, including A129, were vaccinated in a

homologous prime-boost regimen, and antibody responses to CCHF

proteins analysed by Western Blot. Method optimisation was

required due to severe haemolysis of several samples. The novel

CCHF vaccine candidate induced a CCHF-specific humoral response

in mice with various genetic backgrounds, including those with an

abrogated type I interferon response. Mass spectrometry of specific

bands will be performed to learn which glycoprotein subunit is

immunogenic. Future work will include testing these antibodies for

in vitro neutralisation or protective efficacy and the development of

an ELISA test to measure anti-subunit Gn antibodies.

458
M2a macrophages are necessary and sufficient to mediate

eosinophil-dependent immunity to filarial helminth infection

J. D. Turner*, A. Halliday*, A. Guimaraes*, A. Steven*,

N. van Rooijen†, K. Else‡, D. Cook* & M. J. Taylor*

*Department of Parasitology, Liverpool School of Tropical Medicine,

Liverpool, UK, †Department of Molecular Cell Biology, Faculty of

Medicine, Vrije Universiteit, VUMC, Amsterdam, The Netherlands,
‡Faculty of Life Sciences, University of Manchester, Manchester, UK

Eosinophils are effector cells in the immune control of tissue dwell-

ing helminths. Whilst eosinophil responses are induced by Th2 adap-

tive immunity, it is not known how eosinophils are instructed to

home from the blood to target migratory stages of parasites.

Here we provide evidence from an experimental model of filarial

infection (Brugia malayi mouse model) that eosinophils are a crucial

component of the anti-filarial response that limits establishment of

infectious larvae. B. malayi infectious larvae also induce M2 activa-

tion (alternative activation) of tissue resident macrophages, which is

further pronounced following vaccination with heat-killed larvae.

Absence of a functional interleukin 4 receptor a chain (IL-4Ra) leads

to failure of M2a activation, impaired eosinophil recruitment and

susceptibility to B. malayi establishment to the adult phase. To test

the functional relevance of M2a development in the eosinophil larvi-

cidal response, we undertook targeted depletion of macrophages by

clodronate liposome (CL) treatment. CL-treatment rendered mice

highly susceptible to infection with associated impaired eosinophil

recruitment. Add-back of purified M2a into CL-treated WT mice

restored both M2a expansion and eosinophil influx. Th2 responses

were intact in CL-treated WT mice, suggesting that M2a develop-

ment directly regulated eosinophil recruitment at the infection site.

Consistent with this, an increase in CCL11 transcripts from immune

cells derived from the infection site of WT but not IL-4Ra�/� mice

was apparent. We therefore tested the direct role of M2a in eosino-

phil regulation and parasite killing by adoptively transferring purified

WT M2a into susceptible severe combined immune-deficient mice

(SCID). WT M2a SCID recipients induced a rapid eosinophil

response and killing of infectious larvae. In a complementary

approach, supplying an exogenous source of IL-4 to condition resi-

dent macrophages toward an M2a phenotype at the point of infec-
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tion rendered SCID mice more resistant to larval establishment.

Thus we conclude that M2a conditioning via IL-4Ra is both neces-

sary and sufficient in the absence of additional adaptive immune

activation to induce resistance to filarial infection via larvicidal

eosinophil recruitment.

459
IL33 exacerbates periodontal disease

J. Malcolm*, R. Azman†, C. Nile†, F. Y. Liew* & S. Culshaw†

*Institute of Infection, Immunity and Inflammation, College of

Medical, Veterinary and Life Sciences, University of Glasgow, Glasgow,

UK, †Infection and Immunity Research Group, University of Glasgow

Dental School, College of Medical, Veterinary and Life Sciences,

University of Glasgow, Glasgow, UK

Background: Periodontal disease is a bone-destructive inflammatory

disease, associated with a pathogenic shift in the oral biofilm and dys-

regulation of the immune response. Efficient control of the biofilm is

mediated by a predominantly Th1 response. In contrast, the chronic

periodontitis lesion is dominated by a B cell and plasma cell infiltrate

and associated polyclonal B cell activation. This ineffective immune

response, with bystander damage, leads to destruction of the connec-

tive tissues and alveolar bone loss (ABL). This tissue destruction pro-

vides a source of extracellular IL33, a cytokine termed an ‘alarmin’ due

to its role in signalling cell damage through binding its receptor ST2,

expressed on immune cells, including Th2 and B cells. This study

aimed to investigate the role of IL33 in periodontal disease.

Methods: Gene expression of IL33 and ST2 were quantified in the

gingival tissue of 12 healthy controls and 17 patients with chronic

periodontitis. BALB/c and ST2�/� mice were infected with the peri-

odontitis-associated pathogen Porphyromonas gingivalis or carrier

(sham) only. Exogenous IL33 or PBS was administered intra-perito-

neally to BALB/c mice to investigate the effects of over-expression of

IL-33.

Results: IL33 and ST2 mRNA expression were significantly up-regu-

lated in tissue from patients with chronic periodontitis compared

with healthy controls (P < 0.05). Similarly, infection with P. gingiva-

lis resulted in increased IL33 mRNA expression in mouse gingival

tissue (P < 0.05). P. gingivalis-infected animals treated with IL33 had

significantly increased ABL relative to P. gingivalis-infected controls

(�0.39 mm versus �0.13 mm, P < 0.001). ST2�/� animals were

protected from ABL relative to controls (0.02 mm versus

�0.19 mm, P < 0.05). IL33-treatment was associated with a reduc-

tion in Th1 and Th17 polarisation in the draining lymph nodes

(DLNs) and an increase in secretion of Th2 cytokines ex vivo. There

were no apparent differences in T cell polarisation in the ST2�/�

animals compared with wild type controls. Flow cytometry analysis

of B cell and T cell RANKL expression in DLNs and gingival tissues

of IL33-treated, P. gingivalis-infected animals at 1-week post-infec-

tion revealed a significant increase in the proportion and number of

CD3+ and CD19+ cells expressing RANKL.

Conclusions: These data suggest that elevated IL-33 exacerbates

ABL. This is associated with an increased Th2-mediated humoral

response and increased RANKL expression. Thus, we propose that

increased expression of IL33 during periodontal disease perpetuates

the Th2-mediated humoral response associated with chronic peri-

odontitis and ABL.

484
Critical role of IL-6, IL-17 and IL-23 in the control of the

experimental Paracoccidioides brasiliensis infection

F. Rocha, N. Ketelut-Carneiro, D. Carlos & J. Silva

Department of Biochemistry and Immunology, School of Medicine of

Ribeir~ao Preto, University of S~ao Paulo, Ribeir~ao Preto, Brazil

Introduction: Paracoccidioides brasiliensis (Pb), a thermally dimor-

phic fungus, is the causative agent of paracoccidioidomycosis

(PCM), one of the most frequent systemic mycosis that affects the

rural population in Latin America. Th17 cells are an arm of the

immune system that enhances host protection against several infec-

tions, including mycosis. To better understand the mechanisms

which are involved in resistance to P. brasiliensis infection we evalu-

ated the role of IL-6, IL-17 and IL-23 during the PCM experimental.

Methods and results: At first, we realized intravenous infection in

C57BL/6 (WT) mice with 1 9 106 yeast forms of Pb18, a highly vir-

ulent Pb strain. At 7 days post infection (dpi), we measured by

ELISA the IL-6, IL-17 and IL-23 secretion in the lung of mice, which

was statistically higher compared to uninfected mice. Subsequently

we infected IL-6�/�, IL-17R�/� and IL-23�/� mice under the same

conditions mentioned above and we verified that the infection

induced increased colony forming units (CFU) recoveries from the

lung, liver and spleen of knockouts mice compared with WT mice.

Using silver staining, we proved that the absence of IL-6, IL-17R and

IL-23 impaired the control of the fungal replication, due the

increased amount of yeast observed at lung from knockouts mice in

relation to WT mice. Histopathological analysis showed that IL-6

and IL-17 contribute to compact granulomas formation due to ade-

quate production of reticulin fibers. By immunohistochemistry, we

verified that the deficiency of IL-6 or IL-17R was accompanied of

disorganized CD4+ T cell infiltration at lung. The absence of IL-6,

IL-17R or IL-23 resulted in lower production of IFN-c and IL-10

compared with WT lung at 15 and 30 dpi. Additionally, the fre-

quency of CD3+CD4+IL-17+ cells, as well as IL-17 production, was

decreased in IL-6�/� or IL-23�/� mice when compared with WT

mice at 15 and 30 dpi. This was associated with an impaired

neutrophils and macrophages lung recruitment analyzed by flow

cytometry in lung from IL-6�/�, IL-17R�/� and IL-23�/� mice in

relation to WT mice.

Conclusion: Taken together, these results demonstrate that IL-6, IL-

17 and IL-23 contribute to control of experimental Pb-infection

through an efficient granulomatous organization.

Financial support: CAPES, Cnpq, FAPESP (2010/18137-4).

490
Fasciola hepatica tegumental antigens modulate mast cells

function by impairing their ability to drive Th1 immune

responses

K. V. Vukman*, A. Aldridge*, P. N. Adams*, M. M. Metz†,

M. Maurer† & S. O’Neill*

*School of Biotechnology, Dublin City University, Dublin, Ireland,
†Department of Dermatology and Allergy, Charit�e-Universit€atsmedizin

Berlin, Berlin, Germany

The parasitic worm, Fasciola hepatica induces strong Th2 and T-regu-

latory (Treg) immune responses while simultaneously suppressing Th1

driven immune responses to bystander microbial infections. It also

prevents the initiation of Th1 mediated autoimmune disorders in mice

through the suppression of Th17 and Th1 immune responses and this

can be mimicked by parasite derived molecules. We have isolated

F. hepatica tegumental coat antigen (FhTeg) and demonstrated its

suppressive effect in vivo by directly targeting dendritic cells impairing

their ability to drive Th1 responses. Mast cells are critical in promoting
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Th1 protective immunity during bacterial infection and driving Th1-

mediated pathology in autoimmune diseases. We have previously

shown that FhTeg induces mast cells numbers in vivo while in vitro

FhTeg stimulated mast cells fail to promote Th2/Treg immune

responses. Here we show that FhTeg inhibits the ability of mast cells to

drive Th1 immune response by suppressing cytokine secretion (TNF-

a, IL-6, IFN-g and IL-10) and ICAM1 expression in mast cells. This

inhibition also suppresses mast cells ability to promote Th1 immune

responses in CD4+ T-cells and a role for ICAM1 was demonstrated in

this process. FhTeg suppresses the activation of transcription factors

(MAPK and NF-kB) in the TLR signalling pathway while simulta-

neously promoting SOCS3 expression a negative regulator of the TLR

signalling. This could explain the decrease in cytokine production and

ICAM1 expression. We conclude that FhTeg targets mast cells inhibit-

ing their ability to drive Th1 immune responses highlighting the

important role of mast cells in the bystander effects of helminths.

503
Targeting HIV-1 where it hurts

N. Borthwick*, T. Ahmed*, B. Ondondo*, P. Hayes†, J. Cox†,

J. Gilmour‡, A. McMichael*, L. Dorrell* & T. Hanke*

*University of Oxford, Oxford, UK, †International AIDS Vaccine

Initiative, London, UK, ‡International AIDS Vaccine Initiative, Oxford,

UK

Virus diversity and escape from immune responses are the biggest

challenges to the development of an effective vaccine against HIV-1.

Such vaccine may have to induce both broadly neutralizing antibod-

ies and effective T cells. We aim to optimize induction of the T cell

responses and hypothesized that only T cells targeting conserved

regions of the HIV-1 proteome can efficiently control infection.

Here, we describe the first-ever administration of conserved immu-

nogen vaccines delivered by using heterologous prime-boost regi-

mens of DNA, simian adenovirus and modified virus Ankara to

uninfected low-risk UK volunteers. The vaccine induced high levels

of CD8+ T cells that recognized virus-infected autologous CD4+ cells

and inhibited HIV-1 replication in tissue culture. The virus inhibi-

tion was mediated by both Gag- and Pol- specific effector CD8+ T

cells targeting epitopes, which are typically subdominant in natural

HIV-1 infection. These results provide proof of concept for using

vaccines focusing T cells at conserved epitopes.

522
Determining the presence of classical and alternatively

activated macrophages during a Francisella tularensis infection

R. V. D’Elia*, T. R. Laws*, A. N�u~nez†, C. Taylor* & G. C. Clark*

*Biomedical Sciences, Defence Science and Technology Laboratory,

Salisbury, UK, †Pathology Department, Animal Health and Veterinary

Laboratories Agency, Weybridge, UK

Francisella tularensis is a Gram-negative intracellular bacterium that

has the ability to multiply within numerous different cell types, in

particular the macrophage. Macrophage phenotype/activation can

determine whether the infection is cleared or the host succumbs to

the disease. Previously published data has suggested that F. tularensis

LVS actively induces the alternative phenotype as a survival mecha-

nism. In these studies we show that this is not the case for the fully

virulent strain of F. tularensis, SCHU-S4 using an intranasal mouse

model of infection. Immuno-histochemisty demonstrates that iNOS

positive macrophages (classical) are present at 72 h post-infection

and remain high, while arginase positive cells (alternative) appear

later and remain low. This continued presence of iNOS positive

macrophages undoubtedly contributes to the cytokine storm and the

tissue pathology seen during inhalation challenges of F. tularensis.

Therapeutics that target this macrophage switching may be a suitable

strategy to increase host survival following infection.

525
Immunomodulation of epithelial cells by oral biofilms

E. Millhouse*, J. Oliver-Bell†, G. Ramage*, S. Rawling‡ &

S. Culshaw*

*Infection and Immunity Research Group, University of Glasgow

Dental School, Glasgow, UK, †Institute of Infection, Immunity and

Inflammation, University of Glasgow, College of Medical, Veterinary

and Life Sciences, Glasgow, UK, ‡GSK, Weybridge, UK

Background: Periodontal disease is the result of chronic inflamma-

tion mediated by the host immune response to bacterial biofilm

(plaque) on the root surface, leading to destruction of supporting

structures of the teeth and ultimately tooth loss. In health, commen-

sal oral biofilms form around the gum margin without notable dis-

ruption of the tooth supporting tissues. However, in periodontal

disease, a destructive immune response is associated with a shift in

the microbial community from a predominantly Gram-positive, aer-

obic biofilm, to a microbial community dominated by anaerobic,

Gram-negative species.

Objectives: To investigate the mechanisms by which oral biofilms

alter epithelial cell viability, cytokine and chemokine production in

co-culture with in vitro formed model biofilms, representing

‘healthy’, ‘intermediate’ or ‘disease-associated’ biofilms.

Materials and methods: Biofilms were grown in vitro over 3–7 days,

with sequential washing then addition of different bacterial species

under either aerobic or anaerobic culture conditions. The ‘healthy’

biofilm included Streptococcus mitis, Streptococcus intermedius and

Streptococcus oralis; the ‘intermediate’ biofilm additionally included

Veillonella dispar, Actinomyces naeslundii, Fusobacterium nucleatum

and Fusobacterium nucleatum spp. Vincentii; and the ‘disease-associ-

ated’ biofilm included further addition of Porphyromonas gingivalis,

Prevotella intermedia, and Aggregatibacter actinomycetemcomitans.

OKF6-TERT2 oral epithelial cells were stimulated with each of the

different biofilms for 4 h. Epithelial cell viability was assessed by Ala-

marblue. Changes in mRNA and protein expression of multiple

chemokines and cytokines were assessed by quantitative PCR and

Luminex�.

Results: Significant differences in the epithelial response to ‘healthy’,

‘intermediate’ and ‘disease-associated’ biofilms were observed at both

protein and mRNA level. Epithelial cell co-culture with ‘disease-asso-

ciated’ and ‘intermediate’ biofilms resulted in increased levels of

TNFa, CXCL1, and CSF-2 gene expression in epithelial cells com-

pared with co-culture with ‘healthy’ biofilms. IL-8 protein release

increased ten fold between ‘healthy’ and ‘disease-associate’ biofilm

co-culture. A significant 20% increase in epithelial cell death was

observed following co-culture with ‘disease-associated’ biofilms com-

pared with the media control. These results demonstrate that differ-

ent microbial biofilms may modulate the epithelial cell response to

biofilms and influence disease pathogenesis.
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HIV-1 virus protein U activates the inflammasome

C. Ward, K. Triantafilou & M. Triantafilou

Institute of Infection and Immunity, School of Medicine, Cardiff

University, Cardiff, UK

HIV-1 patterns, such as nucleic acids and envelope glycoproteins

have been implicated in the activation of pattern recognition recep-

tors (PRRs) such as Toll-like receptors, providing “signal 1” for in-

flammasome activation. Precise HIV-1 PAMPs and DAMPs

activating “signal 2” via Nod-like receptors (NLRs) are currently

unknown. Little is known about PRR-mediated recognition of HIV-

1 Virus Protein U (Vpu), an accessory protein and viroporin

involved in immune evasion and viral release. Previous studies have

demonstrated that other viroporins may activate the inflammasome

via dysregulation of intracellular cation homeostasis as a sign of

damage (DAMP), and that Vpu displays cation channel activity. In

this study, human monocytes or vaginal epithelial cells were trans-

fected with a plasmid encoding HIV-1 Vpu. Immunoblot for cas-

pase-1 activation and HEK reporter assays for IL-1b demonstrated

upstream activation of the NLR system in HIV-1 Vpu expressing

cells compared to isotype controls. Confocal microscopy demon-

strated activation of NLRP3 in HIV-1 Vpu-expressing cells. Calcium

or proton channel blockade, as well as ROS inhibition removed cas-

pase-1 activation and IL-1b secretion in Vpu-expressing cells, com-

pared to positive controls. It was shown that HIV-1 Vpu activates

the inflammasome likely via dysregulation of intracellular cation

homeostasis and ROS generation.

539
Further characterisation of established lines of CD4+ ab-TCR

transgenic mice specific for T. muris

M. Moradi & R. K. Grencis

Department of Immunology, FLS, University of Manchester,

Manchester, UK

Background and aim: The availability of clonal populations of spe-

cific T cells has greatly facilitated the study of the immune responses

in and ex vivo. TCR Tg technology is widely applied in different

fields of human /mouse disease, and offers the prospect of modelling

diseases to gain a better understanding of the outcome of disease

and as an aid to investigate the mechanisms of susceptibility and

resistance to disease. The aim of our work was to generate an ab T

cell receptor transgenic mouse (TCR Tg) specific for T. muris. Two

mouse lines of Trichuris muris specific CD4+ TCR transgenic mice

have been generated on a BALB/c background. The two lines selected

are C3.19 and E10.17. Both have been backcrossed onto BALB/c

RAG2�/�.Several set of experiments set up to assess the in vivo

behaviour of Tg cells.

Method: Straightforward infection of T. muris specific C3.19 or

E10.17 TCR transgenic mice. Mice were euthanized at several time

points post infection to assess worm burdens and MLNs and spleens

by flow cytometry for efficiency of adoptive cell transfer (and cyto-

kine array).

Adoptive transferred between 2–3 9 106 CD4+ T cells (40–50%
Tg cells) of C3.19 and E10.17 mice cells into Rag�/� BALB/c recipi-

ent mice have been set up, to test and compare in vivo behaviour of

na€ıve monoclonal CD4+ T cells(specific) with na€ıve polyclonal CD4+

T cell (non -specific).

Results: Both lines contain elevated numbers of T. muris specific

CD4+ T cells. Cells from non-infected C3.19 and E10.17mice

respond to T. muris antigens in vitro, proliferate and produce an

array of cytokines. Proliferation appears to be at least as equivalent

to that seen in well established CD4+ TCR transgenic mice such as

OT-II. C3.19 or E10.17 TCR transgenic mice expel both a high dose

and low dose challenge T. muris infection in an accelerated manner

in comparison to non transgenic BALB/c mice and congenic Rag�/�

BALB/c recipient as control mice.

Conclusion: Data suggests that cells in both C3.19 and E10.17 TCR

transgenic mice recognize T. muris in vivo leading to a functional

protective immune response. We hope our TCR Tg mice; will be

crucial in advancing our understanding of the interplay between

immune system and T. muris.

548
Acute influenza A pathogenesis is ameliorated in a murine

model of latent gammaherpesvirus infection

G. Hardisty, M. Quigg Nicol, Y. Ligertwood, K. Bryson,

J. Hopkins & B. M. Dutia

The Roslin Institute, University of Edinburgh, Edinburgh, UK

Background: Human populations are infected with multiple herpe-

sviruses that persist in a latent form within the host for the lifetime

of the individual. In a murine model of latent gammaherpesvirus

infection, systemic immune responses are skewed towards a pro-

inflammatory Th1 phenotype, with elevated levels of circulating IFN-

c and TNF-a cytokines. These are attributed with suppressing reacti-

vation of the latent virus infection but have the potential to play a

role in the outcome of other viral infections. The aim of the current

project is to understand how the immune responses to latent infec-

tion impact the pathogenesis of a concurrent acute viral infection.

Influenza A virus (IAV) causes significant morbidity and mortality

through seasonal transmission and pandemics as seen in the H1N1

2009 outbreak. Fatality in young, healthy individuals is often associ-

ated with overwhelming immune responses, cytokine storms and

considerable inflammatory immunopathology. Understanding how

co-infections and/or on-going immune responses can alter the out-

come of influenza virus infections is critical for development of

novel strategies for prevention and treatment of severe infections.

Methods: BALB/c mice were infected with murine gammaherpesvi-

rus 68 (MHV-68) and upon establishment of latency were challenged

intranasally with influenza A/WSN/33 H1N1 virus. 2, 4 and 6 days

after influenza virus infection, lungs, bronchoalveloar lavage and

spleens were harvested for analysis. Viral loads were measured by

qPCR and plaque assay, composition of immune cells in bronchoal-

veolar lavage by flow cytometry and inflammatory cytokine profile

in the lungs by qPCR and ELISA.

Results: Intranasal infection of mice harbouring existing latent her-

pesvirus infection with influenza virus resulted in lower peak influ-

enza viral titres in the lung when compared to mice infected with

influenza virus alone. Latently infected mice had lower levels of IFN-

c in lung homogenates throughout the course of acute influenza

virus infection, compared to influenza virus only controls. There

were also differences in lung immune cell populations in bronchoal-

veloar lavage between groups. MHV-68 viral loads in the spleen were

unaltered by influenza infection suggesting the protective effect was

not a result of reactivation.

Conclusions: These results provide evidence that a latent gammaher-

pesvirus infection impacts on the host immune response to a heter-

ologous respiratory viral infection, such as influenza A, and has

implications for understanding the pathogenesis of acute respiratory

virus infections.
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574
Modulation of neutrophil apoptosis by Staphylococcus aureus

facilitates intracellular survival

K. M. O’ Keeffe, M. E. Mulcahy & R. M. McLoughlin

Trinity Biomedical Sciences Institute, Trinity College Dublin, Dublin,

Ireland

Increasing antibiotic resistance by S. aureus necessitates development

of an effective vaccine, a challenge complicated by the immense

capacity of S. aureus for immune evasion. Neutrophils are regarded

as the first line in host defence, however S. aureus can also manipu-

late neutrophil responses and evidence suggests that intracellular sur-

vival can occur within neutrophils to facilitiate dissemination. The

naturally short lifespan of neutrophils however seems a logical deter-

rent to intracellular survival.

Studies have demonstrated the propensity for T-cell derived cyto-

kines (IFNg, IL-17) to regulate neutrophil recruitment during

S. aureus infections, the effects of these cytokines on neutrophil

apoptosis however is unknown. Here, we investigate if S. aureus can

manipulate neutrophil apoptosis, either directly, or indirectly

through engagement of host T-cell cytokines, which in-turn influ-

ence neutrophil apoptosis.

Using a murine model of S. aureus surgical wound infection we

investigated neutrophil apoptosis in IFNg�/�, IL17�/� and WT mice

using TUNEL staining (detects fragmented DNA). On day 7 IFNg�/�

mice had increased levels of neutrophil apoptosis compared to WT

mice which corresponded with lower bacterial burdens. In contrast

IL17�/� mice exhibited lower neutrophil apoptosis compared to WT

mice but increased bacterial burden. These results suggest that inhibi-

tion of neutrophil apoptosis provides a niche for bacteria to survive

intracellularly. Neutrophils were also isolated from the peripherial

blood of healthy donors and treated with cytokines (100 ng) for 2 h.

IFNg treatment decreased cleavage of pro-Caspase 3 to its active form,

supporting the notion that IFNg inhibits apoptosis. To investigate the

direct modulation of neutrophil apoptosis by S. aureus strains, neu-

trophils were cultured with/without S. aureus (MOI 10). Staphylococ-

cus aureus significantly decreased cleavage of pro-Caspase 3 to its

active form, suggesting that S. aureus may also be downregulating the

apoptosis pathway directly.

Our results demonstrate the capacity of S. aureus to manipulate

neutrophil apoptosis both directly and indirectly in order to facilitate

a niche for intracellular survival.

575
Interleukin-10 plays opposing roles during Staphylococcus
aureus nasal colonisation and infection

J. M. Leech, M. E. Mulcahy, B. M. Maher & R. M. McLoughlin

Trinity Biomedical Sciences Institute, Trinity College Dublin, Dublin,

Ireland

In contrast to its invasive infectious potential, S. aureus is a common

coloniser of the anterior nares. Consequently, the host immune system

is exposed to this organism on a continuous basis, however the influ-

ence that this exposure has on host immunity has not been well docu-

mented. Gut commensal organisms and other colonising organisms of

the respiratory tract e.g. S. pneumoniae have evolved mechanisms to

induce regulatory immune responses to facilitate their survival in the

host. The ability of S. aureus to drive regulatory T-cell responses in the

context of colonisation or infection remains to be established.

Interleukin (IL)-10 is an important immuno-regulatory cytokine

that controls excessive inflammatory responses and regulates differ-

entiation/proliferation of immune cells. IL-10 has previously been

shown to play a protective role during systemic bacterial infection

through its ability to control inflammatory cytokines and associated

organ damage.

Here we investigate the role played by IL-10 during S. aureus sys-

temic infection and nasal colonisation.

IL-10�/� mice were intranasally inoculated with spontaneous

streptomycin-resistant S. aureus Newman (2 9 108 CFU/nose). IL-

10�/� mice displayed decreased nasal colonisation on days 3 and 10

compared to wild-type (WT) mice. This reduced colonisation was

associated with increased levels of neutrophil recruitment, IFN-y and

IL-17 production in the cervical lymph nodes. To investigate the role

of IL-10 during systemic S.aureus infection, IL-10�/� mice were

challenged by intra-peritoneal injection of S. aureus (5 9 108). At

24hrs post infection, IL-10�/� mice were hypothermic and demon-

strated increased mortality compared to WT but this was not associ-

ated with increases in bacterial burden. Increased pathology in the

IL-10�/� mice was due to excessive pro-inflammatory cytokine

responses both at the site of infection and systemically.

Our results demonstrate that IL-10 plays a protective role during

infection by controlling excessive inflammatory responses, however

the induction of IL-10 during colonisation facilitates bacterial sur-

vival through a similar mechanism of dampening local pro-inflam-

matory responses.

581
Immunoreactive antigens recognized by sera of mice

intranasally immunized with outer membrane vesicles of

Porphyromonas gingivalis

D. Bai*,†, R. Nakao†, H. Uematsu* & H. Senpuku†

*Tokyo Medical and Dental University, Tokyo, Japan, †National

Institute of Infectious Diseases, Tokyo, Japan

Introduction: Gram-negative bacteria produce spherical microstruc-

tural bodies called outer membrane vesicles (OMVs). Porphyromonas

gingivalis OMVs carry a wide range of virulence factors such as LPS

and gingipains. Recently, we have reported that P. gingivalis OMVs

elicited strong mucosal immune responses in a mouse model. There-

fore, P. gingivalis OMVs are a feasible immunogen for use as a peri-

odontal disease vaccine. In this study, we aimed to identify

immunoreactive antigens profile in serum of mouse intranasally

immunized with OMVs of P. gingivalis.

Materials and methods: OMVs were isolated from a culture of

P. gingivalis at early stationary phase using a combination of mem-

brane filtration and ultracentrifugation. In animal experiments,

BALB/c mice were intranasally immunized with 1 lg of OMVs and

10 lg of polyriboinosinic polyribocytidylic acid on day 0 and week

3. At two weeks after the second immunization, mouse sera were

collected and used for ELISA and Western blots. Two-dimensional

PAGE (2D-PAGE) using the OMVs was also performed by a stan-

dard method. Protein spots on a 2D-PAGE gel were identified by

MALDI-TOF mass spectrometry and peptide mass fingerprinting.

Results: Whole-cell ELISA using mouse sera revealed that intranasal

immunization with OMVs strongly induced P. gingivalis-specific IgG

antibodies in the sera. The immunoreactive antigen profiles of

OMVs on SDS-PAGE gels were examined by Western blots using

seven sera of mice immunized with OMVs and four sera of mice

immunized with PBS. The Western blot results of immunized mouse

sera demonstrated that relatively sharp three bands appeared at 40-,

43-, and 46-kDa. Mass spectrometry analysis of spots on a 2D-PAGE

gel showed the presence of several proteins in OMV preparation, as

follows: minor fimbrial protein, MfaI; hypothetical protein,

PGN_0477; hypothetical protein, PGN_1808; lysine-specific gingi-

pain, Kgp; receptor antigenB, SusD; major fimbrial protein, FimA;

and immunoreactive 42-kDa antigen PG33.
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Discussion and conclusion: We could identify several major OMV

proteins on the 2D-PAGE gel. We suggest that major fimbrial pro-

tein FimA may be immunodominant proteins in our model mice

that are intranasally immunized with OMVs.

588
Different subtypes of S-FLU pseudotyped influenza vaccines

protect against homologous and heterologous viruses

T. J. Powell & A. R. M. Townsend

Molecular Immunology Group, Weatherall Institute of Molecular

Medicine, University of Oxford, Oxford, UK

Influenza virus causes widespread respiratory disease and is particu-

larly severe when new subtypes occur to which the general population

has little immunity. In the last few years two novel subtypes of influ-

enza have emerged in the human population and caused a worldwide

pandemic in the case of H1N1 pdm2009 and a localized outbreak in

the case of H7N9. Subunit vaccines to influenza are effective but are

strain specific, time consuming and expensive to produce, so novel

cross-protective vaccines to this virus are needed. Haemagglutinin Sig-

nal Sequence Deleted Influenza (S-FLU) is a non-replicating attenu-

ated form of influenza virus that has the potential to be used as a

vaccine against seasonal and pandemic strains of influenza. In S-FLU

the haemagglutinin (HA) gene is replaced such that the vRNA no

longer encodes a full length HA protein and so production of viable

virus from infected cells is blocked. However if the S-FLU is grown in

cells transfected with HA the release of pseudotyped virus can occur.

Since the packaging MDCK line can be transfected with any HA, any

strain of virus can be produced as long as the HA is compatible with

the NA encoded by the viral genome. We have produced forms of

S-FLU with HA from A/PR/8/34 (H1), A/Eng/195/2009 (pandemic

H1), A/VN/1203/2004 (H5 with a modified cleavage site) and also the

newly emergent A/Anhui/1/2013 H7 HA. Vaccination of mice with

S-FLU in its different forms led to protection against otherwise lethal

doses of heterotypic or homotypic strains of virus A/PR/8/34 (H1) or

X31 (H3). This protection was also associated with the induction of

strain specific HA antibody detected by ELISA and neutralization

assays, and strong cross-reactive NP specific CD8+ T cell responses.

This S-FLU system offers a rapid protective response to novel

pandemic and seasonal influenza.

594
Interesting phenotypes found as part of the infection challenge
in the Wellcome Trust Sanger Institute’s Mouse Genetics

Programme

L. Kane, K. Harcourt, S. Clare & G. Dougan

Microbial Pathegenesis, Wellcome Trust Sanger Institute, Wellcome

Trust Genome Campus, Cambridge, UK

As part of the Wellcome Trust Sanger Institute’s Mouse Genetics

Programme all mutant mouse lines generated in this high through-

put programme are challenged with Salmonella Typhimurium an

intracellular pathogen which induces a systemic disease and Citrob-

acter rodentium a natural mouse pathogen which forms attaching

and effacing lesions on the surface of the gastrointestinal lumen

(details of the challenges can be found on the poster “Phenotyping

of knockout mice using bacterial pathogens as part of the Wellcome

Trust Sanger Institute’s Mouse Genetics Programme”). To date we

have identified 72 genes which contribute to controlling the suscepti-

bility to bacterial infection out over 250 knockout mice lines pheno-

typed so far. These phenotypes include hits in novel genes as well as

gene of known function and range from severe phenotypes, were the

mice succumb to infection rapidly, too more subtle phenotypes.

Here we would like to show a selection of the data generated as part

of this programme and details of how to freely access all the data

and resources from the programme as a whole.

611
A central role for type I IFN in Th2 induction by dendritic cells

L. Webb*, R. Lundie†, J. Borger‡, L. Jones‡, A. Phythian-Adams*,

P. Cook*, A. Marley‡ & A. Macdonald*

*MCCIR, University of Manchester, Manchester, UK, †Burnet Institute,

Melbourne, Vic., Australia, ‡IIIR, University of Edinburgh, Edinburgh,

UK

We have shown that dendritic cells (DCs) are critical for induction

of Th2 immunity against the medically important parasitic helminth

Schistosoma mansoni. However, relatively little is known about how

DCs become activated and function in response to S. mansoni or

other helminths. Murine bone marrow cultured with Flt3-L differen-

tiates into DC subsets thought to be representative of populations

found in vivo, particularly in lymphoid organs. We have used FLDCs

to assess how Flt3-L-dependent DCs respond to soluble egg Ag

(SEA, a potent Th2-inducing Ag) from S. mansoni. Unexpectedly,

we have identified an SEA-specific Type I IFN signature in FLDCs,

as well as in splenic DCs following SEA injection. Although Type I

IFNs are primarily associated with anti-viral immunity and Th1/17

responses, their role in Th2 settings is currently unknown. SEA-

pulsed IFNAR-deficient FLDCs, lacking the Type I IFN receptor and

thus unable to respond to IFN-alpha or beta, displayed a dramati-

cally impaired ability to induce Th2 cytokines following adoptive

transfer into na€ıve wildtype recipient mice. This suggests a novel role

for Type I IFN responsiveness for Flt3-L-dependent DCs to effi-

ciently generate optimal Th2 immunity against helminths such as

S. mansoni. Despite this striking phenotype in vivo, and impairment

in SEA-specific activation, IFNAR-deficient FLDCs capably stimu-

lated T cell proliferation and Th2 polarisation in vitro. This dichot-

omy strongly suggests a role for Type I IFN responsiveness in

effective DC trafficking to the draining lymph node in vivo, follow-

ing exposure to SEA.

619
Phenotyping of knockout mice using a range of immunological

agents as part of the Wellcome Trust Sanger Institute’s Mouse

Genetics Programme

K. Harcourt*, L. Kane*, S. Clare*, A. Speak†, G. Notely†,

C. Brandt†, L. Mottram*, E. Cambridge†, Z. McIntyre†, D. Adams†

& G. Dougan*

*Microbial Pathegenesis, Welcome Trust Genome Campus, Cambridge,

UK, †Wellcome Trust Sanger Institute, Welcome Trust Genome

Campus, Cambridge, UK

The Wellcome Trust Sanger Institute’s Mouse Genetics Programme

is running an extensive sequence/phenotype driven mutagenesis pro-

gramme as part of international efforts aimed at mutating over 95%

of known mouse genes in embryonic stem cells. The knockout mice,

resources and data generated in this programme are then freely

available to the scientific community. All mutant mouse lines gener-

ated in this high throughput programme are examined using a com-

mon battery of phenotyping tools. At the Sanger Institute a

component of this phenotyping programme involves challenging the

knockout mice with selected immunological agents. We are currently

using five standard models of infection - Salmonella Typhimurium

an intracellular pathogen which induces a systemic disease in mice
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similar to that of human typhoid fever. Citrobacter rodentium a nat-

ural mouse pathogen which forms attaching and effacing lesions on

the surface of the lumen to colonise the host gastrointestinal tract in

a similar way to enterohaemorrhagic E. coli (EPEC). Influenza a viral

infection affecting the lung. Dextran Sodium Sulphate (DSS) a

model of IBD which looks at the regeneration of the gut and chal-

lenge via normal flora. Trichuris muris a parasitic infectiondriving a

Th2 type response in the gut. We feel that these models will uncover

defects in many of the immune pathways.

620
Characterization of IL-10-producing CD4+ T cells in the large

intestine following Helicobacter hepaticus infection

S. Kamdar & M. Kullberg

Centre for Immunology and Infection, Department of Biology and Hull

York Medical School, University of York, York, UK

We have previously shown that IL-10 KO mice develop large intesti-

nal inflammation when infected with Helicobacter hepaticus (Hh).

Conversely, WT mice infected with Hh do not develop intestinal

inflammation, but mount a disease-protective IL-10 response to the

bacterium. Using a Hh/RAG KO transfer model of colitis, we further

demonstrated that the IL-10+ cells responsible for protection against

Hh-induced inflammation belong to the CD45RBlow CD4+ T cells

isolated from mesenteric lymph nodes (MLN) of Hh-infected, but

not uninfected WT mice, and that they prevent colitis through their

secretion of IL-10. To characterize the IL-10-producing CD4+ T cells

at the site of Hh colonisation (i.e. the cecum and colon), we isolated

large intestinal lamina propria cells from uninfected and 2-week Hh-

infected WT mice, stimulated them with PMA/ionomycin, and

stained for surface markers, cytokines, and the transcription factor

FoxP3. Although, as expected, WT mice did not develop colitis fol-

lowing Hh infection, the total number of intestinal CD4+ T cells in

these animals was twice that of uninfected controls when examined

at 2 weeks post bacterial inoculation. As would be expected from a

non-inflammatory setting, there was no significant difference in the

proportion of CD4+ T cells producing IFN-c or IL-17A between the

two groups. In contrast, there was a significant increase in the per-

centage of CD4+ T cells producing IL-10 in the Hh-infected mice

(7.8 � 1.5% compared to 3.2 � 0.8% in uninfected mice), corre-

sponding to a 5-fold increase in the total number of CD4+ T cells

capable of secreting IL-10 in these hosts. Phenotypically, the majority

of the IL-10-producing CD4+ T cells in both uninfected and Hh-

infected animals expressed FoxP3 (approximately 55% of the IL-10+
CD4+ T cells being FoxP3+CD25+ and approximately 18% being

FoxP3+CD25�). These data suggest that Hh infection does not

induce a specific expansion in IL-10+FoxP3+ cells over IL-

10+FoxP3- cells, but that both these populations expand to a similar

extent. When examining co-expression of other cytokines, a small

proportion of the IL-10+ cells in uninfected mice secreted IL-17A

(approximately 7% of the IL-10+ CD4+ T cells). Interestingly, fol-

lowing Hh infection the IL-10+IL-17A+ subset comprised approxi-

mately 17% of the total IL-10+ CD4+ T cells, indicating that this

subset expanded to a greater extent than the IL-10+IL-17A- cells in

response to Hh challenge. The signals that drive the expansion of IL-

10+IL-17A+ cells and the role of this population in disease protec-

tion remains to be elucidated.

623
P. acnes induces the natural killer group 2 member D (NKG2D)

system in the stomach mucosa

A. Montalban-Arques, P. Wurm & G. Gorkiewicz

Department of Pathology, Medical University of Graz, Graz, Austria

The gastrointestinal tract is the largest reservoir of commensal bacte-

ria in the human body. Several gastrointestinal disorders have been

attributed to dysbiosis, a condition wherein the composition of the

endogenous microbiota is disturbed. Lymphocytic gastritis (LyG), a

special form of chronic gastritis, has so far an uncleared etiology.

Indeed, it is believed that Helicobacter pylori triggers disease,

although in about 1/3 of LyG cases H. pylori cannot be detected.

The hallmark of LyG disease is infiltration of the stomach epithelium

with CD8 positive (cytotoxic) lymphocytes leading to tissue damage.

LyG is also often associated with celiac disease (CD), but the exact

pathophysiologic link between CD and LyG remains unknown.

Recently, we identified Propionibacterium acnes as a possible cause of

LyG. Propionibacterium Acnes produces propionic acid as its main

fermentation product, which has been shown to induce the natural

killer group 2 member D (NKG2D) system in epithelial cells. The

NKG2D system is responsible for the recruitment of CD8 positive

intraepithelial lymphocytes. The aim of the study was to prove the

concept if P. acnes can induce the NKG2D system in LyG. Human

upper gastrointestinal (GI) biopsies, including stomach (corpus) and

duodenum specimens were obtained from patients suffering from

LyG, H. pylori- gastritis, CD or healthy controls. By means of qRT-

PCR we identified transcripts corresponding to the NKG2D receptor

and its ligand MICA significantly up-regulated in LyG compared to

H. pylori-associated gastritis and healthy controls. Moreover, we

infected the human gastric epithelial cell lines AGS and KATO III

with human P. acnes GI isolates and also treated them with different

amounts of propionic acid. Both strategies increased expression of

MICA and ULBP3 ligands, underscoring the link of P. acnes, propi-

onic acid and the NKG2D system in LyG.

624
Serum ficolins enhance phagocytosis and killing of Aspergillus

fumigatus leading to a modulation of the pro-inflammatory

cytokine response

S. Bidula, D. Sexton & S. Schelenz

Norwich Medical School, University of East Anglia, Norwich, UK

Invasive aspergillosis is a devastating systemic fungal infection, pre-

valent in developed countries. The main route of infection is via

inhalation of ubiquitous airborne Aspergillus fumigatus spores which

penetrate deep into the alveoli and germinate to form tissue invad-

ing hyphae. Immuno-competent patients can effectively remove

inhaled spores but patients with compromised immunity, such as

leukaemia, transplant and neutropenic patients are at high risk of

infection with an associated mortality rate of up to 90%.

The body can generate a robust immune response following A. fu-

migatus challenge, one which is dominated by alveolar macrophages,

neutrophils, complement and pattern recognition proteins, such as

the collectin mannose-binding lectin (MBL) and the homologous fic-

olin family. Humans possess two serum ficolins, L-ficolin and H-fic-

olin. Conversely, rodent serum only contains the orthologue of L-

ficolin, termed ficolin-A. Ficolins are capable of binding to A. fumig-

atus and facilitating their phagocytosis by type II alveolar epithelium,

consequently modulating an increase in IL-8 secretion. However, the

interactions between ficolin opsonised spores and host leukocytes are

poorly understood. Therefore, we utilised both L-ficolin and ficolin-

A and investigated their abilities to enhance phagocytosis and killing

of A. fumigatus spores by lung epithelial cells (A549 cells), human
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monocyte-derived macrophages (MDM) and neutrophils. In addi-

tion, we investigated whether ficolin opsonisation could modulate

the inflammatory cytokine profile.

Here we observed that both L-ficolin and ficolin-A opsonisation

were capable of enhancing phagocytosis, reducing hyphal germina-

tion and decreasing viability of A. fumigatus following incubation

with MDM and neutrophils. Incubation of ficolin opsonised spores

with A549 cells did not lead to hyphal inhibition or an increase

in killing. Opsonisation by ficolin-A and L-ficolin led to an

increased secretion of IL-8 from A549 cells but other inflamma-

tory cytokines were left unaffected. Opsonisation by both ficolins

led to an anti-inflammatory response resulting in a decrease in

the secretion of IL-8, IL-1b, IL-6, IL-10 and TNF-a from MDM

and IL-8, IL-1b, IL-6 and TNF-a from neutrophils. Interestingly,

both ficolins alone were capable of inducing an increase in con-

stitutive cytokine secretion.

We conclude that serum L-ficolin and its rat orthologue ficolin-A

play an important role in the early recognition and removal of A. fu-

migatus conidia, leading to reduced fungal viability and hyphal inhi-

bition. Additionally, these effects were observed in combination with

an anti-inflammatory response providing a novel insight in to the

functions of ficolins within innate immunity. However, in vivo stud-

ies are still a necessity.

627
Characterisation of porcine monocytes, macrophages and

dendritic cells

H. Singleton*,†, H. Everett*, S. Graham*, K. Bodman-Smith† &

F. Steinbach*

*Animal Health and Veterinary Laboratories Agency, Virology

Department, University of Surrey, Addlestone, UK, †Department of

Microbial and Cellular Sciences, University of Surrey, Guildford, UK

Porcine Reproductive and Respiratory Syndrome Virus (PRRSV)

infects cells of the myeloid lineage, namely monocytes, macrophages

and dendritic cells. Fundamental to understanding such interactions is

the full characterisation of porcine myeloid cells and their responses to

environmental mediators which may relate to virus success.

Porcine monocytes were isolated from peripheral blood and treated

with a panel of cytokines and activating factors. Monocyte derived

macrophages (MoM/s) were differentiated using M-CSF and stimu-

lated with activators to achieve classical (LPS and IFN-c) or alterna-
tive activation (IL-4) as described for human macrophages. Monocyte

derived dendritic cells (MoDCs) were differentiated using GM-CSF

and IL-4 and activated with a maturation cocktail containing LPS,

IFN-c, IL-1Β, IL-6, TNFa and PGE2. Following initial results with

monocytes showing up-regulation of CD163 and CD169, the putative

receptors for PRRSV, the effects of dexamethasone and IL-10 were

also assessed on porcine MoM/s and MoDCs. Porcine myeloid cell

types and their subsets were characterised in vitro by phenotypic and

functional analysis. Additionally, gene expression analysis was also

applied to MoM/ using a porcine pan-genome microarray to allow a

more detailed comparison with their human counterparts.

Porcine monocytes are able to proliferate in response to M-CSF,

and several factors including dexamethasone and IL-10 significantly

modulate the expression of CD163 and CD169. In MoM/s, dexa-
methasone and IL-10 resulted in two distinct activation states of

MoM/s which were not consistent with the proposed deactivation.

Classical and alternative activation of porcine MoM/s showed some

similar characteristics with human macrophages, but were not iden-

tical with regard to functional markers such as CD206, CD163 and

CD209. Porcine MoDCs were similar to human DCs upon matura-

tion, albeit the expression of CD83 on immature DCs before matu-

ration suggests that this marker is variable between species, as

recently described in the horse.

In summary, porcine myeloid cells displayed a high degree of het-

erogeneity in response to inflammatory mediators, some of which

were correlated with CD163 and CD169 and hence providing some

insight into PRRSV pathogenicity. Their characterisation revealed

that porcine myeloid cells do not completely mirror their human

counterparts, in particular with regard to macrophages, but further

studies will be required to resolve the heterogeneity across myeloid

cells and the comparison across mammalian species.

636
Phenotype and function of epitope-specific CD8+ T cells in

experimental human infection with respiratory syncytial virus

A. Jozwik, M. Habibi, A. Paras, P. Openshaw & C. Chiu

Centre for Respiratory Infection, National Heart and Lung Institute,

Imperial College London, London, UK

Background: Respiratory Syncytial Virus (RSV) causes severe respi-

ratory disease in some infants, immunocompromised patients and

the elderly. Despite intensive research, therapy of RSV disease

remains supportive, and no vaccine is yet available. RSV is relatively

stable antigenically; immunity from natural infection reduces the risk

of severe lower respiratory tract disease but does not prevent recur-

rent infection. In animal models T cells are essential for viral clear-

ance but it is not known how they contribute in man. We therefore

used human experimental infection to examine adaptive immunity

in RSV, particularly RSV-specific CD8+ cells responses.

Methods: Twenty-eight healthy adult volunteers were inoculated with

M37 strain RSV and quarantined for 10 days. Nasal lavage samples

were taken daily for viral load determination and symptom diaries

were kept. Whole blood samples taken at baseline, day 7, 10, 14 and

28 post-infection were used for FACS analysis of CD8+ T cells. All

subjects were HLA typed and RSV-specific CD8+ cells were tracked

using MHC class I/peptide tetramers. Phenotypic analysis of epitope-

specific CD8+ T cells was achieved by co-staining with antibodies for

markers of activation/proliferation, homing and cytotoxicity.

Results: Virus was recovered from nasal samples of 16/28 (57%) of

subjects, demonstrating that infection had occurred. Expansion of

antigen-specific CD8+ T cells was identified in the blood in infected

volunteers only. RSV-specific CD8+ T cells were rare prior to chal-

lenge: antigen-specific cells against an immunodominant HLA-A1-

restricted epitope made up, on average, only 0.008% of CD8+ T

cells. Following infection, these cells expanded and altered their phe-

notype. Antigen-specific cells peaked at day 10, at which time the vast

majority expressed CD38 and Ki67 (markers of activation and prolifer-

ation). These cells were mainly effector memory (CD45RA� CCR7�)
with a few of central memory (CD45RA� CCR7+) phenotype. On acti-

vation, over 60% of RSV-specific tetramer+ cells became perforin+ and

granzyme B+, indicating their cytotoxic capacity, and altered their

expression of homing markers such as CD62L to enable their migra-

tion to infected tissues.

Conclusion: Our data indicates that RSV-specific CD8+ cells are

present at extremely low frequencies in the peripheral blood of

healthy individuals. Despite a proliferative burst and acquisition of

markers of effector function during infection challenge, epitope-spe-

cific CD8+ T cells contract rapidly following viral clearance and their

numbers are not maintained long-term. These findings are important

in understanding immunity to RSV in man, and potentially to the

development of vaccines.
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637
The response of migrating intestinal dendritic cells to oral

Salmonella infection

L. Utriainen, V. Cerovic, T. A. Barr & S. W. F. Milling

Institute of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK

Background and aims: Priming of immune responses is controlled

by specific APCs, such as dendritic cells (DC). The recent literature

contains contradictory data regarding the functions, and even the

identification of the APCs in the intestine, which induce responses

after infection with Salmonella typhimurium (STM). In this project

we have developed tools to unambiguously identify intestinal

CD11c+ APC populations, and have begun to examine the roles of

DCs and CD11c+ macrophages in T cell priming after oral infection

of antibiotic-treated mice with STM. By identifying the precise roles

of specific APCs, it may be possible to devise new “rational” immu-

nological adjuvants to enhance the efficacy of future vaccines.

Methods: Before infection with wild-type STM, C57BL/6 or

CX3CR1-GFP mice were treated with an antibiotic cocktail for at

least 14 days, then rested for 48 h. Mononuclear phagocyte popula-

tions in the intestine and mesenteric lymph nodes were analysed by

flow cytometry. On occasion, lymph was collected from mesenteric

lymphadenectomised mice by thoracic duct cannulation. STM infec-

tion levels in tissues and stool were analysed by colony counting.

Results: DCs and macrophages in the intestine both express CD11c

and MHC class II. While macrophages have previously been identi-

fied by their expression of high levels of CX3CR1, we have also iden-

tified DC populations, migrating in steady state intestinal lymph,

which also express CX3CR1, albeit at lower levels than intestinal

macrophages. After treatment with antibiotics, required to enable

establishment of an STM infection, no differences are observed in

the DC and macrophage populations in the draining MLN. How-

ever, STM infection appears to change the populations of DCs and

macrophages in the MLN. We now aim to use this system to investi-

gate the effects of STM infection on DC migration in vivo.

Conclusions: Oral infection with STM drives strong systemic

immune responses, and is reported to cause specific changes in the

myeloid cells that migrate from the intestine. We have developed a

unique set of tools to investigate these responses, in detail, and have

begun to establish the functions of carefully-defined macrophage and

DC subsets in response to STM.

638
Human dendritic cells produce thymic stromal lymphopoietin in
response to pattern recognition receptor ligation and this

secretion is augmented by endoplasmic reticulum stress

M. Elder, S. Webster, A. Ng, J. S. H. Gaston & J. C. Goodall

Department of Medicine, University of Cambridge, Cambridge, UK

Thymic stromal lymphopoietin (TSLP) is a cytokine that has an

important role in inducing Th2 cell differentiation and has also been

implicated as a pathogenic factor in the development of inflamma-

tory arthritis. We have previously shown that human monocyte-

derived dendritic cells (DCs) secrete significant quantities of TSLP.

The precise stimuli which induce TSLP secretion in DC and the role

of this autocrine production of TSLP are poorly understood.

Our aim was to identify the key signals that induce and modulate

TSLP induction.

DC were differentiated from peripheral blood monocytes, purified

using positive magnetic selection, by stimulation with IL-4 and GM-

CSF. FACS analysis of MoDC phenotype showed them to be CD1c+

CD11bHi CD11cHi CD14Lo CD86Lo and HLA-DRHi. Transcriptional

analysis was assayed by qRT-PCR following RNA extraction and

quantified relative to HPRT; cytokine secretion was assessed by

ELISA of cell supernatants.

Heat killed Gram-negative bacteria including S. typhi, P. aerugin-

osa and E. coli stimulated TSLP secretion. To further examine the

PRR requirements for TSLP expression we utilised the pattern recog-

nition receptor (PRR) agonists, Peptidoglycan (TLR2 and NOD2)

ultra pure LPS (TLR4) and particulate forms of b-1,3 glucan (dectin

1). These agonists stimulated TSLP mRNA transcription and protein

secretion by DC with the most potent effects induced by b-1,3 glu-

can (475 pg/ml SEM � 200).

TSLP secretion induced by b-1,3 glucan was dependent on the

dectin 1 adaptor molecule Syk. NF-jB and p38/MAPK were shown

to be essential signalling molecules for this response. Addition of IL-

1 receptor antagonist substantially blocked TSLP secretion. Although

TNFalpha was previously shown to enhance TSLP by synovial fibro-

blasts, neutralisation of TNFalpha did not reduce TSLP secretion by

DC. Dectin 1 stimulation alone was sufficient to activate ER stress as

demonstrated by eIF2alpha phosphorylation and XBP-1 splicing.

Inhibitors for the ER stress signalling molecules IRE-1a and PERK

reduced TSLP secretion, suggesting that ER stress signals contribute

significantly to induction of TSLP.

In conclusion, we show that TSLP secretion by DC is induced fol-

lowing a complex integration of signals from PRRs, ER stress path-

ways and cytokine receptors. The autocrine production of TSLP by

DC, has the potential to contribute important modulatory signals in

the context of inflammation where these pathways are engaged.

650
CD4 Virus + T cell subsets in experimental human infection with

respiratory syncytial

A. Guvenel, A. Jozwik, A. Paras, C. Chiu & P. Openshaw

Respiratory Medicine, Imperial College London, london, UK

Introduction: Respiratory syncytial virus (RSV) causes infantile

bronchiolitis, common colds in healthy adults and significant mor-

bidity and mortality in the elderly and immunocompromised.

Despite limited viral diversity, natural antibody responses are only

partially protective and repeated infections occur throughout life.

There is currently no safe and effective vaccine. In animal models,

CD4+ T cells are important in viral clearance but may also cause

lung injury, and although they are crucial in coordinating adaptive

immunity, their role in human RSV infection is largely unknown. In

particular, there are little data regarding more recently described

subsets such as follicular helper T cells (Tfh), which are known to be

especially important in supporting antibody production in lymph

node follicles.

Methods: We infected 52 healthy adult volunteers with the M37

strain of RSV, achieving a 63.5% infection rate (by viral PCR detec-

tion). Blood samples were collected at days 0, 7, 10, 14 and 28. The

peak of viral shedding occurred at days 7 and 8. Infected patients

suffered mild/moderate common cold symptoms (sneezing, cough,

nasal discharge and sore throat) and viral shedding correlated with

symptom scores. Multi-colour FACS showed that polyclonal CD4+ T

cell activation and proliferation peaked at day 10. On days 0, 10 and

28 post-inoculation, we stimulated PBMCs in vitro to study Th1,

Th2 and Th17 profiles. Infection was associated with a peak of IFN-

g production on day 10, but there were no significant changes in

Th2 or Th17 cytokines. In addition, we examined cells with a Tfh-

like phenotype in the blood. These also peaked at day 10 and were

characterised by a minimum two-fold increase in the frequency of

expression of ICOS (an activation marker of Tfh cells) before return-

ing to baseline by day 28.

Conclusion: Experimental RSV infection leads to short-lived, self-

limiting respiratory tract infection with mild symptoms. This results
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in a Th1-biased response in cells of the peripheral blood as well as

activation of Tfh-like cells that are specialised in promoting antibody

production. Further analysis of the specificity and functionality of

CD4+ T cells from the local tissue and peripheral blood may assist

in the development of effective vaccines and novel therapeutics for

RSV disease.

656
Yersinia pestis V antigen modulates pattern recongition
receptors

R. Olden, M. Triantafilou & K. Triantafilou

Institute of Infection and Immunity, School of Medicine, Cardiff

University, Cardiff, UK

Sepsis, the syndrome that results from overproduction of cytokines,

is an often-fatal response of the immune system against microbial

pathogens. The molecular mechanisms that have been designed to

protect the host from invading pathogens are responsible for the

cause of damage and injury.

Despite the growing understanding of the events occurring in the

disorder, this has not translated to the clinic. In our search for such

inhibitors, we have recently found, Yersinia pestis V-antigen (LcrV).

LcrV is a multifunctional protein and has been shown to exhibit immu-

nomodulatory features. We have used it in in vitro studies and it has

been shown to be able to downregulate pattern recognition receptors,

such as TLR4 and CD14 and to inhibit LPS-induced inflammatory

responses. Recently, we investigated whether LcrV is able to inhibit LPS

responses in vivo. We employed a mouse model of sepsis in order to test

the efficiency of LcrV to inhibit cytokine secretion in response to LPS as

well as to determine whether it can improve the mortality rate. Our

results show that LcrV is able to dampened innate immune responses

even if administered up to 6 h after LPS challenger, therefore suggesting

that LcrV is a potent modulator of the innate immune response.

662
Repeated parasite exposure induces resistance to experimental
cerebral malaria by modifying brain inflammatory signatures

T. Shaw, C. Inkson & K. Couper

University of Manchester, Manchester, UK

Malaria remains a significant health problem, resulting in 655,000

deaths annually. The vast majority of these deaths are due to a com-

plication termed cerebral malaria (CM), which is characterised by

damage to the central nervous system (CNS). There is epidemiologi-

cal evidence that the age associated susceptibility to CM, where

young children are susceptible to the condition but older children

are, in general, resistant, is due to the evolution of the anti-parasitic

immune response following repeated parasite exposure.

An experimental cerebral malaria (ECM) model in which suscep-

tible C57BL/6 mice are infected with Plasmodium berghei ANKA has

been found to produce a syndrome with similar symptoms and CNS

pathology as that seen in humans with CM. CD8+ T-cells have been

identified as key mediators of CNS pathology within this model.

In this project we established a model of repeated P. berghei

ANKA infection and drug cure to induce resistance to the develop-

ment of ECM. Three rounds of infection and drug cure were suffi-

cient to induce resistance to the development of ECM during a

subsequent fourth infection. Microarray analysis was performed on

the brains of ECM susceptible and exposure-induced ECM resistant

mice. Complimentary immunophenotyping of the CD8+ T-cell pop-

ulation within the brain and spleen was carried out by flow cytome-

try. Different gene signatures were observed in the ECM susceptible

and exposure-induced ECM resistant mice. CD8+ T-cells from expo-

sure-induced ECM resistant mice had a less activated phenotype

than those from ECM susceptible mice.

664
Modifications of the redox intracellular environment during the
Human Immunodeficiency Virus type I (HIV-1) infection

associated with the Src kinase activation

M. Curcio*, H. P. Monteiro†, S. Strumillo*, A. Sartori†,

W. Alkmin*, M. Soane*, E. Castro† & L. M. R. Janini*

*Microbiology, Immunology and Parasitology (DMIP) - Laboratory of

Retrovirology, Federal University of Sao Paulo, Sao Paulo, Brazil,
†Biochemistry - Laboratory of Cell Signaling, Federal University of Sao

Paulo, Sao Paulo, Brazil

Human Immunodeficiency Virus (HIV) and other structurally sim-

ple retroviruses developed, as a defense mechanism, numerous repli-

cation strategies to escape from apoptotic mechanism triggered by

host cells. HIV maintains a persistent infection by stimulating intra-

cellular (host) production of cytokines and of reactive oxygen and

nitrogen species (ROS and RNS) (1). Levels of ROS and RNS and of

their antioxidant counterparts determine the redox environment.

Alterations on the redox environment are sensed by raising levels of

the antioxidant enzyme Cu/Zn and Mn Superoxide dismutase

(SOD). Such alterations are potentially associated with the regulation

of HIV-replication signaling pathways (2).

In the present study we used isolated human CD4 T lymphocytes

submitted to a protocol of in vitro infection with purified HIV viral

particles. Levels of the antioxidant enzymes, Cu/Zn and Glutathione

peroxidase (GPx), Glutathione reductase (GR), and of the tri-peptide

Glutathione (GSH) were measured in infected and non-infected CD4

T lymphocytes. There was an increase on the activities of the antiox-

idant enzymes followed by a decrease on intracellular GSH levels. In

addition we followed the temporal pattern of activation of Src

kinase. Src is a cytoplasmic protein tyrosine kinase which has been

shown to play an important role in HIV-1 replication (3).

Our findings suggest a possible relationship between the altera-

tions in intracellular redox environment and the activation pattern

of Src kinase in HIV-infected human CD4 T lymphocytes. These

results also emphasize the importance of the intracellular redox envi-

ronment in regulating the Src-mediated signaling pathway associated

with HIV infection.
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Molecular basis and prevention of alloreactivity

147
HLA binding preferences influence the differential selection of

epitopes that induce either effector or regulatory CD4+ T cell

responses in human disease

A. M. Hall*, L. S. Hall*,†, L. M. Stott*, S. J. Urbaniak*,†,

M. A. Vickers*,† & R. N. Barker*

*Division of Applied Medicine, University of Aberdeen, Aberdeen, UK,
†Academic Transfusion Medicine Unit, North East of Scotland Blood

Transfusion Service, Aberdeen, UK

Background and aims: Human CD4+ T cell responses to the RhD

protein have been well-characterised and provide a unique opportu-

nity to identify the factors determining effector and regulatory cell

induction in immune-mediated disease. The RhD protein is targeted

as a foreign blood group in haemolytic disease of the newborn

(HDN), and as an autoantigen in autoimmune haemolytic anaemia

(AIHA). The aim of this work was to determine how binding affinity

for HLA class II molecules guides epitope selection for specific T

helper (Th) and T regulatory (Treg) cells.

Methods: RhD epitopes that elicit either Th or Treg responses were

mapped in RhD-alloimmunised donors, and in AIHA patients, select-

ing individuals expressing the HLA-DRB1*1501 allele positively asso-

ciated with both conditions. The affinities for HLA-DR15 of 15-mer

peptide sequences spanning the sequence of the RhD protein were

determined by predictive algorithms and a competitive binding assay.

Results: Th and Treg cells from each donor group were specific for

peptides with different HLA binding characteristics. In the RhD-

alloimmunised donors, high affinity for HLA-DR15 molecules was

exhibited by peptides that stimulated Th cells, but not by sequences

recognised by Treg cells. In contrast, intermediate or low affinity

peptides typically elicited Th responses in AIHA patients, with Treg

cells specific for strong binders.

Conclusions: The efficiency with which peptides are presented by

restricting class II molecules determines whether Th or Treg cells are

induced, with opposing effects when derived from foreign or self

antigen. These results suggest novel approaches to peptide therapy.

175
Recipient CD207+CD11c+ cell negatively regulates corneal
allograft survival in early postoperative period

H. K. Lee*, M. K. Kim†, W. Choi*, Y. Byeon*, J. H. Lee‡ &

M. Kim*

*Department of Ophthalmology, Yonsei University College of Medicine,

Seoul, Korea, †Ophthalmology, Seoul National University College of

Medicine, Seoul, Korea, ‡Myunggok Eye Research Institute, Kim’s Eye

Hospital, College of Medicine, KonYang University, Chungnam, Seoul,

Korea

Langerhans cell (LC)s, expressed MHC class II, CD205, CD11c, and

langerin (CD207), are professional antigen-presenting cells involved in

induction of immunity and maintenance of tolerance. As they are

found on the surface of specialized organs, including cornea, LCs may

play an important role in corneal allograft. The purpose of this study

is to determine the role of CD207+CD11c+ cells and investigate the

local tissue factors for trafficking of these cells. Standard protocols for

murine orthotopic corneal transplantation were used as described pre-

viously. Briefly, donor center corneas (2-mm diameter) were excised

from C57BL/6 mice and B6.CgTg (CAG-mRFP1)1F1Hadj/J mice.

Then, the donor cornea was sutured on to the recipient graft beds pre-

pared by excising a 2.0 mm site in the central cornea of BALB/c mice

for allogeneic and B6 mice for syngeneic graft. Simultaneously, some

BALB/c mice received syngeneic (BALB/c) grafts to control for the

non-allospecific effects of surgery. All grafts were evaluated using slit

lamp biomicroscopy at 3-day intervals for 2 weeks and then weekly

intervals thereafter for 8 weeks. Flow cytometry analysis showed that

CD207+CD11c+ cells were significantly increased in rejecter cornea

and draining lymph node (LN). Most CD207+CD11c+ cells were found

to infiltrate into the corneal stromal area, not the epithelium, in allo-

graft rejecter. To find the specific chemokines that facilitate LG migra-

tion, flow cytometry for CD207+CD11c+ cell by chemokine inhibitor

treatment was performed. Graft survival and CD207+CD11c+ cell infil-

tration was significantly improved by inhibition of CCL2, CCL4, and

CCL11, which were also found to regulate the migration of

CD207+CD11c+. To enhance corneal allograft survival, targeting LC

migratory chemokine receptors and their ligands may be a new strat-

egy for modulating immunity in corneal transplantation.

262
Kidney transplantation: chronic molecular signatures in acute

kidney injury

A. Okonkwo, S. Ladak, S. Ali & J. Kirby

Department of Applied Immunology, Newcastle University, Newcastle

upon Tyne, UK

Background and aims: Almost 50% of kidney allografts have inter-

stitial fibrosis and tubular atrophy/chronic rejection (IFTA) after 10-

years. Innate inflammatory mechanisms produce perioperative oxida-

tive stress (OS), which might induce chronic tubular epithelial cell

(TEC) injury. If OS produces chronic/deep senescence, the associated

secretome may predispose allografts to IFTA. Micro RNAs (miRNA)

are stable in urine and might provide a minimally invasive resource

for the prediction of allograft outcome.

To determine whether OS induces deep senescence or fibrosis/epi-

thelial to mesenchymal transition (EMT) in TECs. To examine the

feasibility of miRNA isolation from 1 ml urine. To assess whether

the miRNA profile in TECs after OS or urine from transplant

patients is indicative of TEC pathology.

Methods: HKC8 TEC were treated with 600 lM H2O2 for 2hrs to

induce OS; the transcriptome was analysed after 8 and 24 h and pro-

teome after 48 and 72 h.

miRNA was extracted from urine (n = 5) using the Norgen Bio-

tek Urine Extraction kit.

Results: OS induced transcript upregulation of TGF-b2 (2–6-fold,
P < 0.01), b6-integrin (2–10-fold, P < 0.001) at 8 h; and p21 (6–17-
fold, P < 0.0001) at 24 h. Upregulation of mesenchymal proteins vi-

mentin and S100A4 and vimentin (P < 0.05) were seen after 72 h.

Reduction of epithelial proteins cytokeratin-19 and zonula occlu-

dens-1 was seen after 48 and 72 h. No pattern was seen in miR-21,

miR-34a and miR-146a expression in the TEC model or patient

urine.

Conclusions: OS upregulates profibrotic genes and produces EMT in

kidney TECs. OS also induces TEC senescence, due to the time

points observed it is unknown if this is chronic.miRNA was success-

fully extracted from the aqueous phase of urine. Results support the

possibility of performing a larger study of analyzing miRNA in urine

to allow patient stratification for individualized treatment.
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572
The specificity of alloantibody in Bovine Neonatal

Pancytopaenia (BNP)

C. Bell, N. Mac Hugh, T. Connelley, K. Degnan & I. Morrison

Infection and Immunity Division, Roslin Institute and RDSVS,

University of Edinburgh, Edinburgh, UK

Background and aims: Bovine Neonatal Pancytopaenia (BNP) is a

haemorrhagic disease of calves characterised by profound depletion

of leukocytes and thrombocytes. The disease is mediated by alloanti-

bodies transferred in colostrum, and has been linked epidemiologi-

cally to vaccination of the dams of affected calves with a particular

vaccine (Pregsure), which incorporates a novel adjuvant. It has been

suggested that alloantibodies are directed against MHC class I mole-

cules, and are induced by contaminant bovine cellular material from

MDBK cells used to grow virus for the vaccine.

Methods: A complement mediated cytotoxicity assay was used to

assess antibody reactivity of BNP-dam sera. Specificity of alloreactivi-

ty was investigated using cell lines of defined MHC genotypes and

transfected lines expressing individual MHC I alleles, including the

MHC I alleles from the MDBK cell line. A mutated line lacking

expression of classical MHC I alleles was also assessed.

Results: Cows vaccinated with Pregsure were shown to have signifi-

cantly higher levels of cytotoxic serum alloantibody than both unvac-

cinated controls and cows vaccinated with an alternative product

containing a different adjuvant. Furthermore, among cows vacci-

nated with Pregsure, BNP-dams had significantly higher levels of

cytotoxic antibodies than cows producing clinically unaffected calves.

This pattern of reactivity was the same with transfected mouse lines

expressing the MDBK-MHC I alleles, although sera generally reacted

more strongly with bovine cellular targets than the transfected mur-

ine cells. Individual BNP-dams showed heterogeneity in titres and

specificities of alloantibody. This appeared to change little with

sequential parturitions, suggesting that the influence of the calf in

the generation of BNP alloantibody is minimal. However, this vari-

able pattern of cytotoxicity did not show complete correlation with

MHC I haplotype. Furthermore, several BNP-sera retained strong

reactivity with a bovine cell line in which expression of the classical

MHC I alleles had been deleted.

Conclusions: The results of analyses of sera from cows vaccinated

with Pregsure and other inactivated vaccines are consistent with

Pregsure being implicated in the pathogenesis of BNP, and with the

involvement of contaminant bovine cellular material used in vaccine

production in induction of the alloantibodies. BNP alloantibody

shows strong reactivity with classical MHC I molecules, suggesting

that this is a target antigen in BNP. However the alloantibody also

appears to have additional antigenic targets and these are currently

being explored.
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Neuroimmunology – Immune/Nerve Cell Interactions

156
Influenza A virus infection contributes to Parkinson’s disease by

driving pathological CD4+ T cell responses in the brain

K. J. Bryson*, Y. Ligertwood*, M. Quigg-Nicol*, B. M. Dutia*, J.

Manson† & A. A. Nash*

*Department of Infection and Immunity, University of Edinburgh,

Edinburgh, UK, †Department of Neurobiology, The Roslin Institute,

University of Edinburgh, Edinburgh, UK

Background: The mechanism of dopaminergic neuronal cell death

in Parkinson’s disease remains a mystery. Epidemiological and exper-

imental based evidence links Parkinson’s disease with Influenza A

virus infection. However, influenza virus induces an acute infection,

where as Parkinson’s disease is a chronic condition, suggesting that

the virus has an indirect mode of action. An immune mediated

mechanism may link the infection to the chronic neurological dis-

ease, with studies implicating CD4+ T cells in the neurodegeneration.

We propose that the initial viral insult in the substantia nigra

induces an inflammatory response in the CNS, resulting in the

release of damaged self antigen that can be processed and recognized

by CD4+ T cells, leading directly or indirectly to neurodegeneration

in the substantia nigra.

Methods: A murine model was established by intranasally inoculat-

ing C57BL/6 mice with the neurotropic H1N1 A/WSN/33 influenza

strain. Following infection, mice were terminally perfused and the

brains harvested and examined for the presence of the virus, T cell

infiltrate and dopaminergic neuronal loss by immunohistochemistry.

Cells from enzymatically digested brain tissue were phenotypically

characterised by flow cytometry. Proliferation assays were performed

to assess the reactivity of CD4+ T cells isolated from the CNS follow-

ing infection and alpha synuclein, a protein central to the pathology

in Parkinson’s disease, was assessed as a potential autoantigen.

Results: Our analysis shows that A/WSN/33 influenza virus enters

the brain and induces CD4+ T cell infiltration. CD4+ T cells isolated

from the infected brain tissue are autoreactive to alpha synuclein,

and adoptively transferred alpha synuclein reactive CD4+ T cells

migrate to the CNS. The interactions of these CD4+ T cells with

dopaminergic neurons and microglia are currently under investiga-

tion.

Conclusion: Identifying immune mediated dopaminergic neuronal

loss would radically change therapeutic approaches in Parkinson’s

disease, and may thus provide new targets to prevent the disease or

preserve the quality of life of the patients. We thus need to further

examine the role of immunopathology in Parkinson’s disease.

181
Neuroinflammatory and behavioural changes induced by a

systemic bacterial infection

U. Püntener, S. G. Booth, V. H. Perry & J. L. Teeling

Centre for Biological Sciences, University of Southampton,

Southampton, UK

Systemic bacterial infections are a common cause of morbidity and

mortality in the elderly, and in particular those with a neurodegen-

erative disease, but the mechanism underlying these observations

remain unclear. Experimental models of neurodegeneration have

shown that LPS-induced systemic inflammation increases neuronal

damage, a process that is believed to be mediated by activation of

primed microglia. The effects of a systemic bacterial infection on the

innate immune cells of healthy and diseased brain are less well

described: thus we investigated the acute and long term effects of an

experimentally induced Salmonella infection on microglia. We pre-

dict that systemic infection will result in a ‘primed’ microglial phe-

notype. Mice with or without a pre-existing neurodegenerative

disease, prion disease, were infected with S. typhimurium. Behaviour

of mice was assessed using the Porsolt’s forced swim test and bur-

rowing assay. Microglial priming was assessed by immunohisto-

chemistry, quantitative PCR and LPS restimulation. Salmonella

infected mice showed a long lasting activation of innate immune

cells of the brain, characterised by MHCII expression on the brain

endothelium and a microglia hyper-responsiveness when restimulat-

ed by LPS. S. typhimurium infected mice with neurodegeneration

showed a robust infiltration of T cells into the brain parenchyma,

while T cell infiltration was very low in mice without neurodegener-

ation. Mice with pre-existing neurodegenderation showed an exag-

gerated neuroinflammatory response when infected with

S. typhimurium. At the peak of the peripheral immune activation,

S. typhimurium infected mice showed depressive behaviours that

coincided with increased IDO expression in the brain in mice with

and without pre-existing neurodegeneration. Conversely, we show

exaggerated burrowing deficits in prion mice when animals are

infected at early disease stages, whereas NBH control mice with a

systemic infection did not show any changes in burrowing. Our

study shows that systemic infection with non-neurotropic S. ty-

phimurium has long-term consequences for homeostasis in the

brain, due to activation of the cerebral vasculature and priming of

microglia. The prolonged and enhanced brain cytokine production

in infected mice may have a detrimental effect on neuronal function

and may lead to progression of pre-existing neurodegenerative dis-

ease.

320
Toxin-mediated FoxP3+ cell depletion: Impact on remyelination?

Y. Dombrowski*, P. Denver*, C. Zhao†, T. O’Hagan*, R. Ingram*,

R. J. M. Franklin† & D. C. Fitzgerald*

*Queen’s University Belfast, Belfast, UK, †University of Cambridge,

Cambridge, UK

Background: CD4+ T cells have been identified as potential regula-

tors of remyelination in the central nervous system, a crucial regen-

erative process in demyelinating diseases such as Multiple Sclerosis.

This study aimed to identify the effect of FoxP3+ regulatory T cells

(Treg) on remyelination using transgenic FoxP3-DTR mice in which

FoxP3-expressing cells can be selectively depleted by diphtheria toxin

(DT) administration.

Methods: To induce demyelination, lysolecithin was injected into

the spinal cord white matter of FoxP3-DTR and C57Bl/6 control

mice. Mice were injected daily with DT to deplete FoxP3-expressing

cells prior to and following demyelination. Spinal cord lesions were

analysed by immunohistochemistry and oligodendrocyte lineage cells

were quantified.

Results: Foxp3-depletion reduced both oligodendrocyte precursor

cells and mature myelin-producing oligodendrocytes in remyelinat-

ing lesions compared to controls suggesting a beneficial role of

FoxP3+ Treg cells in remyelination.

Unexpectedly however, all DT-treated mice, including C57Bl/6

wildtype mice developed bilateral paralysis, scoring up to 4.5 on an

experimental autoimmune encephalomyelitis (EAE) scale. The shape

and size of lesions did not correlate with clinical signs of paralysis

suggesting that lesion cellular composition or alterations beyond

lesion boundaries may underlie neurological impairment. Interest-

ingly, mice that underwent sham surgery (no lysolecithin) but

received DT did not develop paralysis demonstrating that lysoleci-

thin-induced damage was required for DT-induced paralysis.
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Conclusion: Further studies are required to determine the cellular

cause of paralysis in DT-treated mice however these studies reveal

unexpected pathogenic effects of DT in otherwise DT-resistant mice.

393
Changes in extracellular matrix chondroitin sulphate
proteoglycans in multiple sclerosis white matter lesions: a role

for ADAMTS-9

E. Abuneeza, R. Bunning, A. Cross, G. Haddock & N. Woodroofe

Biomedical Research Centre, Sheffield Hallam University, Sheffield, UK

Multiple sclerosis (MS) is an inflammatory demyelinating disease of

the central nervous system (CNS) characterised by discrete acute and

chronic lesions of inflammation and demyelination, predominantly

located in CNS white matter (WM). Extracellular matrix (ECM)

changes have been reported in the CNS of MS post mortem brain

tissue due to both the release and activation of matrix metallopro-

teinases (MMPs) as well as increased synthesis of ECM components.

To elucidate the potential pathophysiological role of A Disintegrin

And Metalloproteinase with ThromboSpondin motif (ADAMTS)

enzymes in the ECM changes in MS, we have investigated expression

of CNS ECM chondroitin sulphate proteoglycans (CSPGs) in normal

and MS white matter by dual label immunohistochemistry (IHC)

using antibodies which specifically recognise intact and ADAMTS-

cleaved aggrecan and versican, two major components of the ECM

in the CNS. Frozen blocks (80) of brain tissue were obtained from

the UK MS Society Tissue Bank, Imperial College London. Blocks

were classified by routine histology using haematoxylin and eosin

(H&E) and oil red O (ORO) stains for inflammation and demyelina-

tion respectively, and by IHC using antibodies against HLA-DR, to

assess macrophage activation and myelin oligodendrocyte (MOG)

for evidence of demyelination. In active MS lesions, CSPGs aggrecan

and versican expression was increased in areas of macrophage activa-

tion and decreased myelin, evidenced by loss of MOG staining, com-

pared with normal appearing white matter. Immunostaining for

aggrecan neoepitopes was particularly strong at the interface between

myelinated and demyelinated areas at the plaque border, suggesting

active enzymatic cleavage of aggrecan. Microglia were specifically

stained for versican neoepitope expression. The ECM proteins dem-

onstrated a fibrous distribution within the white matter. Preliminary

studies have found ADAMTS-9 expression in WM of MS cases. In

summary, this study provides evidence that changes in CSPGs are

associated with microglial activation and demyelination in WM

lesions. Future work will assess the functional consequence of these

changes in the ECM using in vitro neurite outgrowth assays. (Fund-

ing provided by the Libyan Government to Esadawi Abuneeza).

394
Neuro-immune in vitro study model of primary cultures of

human differentiated neuronal and astrocytic cells from adult
brain tissue co-cultured with their autologous leucocytes

A. Derventzi*, M. Nikolopoulou*, A. Apostolou†, A. Kataki*, K.

Bakopoulos*, G. Orphanidis‡, K. Kilidireas§, G. Zografos* & M.

Konstadoulakis*

*Laboratory of Surgical Research, First Department of Propaedeutic

Surgery, University of Athens, Athens, Greece, †South London and

Maudsley Trust, London, UK, ‡Department of Neurosurgery, ‘Georgios

Gennimatas’ Hospital, Athens, Greece, §Department of Neurology,

‘Aeginiteio’ Hospital, University of Athens, Athens, Greece

Neuronal culture models present important tools in understanding

neurophysiology and the mechanisms governing neurotoxicity and

neuroprotection. This is a report of primary cultures of viable and

differentiated neuronal and astrocytic cells from human adult brain

maintained in vitro. Primary human adult neuronal-astrocytic cul-

tures were established from human adult cortex and cerebellum tis-

sue obtained from 29 adult neurosurgical patients. Differentiated

phenotypes of neuron-like cells and astrocytes in culture were char-

acterized by immunofluorescence and flow cytometry analyses of

MAP2a&b, Tau and GFAP cytoskeletal markers. Flow cytometry

analyses of cellular viability and mRNA expression studies of neuro-

nal interaction mediator N-cadherin determined that neuronal and

astrocytic cells remained viable and neurotransmission competent

throughout culture duration (14–21 days in vitro). During their in

vitro lifespan, neuron-like cells and astrocytes retained their differen-

tiated properties and plasticity and regenerated neurite projections

and inter-cellular communication network.

Neuro-immune cellular interactions were studied in a system of

co-cultures between neuronal-astrocytic primary cultures and their

autologous lymphocytes and leucocytes obtained from patient

peripheral blood samples. Subpopulations of CD3-positive T-cells,

CD19-positive B-lymphocytes and CD14-labeled monocytes were

characterized and their viability and HLA-DR antigen expression

were studied by flow cytometry in neuro-immune co-cultures. In

response to their autologous neuronal-astrocytic cells, B-cells

remained largely unaffected while T-lymphocyte populations gradu-

ally declined. Also, inherent activation status of monocyte popula-

tions associated with neurotoxicity responses in a sample-dependent

fashion. Our evidence portrays cause-and-effect responses between

autologous neuronal-astrocytic and inflammatory populations that

diverge between individuals and are suggestive of both neurodegen-

erative and immunosuppressive processes.

In conclusion, we present an optimized culture system for gener-

ating primary neuronal-astrocytic cultures from human adult brain

tissues. Furthermore, we present a neuro-immune co-culture system

between neuronal-astrocytic cells and their autologous leucocytes for

studying neuronal and immune cellular responses to their direct

interaction and the cellular events contributing to neuroinflammatory

processes.

429
Can FTY720 attenuate infection induced changes in the brain in

an Alzheimer’s disease model?

R. McManus*,†, S. Higgins*, M. Wilk*, K. Mills* & M. Lynch†

*School of Biochemistry and Immunology, Trinity College Dublin,

Dublin, Ireland, †Trinity College Institute of Neuroscience, Trinity

College Dublin, Dublin, Ireland

Evidence from this laboratory has indicated that blood brain barrier

permeability increases with age in wildtype mice, and also in trans-

genic mice which overexpress amyloid precursor protein (APP) and

presenilin 1 (PS1; APP/PS1 mice), a commonly-used animal model

of Alzheimer’s disease (AD). This is accompanied by increased infil-

tration of peripheral immune cells, including T cells, which may

contribute to age-related inflammatory changes in the brain. Recent

studies have suggested that infectious agents can induce inflamma-

tory changes in the brain, and may be a risk factor for the progres-

sion of AD. The objectives of this study were to assess the effect of

infection on infiltrating immune cells in the brain of APP/PS1, com-

pared with wildtype, mice and to determine whether treating APP/

PS1 mice with FTY720 can prevent infection-induced changes by

retaining T cells in the lymph node.

Wildtype and APP/PS1 mice (10 months old) were infected with

the respiratory pathogen Bordetella pertussis. The bacteria persist in

the lungs of infected mice for around 5 weeks. The brains of these

animals were assessed for infiltrating IFN-c- and IL-17-producing T
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cells and NK cells 8 weeks post-infection. In a separate series of

experiments, wildtype mice were infected with B. pertussis and a

group of mice were chronically treated with FTY720 at 0.3 mg/kg

for the duration of the experiment. Control- and FTY720-treated

B. pertussis-infected mice were culled at a number of time points

throughout the experiment and lungs processed for analysis of bacte-

rial load and infiltrating immune cells in the lung.

The data showed that infection resulted in a significant enhance-

ment of the absolute number of CD3+ T cells in the brains of APP/

PS1 mice. Interestingly the absolute number of IL-17+CD4+ T cells

was significantly increased in both wildtype and APP/PS1 mice

infected with B. pertussis in comparison with non-infected controls.

There was also significantly greater absolute numbers of IFN-c or

IL-17 secreting CD8+ T cells in infected compared with non-infected

APP/PS1 mice.

The data indicate that a respiratory infection enhances T cell

migration into the brain, and that APP/PS1 mice were more suscep-

tible to the effects of infection than wildtype mice. The experiments

with FTY720 will initially determine whether chronic treatment with

this drug will have an effect on the ability of the host to resolve

B. pertussis infection, before being used as a method to attenuate the

infection induced changes observed in APP/PS1 mice.

449
Is CGRP involved in the gut immune response to the helminth

Trichuris muris infection in BALB/c and AKR mice?

M. B. Bakri*,†, J. Pennock* & J. Miyan*

*University of Manchester, Manchester, UK, †King Abdulaziz

University, Jeddah, Saudi Arabia

Calcitonin gene related peptide (CGRP) has previously been linked

to immune modulatory functions in vitro. Here we examined the

expression and release of CGRP in BALB/c and AKR mice during

helminth infection Trichuris muris. We administrate either CGRP or

its receptor antagonist and a chemical vanilloid blocker to assess

CGRP role. Background levels of CGRP expression in nerve fibres

within the caecum were significantly lower in AKR compared to

BALB/c. On infection, BALB/c showed immediate and rapid decrease

in tissue CGRP expression which correlated with worm expulsion

and little pathology. Conversely, AKR showed an increase in tissue

CGRP expression, which correlated with increased pathology, and

persistent chronic infection. We administered CGRP and its receptor

antagonist hCGRP8-37 in vivo during a T. muris infection, between

days 14 and 21 p.i in both AKR and BALB/c mice. BALB/c mice

responded with an increase in muscle hypertrophy in the colon and

caecum at all-time points demonstrating an active response to this

ligand. Furthermore, BALB/c mice showed trends to increase T

helper 2 (TH2) cytokines IL4, IL13 and TNFa. By contrast, AKR

mice did not demonstrate any significant changes in response to

CGRP. Conversely, hCGRP 8-37 treatment increased muscle depth

in AKR mice at day 35 p.i, but not in BALB/c. CGRP has been

found to induce both TH1 and TH2 related cytokines in vitro. To

investigate the critical role CGRP had during a T. muris infection in

BALB/c, its release and functionality were blocked during T. muris

infection by administering both the CGRP receptor antagonist

hCGRP8-37, and the transient receptor potential vanilloid 1

(TRPV1) receptor antagonist capsazepine. BALB/c mice treated with

hCGRP 8-37 and capsazepine had retained worms on day 19 p.i.

and showed increased muscle hypertrophy and crypt length in com-

parison to vehicle control treated mice. Additionally, blocking CGRP

release and functionality resulted in a decreasing trend in TH2 cyto-

kines IL4, IL13 and TNFa. Furthermore, CGRP was administrated in

AKR mice to examine if CGRP was essential for the development of

a TH2 immune response to T. muris. CGRP reduced the worm bur-

den at day 35 p.i, however, with no significant change in the histol-

ogy or cytokine levels between treated groups and controls.

This study suggests that CGRP is important in early development of

TH2 immune response to T. muris in BALB/c mice but not necessarily

in AKR. Additionally, These findings indicate that TRPV1 insensitivity

in AKR is also mirrored by an apparently poor response to CGRP.

512
The role of pattern recognition receptors in amyloid-beta-
induced inflammation

F. Loizou, K. Triantafilou, P. B. Morgan & T. Martha

Institute of Infection and Immunity, Cardiff University, School of

Medicine, Cardiff, UK

Alzheimer’s disease (AD) is a neurodegenerative disorder and the

most common cause of dementia in the elderly. Patients show a

gradual onset and progression of memory loss and other cognitive

deficits. It is widely accepted that the extracellular accumulation of

amyloid b (Ab) in senile plaques is a principal event in the patho-

genesis of Alzheimer’s disease, but the cellular events leading to pla-

que-induced neuronal dysfunction are still unclear. Genetic factors

have been suggested to either cause or predispose to AD including

mutation in b-amyloid precursor protein (APP), which is the protein

that generates Ab by protelolytic processing, mutation in presenilins

1 and 2 as well as polymorphism to apolipoprotein A and Comple-

ment receptor 1 (CR1). In addition to genetic factors, studies have

suggested that inflammatory and immunological processes are not

just mere bystanders but that microglia and invading bone marrow

derived mononuclear phagocytes are central in the initiation and

progression of Alzheimer’s disease. It is our hypothesis that deposi-

tion of Ab peptide can activate the innate immune system via pat-

tern recognition receptors (PRRs), including complement, and evoke

Alzheimer′s pathology. Deposition of Ab in the brain might activate

microglia, initiating a pro-inflammatory cascade that results in the

release of potentially cytotoxic molecules, such as cytokines, comple-

ment, proteases and other acute phase proteins, ultimately causing

neurodegeneration. In the current study, we focused on the role of

the innate immunity system of the brain in the initiation and the

propagation of inflammatory process in AD and the interplay

between Toll like receptors (TLRs) and the complement system. We

examined in detail the significance of Ab peptide as danger-associ-

ated molecular patterns (DAMPs) in the activation of a wide array

of pattern recognition receptors (PRRs) in astrocytes, such as Toll-

like and NOD-like receptors along with the complement system.

Our results suggest that Ab can activate TLRs, as well as NALPs,

such as NALP3, and complement receptors and regulators, such as

CD59. This is the first study to investigate how the collaboration

between different PRRs orchestrates the triggering of the brain

inflammation observed in AD.
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654
Acute Toxoplasma gondii infection in Alzheimer’s disease

R. Montacute, H. Hopkins, J. Curran, S. Cruickshank & S. Allan

Faculty of Life Sciences, University of Manchester, Manchester, UK

Infection is known as a risk factor for Alzheimer’s disease (AD), and

can worsen symptoms in established disease. Toxoplasma gondii is a

protozoan parasite which infects around a third of the world’s popu-

lation. However, very few studies have investigated the effects of

T. gondii infection on AD development or progression. In this study

therefore our aim was to establish the effect of acute T. gondii infec-

tion in the triple transgenic AD mouse (3 9 Tg-AD). Young (2–
3 months of age) 3 9 Tg-AD mice were infected with T. gondii and

culled at 5, 7 and 14 days post infection (PI). Aged (11 months of

age) 3 9 Tg-AD mice were infected and culled 11 days PI. The

3 9 Tg-AD mice were more susceptible to infection than the non-

transgenic controls, showing increased weight loss and sickness

behaviour. 3 9 Tg-AD mice of both ages had severe liver pathology

with tissue necrosis and infiltration of inflammatory foci, responses

which were present but less severe in non-transgenic mice. Systemic

inflammatory responses were raised in both young and aged

3 9 Tg-AD mice. Serum from aged 3 9 Tg-AD mice 11 days PI

had elevated levels of proinflammatory cytokine IFN-c (500 fold), as

well as significant increases in levels of proinflammatory cytokines

IL-6 and IL-1beta and the chemokines CXCL1 and CCL2. Serum

from young 3 9 Tg-AD 12 days PI had elevated levels of IFN-c
(800 fold), TNF (30 fold) and IL-6 (12 fold). Anti-inflammatory

responses were reduced in young 3 9 Tg-AD mice, with levels of

IL-10 in serum 10 fold lower at day 5 PI. Soluble tachyzoite antigen

(STAg) stimulation of splenocytes to detect T cell specific responses

to T. gondii infection showed increases in proinflammatory cytokine

production. Aged 3 9 Tg-AD mice had increased levels of IFN-c
(500 fold), IL-6 (30 fold) and IL-b (4 fold) and increases in chemo-

kines CXCL-1 (200 fold) and CCL-2 (10 fold). Young 3 9 Tg-AD

mice following STAg stimulation had increased levels of IL-1b, 15
fold higher than in non-Tg mice at 5 days PI. These data suggest

that in 3 9 TgAD mice an enhanced proinflammatory response

results in greater susceptibility to infection. Whether this contributes

to changes in AD-like pathology and behaviour remains to be deter-

mined, and is the subject of ongoing studies.
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Quantitative Approaches to Immunology: New

Experimental Challenges

29
User versus software-dependent variability of ELISPOT counts

obtained from ten different laboratories

S. Sundararaman*, A. Y. Karulin*, T. Ansari*, N. BenHamouda†,

J. Gottwein‡, S. Laxmanan§, S. Levine¶, J. Loffredo**,

S. McArdle††, C. Neudoerfl‡‡, D. Roen§§, K. Silina¶¶, P. V. Lehmann*

& A. Chauvat***

*Cellular Technology Limited (CTL), Shaker Heights, OH, USA,
†Hôpital Europ�een Georges Pompidou, Paris, France, ‡University of

Copenhagen, Copenhagen, Denmark, §Biogen Idec, Cambridge, MA,

USA, ¶Bristol Myers Squibb, Wallington, CT, USA, **Bristol Myers

Squibb, Princeton, NJ, USA, ††Nottingham Trent University,

Nottingham, UK, ‡‡Medizinische Hochschule Hannover, Hannover,

Germany, §§Pharmasan Labs, Osceola, WI, USA, ¶¶Biomedical

Research Study Center, Riga, Latvia, ***CTL-Europe GmbH, Bonn,

Germany

Introduction: There are a defined number of T cells specific for any

given antigen within a PBMC pool. However, an accurate and repro-

ducible method to measure this response, between different laborato-

ries has been controversial. In ELISPOT assays, antigen-induced

spots show a broad spectrum of sizes and densities over variable

background. Therefore, even for experienced investigators using ELI-

SPOT analysis software, it is difficult to judge the minimal spot size/

density to be counted, and the gates for upper threshold to distin-

guish single cell-derived spots versus clusters.

Methods: We studied PBMC plated in serial dilutions, with 24 replicates

per dilution, to establish the distributional properties of IFN-c ELI-

SPOTS elicited by antigens with defined HLA-Class I or Class II restric-

tion.We also sent ELISPOT plates, and image files of such, to 10 different

laboratories for independent counting. The plates were machine counted

by each laboratory relying on the subjective counting parameters assess-

ment by different investigators, and by the statistics-based auto-gating

method in conjunction with auto-threshold algorithm.

Results: Both these CD8- or CD4 cell-derived spots were found to

closely follow log-normal distribution. These log-normal distribu-

tional properties of ELISPOTs permit to set the lower and upper

gates for counting by means of statistics, automatically, with a 95%

confidence interval.

Conclusions: While counts based on judgment call of the investigator

showed considerable variability, the counts obtained in the laboratories

by the statistic gating method were comparable to each other and thus

establishes the prospect of harmonizing ELISPOT counting.

61
An examination of monocyte adenosine metabolism in common
variable immunodeficiency

T. H. Scott-Taylor*, E. Hamzic†, R. Pattengell† & D. Webster‡

*Life Sciences and Computing, London Metropolitan University,

London, UK, †Haematology, St George’s Hospital, University of

London, London, UK, ‡Immunology, Royal Free Hospital UCL Medical

School, London, UK

Background: Granulomatous masses form in a variety of idiopathic

inflammatory diseases, including sarcoid, Crohn’s disease and com-

mon variable immunodeficiency (CVID). 10 to 20% of CVID

patients form granuloma which can further reducing life expectancy

by some 15 years.

Methods: The activity of adenosine forming exoenzymes CD39 and

CD73 on the external surface of CVID monocytes and T cells were

investigated and related to activation and monocyte fusion in vitro.

Peripheral blood mononuclear cells were cultured with IL4 and

GMCSF and adenosine metabolism investigated with antibodies and

specific inhibitors of adenosine receptors.

Results: Multinucleate cell formation of CVID individuals exceeded

that of normal cells by over 2 fold although expression of MHC II

DR, CD80 and CD86 was similar. Both CVID and normal giant cells

were highly biochemically active and phagocytic, engulfing similar

quantities of yeast and fluorescent beads. Adenosine metabolism in

CVID monocytes and T cells was disturbed although receptor func-

tion was normal, indicating a possibility that adenosine metabolism

may be connected with immunosuppression in CVID.

Conclusions: The lower augmentation of CVID monocyte fusion

index by inflammatory reagents suggests that CVID monocytes are

already partly activated in vivo. The disturbance of expression of

CD73 and the adenosine A2A receptor on activated T effector cells

is related to cell activation and may be involved in the dysfunction

of regulatory T cells in CVID.

128
Quantitative assessment of regulatory T cell numbers in human
tissue through a novel immunohistochemical approach

A. Harger*, M. Tauschmann*, R. Rohban*, B. Prietl*,

C. Hoegenauer† & T. R. Pieber*

*Division of Endocrinology and Metabolism, Medical University of

Graz, Graz, Austria, †Division of Gastroenterology and Hepatology,

Medical University of Graz, Graz, Austria

Background and Aims: CD4(+) CD25(high) FOXP3(+) regulatory T

cells (Tregs) are key mediators of immunity, which orchestrate and

maintain immunological tolerance. Their quantitative assessment is

of vast medical interest since different diseases such as type 1 diabe-

tes, multiple sclerosis and inflammatory bowel disease (IBD) have

been linked to changes in Treg numbers. Yet, a tool for the quantita-

tive and depictive investigation of Tregs in the affected tissue is still

missing.

In this study we established a novel immunohistochemistry of

Tregs for quantification and for assessment of the localization of

Tregs in situ, allowing staining of three markers in one section.

Methods: Biopsies in 15 healthy subjects (mean age 25.5 � 4.2 years,

6/9 f/m) and in 18 patients diagnosed either ulcerative colitis or Cro-

hn’s disease (mean age 42.0 years � 13.6, 11/7 f/m) were collected

from colon or ileum and formalin-fixed paraffin-embedded. Sections

were deparaffinised, followed by antigen retrieval through HIER (heat

induced epitope retrieval). Single-stainings with specific primary anti-

bodies for the following three markers of Tregs were carried out using

fluorescence-labelled secondary antibodies: CD4 (cell surface), CD25

(cell surface) and FoxP3 (nucleus). Subsequently, the three markers

were combined into a triple staining in one section.

Results: In healthy subjects numbers of regulatory T cells varied

from 0.0 to 4.1 percent Tregs in CD4+ cells (mean 1.2% � 0.3

SEM), whereas in patients with chronic inflammatory bowel disease

the counts ranged from 1.5 to 17.8 percent Tregs in CD4+ cells

(mean 8.7% � 1.1 SEM). In ulcerative colitis patients we observed a

relationship between disease activity scores and percentage of Tregs

in CD4+ cells. These results clearly demonstrate higher Treg counts

in chronically inflamed intestine compared to healthy tissue.

Conclusions: This new immunohistochemical method allows quanti-

fication of Tregs in paraffin-embedded human biopsies. Frequency

of Tregs is substantially lower in healthy controls compared to IBD

patients. After validation against Treg quantification using FACS,

this new method should allow further insight in the role of Tregs in

autoimmune diseases in humans.
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387
Generation of an open-source library of mouse knockout

immunophenotyping data

L. Abeler-Dörner*, A. O. Speak†, S. Clare†, D. G. Melvin†,

J. K. White†, D. J. Adams† & A. C. Hayday*,‡

*Department of Immunobiology, King’s College London, London, UK,
†Wellcome Trust Sanger Institute, Hinxton, UK, ‡London Research

Institute, Cancer Research UK, London, UK

The Infection and Immunity Immunophenotyping (3i) consortium

has been formed to conduct a high-throughput immunological phe-

notyping of approximately 800 knockout mouse lines generated by

the Wellcome Trust Sanger Institute (WTSI) over the next 5 years.

The project aims to build an encyclopedia of vertebrate gene func-

tion and to make fundamental discoveries relating to human health.

Funded by the Wellcome Trust and led by our team at King’s Col-

lege London, the consortium includes partners from WTSI, Imperial

College, and the Universities of Oxford, Cambridge, and Manchester.

The phenotyping has two components, an observational screen

and a challenge screen. In the observational screen the immune cell

compartments of different organs will be analysed in order to iden-

tify genes regulating the immune system at steady state. The chal-

lenge screen will look at responses to chemical stress and to viral

and bacterial infections that collectively mimic major aspects of

human exposure to the environment and that therefore permit the

likely identification of genes that regulate the human immune

response under challenge.

The project will employ and further refine state-of-the-art multi-

colour flow cytometry and fluorescent microscopy and explore cut-

ting-edge tools for automated data analysis and dissemination. All

generated data will be open source and available to the scientific

community whose involvement will be encouraged by the pro-

gramme’s outreach component.

406
Quantitative approaches to immunology: new experimental

challenges Dissecting the transcriptional signature of pre-TCR
signalling in developing T lymphocytes using genome-wide

transcriptional modelling

H. Sahni*,†, A. Barbarulo*, J. Symonds†, M. Ono*, M. Hubank*,†,

M. Barenco*,† & T. Crompton*,†

*Institute of Child Health, University College London, London, UK,
†UCL Centre for Mathematics and Physics in the Life Sciences and

Experimental Biology, University College London, London, UK

Background and Aims: T-lymphocytes develop along a well charac-

terized programme whereby CD4-CD8- double negative (DN) cells

give rise to the double positive cells which undergo selection to form

self-MHC restricted and self-tolerant CD4 or CD8 single positive T-

cells. The DN population can be subdivided into CD44+CD25-
(DN1), CD44+CD25+(DN2), CD44-CD25+(DN3) and CD44-CD25-

(DN4) cells. TCR-b chain expression together with pre-Ta and CD3

molecules to form a pre-TCR complex represents a critical check

point in T-cell development. Extensive work over the past few dec-

ades has helped in identifying few genes important in this process,

however, our understanding of the temporal regulation of the gen-

ome-wide molecular events underpinning this developmental pro-

gramme remains very restricted and is the focus of this study.

Methods: To dissect the gene networks underlying the pre-TCR we

tracked transcriptomes of the developing thymocytes using time

course microarrays during this transition. We utilize embryonic thy-

muses from Rag1 �/� mice to perform foetal thymic organ cultures

(FTOCs) and stimulate them with anti-CD3 to model the pre-TCR

signal transduction.

Results: We show by canonical correspondence analysis that thymo-

cytes in anti-CD3 treated Rag1�/� FTOCs acquired transcriptomic

profiles of DN4 or DP populations and mimicked the response to

pre-TCR signal transduction at the molecular level. We observe that

expression and degradation profiles are heterogeneous among both

the up and down-regulated transcripts. Exploration of the effects of

degradation on network modelling revealed that the targets of the

same transcriptional activity could generate very different expression

profiles and vice-versa. Traditional system approaches based solely

on transcript expression levels are inefficient in dissecting these

dynamic network activities downstream of such a stimuli-driven

complex response. We used a pre-validated strategy dubbed genome-

wide transcriptional modelling (GWTM) based on the principle that

the gene expression observed at a particular moment for a particular

gene is the difference of the synthesis and degradation of its mRNA.

This allowed us to group genes based on their respective transcrip-

tional activities and describe at least five distinct transcriptional pro-

files initiated by the pre-TCR signal.

Conclusions: Our work provides a novel perspective in understand-

ing this phase of development and in decoding the transcriptional

signature of pre-TCR signal by temporally integrating all the molecu-

lar mediators under the pre-TCR into defined transcriptional groups.

In the process we reveal previously unknown regulatory factors that

are crucial for this phase of development and will be used in func-

tional studies of T-cell development.

439
High-throughput multicolor flow cytometry phenotyping to

identify novel mutations regulating mouse immunobiology

A. Laing*, A. Chan*, D. Ushakov*, A. O. Speak†, F. Geissmann‡,

J. K. White†, L. Abeler-D€orner* & A. Hayday*

*Immunobiology, King’s College London, London, UK, †Mouse Genetics

Project, Wellcome Trust Sanger Institute, Wellcome Trust Genome

Campus, Cambridge, UK, ‡Centre for Molecular & Cellular Biology of

Inflammation, Kings’s College London, London, UK

The Infection and Immunity Immunophenotyping (3i) consortium

has been formed to conduct systematic high-throughput immuno-

logical analysis of >800 gene knockout mouse lines generated by the

Wellcome Trust Sanger Institute (WTSI). One aspect of the project

is the high-dimensional flow cytometry analysis of multiple lym-

phoid tissues. The flow cytometry screen is aimed at identifying

novel genes involved in both immune development and homeostasis.

Spleens and mesenteric lymph nodes are analyzed using three sep-

arate 12-colour antibody panels designed to investigate T/NK-cell, B-

cell and myeloid cell phenotypes. In addition, a 12-colour panel is

dedicated to assessing haematopoetic development in the bone mar-

row. Each panel is comprised of a combination of lineage-specific

markers and activation markers allowing enumeration of specific

subsets within the tissues; simultaneously providing information on

the activation status of these cells.

Owing to the size and complexity of the data set produced, iden-

tification of immunological phenotypes will be performed using

state-of-the-art automated gating/cluster analysis. This approach

serves to streamline the data analysis and assist in identifying novel

immunological phenotypes. Ultimately, all data will be published to

an open access online repository. In this manner the larger commu-

nity’s investigations of immune cell regulation are provided with two

key resources: the identification of novel regulatory mechanisms and

novel highthroughput approaches to large scale integrative data

analysis.
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Large scale human T cell epitope mapping of Burkholderia

pseudomallei

D. Rinchai*, A. Nithichanon*, S. Buddhisa*, P. Saenmuang*,

C. Kewcharoenwong*, B. Kessler*, L. Raknarong*, P. Khaenam*,

R. J. Boyton†, G. J. Bancroft‡, D. M. Altmann† &

G. Lertmemongkolchai*

*Cellular and Molecular Immunology Unit, Centre for Research &

Development of Medical Diagnostic Laboratories, Faculty of Associated

Medical Sciences, Khon Kaen University, Khon Kaen, Thailand,
†Human Disease Immunogenetics Group, Department of Infectious

Diseases and Immunity, Imperial College, London, UK, ‡Department of

Immunology and Infection, London School of Hygiene and Tropical

Medicine, London, UK

Melioidosis is an infectious tropical disease caused by Gram-negative

bacillus, Burkholderia pseudomallei. The pathogen has been classified

as a Category B (Tier 1) and bio-threat agent, there are no vaccines

available. Previous studies by our group and the others have identi-

fied interferon-gamma as an essential immune component for host

survival to the infection. Our previous study has also used B. pseudo-

mallei protein microarray to identify 40 immunogenic proteins of

this microorganism recognized by seropositive healthy and recovered

melioidosis individuals living in the endemic area of B. pseudomallei.

Here we have extended the study to map human T cell epitopes of

these proteins from B. pseudomallei by overlapping peptides of the

whole proteins (average 35 peptides/library/protein) and assayed for

human T cell responses of various B. pseudomallei infected groups

by ELISPOT. The peptide libraries from candidate proteins were

screened for production of interferon-gamma by human peripheral

blood T cells. The analysis of peptide epitopes was evaluated in the

context of human HLA typing. These experiments offer the chance

of generalizing information on recognized epitopes from the HLA

class I and class II alleles commonly represented in the Thai popula-

tion to a broader panel of alleles relevant across many ethnic groups.

This study is part of the large scale epitope discovery and expected

to reveal between 500–1000 confirmed T cell epitopes for submission

to Immune Epitope Database by the year 2014. The information is

essential to modify algorithms for human T cell epitope prediction

and provide a more accurate tool for effective vaccine development.

526
Does antigen excess exist in IgG4 subclass assays?

W. Egner*, R. Sanderson† & D. Patel†

*Department of Immunology, Sheffield Teaching Hospitals NHS

Foundation Trust, Sheffield, UK, †UK External Quality Assessment

Scheme for Immunology, Immunochemistry and Allergy, UKNEQAS,

Sheffield, UK

IgG4 is a minor component of the immunoglobulin G class with uncer-

tain functions. It has an inherent instability due to inert disulphide

bond structures. IgG4-related disease has recently been recognised as a

fibroinflammatory condition which can affect virtually all organ sys-

tems. Elevated levels of IgG4 subclass in serum is used to aid the diag-

nosis of IgG4-related disease. These patients need to be correctly

identified therefore it is important that IgG Subclass assays are able to

detect high levels of IgG4. This experiment was designed to assess the

ability of methods currently in use to produce the correct result and

not a false result within the normal range due to antigen excess.

A single patient donor sample expected to contain a high level of

IgG4 was distributed by UK NEQAS for Immunology, Immuno-

chemistry & Allergy to all participants within the IgG Subclasses

scheme. Participants tested the sample using various methods and

the results were analysed.

The majority of methods were able to correctly detect the high

IgG4 concentration. However, some laboratories reported results

which fell within the normal range. This could possibly indicate an

antigen excess problem which will be investigated in future distribu-

tions. Furthermore, there appears to be method related differences in

the calibration with respect to IgG and an absence of an interna-

tional standard.

597
Development of IgE microarray assays for classification of

allergic individuals

A. Hamed*, I. Todd†, P. Tighe† & L. Fairclough†

*Department of Immunology and Allergy, School of Life Sciences,

Nottingham, UK, †Immunology and Allergy, School of Life Sciences,

University of Nottingham, Nottingham, UK

Allergic (hypersensitivity) reactions are pathological immune reac-

tions against common, harmless environmental proteins (allergens).

These reactions are raised by mechanisms of innate and adaptive

immunity, which are mediated by a variety of inflammatory soluble

mediators and immune cells. IgE antibodies play critical role in the

immediate phase reaction of allergic immune responses. Cross link-

ing of allergen-specific IgE to its receptors on effector cells leads to

release of a complex immune cascade and signal pathways, which

may cause local or systemic symptoms within minutes. Therefore,

this kind of allergy is referred to as immediate or type I allergic reac-

tions. The primary goal of this project is to profile specific IgE anti-

body levels in serum for the diagnosis and prognosis of allergic

patients by microarray technology. This technique (multi-allergen

assay) is being developed containing allergens used for skin prick

testing, which will be printed onto glass slides and screened simulta-

neously with serum samples from allergic patients. This assay will

enable the measurement of IgE reactivity against many individual

allergens in a single step, thus requiring small volume of serum and

reducing costs.

601
Production and characterisation of novel cell lines expressing

mutant TNFR1 using TALENS technology

A. Alotiby, L. C. Fairclough, I. Todd & P. J. Tighe

School of Life Sciences, University of Nottingham, Nottingham, UK

TNF receptor associated periodic syndrome (TRAPS) is caused by

mutations in the TNF receptor-1 (TNFR1) gene. This leads to mis-

folding of the mutated TNFR1 protein and ligand-independent sig-

nalling resulting in activation of inflammatory pathways. Many

aspects of these pathological processes remain to be elucidated. Fur-

thermore, the consequences of mutant TNFR1 expression may vary

between cell types, thereby giving rise to the variety and heterogene-

ity of clinical phenotypes. Detailed in vitro investigation of this dis-

ease therefore requires a range of cell types expressing mutant

TNFR1. This can be partly achieved using TRAPS patient-derived

cell lines and conventionally-transfected cell lines; however, this is

not possible for all relevant cell types. We are therefore using TA-

LEN technology to facilitate the production of novel TNFR1 mutant

cell lines. TALEN is a novel class of an engineered restriction enzyme

that is generally created by fusing a TAL effector-DNA domain,

which is derived from plant pathogenic bacteria such as Xanthomo-

nas, to a DNA cleavage domain. The DNA-binding domain of TA-

LEN contains a highly conserved of identical repeat units from 33 to
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35 amino acids with an exception at region 12 and 13. To date, we

have produced the building blocks for TALEN production using

Golden Gate Cloning technology. These are being used to produce

cell lines expressing TRAPS-associated TNFR1.

602
Development of microarray assays for immunological

measurements

L. Fairclough, S. Selvarajah, A. Al-Mehairi, O. Negm, I. Todd & P.

Tighe

The University of Nottingham, Nottingham, UK

The increasing interest in comprehensive analysis of immune

responses using small sample size has led to a drive for microarray

platform development. Here we briefly outline the development of

numerous microarray technologies for measurement of intracellular

signalling pathways, cellular markers and (auto) antibodies, with spe-

cific focus on cytokine markers in serum and supernatants. These

microarray based assays can be used as direct replacements for exist-

ing techniques such as Western Blot and ELISA and provide

improvements in quantification and dynamic range. Protein based

microarrays have the added advantages of requiring reduced sample

input, are compatible with high throughput processing, and can pro-

vide increased quality control, replication and reduced cost. The

methodologies are amenable to both signal amplification and fluo-

rescence-based multiplexing to further enhance comprehensive data

collection.

Here we present data for the development of cytokine micro-

arrays, outlining the steps required quality control. The selection of

printing and blocking buffers is examined and the use of amplifica-

tion for detection of low abundant cytokines is discussed.

In conclusion, microarray assays can be optimised for measure-

ment of a variety of immunological parameters to enable fast, repro-

ducible data generation.
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Regulation of T Cell function

20
The core is not enough: modulation of CD4 T-cell mediated

immunity

D. K. Cole, C. J. Holland & A. Godkin

Department of Infection and Immunity, Cardiff University School of

Medcine, Cardiff, UK

Introduction: CD4 T-cells direct immune responses against pathogens,

cancer and can cause autoimmunity. However, how CD4 T-cell

responses are governed by the interaction between the membrane

bound T-cell receptor (TCR) and short peptides presented at the cell

surface by major histocompatibility complex molecules class II

(pMHC-II) is not well established. MHC-II presented peptides are of a

variable length (10–>25 m) and consist of a core 9mer (reflecting the

MHC-II binding motif) and peptide flanking residues (PFRs) that can

extend from both the N- and C-terminus of the binding groove. The

full role of PFRs during CD4 T-cell immunity is unknown.

Materials and Methods: Peptide derived from the HLA-DR*0101
influenza haemagglutinin epitope, HA305-320 (DR1-HA), with

altered PFRs were designed using a combinatorial approach and

tested biophysically, and using pMHC-II tetramers. CD4 T-cells were

clonotyped after stimulation with modified peptides. DR1-HA reac-

tive CD4 T-cells were sorted ex vivo from DR1 healthy volunteers

that had been inoculated with the seasonal flu vaccine.

Results: We have shown that pMHC-II restricted TCRs bind with

weaker affinity compared to pMHC-I restricted TCRs (Journal of

Immunology, 2007), limiting the experimental/clinical use of pMHC-

II tetramers. We have recently shown that modifying peptide flank-

ing regions can enhance TCR-pMHC-II binding affinity and modify

CD4 T-cell responses (Nature Communications, 2012). Our unpub-

lished data shows how these modifications can be used for develop-

ing enhanced pMHC-II tetramers.

Conclusions: PFR have an underappreciated role during CD4 T-cell

mediated immunity. Altered PFRs can enhance TCR binding with

implications for CD4 T-cell diagnostics and vaccine development.

35
Modulation of human T helper cell responses by biological

therapeutics

C. A. Roberts, H. G. Evans & L. S. Taams

Centre for Molecular and Cellular Biology of Inflammation, Division of

Immunology, Infection and Inflammatory Disease, King’s College

London, London, UK

Background: IL-17+CD4+T cells (Th17 cells) have been implicated

in the pathology of several immune-mediated inflammatory diseases.

Recent publications have demonstrated that these typically pro-

inflammatory effector T cells can acquire anti-inflammatory potential

characterised by the expression and production of interleukin-10

(IL-10). Recent data from our laboratory show that TNF inhibitors

(TNFi) induce expression of IL-10 in human IL-17+CD4+ T cells in

vitro and in vivo. The aim of this work was to examine whether

blockade of other pro-inflammatory cytokines (IL-1, IL-6) or CD80/

CD86 costimulation have similar effects and to examine the role of

IL-10 in the induction of IL-10+IL-17+ CD4+ T cells.

Material and Methods: CD4+CD45RO+ T cells and CD14+ mono-

cytes were isolated from peripheral blood from healthy volunteers

and co-cultured for 3 days in the presence of anti-CD3 mAb. Co-

cultures were performed in the absence or presence of adalimumab

(anti-TNFa), tocilizumab (anti-IL-6R) or abatacept (CTLA-4-Ig);

blocking antibodies to IL-1R1, or IL-10 and IL-10R; or the cytokines

TNF-a or IL-10. Cells were then stimulated with PMA and ionomy-

cin in the presence of GolgiStop and assessed for intracellular cyto-

kine expression by flow cytometry.

Results: Our results show that TNFi addition induces IL-10 expres-

sion in IL-17+CD4+ T cells and conversely, that TNF-a addition

suppresses IL-10 expression in these cells. IL-1R1 blockade is also

capable of increasing IL-10 expression in IL-17+CD4+ T cells, whilst

neither tocilizumab nor abatacept have this effect. We demonstrate

that IL-1b addition can overcome TNFi-mediated IL-10 induction.

By blocking IL-10 and IL-10R we show that IL-10 signalling is

required for TNFi-mediated induction of IL-10 expression in IL-

17+CD4+ T cells.

Discussion: Our data demonstrate that blockade of either TNF-a
or IL-1b, but not IL-6 signalling, induces IL-10 expression in

IL-17+CD4+ T cells. TNF-a inhibition was shown to operate via an

IL-10-dependent mechanism. Elucidating the mechanisms involved

in the regulation of IL-10 responses in typically pro-inflammatory T

helper cells has important implications for the development of future

therapeutic strategies.

This work was supported by a King’s Biosciences Institute PhD

studentship and by IMI BTCURE.

49
Increased expression of T cell recruiting chemokines in the
colonic mucosa of microscopic colitis patients

S. Gunaltay*, N. Nyhlin†, A. Kumawat‡, J. Bohr†, C. Tysk†,

O. Hultgren§ & E. Hultgren H€ornquist‡

*Orebro University, Orebro, €Orebro, Sweden, †Department of Medicine,

Division of Gastroenterology, €Orebro University Hospital, €Orebro,

Sweden, ‡Biomedicine, School of Health and Medical Sciences, €Orebro
University, €Orebro, Sweden, §Department of Microbiology and

Immunology, €Orebro University Hospital, €Orebro, Sweden

Microscopic colitis (MC), comprising collagenous colitis (CC) and

lymphocytic colitis (LC), is a common cause of chronic diarrhea. In

this study we compared gene expression of chemokines and their

receptors in colon biopsies from MC patients in active disease or in

histological remission (CC/LC-HR) with controls by qRT-PCR. The

Th1-associated chemokines CCL2/MCP-1, MIP-1b/CCL4, MIG/

CXCL9, IP10/CXCL10, I-TAC/CXCL11, the Th2-associated chemoki-

ne MDC/CCL22, the Th17-associated chemokine IL-8/CXCL8 and

cytotoxic T cell-associated fractalkine/CX3CL1 expressions were

increased in both active CC and LC patients compared to controls.

The Th1/Th2-associated chemokine RANTES/CCL5 expression

increased only in LC patients whereas the Th1-associated chemokine

MIP-1a/CCL3 expression increased in CC patients only compared to

controls. Both CC and LC patients had increased receptor expres-

sions (ligand(s) in parenthesis): CCR3 (CCL5,7), CCR4 (CCL5,22),

CXCR1 and 2 (CXCL8), whilst, CX3CR1 (CX3CL1) and CCR2

(CCL2,7) expressions were increased only in CC patients. CC-HR

and LC-HR patients showed increased expression of CCR3, CXCR2

and CX3CR1, whereas CCL22, CXCL9, CXCL11, CX3CL1, CCR4,

and CXCR1 expressions were increased in LC-HR patients compared

to controls. Contrary, CCL2, 3, 22, CXCL8, CCR2, 4, 5, CX3CL1,

CXCL9, 10, 11 and CXCR3 expressions decreased in CC-HR patients

compared to CC patients. This study shows similar mucosal expres-

sion of T cell recruiting chemokines in CC and LC but altered

expressions in different disease stages. These findings are important

for elucidation of MC immunopathogenesis and identification of

potential therapeutic candidates.
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57
Increased expression of immunosuppressive receptors in T-cell

subsets in poor prognosis chronic lymphocytic leukaemia

R. Reid, C. Pepper, K. Ladell, D. Price, C. Fegan & S. Man

Cardiff University School of Medcine, Cardiff, UK

We previously showed that an inversion of the CD4:CD8 ratio in

CLL patients (CLLIR) is associated with poor clinical outcome and

the preferential expansion of highly differentiated CD8+ T-cells. In

order to explore this further we evaluated the expression of immu-

nosuppressive receptors in T-cell subsets in a cohort of 56 CLL

patients and 21 age-matched controls. We hypothesized that CLLIR

patients would have an increased percentage of highly differentiated

CD8+ T-cells co-expressing PD-1, TIM-3 and LAG-3. Contrary to

our prediction, we found no evidence for increased expression of

LAG-3 or PD-1 in CD8+ T-cells, although we did observe significant

increases in CD8+TIM3+ T-cells within the EM (P = 0.037) and

EMRA subsets (P = 0.079). In contrast, we observed more pro-

nounced effects among the CD4+ T-cells in CLLIR with an overall

increase in PD-1+ (P < 0.0001) and TIM-3+ (P = 0.0057), and LAG-

3+ T-cells (P = 0.0305) within the CD4+ EM subset. Furthermore,

PD-1 expression was positively correlated with TIM-3, LAG-3 and a

highly differentiated CD4+CD57+CD27-phenotype; none of these

associations were apparent in CD8+ T-cells. Overall these findings

suggest that CLLIR patients have an increased percentage of CD4+

T-cells with an “exhaustion” phenotype, whereas their CD8+ T-cells

appear to have an “activation” phenotype. The functional and clini-

cal significance of these findings are under investigation.

79
Analysis of epitope-specificity and T cell receptor usage in CD8+
T-cell responses against Theileria parva in MHCI homozygous

and heterozygous individuals

X. Li, T. Connelley & I. Morrison

Department of Infection and Immunity, The Roslin Institute,

Edinburgh, UK

Diversity of TCR in epitope-specific populations can have profound

implications for the functional capacity of CD8+ T-cell responses.

For example, narrow TCR repertoires in immunodominant epitope-

specific responses have been associated with ‘escape mutations’ in

HIV that contribute to the loss of immunological protection. In pre-

vious work we have demonstrated that 3 epitopes from the Tp2 anti-

gen of Theileria parva (Tp298–106, Tp249–59 and Tp250–59) were

presented by the N*01201 MHCI allele of BoLA-A10 homozygous

cattle. In this study we use pMHCI-tetramers and an unbiased tem-

plate-switch anchored RT-PCR technique to examine the frequency

and TCR diversity of these epitope-specific responses in a range of

BoLA-A10 homozygous and heterozygous animals. In 5 T. parva

immunized A10-homozygous animals, the Tp249-59 epitope was

found to be highly dominant (30–50% of CD8 T cells), while smaller

percentages of cells specific for Tp250–59 (2–7%) and Tp298–106
(1–4%) were present. By contrast, in 6 BoLA-A10 heterozygous ani-

mals (3 pairs of MHCI-haploidentical animals), CD8 T cells specific

for the Tp249–59 and Tp250–59 epitopes were not detected. In each

MHCI haploidentical pair only 1 individual had a detectable

Tp298–106-specific response (10–50%). The different profiles of anti-

gen specificities indicate that different na€ıve epitope-specific T cells

are selected for expansion and differentiation during infection of

homozygous and heterozygous animals. Through analysis of TCR b
chain (TRB) usages, a completely conserved TCR b chain rearrange-

ment was identified within the Tp250–59-specific CD8 T cell popula-

tions of all 5 BoLA-A10 homozygous animals. However, in three

BoLA-A10 heterozygous animals, Tp298–106-specific CD8 T cells

showed varies TRB diversities with the preference of Vb13.5 usages,

but no identical CDR3 sequences. These results provide some expla-

nations for the diverse antigen responses in BoLA-A10 homozygous

and heterozygous animals. It also provides some useful materials for

in vitro generation of na€ıve antigen-specific T cells for studies of

induction of CD8 T cell responses against Theileria parva.

97
Combination peptide immunotherapy suppresses antibody and
helper T cell responses to the RhD protein in HLA-transgenic

mice

L. S. Hall*, A. M. Hall*, W. J. Pickford*, M. A. Vickers†,

S. J. Urbaniak† & R. N. Barker*

*Division of Applied Medicine, University of Aberdeen, Aberdeen, UK,
†Academic Transfusion Medicine Unit, Scottish National Blood

Transfusion Service, Aberdeen, UK

Background and Aims: The RhD blood group is the major target

for maternal alloantibodies in hemolytic disease of the newborn

(HDN). If alloimmunisation occurs, it cannot currently be reversed,

but manipulating T helper (Th) responses offers a novel strategy for

treating affected women. We have previously mapped peptides con-

taining immunodominant Th epitopes from the RhD protein and

the purpose of the work was to develop and test these as a product

for suppression of established anti-D responses.

Methods: The physico-chemical properties of four immunodominant

RhD peptides and a panel of analogues were defined. A selected ver-

sion of each sequence with improved solubility was combined in

mixture RhDPmix, which was tested for suppressive ability in HLA-

DR transgenic mice previously immunised with RhD protein.

Results: It was confirmed that each of the peptides in RhDPmix

retained recognition by human Th cells. A single dose of RhDPmix

given intranasally (P = 0.008) or subcutaneously (P = 0.043) rapidly

inhibited the ongoing antibody response in RhD-immunised HLA-

DR15 transgenic mice. This was accompanied by reduced Th respon-

siveness to the RhD protein and recruitment of suppressive cells with

a FoxP3+ Treg phenotype.

Summary: The results identify a tolerogenic peptide product with a

defined mechanism of action and a simple dosing regimen, suitable

for translation to human trials as the first specific treatment for

women at risk of HDN due to existing anti-D antibodies.

100
Unraveling the regulation of IL-10 expression in Th17 cells: a

role for Aiolos

H. G. Evans*, U. Roostalu*, G. J. Walter*, N. J. Gullick*,

K. S. Frederiksen†, C. A. Roberts*, J. Sumner*, D. L. Baeten‡,

J. G. Gerwien†, A. P. Cope*, F. Geissmann*, B. W. Kirkham§ &

L. S. Taams*

*Centre for Molecular & Cellular Biology of Inflammation, King’s

College London, London, UK, †Biopharmaceuticals Research Unit,

Inflammation Biology, Novo Nordisk, M�aløv, Denmark, ‡Division of

Clinical Immunology and Rheumatology, Academic Medical Centre,

Amsterdam, The Netherlands, §Department of Rheumatology, Guy’s &

St Thomas’ NHS Trust, London, UK

Background: TNF inhibitors have revolutionised the treatment of

inflammatory diseases and have been used to treat over 4 million

patients worldwide. CD4+ T cells producing the pro-inflammatory

cytokine IL-17 (Th17 cells) are key contributors to the pathogenesis

of many human inflammatory diseases, however it is currently

unknown how these cells are affected at the molecular and
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functional level by TNF inhibitors. Here we demonstrate that TNF

inhibitor treatment has a profound effect on Th17 cells by inducing

a regulatory IL-10 pathway, which may contribute to the efficacy of

this widely used therapeutic.

Methods: Cytokine analysis was conducted immediately ex vivo

using peripheral blood mononuclear cells from either healthy con-

trols or patients with rheumatoid arthritis. Additionally, co-cultures

of CD4+ T cells and CD14+ monocytes were set up, using cells from

healthy controls, in the presence of anti-CD3 mAb and TNF inhibi-

tors commonly used in clinical practice (adalimumab, infliximab, e-

tanercept or certolizumab). Following culture, cells were analysed by

cytokine staining or cells were sorted for further analysis via qPCR,

confocal microscopy and ChIP.

Results: We demonstrate that TNF inhibitor drugs increase the per-

centage of Th17 cells (IL-17+ CD4+ T cells) in vitro and in vivo

whilst also driving expression of the anti-inflammatory cytokine IL-

10. Mechanistically, we show that induction of IL-10 expression by

Th17 cells is Treg/Foxp3 independent, requires IL-10 and is over-

come by the pro-inflammatory cytokine IL-1b. TNF inhibitor

exposed Th17 cells were found to be molecularly and functionally

distinct, with a unique gene signature characterised by expression of

IL10 and the transcription factor IKZF3 (encoding Aiolos). We show

that Aiolos binds conserved enhancers in the IL10 locus in Th17 cells

and that Aiolos overexpression is sufficient to drive IL10 expression

in primary CD4+ T cells.

Conclusion: Together, these data demonstrate that TNF-a blockade

induces a regulatory IL-10 pathway in Th17 cells and suggest that

this process is regulated by the transcription factor Aiolos. Our data

reveal not only a novel mode of action of TNF inhibitor drugs but

also suggest an important role for the transcription factor Aiolos in

the attenuation of Th17 cell pathogenicity.

Acknowledgements: This work was supported by IMI BTCURE and

the NIHR BRC at KCL/GSTT.

104
The role of Interleukin -1 signaling in the immune defense and

for the development of T helper cells lineage

W. H. Abdulaal & Manchester Immunology Group

Department of Immunology, Manchester University, Manchester, UK

In this project we will investigate the role of IL-1 signaling in

haematopoietc cells. For this, we will use genetically engineered mice

harbouring a conditional IL1- RI fl/fl gene. Breeding regimens under-

way to create mice whereby the IL-1 receptor has been inactivated

specifically in haematopoietic cells IL1- RI fl/fl Vav Cre +. These mice

will then be challenged by parasites like T. muris. Following infec-

tion, the T helper cell response will be measured using a variety of

standard approaches.

According to the genotyping PCR we found that the conditional

mice mutant IL1- RIfl/ fl Vav Cre + was obtained successfully. More-

over, the inactivation of the IL1- RI gene in Hematopoietic stem cell

was confirmed by DNA sequencing for IL1-RI delta allele.

Ribbon diagram of IL-1b bound to the ectodomains of IL-1RI

showed that the IL1- RI fl / fl Vav Cre + loss the binding site of IL-

1a and /or IL-1b. This study showed that both stimulus LPS or IL1-

b induce the expression of IL1- RI in IL1-RI fl/fl Vav Cre - mice not

IL1- RI fl / fl Vav Cre + mice using Western blot. In addition, the

stimulation of IL1-R1 with LPS or IL1-b cause an increase in the

concentration of IL6 and MCP-1 in IL1-RI fl / fl Vav Cre – compare

with IL1- RI fl / fl Vav Cre + using ELISA assay.

According to these result the IL1-RI gene has been inactivated

was confirmed in vitro and the mice ready for the infection experi-

ment.

112
Agonistic OX40 antibodies drive expansion of T effector cells at

the expense of follicular T helper cells and germinal centres

C. Marriott*, C. Ferreira†, M. Veldhoen†, H. Yagita‡ &

D. Withers*

*University of Birmingham, Birmingham, UK, †Babraham Institute,

Cambridge, UK, ‡Juntendo University School of Medicine, Tokyo,

Japan

Background: Signals through OX40:OX40L are important in the sur-

vival of CD4 T cells in a primary immune response through the

action of molecules such as Bcl-2 and survivin and this pathway has

been identified as a therapeutic target. It is unknown however, how

and if they contribute to CD4 memory T cell survival and expan-

sion. Provision of OX40L by RORc+ innate lymphoid cells has been

proposed as an explanation for the impaired survival of CD4 mem-

ory T cells in RORg-/- mice.

Materials and Methods: To dissect this under physiological condi-

tions we used blocking or agonistic antibodies to temporally control

signalling through OX40. Mice were immunised with Listeria mono-

cytogenes expressing the immunogenic peptide 2W1S and antigen

specific T cells were tracked using MHC class II tetramers.

Results: Blocking or agonistic antibodies given for 4 weeks post for-

mation of antigen specific memory cells in WT mice did not affect

CD4 memory T cell survival. Post secondary challenge blockade only

modestly impaired expansion however agonistic antibodies resulted

in a significant increase in number and skewed the memory com-

partment towards T effector cells. In a primary response agonistic

antibodies administered during the short window of OX40 expres-

sion drove a vast increase in T-bet+ effector cells, which was carried

through to the memory compartment. However, this caused a com-

pete loss of follicular T helper cells (TFH) and germinal centres.

Using Rag1-CreTbx21 fl/flRosa26-tdRFP mice we show that intrinsic

expression of T-bet is not required to drive this effector T cell phe-

notype.

Discussion: These data indicate that T-bet+ effector CD4 T cells

develop from OX40+ progenitors and their expansion is at the

expense of TFH precursors when driven by agonistic OX40 antibod-

ies. Temporal provision of signalling through OX40 is imperative in

shaping the resulting effector and memory cell pool and has implica-

tions for the administration of agonistic antibodies in the clinic.

124
Effect of iron chelation on T cell responses in experimental

arthritis

D. Tewari*, K. L. Jones*, Y.-M. Ma†, R. Hider† & H. Collins*

*Department of Immunobiology, Kings College London, London, UK,
†Department of Pharmacy, Kings College London, London, UK

Background: Rheumatoid Arthritis (RA) is a systemic auto-immune

disorder affecting 1% of the UK population. It is characterised by

chronic inflammation, mediated by proliferation of pro-inflammatory,

autoreactive CD4 + T cells. Our approach is based on the observation

that chronic inflammation leads to sequestration of iron within syno-

vial cells, leading to increased cell proliferation and tissue damage.

Previously, a clinically approved iron chelator, Desferrioxamine

(DFO), was used in a clinical trial for RA, but the trial was halted due

to toxicity, although RA symptoms did improve. We are investigating

a novel class of iron chelators which have a greater specificity for iron.

Methods: Our laboratory has tested these chelators in a mouse

model of experimental arthritis using C57/BL 6 mice primed with

Type II Collagen. In-vitro experiments were also conducted on stim-

ulated human CD4 + T cells. Proliferation was measured by 3H thy-

midine incorporation and cytokine production was measured by
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ELISA. Western blot and Micro-array analysis were used to deter-

mine the mechanism underlying the chelator’s effect.

Results: Results show that the chelators were able to significantly

reduce disease symptoms both prophylactically and therapeutically in

the murine model and in in-vitro experiments, with the most promi-

nent effect being on CD4 + T cell proliferation. A comparison with

non- chelating, structurally related compounds confirm that this is

an iron dependent mechanism.

Furthermore, in-vitro experiments on antigen stimulated human

CD4 + T cells, confirm that the chelators reduce T cell proliferation

by more than 50% and IFNΥ production by 30%. Extensive experi-

ments have demonstrated that the chelators exert their effects on

CD4 + T cells rather than APC. Experiments investigating possible

mechanisms of action of the chelators indicate that they may be

exerting their effect on the IL-2 pathway as exogenous IL-2 was able

to completely overcome the suppression of proliferation by the che-

lator, validating its involvement in the mechanism. Preliminary

micro-array results also show the genes most significantly modulated

by iron chelation are those encoding for cell cycle regulators and

inhibitors of DNA replication, hence preventing cell proliferation, as

indicated by our in-vitro data.

Conclusion: In conclusion, our study demonstrates that intracellular

iron has the ability to modulate inflammatory responses and indi-

cates that the use of novel iron chelators could prove to have thera-

peutic potential for RA and diseases driven by excessive T cell

proliferation.

139
A systems model for STAT complex formation describes the

mechanism of T cell phenotype switching

I. Sadreev*, N. Kotov†, C. Kemper‡ & N. Valeyev*

*College of Engineering, Mathematics and Physical Sciences, University

of Exeter, Exeter, UK, †Institute of Physics, Kazan Federal University,

Kazan, Russia, ‡MRC Centre for Transplantation, Kings College

London, London, UK

Background: Signal transducers and activators of transcription

(STATs) are key molecular determinants of the T cell fate and effector

function. As an altered balance of T cell phenotypes and cytokine

secretion contributes to numerous disease states, including autoimmu-

nity, cancer and chronic infection, STATs represent viable therapeutic

targets in these settings. However, it is still unclear how exactly the

same STAT proteins regulate the development of different T cell phe-

notype and their plasticity during changes in extracellular conditions.

Methods: A systems model has been developed for intracellular

STAT dimerization and the dimerization-mediated T-cell phenotype

formation. We applied our model predictions to the experimentally

observed IFN-c to IL-10 switching that self-regulates human Th1

responses and observed qualitative agreement with the experimental

data. Although the predictive power of the model has been explored

in the IFN-c to IL-10 switching example in the context of rheuma-

toid arthritis, the implications of the proposed principle are broader

than this example.

Results: The model predicts that the underlying intracellular STAT

dimerization balance is a major contributor to the T cell phenotype

switching. The underlying molecular mechanism for the switching is

the relative redistribution of STAT homo- and heterodimer com-

plexes due to the STAT completion effects.

Conclusions: In this project we derived a new systems biology model

for IL-10 and IFN-c production regulation via the JAK-STAT path-

ways. The model predicts that the competitive STAT binding reactions

can cause the same cells to induce different cytokine responses. The

model integrates known properties of the cytokine-induced STAT

pathways and is able to link the changes in STAT signalling circuits

with the phenotype switching effects.

145
Loss of the TGFb-activating integrin avb8 on dendritic cells

protects mice from chronic intestinal parasitic infection via
control of type 2 immunity

J. J. Worthington*,†,‡, J. E. Klementowicz§, S. Rahman*, B. I.

Czajkowska*,†, C. Smedley*,†,‡, H. Waldmann¶, T. Sparwasser**,

R. K. Grencis* & M. A. Travis*,†,‡

*Manchester Immunology Group, †Wellcome Trust Centre for Cell-

Matrix Research, University of Manchester, Manchester, UK,
‡Manchester Collaborative Centre for Inflammation Research,

University of Manchester, Manchester, UK, §Department of Transplant

Surgery, University of California San Francisco, San Francisco, CA,

USA, ¶Sir William Dunn School of Pathology, University of Oxford,

Oxford, UK, **Institute of Infection Immunology, Twincore, Center for

Experimental and Clinical Infection Research, Hannover, Germany

Background and Aims: Chronic intestinal parasite infection is a

major global health problem, but mechanisms that promote chronic-

ity are poorly understood. TGFb plays a central role in regulating

T-cell responses in the intestine, yet the role and regulation of TGFb
during responses to intestinal infections remain unclear. Here we

describe a novel cellular and molecular pathway involved in the

development of chronic intestinal parasite infection.

Methods: Immunity to a chronic infection with the murine intesti-

nal parasite Trichuris muris, a model for prevalent human whipworm

infection, was assessed after antibody mediated blockade of TGFb, in
mice lacking the TGFb-activating integrin avb8 specifically on DCs

(Itgb8 (CD11c-Cre)) and DEREG mice, which allow specific ablation

of Foxp3 + T regulatory cells.

Results: We show that, early during development of chronic infec-

tion with the intestinal parasite T. muris, TGFb signalling in CD4+
T-cells is induced and that antibody-mediated inhibition of TGFb
function results in protection from infection. Mechanistically, we

find that enhanced TGFb signalling in CD4+ T-cells during infection

involves expression of the TGFb-activating integrin avb8 by den-

dritic cells (DCs), which we have previously shown is highly

expressed by a subset of DCs in the intestine. Importantly, mice

lacking integrin avb8 on DCs were completely resistant to chronic

infection with T. muris, indicating an important functional role for

integrin avb8-mediated TGFb activation in promoting chronic infec-

tion. Protection from infection was dependent on CD4+ T-cells, but

appeared independent of Foxp3+ Tregs. Instead, mice lacking inte-

grin avb8 expression on DCs displayed an early increase in produc-

tion of the protective type 2 cytokine IL-13 by CD4 + T-cells, and

inhibition of this increase by crossing mice to IL-4 knockout mice

restored parasite infection.

Conclusions: Taken together, these data indicate that lack of the

TGFb-activating integrin avb8 on DCs results in a heightened Th2

immune response during T. muris infection, culminating in parasite

expulsion. Our results therefore provide novel insights into how type

2 immunity is controlled in the intestine, and may help contribute

to development of new therapies aimed at promoting expulsion of

gut helminths.
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146
Optical tweezers: manipulating and quantifying immune cell

interactions to understand the importance of L-arginine on T-cell

function

D. G. Glass*,†, N. McAlinden†, P. Kropf‡, A. J. Wright§ &

O. R. Millington*

*Centre for Biophotonics, Strathclyde Institute of Pharmacy and

Biomedical Sciences, University of Strathclyde, Glasgow, UK, †Institute

of Photonics, SUPA, University of Strathclyde, Glasgow, UK, ‡Antigen

Presentation Research Group, Imperial College, London, UK, §IBIOS,

Life Sciences Building, University of Nottingham, University Park,

Nottingham, UK

Background: The initial interaction between a na€ıve T-cell and den-

dritic cell (DC) is critical for determining effector function and evi-

dence suggests that either the strength or duration of contact

influence T-cell activity. Other reports indicate that depletion of

nutrients, such as L-arginine, regulate T-cell signalling and activa-

tion. Here we aim to quantify interaction forces between T-cells and

dendritic cells and determine the requirement for L-arginine in

maintaining cell contact.

Methods: To quantify interaction forces between T-cells and DCs,

we used a modified optical trapping system with novel beam geome-

try to directly manipulate and control a T-cell whilst ensuring cell

viability was maintained. Ovalbumin-specific T-cells were brought

into contact with antigen-pulsed DCs and the strength of the trap

required to subsequently separate the cells determined. By perform-

ing such experiments in the presence or absence of L-arginine, we

investigated its role in regulating T-cell responses.

Results: Using optical tweezers, we quantify the forces associated

with the first moments of antigen-recognition by live CD4+ T-cells.

We demonstrate an increase in the strength of interaction from

3.3pN (�1.39pN) in the absence of antigen, to 8.5pN (�5.73pN)

upon antigen recognition. Finally we show that in the absence of L-

arginine, despite T-cells failing to proliferate and produce cytokines,

there is a significantly increased interaction force between T-cells

and DCs, irrespective of antigen recognition.

Conclusion: Optical tweezers are the ideal tool for investigating

immune cell interactions; controlling contact time and quantifying

interaction forces at various stages of interaction. As evidence of this,

our results suggest a hitherto uncharacterised role for L-arginine in

T-cell activation and its potential for therapeutic targeting.

150
Exhaustive characterization of the T-cell functionality after
systemic inflammation/sepsis

R. P. Requardt*, S. A. Condotta†, R. Markwart*, F. Borken*,

K. Schubert*, M. Bauer*,‡, V. P. Badovinac† & I. Rubio*,§

*Center for Sepsis Control and Care, University Hospital Jena, Jena,

Germany, †Department of Pathology, University of Iowa, Iowa City,

IA, USA, ‡Department of Anesthesiology and Intensive Care Medicine,

University Hospital Jena, Jena, Germany, §Center for Molecular

Biomedicine, University Hospital Jena, Jena, Germany

Background/Introduction/Context/Objective: Features of immune

suppression are often found in chronically critically ill (CCI) patients

in the aftermath of systemic inflammation or sepsis. In later stages

of sepsis it is generally assumed that T-cells are severely compro-

mised or paralyzed in their ability to fight infections. The molecular

mechanisms which effects and impacts the various T-cell compart-

ments after a systemic inflammation (SIRS)/sepsis are so far inade-

quately understood. Thus, it is not known if a systemic

inflammation affects T-cells systemically on a per-cell-basis or if

rather the T-lymphocyte repertoire is impacted in a clonal or sto-

chastic fashion. Our project aims to characterize the functionality of

T-lymphocytes and the molecular mechanisms responsible for any

detected abnormalities of T-cells at post-acute stages of sepsis. In

particular we want to decrypt how the systemic, burst-like acute

release of cytokines (cytokine storm) affects T-cells.

Material and Methods: Different mouse models for systemic inflam-

mation/SIRS (CpG), endotoxemia/SIRS (LPS) or bona fide sepsis

(peritoneal injection of human faeces, PCI) are used to delineate the

individual contributions of the systemic cytokine release versus bac-

teraemia. For a more profound picture of the T-cell efficiency after a

systemic inflammation T-lymphocytes are analyzed at different time

points after the insult. To challenge and test the function of the

CD4+/CD8+ T-lymphocytes we pursue 2 approaches: a) exhaustive

characterization of splenic and peripheral T-cells ex vivo; b) a 2-hit

in vivo model with LCMV infection. We compare and complete our

results with data from T-cells purified out of whole blood samples

from CCI-patients and healthy controls.

Results: In contrast to the anticipated disturbance of T-cell function

we did not observe severe impairment of individual T-cell responses

at all time points examined. This is assessed on the ability of splenic

and peripheral T-cells to respond to cognate antigen stimulation or

a wide range of TCR/co-receptor triggers at the level of TCR signal-

ling, activation marker expression (CD25, CD69), proliferation and

cytokine release. However, SIRS and sepsis trigger a rapid and clear

decrease in leukocyte cellularity accompanied by a significant loss of

T-lymphocytes.

Conclusion and Discussion: Therefore, SIRS and sepsis do not

apparently affect the function of CD4+/CD8+T-lymphocytes on a

per-cell-basis. It appears more likely that SIRS compromises adaptive

immunity by decreasing T cell numbers and/or changing the reper-

toire composition of the T cell pool at the initial, acute phase of the

systemic inflammation.

159
Deciphering the functional role of Butyrophilin-like genes in
mucosal immunity

C. Lebrero Fernández*, T. Pelaseyed† & A. Bas Forsberg*

*Department of Microbiology and Immunology, Gothenburg, Sweden,
†Department of Medical Biochemistry and Cell Biology, Institute of

Biomedicine (University of Gothenburg), Gothenburg, Sweden

More than 50% of our immune system is located in the gastro-intes-

tinal tract. The intestinal epithelium, which forms an interface

between the organism and environment, harbors intraepithelial T

lymphocytes (IEL) which comprise a mixture of conventional ab T

cells, and unconventional T cells such as cd T cells or ab T cells

expressing the CD8aa homodimer. Hence, the intestinal epithelium

and the epithelial resident IEL represent an important barrier in the

prevention of infection against orally acquired pathogens and thus,

are critical effector components of mucosal immunity. Although the

cross-talk between the intestinal epithelial cells and the IEL is con-

sidered as important for regulating immune responses in the intesti-

nal mucosa, few molecular conduits of this have been identified. It

was recently shown that the new immunoregulatory Butyrophilin-

like (Btnl) molecules not only can suppress T cell activation in the

periphery, but can also regulate T cell mediated local immune

responses by modulating intestinal epithelial cell - IEL interactions

(Arnett et al. J. Immunol., 2007; Bas et al. PNAS, 2011). To further

examine the capacity of Btnl-family members to regulate immune

responses in the intestinal tissue, we have raised antisera against

Btnl4 and Btnl6; two Btnl genes expressed primarily in the intestine,

and have developed a series of transfected cells that display Btnl4

and Btnl6 on the surface. The results of ongoing experiments will be

presented. To this point, our data delineates the protein expression
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pattern of Btnl4 and Btnl6, characterizes their distinct expression

requirements and identifies a novel heteromeric complex in the

intestinal mucosal epithelium. Alltogether, our data further supports

the notion that Btnl genes are novel regulators of tissue-specific

immune responses.

163
Antigen-specific iTreg cells require both IL-10 and CTLA-4 to

control autoimmune disease

J. Verhagen & D. C. Wraith

School of Cellular and Molecular Medicine, Medical Sciences Building,

University of Bristol, Bristol, UK

Thymic generation of Foxp3+ T regulatory (Treg) cells upon the rec-

ognition of self antigen forms an important mechanism in the con-

trol of autoimmune disease. In recent years, subsets of peripherally

induced Treg cells, including IL-10-secreting cells and Foxp3+

peripheral Treg (pTreg) cells, have been shown to develop upon rec-

ognition of extra-thymic antigen, thus providing protection against

undesired immune responses to innocuous foreign antigen as well as

self antigens not present in the thymus. Foxp3 expression can be

induced in naive CD4+ T cells in vitro by activation of these cells in

the presence of Interleukin (IL)-2 and Transforming Growth Factor-

beta (TGF-beta). Transfer of in vitro induced Treg cells (known as

iTreg cells to differentiate them from the in vivo generated pTreg

cells) has been suggested as a therapeutic target for tolerance induc-

tion in various conditions, including transplant rejection and auto-

immune disease. Questions remain, however, about the optimal

method of iTreg cell generation, requirements for antigen-specificity,

as well as iTreg cell functionality and stability in vivo.

In this study, using TCR-transgenic Tg4 mice, where CD4+ T cells

recognise a Myelin Basic Protein peptide (MBP Ac1-9), or non-

transgenic B10.PL mice, we have generated iTreg cells at very high

purity (typically 90–95%) using either anti-CD3 and anti-CD28 anti-

body or specific peptide to activate the cells. We demonstrate that

antigen-specific Tg4 iTreg cells, but not polyclonal B10.PL iTreg

cells, can protect effectively against the induction of experimental

autoimmune encephalomyelitis (EAE) using specific peptide in Com-

plete Freund’s adjuvant in Tg4 mice. These antigen-specific Tg4 iT-

reg cells, generated using either antibody or antigen, retain their

suppressive Foxp3+ phenotype after disease induction, even after sev-

eral weeks.

The negative co-stimulatory molecule CTLA-4 and immunosup-

pressive cytokine IL-10 have both been associated with the function-

ality of Treg cell subsets. CTLA-4-deficient naive CD4+ T cells

demonstrate a reduced ability to differentiate into iTreg cells,

whereas IL-10 deficiency does not affect iTreg cell differentiation.

Both CTLA-4 and IL-10, however, are of pivotal importance for iT-

reg cell-mediated immune suppression as iTreg cells deficient in

either molecule not only fail to protect against the induction of

EAE, but aggravate disease progression.

In conclusion, in vitro generated iTreg cells specific for self-anti-

gen can protect against autoimmune disease and require both IL-10

and CTLA-4 for their function.

166
Diacylglycerol kinase alpha transcriptional upregulation by

TGFB limits TCR signals and favors Foxp3 expression during

peripheral induction of regulatory T cells

I. Merida, D. Soutar, A. Avila-Flores, M. Martinez-Moreno &

R. Li�ebana
Immunology and Oncology, National Center for Biotechnology (CSIC),

Madrid, Spain

Background and Aims: Regulatory T (Treg) cells maintain tolerance

by suppressing heightened immune responses, and contribute to

tumor immune evasion. Treg lineage commitment requires upregula-

tion of the transcription factor Foxp3 during thymic development in

natural (nTeg) or in the periphery in induced (iTreg) cells. The con-

versi�on into iTregs needs of suboptimal antigenic stimulation and the

presence of TGFbeta. Peripheral Foxp3 upregulation by na€ıve

CD4+CD25- T cells requires suboptimal T cell receptor (TCR) trigger-

ing and is mediated by the cytokine TGFbeta. Diacylglycerol kinase a
(DGKa) phosphorylates the diacylglycerol (DAG) generated during

TCR triggering and acts as a negative regulator of TCR signals by lim-

iting DAG-mediated activation of the Ras/ERK axis. DGKa is trans-

criptionally repressed during activation of na€ıve CD4 T cells so we

decided to investigate its regulation during iTreg induction.

Methods: We studied the transcriptional regulation of DGKa during

ex vivo TGFbeta-mediated differentiation of iTreg cells. We used

DGKa-deficient mice, to investigate a causal relationship between

DGKa expression and TGFbeta-mediated iTreg induction. Finally,

we made use of a tumor rejection model to test the DGKa contribu-

tion to TGFb functions in vivo.

Results: We demonstrate that TGFbeta-stimulation of na€ıve

CD4+CD25- T cells correlates with enhanced transcription of DGKa.
Analysis of DGKa-deficient mice showed that this upregulation lim-

its TCR signaling, to allow TGFbeta-mediated Foxp3 expression.

DGKa transcriptional regulation downstream the TCR is thus critical

for Thelper versus T regulatory differentiation in the periphery.

DGKa deficiency did not affect other TGFb functions such as CD25

upregulation or IL2 suppression. Finally, we demonstrate in vivo

resistance to TGFbeta activity by showing that DGKa-/- mice show

impaired intratumor induction of CD4+CD25hFoxp3+ cells whereas

Foxp3+CD4 population than remained normal in the periphery.

Conclusions: We identify transcriptional control of DGKa expres-

sion as an essential component of the mechanisms that regulate

peripheral Foxp3 triggering and suggest that local intratumor genera-

tion of Foxp3+ T cell represents a significant population that is likely

to differ from nTreg cells in its contribution to tumor rejection.

167
Increased IL-23 receptor expression is observed on KIR3DL2+
CD4+ T cells in Ankylosing Spondylitis and correlates with
IL-23R polymorphisms

A. Ridley, C. Cohen, T. Karaderi, S. Kollnberger, I. Wong-Baeza,

J. Shaw, P. Wordsworth & P. Bowness

University of Oxford, Oxford, UK

Background: T helper 17 (Th17) cells are a subset of pro-inflamma-

tory CD4+ T cells implicated in numerous inflammatory arthritides

including the Spondyloarthritides (SpAs). Ankylosing Spondylitis

(AS), the commonest spondyloarthropathy, has genetic associations

both with HLA-B27 and with IL-23 receptor (IL-23R) single nucleo-

tide polymorphisms (SNPs). Having previously reported that

KIR3DL2+ CD4+ T cells are expanded in the peripheral blood of

individuals with AS the aim of this study was to further characterize

KIR3DL2+ CD4+ T cells and to correlate IL-23R expression on

KIR3DL2+ CD4+ T cells to IL-23R genotype.
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Methods: The frequency and expression level of Th17 markers IL-

23R, IL-1R and CCR6 on peripheral blood KIR3DL2+ CD4+ T cells

was investigated by flow cytometry and confirmed by qRT-PCR. IL-

23R expression on paired peripheral blood and synovial fluid sam-

ples from SpA patients was investigated by flow cytometry. Cytokine

production by anti-CD2/3/28-stimulated FACS-sorted KIR3DL2+
and KIR3DL2- CD4+ T cells was investigated using multiplex bead

analysis. Immunochip GWAS and ENCODE data were integrated to

predict functional SNPs in the IL-23R secondary region of associa-

tion.

Results: KIR3DL2+ CD4+ T cells were enriched for expression of

the Th17 phenotypic markers IL23R, CCR6 and IL-1R, compared to

KIR3DL2- CD4+ T cells. IL-23R expression levels were also increased

on KIR3DL2+ CD4+ T cells compared to KIR3DL2- CD4+ T cells

from AS patients. SNPs in three (non-coding) putative regulatory

regions (PRRs) of IL-23R were identified (PRR1-3). The presence of

the AS risk-associated allele at PRR1 correlated with increased

expression of IL-23R on KIR3DL2+ CD4+ T cells. KIR3DL2+ CD4+
T cells accounted for the majority of peripheral blood CD4+ T cell

IL-23R expression in AS patients, and this was significantly greater

compared to HLA-B27-healthy controls. KIR3DL2+ CD4+ T cells

from AS patients produced significantly more IL-17 than KIR3DL2-

CD4+ T cells. IL-17 production significantly increased in the pres-

ence rIL-23 and rIL-1. Furthermore, IL-23R expression was increased

on KIR3DL2+ CD4+ T cells from SpA synovial fluid samples com-

pared to match peripheral blood samples when available.

Discussion: KIR3DL2+ CD4 Th17 cells are expanded in patients

with Spondyloarthritis. These cells constitute the majority of periph-

eral blood CD4 T cell IL-23R expression and produce increased lev-

els of IL-17, which is further increased by the presence of Th17

cytokines. Correlation of IL-23R expression on KIR3DL2+ CD4+ T

cells with putative regulatory SNPs suggest genetic and epigenetic

control of IL-23R expression may contribute to the pathogenesis

of AS.

186
Nck proteins modulate differentiation and effector functions of

T cells

K.-H. Lu*, M. Papatriantafyllou*, F. Leith€auser†, A. Castello‡,

S. Keppler‡, T. Pawson§,¶, G. J. H€ammerling*, F. D. Batista‡,

B. Arnold* & A. Tafuri*,**,††

*Molecular Immunology, Deutsches Krebsforschungszentrum (DKFZ),

Heidelberg, Germany, †Institut f€ur Pathologie, Universit€atsklinikum,

Ulm, Germany, ‡Lymphocyte Interaction Laboratory, London Research

Institute-Cancer Research UK, London, UK, §Lunenfeld-Tanenbaum

Research Institute, Mount Sinai Hospital, Toronto, ON, Canada,
¶Department of Molecular Genetics, University of Toronto, Toronto,

ON, Canada, **Institut National de la Sant�e et de la Recherche

M�edicale INSERM, Paris, France, ††Institut Curie, Paris, France

Background and Aims: Nck proteins are cytoplasmic signaling adap-

tors mediating diverse cellular functions such as actin rearrangement

and enhancing T cell receptor signaling. In T cells, the SH2 domain

and the first SH3 domain interact with SLP-76 and CD3e, which are

both key components of T cell receptor (TCR) signaling, respectively.

With T cell-specific Nck knock-out (Nck.T�/�) murine model, Nck

proteins have been proved to be essential for T cell selection in thy-

mus and responsiveness in periphery. However, the contribution of

Nck proteins in T cell differentiation and effector functions remains

undecided. Thus, our aim is to make it further clarified.

Methods: Here we work on Nck.T�/� murine system. Animals were

challenged with T cell-dependent antigens and then accessed for their

serum antibody levels by ELISA and germinal center cell populations

in spleen by flow cytometry. Histological sections were analyzed for

germinal center structure in spleen. Experimental autoimmune

encephalomyelitis (EAE) model was induced by MOG35–55 peptides

and followed for disease scores. Cells infiltrated into central nerve

system were isolated and analyzed by flow cytometry.

Results: Disrupted germinal center (GC) formation and impaired

production of antibodies were found after immunizing the Nck.T�/�

mice with T cell-dependent antigens. Both total and GC-associated

follicular helper T cell (Tfh) populations are decreased in Nck.T�/�

mice. In line with the results above, Th2/Tfh-related cytokines such

as IL-4, IL-10, and IL-21 are all decreased in Nck.T�/� model. More-

over, Nck.T�/� T cells are found to be more susceptible to apoptotic

death. These can be attributed to decreased level of Akt phosphoryla-

tion found in Nck.T�/� model. On the other hand, in the experi-

mental autoimmune encephalomyelitis (EAE) model the disease was

ameliorated and delayed in Nck.T-/- mice. Reduced infiltration of

CD4+CD183hiCD196hi T cells into central nerve system was found.

Conclusions: Taking the results together, both T cell-dependent

humoral and cellular immunity were affected after loss of Nck pro-

teins in T cells. Our data are compatible with the idea that Nck pro-

teins not only participate in thymic selection or periphery

responsiveness but also in the differentiation and effector functions

of T cells, especially in Th2, Th17, and Tfh-dependent responses.

191
A single nucleotide polymorphism in an immunoreceptor

tyrosine based switch motif in Ly9 (CD229, SLAMF3) alters SH2

domain binding and T cell activation

S. Margraf*, T. J. Wilson†, N. G. Clarkson* & M. H. Brown*

*Sir William Dunn School of Pathology, University of Oxford, Oxford,

UK, †Cambridge Institute for Medical Research, University of

Cambridge, Cambridge, UK

Ly9 (CD229, SLAMF3) belongs to the SLAM family receptors, which

signal through immunoreceptor tyrosine based switch motifs (ITS-

Ms), so called as they exhibit overlapping specificities for activating

and inhibitory SH2 domain containing proteins. A genome-wide

linkage study of UK and Canadian SLE families identified an associa-

tion of a non-synonymous single nucleotide polymorphism (SNP)

within an ITSM of Ly9, which might account for the observed dis-

torted T cell population in patients with systemic lupus erythemato-

sus (SLE) (Graham et al., 2008). The SLE associated ITSM sequence

(TMYAQV) is found in 80% of the population and differs from the

“protective” allele by a single amino acid (TVYAQV). To examine

whether this subtle difference in sequence affected interactions with

intracellular SH2 containing proteins, we measured the affinity of

the adaptors SAP and EAT-2 for phosphopeptides representing the

two Ly9-ITSM variants. The more commonly expressed M-contain-

ing ITSM reported to be associated with SLE susceptibility bound

SAP and EAT-2 with two to three fold higher affinities than the

rarer V-variant.

As Ly9 is expressed in T cells, we are developing assays to test

the functional consequences of these biochemical differences in Jur-

kat cells. Knockdown of endogenous Ly9 using shRNA revealed an

activating effect of Ly9 consistent with it signalling through recruit-

ment of SAP to ITSMs in its cytoplasmic region (Simarro et al.,

2004). To compare the effects of the two variants we used a bicis-

tronic vector which knocks down endogenous Ly9 and expressed

the two variants at high levels. We have developed a single cell

assay based on CD69 expression and costimulation with Ly9 anti-

bodies to analyse differences between the two protein isoforms.

Preliminary data indicate the protective allele is less activating and

more inhibitory. As disease has been correlated with higher surface

expression of Ly9 (Chatterjee et al., 2012) it is important to distin-

guish between effects based on receptor levels and signalling. We
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are currently testing the specificity of the two ITSM variants for

inhibitory SH2 domain containing proteins and optimising the

functional assays.

By distinguishing between the effects of the two Ly9 variants we

shall gain new insights into the influence of this receptor in immune

regulation and its association with autoimmune diseases such as SLE.

203
Tolerance induction in memory CD4 T cells requires two rounds
of antigen specific activation

A. David*, F. Crawford*, P. Garside†, J. W. Kappler*, P. Marrack*

& M. K. L. Macleod†

*Howard Hughes Medical Institute and Integrated Department of

Immunology, National Jewish Health, Denver, CO, USA, †Institute of

Infection, Immunity and Inflammation, University of Glasgow,

Glasgow, UK

Background and Aims: A major goal for immunotherapy is to tole-

rise the immune cells that coordinate tissue damage in autoimmune

and alloantigen responses. CD4 T cells play a central role in many of

these conditions and improved antigen specific regulation or

removal of these cells could revolutionise current treatments. A con-

founding factor is that little is known about whether and how toler-

ance is induced in memory CD4 T cells.

Methods: We have used MHC class II tetramers to track and analyse

a population of endogenous antigen specific memory CD4 T cells

exposed to soluble peptide in the absence of adjuvant in wild-type

mice. By combining these analyses with in vivo functional readouts

of T cell tolerance, we have defined the extent of tolerance induction

in memory CD4 T cells exposed to tolerogenic signals.

Results: Memory CD4 T cells activated by antigen alone proliferated

and re-entered the memory pool, apparently unperturbed by the

incomplete activation signals. Upon further restimulation in vivo,

CD4 memory T cells exposed to tolerance signals proliferated, pro-

vided help to primary responding B cells, and migrated to inflamed

sites, suggesting that they had not been tolerised. However, these

reactivated memory cells failed to survive. The reduction in T cell

number was marked by their low expression of the anti-apoptotic

molecule, Bcl2, and increased expression of activated caspase mole-

cules which are involved in apoptosis. Consequently, these cells

failed to sustain a delayed-type hypersensitivity response. Moreover,

following two separate exposures to soluble antigen no T cell recall

response and no helper activity for B cells could be detected.

Conclusion: These results suggest that the induction of tolerance in

memory CD4 T cells is possible but that at least two rounds of anti-

gen specific T cell activation are required to delete and thereby per-

manently remove the CD4 T cells. In addition, the data demonstrate

that CD4 T cells can discriminate between activation and survival

signals, pathways that are usually mediated by similar intracellular

signalling pathways.

204
The role of NF-jB signalling in T cell homeostasis and function

L. V. Webb, A. Silva, B. Seddon & Seddon Group

Department of Immune Cell Biology, MRC’s National Institute for

Medical Research, London, UK

Inhibitor of NF-jB kinase 1 (IKK1) and 2 (IKK2) forms part of the

functional IKK complex, necessary for NF-jB signalling. NF-jB is

vital for survival, development and function of multiple cell types in

the body. The aim of this study was to determine the function of

NF-jB in thymic development and the maintenance of the periph-

eral T cell compartment. For this, we are using the Cre-lox system

in order to delete one or both of Ikk1 and Ikk2 genes. Cre recom-

binase activity was either under the control of a developmentally reg-

ulated promoter specific to the B and/or T cell lineage or was

temporally regulated by virtue of a tamoxifen inducible Cre in fully

developed adults.

Developmental deletion of Ikk1 and Ikk2 in the thymus revealed

that NF-jB signalling was redundant for early stages of thymic

development and selection, but was instead critical for late stage

maturation of single positive thymocytes. Ikk1 Ikk2 double deficient

mice had a severe reduction in mature single positive thymocyte

numbers and scarcely any peripheral T cells. Members of the TNF

receptor super family (Tnfrsf) are potent activators of NF-jB. We

therefore tested the hypothesis that Tnfrsf signalling could be regu-

lating developing thymocytes. We therefore assessed the role of TNF.

In vivo blockade of TNF in the IKK1/2 deficient animals resulted in

an almost complete rescue of thymocyte development. Cell culture

experiments revealed that IKK1/2 deficient thymocytes were specifi-

cally susceptible to TNF induced cell death. TNF receptor (TNFR1)

was identified as the key surface receptor and Tnfrsf1 IKK1/2 triple

deficient mice had normal thymic development. Surprisingly, how-

ever, peripheral T cell numbers were only rescued minimally. Analy-

sing cell phenotype revealed that peripheral T cells lacked expression

of IL-7Ra that is critical for the survival and homeostasis of na€ıve T

cells. Our preliminary evidence suggests a role for members of the

TNF superfamily in controlling expression of IL-7Ra. Therefore, our

data reveal multiple roles of NF-jB signalling in T cell development

and homeostasis.

241
Chemical allergen-induced perturbation of the mouse lymph

node DNA methylome

V. Chapman*, T. Zollinger†, R. Terranova†, J. Moggs†,

R. Dearman* & I. Kimber*

*Faculty of Life Sciences, University of Manchester, Manchester, UK,
†Discovery and Investigative Safety, Novartis Institutes for Biomedical

Research, Basel, Switzerland

There is increasing evidence that epigenetic regulation of gene

expression plays a pivotal role in the orchestration of immune

responses and may determine the vigour, quality and/or longevity of

such responses. It has been demonstrated previously that chemical

allergens can be broadly divided into two categories; contact aller-

gens (such as dinitrochlorobenzene; DNCB), that cause type 1/type

17 polarized responses and respiratory allergens (such as trimellitic

anhydride, TMA) that induce a preferential type 2 response. Such

polarization occurs upon repeated (13 day) topical exposure of mice.

In order to explore the regulation and maintenance of such

responses at the molecular level, the genome wide pattern of DNA

methylation following treatment with the reference allergens DNCB

and TMA was characterized. Mice (n = 5 per group) were exposed

to DNCB, TMA or vehicle control for 13 days, and draining auricu-

lar lymph nodes excised. DNA was extracted, sonicated and pro-

cessed for methylated DNA immunoprecipitation (MeDIP) followed

by hybridization to a high resolution DNA promoter array repre-

senting 28,000 probe ranges, covering promoter regions and known

CpG islands. Changes in DNA methylation profiles for allergen-acti-

vated tissues were compared with the vehicle-treated control sam-

ples, with a cut off of P < 0.01. Selected differentially methylated

regions (DMR) were technically validated using qPCR and demon-

strated similar patterns of methylation to the genome-wide assay.

More DMR were recorded for DNCB than TMA (6319 versus 2178),

with approximately half of the TMA DMR common to DNCB.

Direct comparisons between DNCB and TMA revealed 268 DMR.
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This pattern remained when analysis was limited to DMR associated

with promoter regions; 781 genes were uniquely associated with

DNCB induced DMR but only 140 genes were unique to TMA

DMR. The DMR associated with gene promoters unique to either

DNCB or TMA were generally hypomethylated whereas DMR com-

mon to both allergens were evenly split between hypo- and hyper-

methylation. These data demonstrate chemical allergen exposure

results in characteristic patterns of DNA methylation indicative of

epigenetic regulation of the allergic response. Furthermore, both

DNCB and TMA are associated with unique activating epigenetic

marks which may prove to be epigenetic biomarkers of both chemi-

cal and drug induced allergy.

242
The differential requirement of aryl hydrocarbon receptor

activation for Th17 and Tc17 development

M. D. Hayes, V. Ovcinniko, I. Kimber & R. J. Dearman

Faculty of Life Sciences, University of Manchester, Manchester, UK

The aryl hydrocarbon receptor (AhR) has been shown to play an

important role in the polarization of T helper (Th) cell subsets; spe-

cifically it is required for optimal Th17 cell activation. Th17 cells

provide immunity against extracellular pathogens and are implicated

in autoimmune and allergic diseases. An analogous subset of T cyto-

toxic (Tc) cells, designated Tc17, has also been identified and is

thought to be the main effector cell in many diseases, however, their

dependence upon the AhR is relatively unknown. In the current

investigations the role of the AhR in cytokine production by Th17

and Tc17 cells has been compared. Tc (CD8 + ) and Th (CD4 + )

cells were isolated by negative selection from the peripheral lymph

nodes of naive mice and polarized with plate-bound anti-CD3 and

anti-CD28 antibodies and appropriate cytokine cocktails (Th1/Tc1:

interleukin [IL]-12; Th17/Tc17: IL-6, transforming growth factor-b
and IL-1b). Cell differentiation was assessed as a function of mRNA

(RT-PCR) and protein (ELISA and flow cytometry) expression for

interferon (IFN)-g and for key IL-17 cytokines. Th17 cells displayed

a type 17 profile exclusively, demonstrated by relatively low IFN-c
and high IL-17 production. In the presence of a selective AhR antag-

onist (CH-223191; 3 lM), Th17 cell activity was reduced signifi-

cantly. Addition of the natural AhR agonist 6-formylindolo[3,2-b]

carbazole (FICZ; 300 nM) markedly enhanced the frequency of Th17

cells as well as levels of IL-17 and IL-22 production. In contrast, the

Tc17 cells polarized into 3 distinct subsets: those producing either

IL-17 or IFN-c alone and those producing both cytokines. The addi-

tion of the AhR antagonist had only a limited impact on the fre-

quency of IL-17 expressing CD8 + cells, unlike the significant

decrease recorded for Th17 cells. Exposing Tc17 cells to exogenous

FICZ did not enhance the frequency of IL-17 producing cells (of any

phenotype) or the amount of IL-17 produced. Interestingly FICZ

supplementation induced relatively low levels of IL-22 by Tc17 com-

pared with Th17 cells. This lack of response to exogenous FICZ is

likely to be related to the observation that although Tc17 cells express

baseline AhR, unlike Th17 cells, there is no marked upregulation dur-

ing polarization. These data demonstrate that the optimal develop-

ment of Th17 cells is much more dependent upon AhR activation

than is the development of Tc17 cells, thus endogenous AhR ligands

play a much greater role in driving Th17 cell responses in vitro.

247
T-cell trafficking during inflammation is regulated by a novel

PEPtide Inhibitor of Trans-Endothelial Migration, a pathway

defective in chronic disease

M. Chimen*, H. M. McGettrick†, C. M. Yates*, A. Kennedy*,‡,

A. Martin§, F. Barone†, L. S. K. Walker¶, C. D. Buckley†,

G. B. Nash*, P. Narendran*,‡ & G. E. Rainger*

*School of Clinical and Experimental Medicine, Birmingham, UK,
†School of Immunity and Infection, University of Birmingham,

Birmingham, UK, ‡Department of Diabetes, University Hospitals

Birmingham NHS Foundation Trust, Birmingham, UK, §School of

Cancer Sciences, University of Birmingham, Birmingham, UK,
¶Institute of Immunity & Transplantation, UCL Medical School,

London, UK

T-cells are recruited from the blood into extra-vascular tissues dur-

ing acute inflammation. However, in chronic inflammatory diseases,

an inappropriate accumulation of T-cells in the diseased tissue con-

tributes to pathogenesis. Very little is known about the mechanisms

by which T-cell trafficking is regulated during inflammation. Here

we describe a unique immune regulatory peptide that imposes a

tonic inhibition of T-cell trafficking during inflammation. PEPtide

Inhibitor of Trans-Endothelial Migration (PEPITEM) introduces a

new paradigm into the pathways that regulate the inflammatory

response. We present evidence that this new pathway is compro-

mised in chronic inflammatory diseases. We propose that loss of this

regulatory pathway makes the immune system ‘leaky’, allowing inap-

propriate access of T-cells to vulnerable tissues.

Lymphocyte trafficking was assessed in vitro using videomicros-

copy on TNF-a/IFN-c activated endothelial cells (EC) and lympho-

cytes isolated from healthy donors or patients with chronic

inflammatory diseases. In vivo, lymphocyte recruitment was assessed

in a model of zymosan-driven peritoneal inflammation. PEPITEM

was identified using mass spectrometry.

Our studies began with an interest in adiponectin, an anti-inflam-

matory adipose tissue-derived cytokine. Using an in vitro migration

assay, we observed that the migration of human lymphocytes was

dose-dependently blocked by adiponectin with an EC50 = 37.2 nM.

Adiponectin achieves its effects on T-cell migration by the induction

of a novel mediator released from B-cells. Thus, the effect of adipo-

nectin was lost when B cells are absent, but could be regained by the

addition of supernatants from adiponectin stimulated B-cells. Inter-

estingly, the B-cell derived product did not act directly on T-cells;

rather, it stimulated EC to release the lipid mediator sphingosine-1-

phosphate, which in turn inhibited the migration of T-cells. We used

mass spectrometry to isolate a B-cell derived peptide, corresponding

uniquely in the human genome to a proteolytic excision product of

the 14.3.3fd protein. Synthetic PEPITEM could also effectively inhi-

bit T-cell migration with an EC50 = 18.6pM. In zymosan-induced

peritonitis in the mouse, T-cell recruitment was significantly

increased in BABL/C mouse strain lacking B cells (Jh-/-) when com-

pared to wild-type animals. This excess of T-cell recruitment was

ameliorated by intravenous treatment with PEPITEM. Importantly,

lymphocytes isolated from patients with chronic inflammatory dis-

ease (type-1-diabetes) were released from the inhibitory effects of

adiponectin, but this regulatory pathway could be re-established by

the addition of exogenous PEPITEM. We believe that PEPITEM and

its associated pathway may have therapeutic efficacy in a number of

disease scenarios.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184

Abstracts 143



294
Glycogen synthase kinase-3 regulates IL-10 production in Th1

cells

E. V. Hill, C. M. Oakley, T. H. S. Ng, B. R. Burton &

D. C. Wraith

Cellular and Molecular Medicine, University of Bristol, Bristol, UK

The ubiquitous serine/ threonine kinase glycogen synthase kinase-3

(GSK3) is a point of convergence of several signaling pathways. In

the immune system GSK3 has been shown to have an important role

in the balance of production of pro- and anti-inflammatory cyto-

kines. GSK3 inhibition has been shown to have an anti-inflammatory

effect in several disease models and in monocytes, macrophages and

human memory T cells has been shown to increase production of

the anti-inflammatory cytokine IL-10. We have used inhibitors of

GSK3 to examine its role in the production of IL-10 by CD4+ T cells

from myelin basic protein (MBP)-specific TCR transgenic (Tg4)

mice. Treatment with GSK3 inhibitors of naive cells from Tg4 mice

does not affect their production of IL-10. However, in differentiated

Th1 cells, culture in the presence of the GSK3 inhibitors CHIR99021,

SB216763 or SB627772 leads to a dramatic increase in the produc-

tion of IL-10. These GSK3 inhibitor treated cells caused less severe

disease than control treated cells in adoptive transfer experiments

where experimental autoimmune encephalomyelitis (EAE) was

induced. Inhibition of GSK3 in Th1 cells can therefore enhance the

differentiation of IL10-Tregs and redirect the fate of pathogenic Th1

cells to a regulatory cell type. These findings are particularly impor-

tant in the context of Th1-mediated autoimmune disease where it

may be possible to reprogram disease-causing cells by GSK3 inhibi-

tion to become regulatory, disease-suppressing cells.

315
Hedgehog signalling and T-cell development

C. I. Lau & T. Crompton

Department of Immunobiology, Institute of Child Health University

College London, London, UK

T cell development is tightly regulated and takes place in the thy-

mus, thus the thymic microenvironment is crucial to the process.

The hedgehog (Hh) family of secreted proteins and their signalling

pathway are involved in patterning and development in many tis-

sues during mammalian embryogenesis and in T cell development

in the thymus. This study showed the role of downstream mediators

of Hh signalling in the regulation of thymocyte development and

differentiation.

318
A positive and negative role for human b-defensin 2 in the

development of human regulatory T cells

D. Chen, S. Outram, J. George & D. Rowley

School of Health, Sports & Bioscience, University of East London,

London, UK

Background and Aims: Human b-defensins (hBDs) are a group of

cationic peptides capable of directly killing a wide range of microbial

pathogens. Additional to this direct microbial killing, defensins have

also been shown to be capable of modulating both the innate and

adaptive immune responses. The aims of this study are to further

elucidate the means by which hBD-2 may regulate the human CD4+

T cell response.

Methods: Human PBMCs were isolated from healthy donors by

using the Ficoll-Hypaque density centrifugation method. The iso-

lated cells were seeded and stimulated with soluble anti-CD3 and

anti-CD28 antibodies in the presence or absence of 1, 3, 10 lg/ml

hBD-2. Expression of CD4 and CD25 at the cell surface together

with Foxp3 within the cell were analysed by flow cytometry at 18

and 42 hrs following the initial stimulus. Proliferation of CD4+ T

cells was measured by staining PBMCs prior to culture with CFSE

and then analysed as before at 72 and 96 hrs post initial

stimulus.

Results: In this study, we demonstrate that co-culture of human

PBMCs with hBD-2 together with anti-CD3 and anti-CD28 causes

an up-regulation in numbers of CD4+CD25high T cells at 18 h and

these numbers remain elevated following 40 h incubation. Analysis

of expression of the specific marker for Tregs, Foxp3, also reveals an

up-regulation of expression of this transcription factor in the

CD4+CD25high T cells. However, interestingly, we demonstrate that

expression of Foxp3 is significantly reduced following 40 hrs incuba-

tion with hBD-2 (10lg/ml) in these CD4+CD25high T cells. We

would hypothesize that following 40 h incubation there might be a

loss of immunosuppressive activity of Tregs induced by hBD-2 in

these cultures. Consistent with this idea we demonstrate that analysis

of CFSE stained PBMCs revealed that proliferation of CD4+ T cells

in vitro is enhanced after 72 h and 96 hrs in the presence of hBD-2

(10 lg/ml) suggesting that any negative control of proliferation of

these CD4 + T cells has been partially lost.

Conclusion: These results suggest that hBD-2 may play both a posi-

tive and negative role in the development of human Tregs by regu-

lating the expression of Foxp3. The initial positive regulatory effect

is characterised by an up-regulation in numbers of CD4+CD25 high

Tregs that also express elevated levels of Foxp3. The later negative

regulatory effect is characterised by a loss of Foxp3 in these Tregs

which may lead to a limited ability to the negative control of the

proliferation of CD4+ effector T cells.

326
RIP2 kinase inhibition reduces inflammatory cytokine production
in ex vivo-cultured inflammatory bowel disease biopsies

A. Vossenkamper*, B. Votta†, P. Biancheri*, L. Casillas†, B.

Desai†, K. Foley†, P. Gough†, D. Lipshutz†, M. Reilly†, J. Bertin† &

T. T. MacDonald*

*Barts and the London School of Medicine and Dentistry, London, UK,
†GSK, Collegeville, PA, USA

Background and Aims: The loss of epithelial barrier integrity is a

common feature of inflammatory bowel disease (IBD). Disrupted

barrier function allows bacteria to penetrate from the gut lumen,

driving inflammation through activation of host pattern recognition

receptors (PRRs). Although it is unclear which PRRs are most

important in this process, accumulating evidence points to a role for

the cytoplasmic PRRs NOD1 and NOD2, which signal through RIP2

kinase to activated NF-kB.

Methods: We utilized the highly potent and selective RIP2 inhibitor

GSK214 to examine the function of RIP2 in spontaneous cytokine

production by ex vivo-cultured inflamed mucosal biopsies isolated

from Crohn’s disease and ulcerative colitis patients. The inhibitor

was added to the culture medium and explants were cultured for

24 h. Cytokine levels were determined by ELISA.

Results: Treatment with GSK214 potently inhibited production of

IL-1b, IL-6 and TNF-a in explant cultures of inflamed mucosa.

Approximately 70% of patient cultures responded to GSK214 in a

dose-dependent fashion, which was similar to the response rate

observed for the corticosteroid prednisilone. Data are also presented

on the effect of GSK214 on activation of RIP2 as measured by

Ser176 autophosphorylation.
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Conclusion: Our results highlight the importance of RIP2 kinase in

promoting intestinal inflammation, and suggest that RIP2 inhibitors

may have therapeutic potential in the treatment of IBD.

336
Innate immune cell CD45 regulates lymphopenia-induced T cell
proliferation

A. E. Saunders*,† & P. Johnson*

*Department of Microbiology and Immunology, University of British

Columbia, Vancouver, BC, Canada, †MCCIR, University of

Manchester, Manchester, UK

There is a drive to maintain a constant number of T cells. When the

numbers are low peripheral T cells divide by lymphopenia-induced

proliferation (LIP). Factors known to be involved in this expansion

include the cytokines IL-7 and IL-15, and MHC engagement. LIP

occurs in neonates and after a reduction in T cell numbers due to

infection or immunosuppressive drug treatment. This phenomenon

also occurs experimentally when T cells are transferred into lymp-

hopenic mice. LIP is associated with autoimmunity and it is required

for some mouse models of autoimmune disease.

The leukocyte specific tyrosine phosphatase, CD45, is required in

T cells for optimal T cell receptor signalling and mice lacking this

protein have severely reduced peripheral T cell numbers. We identi-

fied a skew in the peripheral CD4:CD8 T cell ratio in CD45 deficient

(CD45KO) mice which was opposite to the ratio of CD4:CD8 single

positive populations in the thymus. Upon further investigation we

found that CD45KO mice were defective in their ability to support

T cell LIP and the CD4:CD8 skew observed in CD45KO mice was

the result of the peripheral expansion of CD8 T cells being more

severely impaired than that of CD4 T cells. To confirm that the

defect was due to the lack of CD45 in innate immune cells we

adoptively transferred CD45-positive T cells into lymphopenic

RAG1-deficient or RAG1 and CD45 double deficient mice

(45RAGKO) and showed that LIP was defective in the CD45 defi-

cient hosts. We also again saw a larger affect in CD8 T cells than

CD4s. The LIP deficiency in 45RAGKO mice was partially rescued

by the transfer of wild type, but not CD45-deficient CD11c+ cells,

suggesting a role for CD45, in these cells in promoting T cell LIP.

The inability of CD45KO CD11c+ cells to rescue T cell LIP was

shown to be independent of antigen presentation and co-stimulatory

molecule expression as these cells were competent at stimulating

cognate antigen-induced T cell proliferation both in vitro and in

vivo. We found that IL-7 made by the CD45-negative stromal cells

was reduced in the secondary lymphoid organs of 45RAGKO mice,

identifying a novel regulatory pathway between CD45-positive innate

immune cells and IL-7-producing stromal cells. Therefore, innate

immune cell CD45 regulates T cell LIP by at least two mechanisms;

firstly, by a signal from CD11c+ cells and secondly, indirectly, by the

induction of IL-7 production by stromal cells.

340
Differential expression of the transcripts encoding epidermal

growth factor receptor and its ligands by CD4+ T helper subsets
in response to T cell receptor engagement

K. Carney*, W. Y. Chan†, Y. Singh*, B. S. Cobb*,

A. M. De Mestre*, K. Affleck‡ & O. A. Garden§

*Royal Veterinary College, London, UK, †UCL, London, UK,
‡GlaxoSmithKline, Stevenage, UK, §Clinical Sciences and Services,

Royal Veterinary College, London, UK

Amphiregulin (AREG) belongs to a family of seven ligands for the

epidermal growth factor receptor (EGFR). Its role in T cells remains

unclear and expression of the EGFR and other EGFR ligands by

these cells has not been investigated.

CD4+ T cells isolated from AREG-/- and AREG+/+ mice showed

similar proliferative responses and susceptibility to apoptosis, sug-

gesting that AREG is not necessary for these key functions of unpo-

larised cells. A role in polarised T cells was therefore explored.

Quantitative reverse transcriptase-PCR analysis was undertaken on

T cell receptor (TCR)-stimulated unpolarised, Th1, Th2, Th17 and

induced regulatory T cell (Treg) populations over 48 h. Transcript

abundance for epigen, epiregulin and TGF-a was below detection

levels, while relative expression of mRNA encoding EGF remained

unchanged in all populations. In contrast, mRNA encoding heparin-

binding EGF-like growth factor (HB-EGF) and EGFR was induced

by TCR engagement, the former particularly in Th1 and the latter

particularly in Th2 cells.

A rapid, transient peak of AREG transcript expression was

induced upon TCR engagement of the unpolarised CD4+ T cells and

each polarised subset except Th2 cells, which showed a gradual, sus-

tained increase. Furthermore, both AREG and HB-EGF transcripts

were more abundant in thymic Tregs than conventional memory

CD4+ T cells. Ability to differentiate to any of the Th subsets was

not influenced by a lack of AREG, based on expression of canonical

transcription factors.

On-going experiments are exploring the function of AREG and

the EGFR in Th2 cells and Tregs, distinguishing between transcrip-

tional and non-transcriptional activities.

362
Co-inhibitory receptor LAG-3 positive CD8 T cells produce

immunosuppressive TGF-b in chronic HBV

M. Lubowiecki*, K. Pallmer*, D. Jajbhay*, L. J. Pallett*, U. Gill†,

P. T. Kennedy†, M. K. Maini* & A. Schurich*

*Division of Infection and Immunity, University College London,

London, UK, †Centre for Digestive Disease, Barts and the London

School for Medicine and Dentistry, London, UK

CD8 effector T cells are pivotal in clearing infection with hepatitis B

virus (HBV). However, HBV-specific CD8 T cells show impaired

functionality in patients with chronic HBV (CHB). We are here

using CHB as a model infection to study the auto-regulatory func-

tion of CD8 T cells. Lymphocyte activation gene-3 (LAG-3) is a co-

inhibitory receptor which has been found to be expressed on func-

tionally exhausted, but also on regulatory T cells. We find that CD8

T cells in CHB have increased expression of LAG-3 compared to

those from healthy individuals. LAG-3+ CD8 T cells in CHB are lar-

gely PD-1 negative; therefore they seem to be distinct from the clas-

sical phenotype of functionally exhausted cells. We find that LAG-3+
CD8 T cells produce the immune suppressive cytokine TGF-b
directly ex-vivo. Ex-vivo TGF-b production is significantly elevated in

chronic HBV compared to healthy individuals and correlates with

the frequency of LAG-3 positive cells, strongly suggesting an immune

regulatory function of this subset. Furthermore, the majority of

LAG-3 positive cells co-express CD49b, a phenotype recently

described to define a subset of human CD4+ regulatory T cells (Ga-

gliani et al. 2013). In CHB the LAG-3 CD49b double positive subset

is also enriched in the rare CD8+ FoxP3+ T cells. Of note, the

expression of LAG-3 on CD8 T cells is age dependent. In healthy

individuals below the age of 40 expression is generally low but

increases after the age of 40 to levels comparable with those in CHB.

In contrast LAG-3 levels are significantly increased even in young

CHB patients. Our findings suggest that LAG-3+ CD8 T cells have

immune regulatory function. Since the frequency of these cells

increases with age, LAG-3 might be a marker of age related immune

senescence, an immunological state that is likely hastened by CHB.
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371
The presence of CD8+CCR7+ T-cells at day 14 post allogeneic

stem cell transplant predisposes patients to acute graft versus

host disease

J. E. Croudace*, C. F. Inman*, C. Hudson†, B. Abbotts*,

Y. L. T. Chan*, S. Nagra‡, J. Nunnick*,‡, S. Akiki§, K. Wall§,

C. Craddock*,‡, R. Malladi*,‡ & P. A. H. Moss*,‡

*School of Cancer Sciences, University of Birmingham, Birmingham,

UK, †University of Nottingham, Nottingham, UK, ‡Centre for Clinical

Haematology, Queen Elizabeth Hospitals, Birmingham, UK, §West

Midlands Regional Genetics Laboratory, Birmingham Women’s NHS

Foundation Trust, Birmingham, UK

Background and Aims: Stem cell transplant (SCT) is an accepted

strategy for the treatment of high risk haematological disease and

involves replacement of the recipient’s immune system with that of an

HLA matched individual. T-cell reconstitution post-SCT is critical in

induction of both the graft versus leukaemia effect (GVL), and graft

versus host disease (GVHD), and thus in determining the outcome of

SCT. However, as thymic output is limited in adult leukaemia

patients, thymic-independent pathways, primarily homeostatic prolif-

eration, will be key to the shaping of the adaptive immune response.

Here we aimed to assess the dynamics and mechanisms of T cell

reconstitution in the first 14 days post transplant assessing the impact

of reconstitution on subsequent development of aGVHD.

Methods: T cells at day 14 were isolated from peripheral blood and

from stem cell donation bags and characterised by multicolour flow

cytometry for phenotype, Ki-67 positivity and/or Vbeta TCR reper-

toire. MACS sorted T cells were analysed by micro-satellite analysis

for the percentage of donor and recipient T cells and patient serum

analysed by luminex for the presence of homeostatic cytokines at

days 2, 7 and 14 post SCT.

Results: Strikingly in a cohort of 51 patients the presence of

CD8+CCR7+ T cell populations at week 2 post SCT was associated

with development of classical acute GVHD with logistic regression

models revealing a 90% sensitivity and 85% specificity. At 14 days post

SCT patient T cells were of 100% donor origin and were undergoing

extremely high rates of proliferation (>90%). Serum levels of IL-7 were

inversely correlated with CD8 T cell numbers indicating that homeo-

static mechanisms support this rapid proliferation. However Vbeta

repertoire analysis also revealed a restricted T cell repertoire at day 14

when compared to the stem cell product, especially in patients who went

on to develop aGVHD, indicating that both homeostatic and antigen-

specific forces early post SCT contribute to development of aGVHD.

Conclusions: To our knowledge, this is the first work to characterise

specific CD8 T-cell subpopulations associated with subsequent devel-

opment of aGVHD at day 14 post SCT. Analysis of these popula-

tions may allow identification of patients at risk of aGVHD

development providing a window of opportunity for treatment of

patients prior to disease onset.

397
Alloantigen reactive human regulatory T cells, expanded using
the ‘optimal’ antigen presenting cell: implications for clinical

application

N. Safinia*, A. Putnam†, A. Laing*, E. Trotta†, R. Lechler*, J.

Bluestone†, Q. Tang† & G. Lombardi*

*King’s College London, London, UK, †University of California San

Francisco, San Francisco, CA, USA

Transfer of human regulatory T cells (Tregs) has become an attrac-

tive therapeutic alternative to improve the long-term outcome in

transplantation and thus reduce the side effects of conventional

immunosuppressive drugs. Clinical protocols, using ‘polyclonal’

Tregs (PC-Tregs) have shown to prevent graft-versus-host-disease

after bone marrow transplantation. There are currently no trials of

Treg therapy in the context of solid organ transplantation and mur-

ine studies in this setting have implicated antigen-specific Tregs to

be more potent than PC-Treg. In this regard, we have previously

demonstrated the superiority of murine and human Treg lines with

specificity for the graft compared to polyspecific Tregs, in protection

against graft damage, using both murine heart transplant and hu-

manised-mouse-model of skin-allograft transplantation.

Our previous protocol for the expansion of Tregs with direct allo-

specificity involved the use human myeloid CD1c+ (BDCA-1) den-

dritic cells (DCs) and cell sorting of Tregs based on expression of

activation markers after 3 days of mixed lymphocte reaction (MLR).

More recently, however, we have established a method to activate

and expand in vitro donor B cells using K562 cells, expressing CD40

ligand, to stimulate the expansion of alloantigen-specific, donor-

reactive, human Tregs (drTregs). The expanded Tregs were highly

donor-alloantigen reactive and were stable in vitro. The functional

superiority of the drTregs over PC-Tregs in vivo was shown in a hu-

manised mouse model of human skin transplantation.

Extending our recent findings that drTregs can be expanded ex

vivo with allogeneic CD40L activated B cells, we are currently com-

paring the potency of CD40L activated B cells with DCs with the

aim of generating the most ‘superior’ Treg for clinical application;

one which is phenotypically stable in culture and has the greatest

antigen specific suppressive function. Moreover, with the emergence

of studies delineating the phenotype and function of the various B

cell subsets, we have further broadened our study to investigate the

importance of these different B cell subsets on the generation of allo-

antigen specific Tregs.

Altogether the identification of the ‘optimal’ APC will inform cur-

rent protocols for the manufacture of alloantigen specific Tregs

which is timely in view of trials of Treg therapy being planned in

solid organ transplantation.

400
Phenotypical characterization of circulating helper T cells show

an imbalance between Treg cells and CCR4+ CCR9+ cells in

active perennial allergic conjunctivitis patients

J. Galicia Carreón*, E. Hong*, M. P�erez Tapia† & M. C. Jim�enez

Mart�ınez‡

*Pharmacobiology Department, Center for Research and Advanced

Studies of the National Polytechnic Institute, Mexico City, Mexico,
†Immunology Department, National Polytechnic Institute, Mexico City,

Mexico, ‡Biochemistry Department, Faculty of Medicine, National

Autonomous University of Mexico, Mexico City, Mexico

Background and Aims: Allergic conjunctivitis (AC) is one of the

most common eye disorders in ophthalmology. In mice models, it has

been suggested that control of allergic conjunctivitis is a delicate bal-

ance between Tregs and inflammatory migrating effector cells. Our

aim was to evaluate the frequency of Tregs and the frequency of hom-

ing receptors expressing cells in peripheral blood mononuclear cells

(PBMC) from patients with perennial allergic conjunctivitis (PAC).

Methods: PBMC were obtained from patients with PAC and

healthy-controls (HC), and analyses of phenotypic markers on CD4+
T cells were performed by flow cytometry.

Results: CD4+ CD25+ cells were 15-times more frequent in PBMC

from patients than HC, the vast majority of these CD4+ CD25+ cells

were FOXP3-, and most of CD4+ T cells were CCR4+ and CCR9+
cells. Upon allergen-stimulation, no significant changes were

observed in frequency of Treg; however an increased frequency of,

CD4+ CCR4+ CCR9+ cells, CD4+ CD103+ cells, and CD4+ CD108+
cells, with increased IL-6 and IL-8 secretion were observed.
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Conclusions: These findings suggest an immune dysregulation in

PAC, characterized by diminished frequency of Tregs, and increased

frequency of circulating activated CD4+ T cells; upon allergen-stimu-

lation, these cells were expressing cell-surface molecules related to

mucosa homing and were able to trigger an inflammatory microen-

vironment.

401
Randomized, double-blind trial of topical methylprednisolone
combined with oral dialyzable leukocyte extract in patients with

moderate atopic dermatitis

J. Galicia Carreón*, E. Ram�ırez Cort�es†, M. Toledo Bahena†,

I. Ram�ırez†, F. Robledo Avila‡, M. Velasco Vel�azquez§, S. Estrada

Parra¶, M. P�erez Tapia¶ & M. C. Jim�enez Mart�ınez**

*Center for Research and Advanced Studies of the National Polytechnic

Institute, Mexico City, Mexico, †Paediatrics Dermatology Department,

Hospital Infantil de M�exico Federico G�omez, Mexico City, Mexico,
‡Unit of R&D in Bioprocesses UDIBI, National Polytechnic Institute,

Mexico City, Mexico, §Faculty of Medicine, National Autonomous

University of Mexico, Mexico City, Mexico, ¶Department of

Immunology, National Polytechnic Institute, Mexico City, Mexico,

**Biochemistry Department, Faculty of Medicine, National

Autonomous University of Mexico, Mexico City, Mexico

Background and Aims: To investigate efficacy and safety of Dialyzed

Leukocyte Extracts (DLE) as adjuvant therapy for moderate atopic

dermatitis (AD).

Design: Double blind, placebo-controlled, randomized, clinical sin-

gle-centre trial. NCT01902836.

Methods: Fifty-eight paediatric-patients with moderate AD were

enrolled and randomized in two groups: (i) Conventional treatment

(CT) + DLE: Cetirizine (0.25 mg/kg), once daily/4 weeks, Chlorphe-

niramine (0.35 mg/Kg), daily divided in 3 doses/4 weeks; and topical

Methylprednisolone 0.1%, twice daily/10 days, then once daily/

10 days, and ending every 48 h/10 days; plus oral DLE (2 mg/5 ml),

daily/5 days, then every 72 h to complete 1 month. (ii) CT + pla-

cebo, same dosage and administration. Main outcome measures:

Severity of skin lesions evaluated with SCORAD-Index, and immu-

nophenotypical changes at day 14, and at end of treatment.

Results: A significant clinical improvement was observed since day

14 with both, CT and CT + DLE therapy, no significant differences

in the main clinical outcome measures were found among groups;

however a diminished frequency of CD8 + CD103 + cells, and

increased frequency of CLA+ cells, was observed in CT+ placebo-

group.

Conclusions: Adjuvant therapy with DLE was safe and well-toler-

ated. Despite both groups of patients significant improved after

treatment, individuals treated with DLE preserved cell subsets related

to skin immunological regulation, and avoided systemic expansion

of cells related to skin inflammation.

409
Peripheral CD4+ T cell survival is dependent upon GIMAP1

L. M. C. Webb, P. Datta & G. Butcher

Laboratory of Lymphocyte SIgnalling and Development, Babraham

Institute, Cambridge, UK

The capacity of the immune system to respond efficiently to new

antigens depends upon a continuous source of naive CD4+ T cells.

Such cells exit from the thymus and join the recirculating T-cell pool

where they persist for many months. This long lifespan is balanced

by tight homeostatic control of lymphocyte numbers in order to

maintain a healthy immune system.

GIMAPs (GTPases of the Immunity Associated Proteins) are a

family of small GTPases related to septins and dynamins that are

predominantly expressed in lymphoid tissue, suggesting an impor-

tant immunological function. We have previously shown that a con-

ditional knockout of family member Gimap1 results in a dramatic

loss of both T and B lymphocytes in the periphery, despite near nor-

mal development of these cells in primary lymphoid organs (Saun-

ders et al. Blood 2010). This could be due to the defective

maturation of lymphocytes and/or the failure of mature lymphocytes

to survive upon reaching the periphery. In order to understand the

role that GIMAP1 plays in peripheral lymphocyte survival, we have

generated a mouse line: Gimap1flox/flox; ERT2Cre (GIMERT1), in

which Gimap1 can be knocked-out inducibly by the synthetic oestro-

gen, 4-hydroxytamoxifen (4-OHT).

Using an in vitro model of CD4 + T cell survival, we show that

peripheral CD4+ T cells require continued expression of GIMAP1

for their survival. Following addition of 4-OHT, purified GIMERT1

CD4+ T cells cultured in IL-7 lost GIMAP1 expression after 5 days

and died between days 7 and 10 of culture. Cell death was associated

with Annexin V binding, activation of Caspase 3, and loss of mito-

chondrial membrane potential - all indicators of apoptosis. Addi-

tionally, we find that cells also require GIMAP1 expression for their

survival during activation-induced proliferation. Again, death of acti-

vated CD4+ T cells in the absence of GIMAP1 is associated with

markers of apoptosis.

These data show that GIMAP1 is required for the survival of both

resting and activated peripheral CD4+ T cells and places GIMAP1 as

a critical regulator of peripheral CD4+ T cell function.

410
Expression and regulation of the TGF-b-activating integrin avb8
on human dendritic cells

T. M. Fenton*, J. Schulthess†, C. V. Arancibia†, M. J. Lehtinen‡,

F. Powrie† & M. A. Travis*

*MCCIR, University of Manchester, Manchester, UK, †Translational

Gastroenterology Unit, University of Oxford, Oxford, UK, ‡DuPont

Nutrition and Health, Kantvik, Finland

Background and Aims: Induction of regulatory T cells (Tregs) is nec-

essary in the gut to suppress immune responses to commensal bacte-

ria and innocuous antigen. In the mouse gut, expression of the

integrin avb8 on intestinal dendritic cells (DC) is important for TGF-

b activation, Treg induction, and protection from colitis. Modulation

of integrin avb8 expression might therefore be important in the path-

ogenesis of human inflammatory bowel disease.

Previous work from our lab has shown that murine avb8 is highly
expressed on intestinal CD103+ DC compared to other intestinal

mononuclear phagocytes and splenic CD103+ DC. This was shown

to be required for in vitro Treg induction by CD103+ intestinal DCs,

and maintenance of in vivo immune homeostasis. However the path-

ways that control integrin avb8 expression are currently unknown

and the role of integrin avb8 in human immunology is poorly

understood.

Materials and Methods: Resected intestinal samples were digested

and analysed by flow cytometry to analyse the expression of integrin

avb8 in the human immune system. To investigate how avb8 expres-

sion is regulated, human monocyte-derived dendritic cells (MoDC)

were screened with a panel of gut-associated molecules and expres-

sion levels of avb8 and maturation markers were analysed.

Results: Mutually exclusive CD64+, CD1c+ and CD141+ mononu-

clear phagocyte (MNP) populations were found in the HLADRhi

gate of human colonic lamina propria. Each of these expressed dif-

ferent levels of integrin avb8, hinting at functional differences

between the subsets. Treatment of MoDC with LPS was found to
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cause upregulation of integrin avb8 expression, concurrent with

expression of maturation markers CD80 and CD86.

Conclusions: Induction of integrin avb8 on MoDC suggests that rec-

ognition of the microbiota may influence the high avb8 expression

on intestinal DC. Since avb8 is able to activate latent TGF-b, this
pathway might be an important link between microbial colonisation

and development of TH17/Treg responses in the gut. The observa-

tion of enriched avb8 expression on certain MNP subsets in the

human gut may implicate those populations in control of TGF-b
dependant immune responses.

418
Skint1 encodes a marker of epithelial normality sensed by
intraepithelial T cells

R. Hart*, O. Sobolev*,†, A. Jandke* & A. Hayday*,†

*London Research Institute, Cancer Research UK, London, UK, †Peter

Gorer Department of Immunobiology, King’s College London, London,

UK

Background and Aims: Many T lymphocytes reside constitutively

within tissues where they are activated by environmental changes,

either through their T cell receptors (TCRs), or via up-regulation of

stress-induced ligands for innate receptors. By contrast, there is

almost no evidence that T cells sense normality and are held in

check by it. This critical question was investigated using an experi-

mental system permitting T cells to be easily observed.

Dendritic epidermal T cells (DETC) are innate-like intraepithelial

lymphocytes residing in murine epidermis. Most DETC express an

identical Vc5Vd1 TCR. A recent study demonstrated sustained TCR-

dependent, stress-sensitive, steady-state interactions between DETCs

and neighbouring epithelial cells. However, neither the function of

these interactions, nor their epithelial determinants were elucidated.

Skint1 is an Ig super-family gene expressed in thymic epithelium

that is critical for DETC development. Since it is also expressed by

keratinocytes, we investigated whether skint1 is the epithelial regula-

tor of steady-state interactions between keratinocytes and neighbour-

ing T cells, and the functional implications.

Method: Confocal microscopy was used to quantify the number of

DETC-keratinocyte interactions in strains of FVB mice differentially

expressing skint1 and/or the Vc5Vd1 TCR. Epidermal skint1 was

measured by qPCR, as was epidermal IL-13 expression for the assess-

ment of DETC responsiveness.

Results: Compared to wild type (WT) FVB mice, there were fewer

DETC-keratinocyte interactions in mice lacking either Vc5Vd1 or

WT skint1. This reduction in the frequency of interactions mirrored

the effect of TPA application.

Hypothesising that skint1 might communicate the status of the

epithelium, we found that its expression was down-regulated by TPA

and UVB. Moreover, transgenic mice expressing a skint1 allele that

could not be down-regulated, maintained their DETC-keratinocyte

interactions even after TPA application.

The reduced interactions of Vc5Vd1+ DETCs with keratinocytes

in mice lacking WT skint1 correlated with enhanced up-regulation of

IL-13 in response to UVB irradiation compared to WT FVB mice. In

skint1 transgenic mice in which DETC-keratinocyte interactions were

more resistant to stress, DETCs showed an impaired IL-13 up-regu-

lation in response to UVB irradiation.

Conclusions: Skint1 expression by epithelial cells communicates nor-

mality to neighbouring T cells through the formation of contact foci

that constrain T cell activation. Upon stress, skint1 is down-regu-

lated, permitting contact disruption and rapid T cell responsiveness.

Hence T cells can display an added level of regulation that is func-

tionally similar to missing-self regulation of NK cells. The results

also emphasise the importance of epithelial cells in controlling T cell

responses.

421
IL-27 receptor signalling restricts the formation of pathogenic,

terminally differentiated Th1 cells during malaria infection by

repressing IL12 dependent signals

A. Villegas-Mendez*,†, J. B. de Souza†,‡, S. Lavelle†, E. Gwyer

Findlay†,§, C. Saris¶, C. Hunter**, E. Riley† & K. Couper†,††

*Faculty of Life Sciences, University of Manchester, Manchester, UK,
†Department of Immunology and Infection, London School of Hygiene

and Tropical Medicine, London, UK, ‡Department of Immunology and

Molecular Pathology, University College London, London, UK, §MRC

Centre for Inflammation Research, Queen’s Medical Research Institute,

University of Edinburgh, Edinburgh, UK, ¶Department of Inflammation

Research Thousand Oaks, Amgen, Inc, Thousand Oaks, CA, USA,

**Department of Pathobiology, University of Pennsylvania,

Philadelphia, PA, USA, ††Faculty of Life Sciences, University of

Manchester, Manchester, UK

The IL-27R, WSX-1, is required to limit IFNc production by effector

CD4+T cells in a number of different inflammatory conditions but

the molecular basis of WSX-1 mediated regulation of Th1 responses

in vivo during infection has not been investigated in detail. In this

study we demonstrate that WSX-1 signalling suppresses the develop-

ment of pathogenic, terminally differentiated (KLRG-1+) Th1 cells

during malaria infection and establishes a restrictive threshold to

constrain the emergent Th1 response. Importantly, we show that

WSX-1 regulates cell-intrinsic responsiveness to IL-12 and IL-2, but

the fate of the effector CD4+T cell pool during malaria infection is

controlled primarily through IL-12 dependent signals. Finally we

show that WSX-1 regulates Th1 cell terminal differentiation during

malaria infection through IL-10 and Foxp3 independent mecha-

nisms; the kinetics and magnitude of the Th1 response, and the

degree of Th1 cell terminal differentiation, were comparable in WT,

IL10-R1�/� and IL10�/� mice and the numbers and phenotype of

Foxp3+ cells were largely unaltered in WSX-1�/� mice during infec-

tion. As expected, depletion of Foxp3+ cells did not enhance Th1 cell

polarisation or terminal differentiation during malaria infection. Our

results significantly expand our understanding of how IL-27 regulates

Th1 responses in vivo during inflammatory conditions and estab-

lishes WSX-1 as a critical and nonredundant regulator of the emer-

gent Th1 effector response during malaria infection.

424
IL-10 suppression in HCMV infection results in enhanced CD8+

T-cell mounted response to disease

M. Clement*, J. Milburn*, E. Edwards†, L. Wooldridge‡ &

I. R. Humphreys*

*Institute of Infection and Immunity, Cardiff University, Cardiff, UK,
†Queensland Instiute of Medical Research, Brisbane, QLD, Australia,
‡Faculty of Medical & Veterinary Sciences, University of Bristol,

Bristol, UK

Human Cytomegalovirus (HCMV) is a common ubiquitous b-her-
pes virus. In healthy individuals HCMV infection is asymptomatic;

however in immune-compromised individuals such as post-trans-

plant recipient patients, HCMV infection is more deleterious to the

host due to inability to control viral replication. CD8+ T-cells are

essential for the immune control of viral infections and CMV-spe-

cific CD8+ T-cells account for a median of 10.2% of the total circu-

lating T-cell repertoire in CMV seropositive individuals. Indeed

CD8+ T-cell immunotherapy has been shown to be effective at con-

trolling CMV disease when treated by adoptive transfer therapy.

Recent advances in T-cell culture techniques have enabled rapid gen-

eration of large numbers of cells for such therapeutic strategies, and

this approach also affords the opportunity to optimize the function
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and, perhaps, clonal repertoire of these cells. IL-10 is a crucial regu-

lator of inflammation during an immune response and can exert a

suppressive effect on immune cells. The importance of IL-10 in

HCMV infection is implied by the evolutionary acquisition by this

virus of a functional IL-10 homologue (vIL-10). Importantly, we

have demonstrated in a murine model of cytomegalovirus infection

that IL-10 dramatically inhibits the accumulation and antiviral func-

tion of CMV specific CD8+ T-cells in-vivo. Herein, we sought to

investigate whether IL-10 impinges on HCMV-specific CD8+ T cells.

Data presented here suggests that blocking the immune-suppressive

effect of IL-10 preferentially allows for the expansion of HCMV spe-

cific CD8+ T-cells directly ex-vivo. In the absence of IL-10 receptor

(IL-10R) signalling, HCMV specific CD8+ T-cells are more func-

tional as measured by IFN-c and exhibit unique phenotypic profiles.

These results suggest that manipulation IL-10R signalling may

improve the antiviral function of virus-specific T cells during in-vitro

expansion, and imply that mammalian and/or vIL-10 may impinge

on HCMV-specific CD8 T cell function in-vivo.

440
A small molecule agonist of the chemokine receptor CXCR3
prevents experimental graft-versus-host disease

G. O’Boyle*, C. Barker†, E. Mavin†, X. Wang†, C. Fox†, H.

Walden‡, J. Willet†, D. Hine†, J. Palmer†, C. Lamb†, S. Douglass†,

S. Ali† & J. Kirby†

*Faculty of Applied Sciences, University of Sunderland, Sunderland,

UK, †Institute of Cellular Medicine, Newcastle University, Newcastle

upon Tyne, UK, ‡School of Life Sciences, University of Northumbria,

Newcastle upon Tyne, UK

Background: The chemokine receptor CXCR3, expressed by activated

T cells, is crucial to the pathogenesis of graft-versus-host disease

(GVHD). GVHD targets the skin and liver and affects 50% of patients

following allogeneic haematopoietic stem cell transplantation. Thera-

peutic blockade of chemokine receptors such as CXCR3 has proven

difficult to achieve clinically using conventional antagonist

approaches. This study was designed to determine whether a new de-

sensitisation approach using a CXCR3 agonist could modulate GVHD.

Material and Methods: Tissue-infiltrating T cells and histopathology

scores were quantified using an in vitro human GVHD skin explant

model together with electrochemiluminescent measurement of cyto-

kine production. A humanised murine model of GVHD was used to

determine the efficacy of the agonist to modulate in vivo liver

inflammation. To define a mechanism for the effect of the agonist in

vitro and in vivo transendothelial migration assays were performed

using the natural chemokine mixture from inflamed human skin or

activated liver cells. Affinity activation of the a4b1 integrin was

assessed by flow cytometry using a VCAM-1.Fc fusion protein.

Results: The CXCR3 agonist reduced the migration of alloantigen

specific T cells into the skin explant resulting in a significant

decrease in production of IFNc, IL-6 and IL-1b (P < 0.01, n = 5), as

well as a decrease in histopathological damage, graded according to

the Lerner scale (P < 0.05, n = 5, mean GVHD score 3.3 versus 1.8).

The agonist also significantly reduced liver inflammation in the hu-

manised murine GVHD model (P < 0.05, n = 16, 55 � 8 versus

29 � 4 T cells per field).

The chemokine mixture in conditioned media from inflamed

human skin and activated biliary epithelial cells was found to con-

tain more than six different chemokines. Transendothelial migration

of CXCR3+ activated T cells towards each chemokine mixture was

reduced by 70% by the agonist (P < 0.01) whereas migration of

CXCR3- T reg was not inhibited. Similarly, in vivo migration of

human T cells towards liver conditioned media was reduced by 52%

in the presence of the agonist (P < 0.05, n = 20). Finally, flow cyto-

metric analysis of the a4b1 integrin showed that the agonist pre-

vented normal affinity activation following exposure to a range of

chemokines.

Conclusion and Discussion: Together these data highlight CXCR3

agonism as a potentially powerful and novel anti-inflammatory ther-

apy for T cell mediated diseases such as GVHD.

441
T cell receptor signal strength regulates the development of
Th17 cells

C. Tibbitt*, J. Falconer†, W.van Eden‡, J. Robinson* &

C. Hilkens*

*Musculoskeletal Research Group, Newcastle University, Newcastle

upon Tyne, UK, †Department of Biomedical Sciences, Northumbria

University, Newcastle upon Tyne, UK, ‡Institute of Infectious Diseases

and Immunology, Utrecht University, Utrecht, The Netherlands

Background: T helper-17 (Th17) cells are implicated in the

pathogenesis of rheumatoid arthritis (RA) and other autoimmune

conditions. A greater understanding of the mechanism that regulates

their development is vital for therapies designed to inhibit dysregu-

lated responses without comprising host immunity to pathogens.

Our aim was to assess how the potency of signalling through the T-

cell Receptor (TCR) influences Th17 responses.

Methods: TCR transgenic CD4+ T-cells recognizing the RA candi-

date autoantigen aggrecan provide an ideal model to modulate signal

strength by changes to either peptide affinity or density. To assess

the in vitro Th17 response, na€ıve transgenic T-cells were co-cultured

with syngeneic bone marrow-derived dendritic cells (DC) presenting

the cognate aggrecan peptide (GRVRVNSAY) at different densities

or presenting altered peptide ligands (APL) of varying affinities for

the transgenic TCR. After 5 days of culture, T-cells were restimulated

with DC presenting a high density of cognate peptide. Production of

interleukin (IL)-17, IL-4, IL-22, Interferon (IFN)-c and Granulocyte-

macrophage colony-stimulating factor (GM-CSF) was measured by

ELISA and Intracelluar Cytokine Staining (ICS). Immunisation with

either a high or low dose of cognate peptide into the footpad

allowed for the assessment of the in vivo T-cell response following

restimulation of lymph nodes cells.

Results: Our data demonstrated that both changes to peptide affinity

and density were capable of regulating Th17 development. Surpris-

ingly IL-17 production was enhanced by low cognate peptide densi-

ties or by low affinity APL, whereas IFN-c and IL-4 production was

promoted by high antigen doses of the cognate peptide. Production

of IL-22 and GM-CSF associated with the pathogenic Th17 pheno-

type, were found to be similarly regulated; both increased with a

reduced level of TCR signalling. Neutralisation of IL-2 using a

monoclonal antibody enhanced IL-17 production at a high peptide

density. This suggested a mechanism whereby low signal strength via

the TCR resulted in reduced IL-2 mediated suppression of IL-17

producing cells. The recall response following in vivo peptide immu-

nisation demonstrated an increase in the IL-17:IFNc ratio at a lower

peptide density.

Conclusion: Our results support the hypothesis that a lower strength

signal via the TCR favours development of Th17 cells. Further

understanding of the mechanisms that regulate Th17 responses may

lead to specific targeting of this pathogenic subset whilst preserving

immunity to infectious agents, an advance with potentially major

therapeutic benefits.
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Fate mapping of IL-22 in gut inflammation

H. Ahlfors, P. Morrison, Y. Li, J. Biro, A. Potocnik & B.

Stockinger

National Institute for Medical Research, London, UK

Background and Aims: Interleukin 22 (IL-22) is a cytokine that reg-

ulates tissue homeostasis at barrier surfaces. Several cell types pro-

ducing IL-22 has been identified, but their stability and relationship

to other subsets is largely unknown. We therefore generated a fate

reporter mouse that would allow not only the identification of IL-22

producing cells but also their fate mapping in vivo.

Methods: To trace cells expressing IL-22, a sequence encoding Cre

recombinase was cloned into the Il22 locus (Il22Cre). To visualize

Cre activity, the IL22Cre mice were then crossed with reporter mice

expressing enhanced yellow fluorescence protein (eYFP) under the

control of the endogenous Rosa26 promoter (R26ReYFP). In

IL22CreR26ReYFP mice, the fluorescent reporter permanently labels

cells that have switched on Il22 expression regardless of the present

production status of this cytokine.

Results: Using this fate reporter mouse strain we show that IL22

expression is restricted to immune cells. In gut the main producers

are innate lymphoid cells (ILC) in gut whereas in skin or lung IL22

is mainly expressed by gdT cells in an unchallenged mouse. In a

model of imiquimod induced psoriasiform skin inflammation we

observed a substantial accumulation of IL22-eYFP+ cells, demon-

strating the functionality of our reporter in vivo. Infecting the IL22

fate reporter mice with C. rodentium demonstrated the plasticity of

CD4 + T cells, which was not observed in ILCs.

Conclusions: Further studies are aimed at investigating the role of

IL-22-producing cells in infectious, inflammatory and autoimmune

diseases and to delineate their relationship with other cytokine pro-

ducing cell subsets, notably innate lymphoid cells.

446
Cell-intrinsic and extrinsic factors influence CTL efficiency

T. Hogan*, U. Kadolsky†, S. Tung*, A. Yates† & B. Seddon*

*Department of Immune Cell Biology, National Institute for Medical

Research, London, UK, †Albert Einstein College of Medicine, Bronx,

NY, USA

Quantifying the rate at which individual cytotoxic T lymphocytes

(CTL) can survey and kill target cells is important for deriving

ground-up estimates of critical CTL densities required for the con-

trol of infections. Estimates of this quantity have been derived from

in vivo killing assays, using the relative survival of target and control

cells exposed to spleen-resident CTL. However, we expect there to

be significant heterogeneity in this process, both from the spatial

organisation of the spleen and from the population of cells used as

targets. Are all CTL capable of participating? Are some target cells

more difficult to kill than others? And what impact is made by pep-

tide turnover rates or expression levels? To address these questions,

we revisited the splenocyte killing assay using transgenic F5 CTL spe-

cific for the NP366-374 influenza epitope. Using flow cytometry and

quantitative imaging, we demonstrate that targets which differ in

both their MHC expression levels and migration patterns within the

spleen are killed at different rates by the same population of CTL.

Decreasing the level of peptide on the target cells resulted in pro-

gressively less efficient CTL activity in both in vivo and in vitro assay

systems. Taken together, these data demonstrate that CTL efficiency

is sensitive to both peptide availability and target cell type. Further-

more, mathematical models of CTL killing allow us to place bounds

on the rate at which single CTL can survey and kill targets over a

range of peptide expression levels. Our analysis demonstrates how

population-average estimates of immune response parameters can be

dissected to account for both spatial and cellular heterogeneity.

450
Large-scale monitoring of human immune responses to H1N1 ‘flu

vaccination

O. Sobolev*,†,‡, E. Binda*,†,‡, R. Schulz†,§, A. Lorenc†,§,

S. A. O’Farrell*,†,‡, H. Saadeh*,†, J. Gough*,†, Z. Kozlakidis*,†,

A. Cope†,¶, M. Malim*,†, J. Cason*,†, A. Skowera*,†,

M. Peakman*,† & A. Hayday*,†,‡

*Peter Gorer Department of Immunobiology Guy’s Hospital London,

London, UK, †Guy’s and St Thomas’ NHS Foundation Trust and

King’s College London’s Comprehensive Biomedical Research Centre,

King’s College London, London, UK, ‡CRUK London Research Institute

Lincoln’s Inn Fields London, Cancer Research UK, London, UK,
§Bioinformatics, Statistical Genetics & Epigenetics Cluster Division of

Genetics & Molecular Medicine King’s College London, London, UK,
¶Department of Rheumatology King’s College London, King’s College

London, London, UK

The immune system is central to maintaining human health yet

when dysregulated plays a key role in diseases such as multiple

sclerosis, Type 1 diabetes and cancer. Mostly from animal studies,

fundamental immunological molecules, cells, and pathways have

been identified and characterised. However, we remain ignorant of

how these are integrated in the human response to infection or vac-

cination. Challenging this can aid the design of vaccines and immu-

noregulatory treatments, and improve our understanding of

immunopathologies. We therefore used the H1N1 (N.B swine flu

rather than seasonal flu) vaccine to study how the immune system

responds to a specific stimulus.

Longitudinal molecular, cellular, and functional immune-monitor-

ing was undertaken in 186 healthy volunteer UK residents, either

side of a richly adjuvanted H1N1 vaccine, with blood sampling at

days -7 and day 0 (pre-vaccination); day +1; day +7; day +14; day
+63. The data reflect gene expression profiling in peripheral blood

mononuclear cells, multiplex detection of serum cytokines and

chemokines, and cell phenotyping, as reconciled with initial clinical

phenotype (adverse events [AE] versus asymptomatic) and down-

stream outcome (serological responder versus non-responder).

The results illustrate the practicality of immune-monitoring, and

its capacity to provide new knowledge concerning the stability and

dynamics of human immune responses. They reveal: [a] highly sig-

nificant changes in serum inflammatory markers within 24 h in syn-

chrony with innate immune gene profiles that diverge according to

symptoms; [b] a B cell-rich response by day +7; [c] specific genes

associated with AE, including those not anticipated a priori. The

study has also identified candidate signatures predicting adequate

antibody responses. Thus, the intrinsic content of this study and its

comparison with similar studies conducted elsewhere, can close in

on a consensus of the human response to vaccination and general

immune function, thereby allowing for the identification of key

components of immunodeficiency and immunopathology.
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Induction of T regulatory cells by streptococcus pneumonia

A. Rider*, A. Mubarak*, S. Derbyshire†, P. McNamara†, A.

Kadioglu* & Q. Zhang*

*Clinical Infecton, Microbiology and Immunology, University of

Liverpool, Liverpool, UK, †Alder Hey Children’s Hospital, Liverpool,

UK

Background: Streptococcus pneumonia (pneumococcus) is an impor-

tant human pathogen that causes a number of serious diseases

including pneumonia and septicaemia. According to the World

Health Organisation, pneumococcal diseases cause around 1.6 mil-

lion deaths every year worldwide. Th17 and Treg cells have been

suggested to play an important role in modulating pneumococcal

clearance and carriage in nasopharynx. Th17 cells may mediate the

clearance of pneumococcus by the recruitment of phagocytes and

Treg cells may act to inhibit the inflammatory response mediated by

other effector cells including Th17 cell response. Studies have shown

that Foxp3+ Treg cells present in the nasopharynx may have a

potent inhibitory effect on effector CD4+ T cell proliferation and

could contribute to the persistence of carriage seen in young chil-

dren. It has been shown in a murine study that a polysaccharide

with pneumolysin induces Treg.

Aims: To study what pneumococcal component(s) induce Foxp3+
Treg cells in humans.

Materials and Methods: Mononuclear cells (MNC) from adenoton-

sillar tissues and peripheral blood mononuclear cells (PBMC) were

isolated from children undergoing adenotonsilectomy. Depletion of

memory and effector T cells from MNC was performed using

CD45RO and CD25 microbeads and MACS cell sorting. Numbers of

Treg and Th17 cells were analysed by intracellular staining of Foxp3

and IL-17 following stimulation by concentrated pneumococcal

culture supernatant (CCS) derived from a wild type D39 strain, its

isogenic mutant lacking pneumolysin (Ply�/�) or by type 3 pneumo-

coccal polysaccharide plus a pneumolysin toxoid (W433F). Induction

of Treg cells and cytokine responses were measured using flowcy-

tometry analysis and immunoassay.

Results: Stimulation of memory T cell-depleted adenotonsillar MNC

or PBMC with pneumococcal CCS induced an increase in numbers

of Foxp3+ Treg compared to unstimulated controls, and Ply�/�CCS
appeared to induce less Treg compared to wild-type CCS. Stimula-

tion with type 3 polysaccharide (T3P) and pneumolysin toxoid

(W433F) induced a more marked increase in numbers of Foxp3+
Tregs than the control samples.

Discussion: Stimulation of adeontonsillar MNC and PBMC by a

combination of T3P + W433F induced a significant increase in

Foxp3+ Treg cells. Further work is ongoing to study whether differ-

ent types of polysaccharide in combination with pneumolysin or

other proteins could also induce Treg cells.

457
Targeting HIV gag to the human endocytic receptor DEC-205

elicits Th1 T cell responses in mice with reconstituted human

immune system components

C. S. K. Leung*, M.-A. Rochat†, M. Maurer‡, A. Raykova*, A.

Lippmann*, R. Speck† & C. M€unz*
*Department of Viral Immunobiology, Institute of Experimental

Immunology, University of Zurich, Zurich, Switzerland, †Division of

Infectious Diseases and Hospital Epidemiology, University Hospital of

Zurich, Zurich, Switzerland, ‡Department of Neuroinflammation,

Institute of Experimental Immunology, University of Zurich, Zurich,

Switzerland

HIV displays limited tropism. Mice, reconstituted with a surrogate

human immune system, can be used to study HIV pathogenesis and

to test potential vaccines and therapeutic strategies against HIV

infection. Targeting HIV antigens to the dendritic cell receptor,

DEC-205, has been shown to elicit specific immune response in

mice. However, the therapeutic potential of this vaccine strategy has

to be tested in a model that recapitulates the human immune

responses to the virus and allows challenging these with HIV infec-

tion. Here, we used HLA-A2 transgenic NOD-scid cc
�/� (NSG) mice

reconstituted with human immune system components (hu-NSG) to

test the in vivo efficacy of this vaccine. We demonstrated that vacci-

nation with aDEC-205-HIV gag p24 antibodies with the Toll-like

receptor 3 agonist poly ICLC as an adjuvant primed p24-specific

IFNc-secreting T cells with low frequency. These p24-specific IFNc-
secreting T cells were cloned and expanded ex vivo. Most of the

expanded p24-specific T cells were CD4+ T cells. One of these T cell

clones was characterized in details. This p24-specifc T cell clone is

specific for the epitope PVGEIYKRWIILGLN, corresponding to HIV

gag protein amino acid sequence 257–271, and restricted via

DPB1*0301. It has a functional avidity of 700 nM, measured as the

peptide concentration required to achieve 50% maximum recogni-

tion. Spectratyping indicated the clone expresses T cell receptor b-
chain variable region 7. In addition, this p24-specifc T cell clone rec-

ognizes processed p24 after DEC-205 targeting. Interestingly, adop-

tively transfer of this p24-specific CD4+ T cell clone into hu-NSG

mice, followed by HIV challenge, resulted in lower viral load com-

pared to mock treated mice. These studies shed light on DEC-205

targeting as a vaccination approach against HIV and the possibly

protective value of HIV-specific CD4+ T cell responses.

460
The role of pTalpha isoforms in alpha beta T cell development

C. L. A. Grandjean, J. Mahtani-Patching, D. J. Pang, S. Williams &

D. J. Pennington

Blizard Institute, Centre of Immunology, Queen Mary University of

London, London, UK

Mature abT cells, that express a heterodimeric ab T cell receptor

(TCRab), develop in the thymus from a common lymphoid progeni-

tor and are indispensable components of a healthy immune system,

displaying a range of functions (being cytotoxic, regulatory, or pro-

viding “help”) and sites of migration (to tissues such as gut versus

secondary lymphoid organs). Early in thymic development, in order

to successfully traverse an important developmental checkpoint,

immature thymocytes up-regulate a pre-TCR complex that is com-

posed of a rearranged TCRb chain, the invariant pTa chain, and var-

ious CD3 signalling molecules. The availability of two alternatively-

spliced pTa isoforms (referred as pTaa and pTab) provide the cell

with the choice between two distinct preTCR complexes (preTCRa

and preTCRb). However, the truncated form; pTab, has been fre-

quently omitted from studies or described as non-functional despite
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previous work suggesting the opposite. Our recent work has demon-

strated that despite lacking an extracellular Ig-loop that was previ-

ously implicated in pre-TCR signalling, pTab could successfully drive

early T cell development. Subsequently, BAC-transgenic animals

expressing only full-length pTa (pTaa) were generated and are cur-

rently being used to ascertain a role for both pTa isoforms. Preli-

minary data suggest that pTaa alone is sufficient for the

development of conventional ab T cells (CD8+ and CD4+ T cells),

but does not seem to rescue a particular population of gut T cells

referred to as unconventional TCRab(+)CD8aa(+) intraepithelial lym-

phocytes (IELs). Furthermore, the data reveal a hitherto unrecog-

nized role for pTa in the positive selection of ab T cells at the

CD4+CD8+ “DP” stage.

462
Relative APC numbers regulate T-cell CD28-costimulation

requirements

D. H. Gardner*, L. E. Jeffery*, K. Raza*,† & D. M. Sansom*,‡

*MRC Centre for Immune Regulation, University of Birmingham,

London, UK, †Department of Rheumatology, Sandwell and West

Birmingham Hospitals National Health Service Trust, Birmingham,

London, UK, ‡Institute of Immunity and Transplantation, UCL

Department of Immunology, London, UK

Introduction: As the predominant source of T-cell costimulation,

CD28-signaling promotes the generation of effector T-cell popula-

tions through effects upon proliferation, survival and differentiation.

These contributions to T-cell activation are prevented by Cytotoxic

T-Lymphocyte Antigen (CTLA)-4, which shares affinity for the

CD28 ligands CD80 and CD86. Inhibition of CD28 signaling by

CTLA-4 is a mechanism of regulatory T-cell biology and a target for

the therapeutic modulation of pathological T-cell responses by

CTLA-4Ig (abatacept). Variable patient responses to abatacept treat-

ment in Rheumatoid Arthritis (RA) patient cohorts imply differential

CD28-costimulation contributions to T-cell activation, however the

mechanisms underlying this are not fully understood.

Methods: CD4+CD25- T-cells were isolated from PBMCs derived

from healthy donors and were cultured for 5 days in the presence of

anti-CD3 or Toxic Shock Syndrome Toxin (TSST)-1 as T-cell recep-

tor (TCR) stimulus and either CD80/CD86 transfected CHO cells or

allogeneic human monocyte derived Dendritic cells (DC) as sources

of costimulation. The impact of CTLA-4Ig on these stimulations was

identified in terms of effects upon proliferation of T-cell responders.

Results: Whilst potently inhibiting T-cell activation driven by anti-

CD3 and CHO-CD80/86 cells CTLA-4Ig had a limited impact upon T-

cell proliferation stimulated by soluble anti-CD3 in conjunction with

DCs. This apparent CD28-independent T-cell activation was found to

be associated with the strength of TCR stimulation occurring in associ-

ation with anti-CD3/DC-driven T-cell activation because stimulation

with decreased anti-CD3 concentrations was strongly inhibited by

CTLA-4Ig. Additionally, CTLA-4Ig inhibited T-cell activation more

robustly in the presence of lower DC:T-cell ratios. When stimulating

Vbeta2 TCR+ T cells with TSST-1 we again found increased inhibition

of T-cell activation by CTLA-4Ig in the presence of both decreasing su-

perantigen concentration and relative DC numbers. Decreasing TSST-

1 concentrations and lower DC:T-cell ratios were both associated with

reduced TCR downregulation by activated T-cells which is indicative

of decreased TCR stimulus strength.

Conclusions: These data suggest that relative APC numbers can

modulate the strength of TCR stimulation which has a subsequent

impact upon CD28-requirements for T-cell activation.

473
The role of P. gingivalis in the regulation of Th17/IL17

responses in chronic periodontitis

W.-C. Cheng, H. Evans, G. Walter, F. Hughes & L. Taams

King’s College London, London, UK

Objective: Periodontitis is caused by the interaction of pathogens such

as Porphyromonas gingivalis (P. gingivalis) in the plaque biofilm with

the host immune response. The pathogenic mechanisms of chronic

periodontitis and rheumatoid arthritis may be similar as both diseases

involve chronic inflammation resulting in tissue damage and bone

destruction. The Th17/IL-17 pathway has been implicated in the path-

ogenesis of rheumatoid arthritis, but its role in the pathogenesis of

periodontitis is not fully understood. The aims of this study were:

(1) to investigate the presence of IL-17 producing cells in

inflamed gingival tissue;

(2) to investigate whether P. gingivalis promotes a Th17/IL-17

response through the activation of monocytes in vitro; and.

(3) to compare the Th17/IL-17 response between healthy controls

and patients with periodontitis.

Methods: Gingival tissue cells were isolated from periodontal surgery

samples from patients with periodontitis through collagenase diges-

tion. Cells were stimulated ex vivo with PMA and ionomycin for 3 h

in the presence of GolgiStop prior to intracellular staining. For in vi-

tro studies, bulk CD4+ T cells (0.5 9 106 cells) and CD14+ mono-

cytes were isolated from PBMC of healthy donors, and in some cases

periodontitis patients, and co-cultured at a 1:1 ratio in the presence

of soluble anti-CD3 mAb with or without heat-killed P. gingivalis

(hk-Pg). IL-17, IFN-c, IL-1b, IL-6 and TNF-a production in culture

supernatants were measured by ELISA. The expression of activation

markers on the surface of monocytes after stimulation with hk-Pg

was detected by flow cytometry.

Results: IL-17 producing T cells are present in gingival tissue cells from

periodontitis, and these cells are predominantly CD4+ T cells. In co-

cultures of monocytes and CD4+ T cells from healthy donors, addition

of hk-Pg induced IL-17 production in a dose- and time-dependent

manner. Hk-Pg-stimulation of monocytes resulted in a statistically sig-

nificant increase in the expression of activation markers (CD40, CD54

and HLA-DR) as well as the production of TNF-a, IL-1b and IL-6

when compared to monocytes cultured with medium. Preliminary data

further suggest that hk-Pg induces a higher IL-17 response in anti-CD3

stimulated co-cultures of monocytes and CD4+ T cells from patients

with periodontitis (n = 4) versus healthy controls (n = 3).

Conclusions: IL-17 producing CD4+ T cells are present in gingival

tissue from periodontitis lesions. Furthermore, the results suggest

that P. gingivalis can activate monocytes resulting in subsequent

induction of IL-17 responses in human CD4+ T cells.

This study was supported by a grant from Tri-Service General

Hospital, Taiwan

478
Decreased infiltration and altered activation status of T cells

occurs during the carcinogenic process from Barrett’s
oesophagus to oesophageal adenocarcinoma

M. Kavanagh, R. Feighery, M. Conroy, D. O’ Toole, J. Reynolds,

N. Ravi & J. Lysaght

Department of Surgery, Trinity Centre for Health Sciences, St James’s

Hospital, Dublin, Ireland

Background and Aims: Barrett’s oesophagus (BO) is a premalignant

lesion linking gastro-oesophageal reflux disease (GORD) and

oesophageal adenocarcinoma (OAC), known to have a chronic

inflammatory component and is associated with an increased risk of

developing OAC. An important role for T-cells in oesophageal
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inflammation has recently been identified. It is therefore important

to delineate the role of T cells at each disease stage in order to iden-

tify potential immunotherapeutic targets. The purpose of this study

was to examine the T-cell profile in normal, BO and OAC tissue

using ex-vivo patient samples and to examine factors released into

the tissue microenvironment which may influence T-cell activation

and possibly drive disease progression.

Methods: Biopsies were obtained from BO and OAC patients under-

going endoscopy at the BO surveillance clinic at St. James’s Hospital

over an 8 month period. Biopsies were enzymatically digested and

T-cells were immunophenotyped by flow cytometry. Expression of

CD4, CD8, CD45RO, CD45RA, CD62L and CD69 was examined.

Further biopsies were cultured for 24 h to generate tissue condi-

tioned media (TCM). Levels of IL-2, IL-8, IL-12p70, IL-1b, GM-

CSF, IFN-ɣ, IL-6, IL-10, TNF-a and IL-4 in TCM were measured

using multiplex MSD ELISAs.

Results: The proportion of infiltrating CD4+ and CD8+ T-cells was

found to significantly decrease from normal tissue to BO (P < 0.05)

and OAC tissue. Expression of CD45RA and CD45RO significantly

decreased from normal to OAC on both CD4+ (P < 0.05) and CD8+

cells. A similar but non-significant decrease was observed in CD69

expression. Increased percentages of CD8+CD62L+ cells were also

observed from normal to BO and OAC. Levels of IL-6 were found

to significantly (P < 0.05) higher in BO TCM compared to normal

TCM. IL-6, GM-CSF, IL-8, IL-1b, TNF-a and IL-10, were signifi-

cantly increased from BO to OAC (P < 0.05). Levels of IL-12p70,

IFN-ɣ and IL-2 were significantly increased in OAC TCM compared

to control (P < 0.05).

Conclusion: These results suggest that T-cell recruitment into dis-

eased tissue may be inhibited and the T cells that are present within

the oesophageal tissue display a diminished activation phenotype as

the disease progresses. In addition, a significant increase in IL-6 lev-

els in BO TCM suggests an inflammatory response, whereas in the

OAC TCM there is an increase in both the anti-inflammatory cyto-

kine IL-10 and pro-inflammatory cytokines IL-1b, IL-8 and TNF-a,
suggesting a mixed T cell profile within the tumour tissue.

482
Gli2-mediated transcription attenuates CD4+ T-cell activation
and IL-2 responsiveness

A. Furmanski*, A. Barbarulo*, J. I. Saldana*, H. Sahni*,

F. D’Acquisto† & T. Crompton*

*Institute of Child Health, University College London, London, UK,
†William Harvey Research Institute, Queen Mary University of

London, London, UK

Background: T-cell activation requires the integration of signals

transduced by the T-cell receptor, co-stimulatory molecules and

cytokine receptors. However, the role of other microenvironmental

cues in the subtle modulation of T-cell responses is not fully under-

stood. Different tissues present diverse and dynamic cellular niches,

which may provide distinct tissue-derived signals to local immune

cells. Hedgehog (Hh) proteins are secreted inter-cellular signalling

molecules, essential for morphogenesis during embryonic develop-

ment. Hh signalling is also important in post-natal cellular homeo-

stasis, malignancy, tissue repair, thymocyte development and in

modulating T-cell activation.

Methods: Here we used transgenic models where gene transcription

by the Hh-responsive transcription factor Gli2, is constitutively acti-

vated (Gli2A) or repressed (Gli2R) in T-cells, to identify novel Hh

target genes in lymphocytes, and to investigate the mechanisms that

link Hh and T-cell signalling in the regulation of cellular function.

Results: We show that Gli2-mediated transcription in CD4+ cells

altered the expression of multiple genes involved in cell metabolism,

signalling, differentiation, and the control of T-cell transcription.

Functionally, Gli-driven transcription influenced the expression of

molecules required for T-cell signalling, activation, proliferation, cell

death and the induction of and response to IL-2. Active Gli2-medi-

ated transcription in T-cells impaired the immediate-response cal-

cium flux and reduced the DNA binding capacity of key T-cell

transcription factors upon TCR ligation. These data provide a mech-

anism for the role of Gli2 in attenuating T-cell activation.

Conclusions: This study has importance for understanding the regu-

lation of T-cell function in tissues where Hh proteins, or other mol-

ecules that activate Gli-dependent transcription, are upregulated,

including during inflammation, tissue damage and repair, or in

tumour microenvironments.

495
Investigating expanded CD8+ T-cell populations in chronic

lymphocytic leukaemia (CLL) patients with an inverted CD4:CD8
ratio

L. Elston*, C. Pepper*, H. Pircher†, C. Fegan* & S. Man*

*Cardiff University, Cardiff, UK, †University of Freiburg, Freiburg,

Germany

Although Chronic Lymphocytic Leukaemia (CLL) is an accumulation

of malignant B-cells, it is also associated with immunological impair-

ment of T-cells. We have previously shown CLL patients with inverted

CD4:CD8 ratios (CLLIR) are associated with an increased tumour load

and poorer prognosis. In addition, we observed an expansion of CD8+

EMRA T-cells resulting in an overall skewing towards a more differen-

tiated CD57+CD27-CD28- phenotype. Although we hypothesised that

the expansion was that of a senescent, potentially ‘terminally differen-

tiated’ population, we set out to characterise the activation status of

this expanded population. We compared several markers for activation

and differentiation in 22 normal CD4:CD8 ratio patients (CLLNR) and

13 CLLIR patients. Consistent with our previous findings, we demon-

strated a skewing towards the CD8+ EMRA subset in CLLIR patients

and a significant increase of EMRA CD57+ T-cell frequency

(P = 0.0338) compared to CLLNR patients (44.2% versus 28.7%).

However, we also observed an increase in EMRA CD57+ cells express-

ing the activation marker CD38 (P = 0.0026). CD57+ cells in CLLIR

patients also demonstrated increased co-expression of KLRG-1 with

CD38 (P = 0.0043). These results show that CD57+ EMRA CD8+ T-

cells within the CLLIR cohort have a complex profile co-expressing

markers associated with senescence and poor proliferation (KLRG-1)

and markers associated with activation (CD38). We will continue to

analyse these CD8+ subpopulations, including examining HCMV sero-

status to exclude CMV infection as a confounding factor. Based on

these results, we will isolate phenotypically distinct subpopulations

from the expanded CD8 + T-cell pool to investigate their replicative

history and role in clinical prognosis.
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496
CD14++CD16− monocytes polarise memory T cells to a Th17

phenotype which is refractory to glucocorticoid treatment

A. D. Dhanda*,†, B. Liu‡, P. Lait*, L. Schewitz-Bowers*,

P. L. Collins†, A. D. Dick*,§,¶, R. Nussenblatt‡ & R. W. Lee*,¶

*School of Clinical Sciences, University of Bristol, Bristol, UK,
†Department of Liver Medicine, University Hospitals Bristol NHS

Foundation Trust, Bristol, UK, ‡Laboratory of Immunology, National

Eye Institute, National Institutes of Health, Bethesda, MD, USA,
§Academic Unit of Ophthalmology, University Hospitals Bristol NHS

Foundation Trust, Bristol, UK, ¶Inflammation and Immunotherapy

Theme, National Institute for Health Research Biomedical Research

Centre at Moorfields Eye Hospital NHS Foundation Trust and UCL

Institute of Ophthalmology, University Hospitals Bristol NHS

Foundation Trust and University of Bristol, Bristol, UK

Monocytes either as antigen presenting cells or by interacting with T

cells in tissue sites regulate T cell proliferation and polarisation, in

turn modulating inflammation. Glucocorticoids are widely used to

treat inflammatory conditions but a proportion of patients are

refractory to therapy. In addition to a number of described mecha-

nisms of glucocorticoid resistance, the influence of glucocorticoids

on monocyte subset manipulation of T cell phenotype may answer

why, in particular, Th17 cells are reportedly refractory to glucocor-

ticoids in inflammatory disease.

To investigate this, PBMCs from 14 healthy volunteers were

sorted by FACS into CD14++CD16- and CD14++CD16+ monocytes

and memory CD4+ T cells. Each subset was cultured for 5 days with

CFSE labelled memory T cells in the presence or absence of Dexa-

methasone (Dex) 10-6M. T cell proliferation was determined by the

proportion of CFSElow cells and their intracellular interleukin (IL)-

17 and interferon gamma (IFNc) expression was quantified by flow

cytometry. We found that CD14++CD16- monocytes drove signifi-

cantly greater memory T cell proliferation (38% versus 29%;

P = 0.009), more IL-17 expression (13% versus 9%; P = 0.0004) but

similar IFNc production (26% versus 29%), compared to the

CD14++CD16+ subset. T cell proliferation and IFNc production were

less suppressible by Dex when cultured with CD14++CD16- mono-

cytes than the CD14++CD16+ monocyte subset (5% versus 28%,

P = 0.03 and 33% versus 62%, P = 0.04 respectively). IL-17 expres-

sion was not suppressed by Dex in any co-culture.

To ensure that it was the monocyte subset that was the mediator

of T cell glucocorticoid sensitivity separate cultures were conducted

in which each monocyte subset was pre-treated with Dex for 24 h

and then washed thoroughly prior to addition of autologous mem-

ory T cells. After 5 days of co-culture we again found suppression of

T cell proliferation and IFNc production remained significantly

lower in cultures with CD14++CD16- compared to CD14++CD16+

monocytes (37% versus 59%, P = 0.04 and 20% versus 54%,

P = 0.04 respectively).

In conclusion, CD14++CD16- monocytes drive a proliferating

Th17 phenotype and overall, glucocorticoid treatment of

CD14++CD16- monocytes was ineffective in suppressing T cell

responses. The data display further mechanisms through which we

observe clinical glucocorticoid resistance.

502
Defining the signaling mechanisms of Lymphocyte Activation

Gene-3 (LAG-3) in T cells

N. Alhumeed, T. Thaventhiran, L. Al-Huseini, H. X. Aw Yeang &

J. Sathish

MRC Centre for Drug Safety Science, University of Liverpool,

Liverpool, UK

Lymphocyte activation gene-3 (LAG-3) is a molecular marker of

immune inhibition expressed on activated T cells to induce high

level of T-cell inhibition upon interaction with MHC class II mole-

cules at the DC- T cell interjunction as means to modulate T cell

homeostasis, proliferation and activation. LAG-3 reportedly func-

tions by inhibiting CD3/TCR signaling and TCR-induced Ca2 + -

fluxes, possibly through the intracytoplasmic association with LAP.

The exact mechanism of action is unknown. Biopharmaceuticals

based on LAG-3 immune control are showing promise in ongoing

clinical trials. For a better understanding of LAG-3 induced immune

regulation, there is a need for experimental system/s to identify key

signaling events downstream of LAG-3. We have used a transgenic

F5-TCR mouse model to optimise an experimental system to study

LAG-3 with an objective to define the components of the TCR &

co-stimulatory receptor signalling pathways that are intersected by

LAG-3, to define the components of the IL-2/IL-2R signalling path-

way that are intersected by LAG-3, and to investigate the role of

LAP in LAG-3 function. Using this T cell model, we present data on

phosphorylation of key TCR signalling molecules influenced by

LAG-3 engagement.

506
CD161+ plastic TH17-type cells exhibit enhanced

polyfunctionality, reduced susceptibility to regulation by treg

cells and are highly enriched in the RA joint

S. A. Basdeo*,†, B. Moran*, J. McCormick‡, K. H. Mills*,

D. J. Veale‡, U. Fearon‡ & J. M. Fletcher*,†

*School of Biochemistry & Immunology, Trinity College, Dublin,

Ireland, †School of Medicine, Trinity College, Dublin, Ireland,
‡Department of Rheumatology, St. Vincent’s University Hospital,

Dublin, Ireland

Background and Aims: Regulatory T (Treg) cells play a crucial role

in maintaining tolerance and preventing autoimmunity. Th1 and

Th17 cells have been implicated in the pathogenesis of autoimmune

diseases such as rheumatoid arthritis (RA). Th17 cells originate from

CD161+ Th cells and retain expression of CD161 throughout their

lifespan. An emerging literature indicates that Th17 cells exhibit

functional plasticity; becoming IFN-c-producing Th1-like ‘ex-Th17’

or ‘non-classical Th1’ cells. We sought to identify differences

between Th1, Th17 and ‘ex-Th17’ cells in terms of their effector

functions and susceptibility to regulation by Treg cells. We aimed to

characterise the expression of CD161 on CD4+ T-cells in the RA

joint and assess CD4+CD161+ cytokine production to ascertain if

CD161+Th17 cells are plastic ex-Th17-type cells in the context of

autoimmune inflammation.

Results: Our data indicates that CD161+ Th cells exhibit increased

polyfunctionality in terms of cytokine expression compared with

CD161- Th cells. Furthermore, ‘ex-Th17’ cells were more polyfunc-

tional than Th1 and Th17 cells, thus, making them potentially more

pathogenic in the context of autoimmunity. We assessed Treg-medi-

ated suppression of proliferation and cytokine production using a

flow-cytometry suppression assay. The data illustrates that effector

CD161+ cell proliferation and cytokine production are significantly

less suppressed by Treg cells compared with the suppression of effec-

tor CD161- cells. Moreover, when CD161+ Th cells are sorted into

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184

Abstracts154



Th17 and ex-Th17 cells, the data indicates that ‘ex-Th17’ cells, but

not Th17 cells, are resistant to suppression by Treg cells. These find-

ings have relevance in the context of autoimmunity since we

observed increased frequencies of polyfunctional, IFN-c-producing
CD161+ ex-Th17-type cells in the synovial fluid of RA patients.

Synovial fibroblasts cultured with CD161+ Th cell supernatants

showed enhanced production of IL-8 and increased expression of

RANKL (responsible for bone degradation) and ICAM (an adhesion

molecule which promotes trafficking into the site of inflammation)

compared with CD161- Th cell supernatants.

Conclusion: This data suggests that plastic ex-Th17 CD161+ cells

play a key role in propagating inflammation in RA joints by secret-

ing pro-inflammatory cytokines which signal to immune cells in the

synovium and to surrounding fibroblasts. These plastic CD161+ cells

are less susceptible to suppression by Treg cells and could, therefore,

evade regulation in the RA joint. We show that ex-Th17/non-classi-

cal Th1-type cells are functionally different to Th1 cells as illustrated

by increased polyfunctionality and effects on fibroblasts. Collectively,

this data demonstrates that CD161+ Th cells are a potential target

for immunomodulatory therapy.

508
Characterisation of IL-27-induced IL-10+ CD4+ T cells

T. O’Hagan, A. Young, A. Kissenpfennig & D. C. Fitzgerald

Centre for Infection and Immunity, Queen’s University Belfast,

Belfast, UK

Background and Aims: IL-27 is an important anti-inflammatory

cytokine that induces IL-10 expression in CD4+ T cells and

suppresses autoimmune inflammation. We aimed to determine the

subtype of IL-27-polarised IL-10+ CD4+ T cells, as the current litera-

ture suggests such cells could be Th1, Tr1 or inducible Treg cells.

Methods: Immunomagnetically purified CD4+ cells from wildtype

and 10BiT mice, which express Thy1.1 as a reporter molecule of IL-10

expression, were activated with anti-CD3/anti-CD28 and polarised

with IL-27. T cells were characterised by transcription factor and cyto-

kine expression profile using flow cytometry, qPCR analysis of mRNA

expression and ELISA. Transcription factor and cytokine expression

levels were compared to activated CD4+ control cells.

Results: Characterisation of IL-27-induced IL-10+ CD4+ T cells

showed high expression of T-bet and IFN-c, markers characteristic

of Th1 cells. Furthermore IL-27- induced IL-10+ CD4+ T cells had

low expression of Foxp3, which is a marker of Treg cells and low

expression of Tr1 cell markers c-maf, IL-5 and IL-21.

Conclusions: Our results infer that IL-27-induced IL-10+ CD4+ T

cells generated in vitro are Th1 cells, and not iTreg or Tr1 cells.

These data suggest that IL-27 may polarise inflammatory T cells to

an anti-inflammatory phenotype, potentially having implications in

resolution of inflammation.

509
Intrathymic migration into the medulla is required for Foxp3+
regulatory but not conventional CD4+ thymocyte development

J. Cowan, S. Parnell, K. Nakamura, J. Caamano, P. Lane,

E. Jenkinson, W. Jenkinson & G. Anderson

Department of Immunity and Infection, University of Birmingham,

Birmingham, UK

T-cell development in the thymus is under the control of anatomi-

cally and functionally distinct thymic compartments. The thymic

medulla represents a specialized microenvironment that contains

CD4+ and CD8+ single positive (SP) thymocytes generated as a

result of positive selection in the thymic cortex. Successful positive

selection initiates the intrathymic re-localization of newly selected

CD4+ and CD8+ SP thymocytes into medullary regions, a process

that has been linked with chemotactic migration. The medulla is

thought to not only mediate negative selection of potentially autore-

active cells, but also foster the continued maturation of CD4+ and

CD8+ SP thymocytes. Such roles for the thymic medulla correlate

with a medullary residency time for SP thymocytes of up to 14 days,

and the reported blockade in CD4+ SP thymocytes evident in RelB-

deficient mice that lack medullary thymic epithelial cells (mTEC).

Yet, the mechanisms the medulla utilises to control later stage SP

thymocyte differentiation remain unclear.

Here we have re-examined the importance of mTEC at stages in

abT-cell development post-positive selection, whilst exploring the

chemokine receptors that drive thymocyte migration into this spe-

cialized region. We show that mTEC are not required for the contin-

ued development of newly selected CD4+CD69+ SP thymocytes

towards naive conventional CD4+ T-cells. In contrast, FoxP3+ regu-

latory T-cells and their CD25+FoxP3- progenitors are mTEC depen-

dent. In addition we show that while CCR4 acts as a marker for

early stages in conventional CD4+ SP development and

CD25+Foxp3- progenitors, this chemokine receptor is dispensable for

both medullary accumulation and intrathymic development of both

lineages.

Collectively these findings highlight differences in the develop-

mental requirements of conventional and regulatory CD4+ T-cells,

whilst ruling out a role for CCR4 and its ligands in cortex to

medulla migration.

513
Interleukin-8 (CXCL8) production is the major effector potential

of T cells in human neonates

D. L. Gibbons*, P. F. Fleming†,‡, A. Virasami§, M.-L. Michel¶,

N. Sebire§, K. Costeloe†,‡, R. Carr**, N. Klein†† &

A. C. Hayday*,‡‡

*Peter Gorer Department of Immunobiology, Kings College London,

London, UK, †Neonatal Intensive Care, Homerton University Hospital,

London, UK, ‡Blizard Institute, Barts and the London School of

Medicine and Dentistry, Queen Mary University of London, London,

UK, §Histopathology, Great Ormond Street Hospital NHS Foundation

Trust, London, UK, ¶Centre National de la Recherche Scientifique,

Universit�e Paris Descartes, Paris, France, **Haematology, Guy’s and St

Thomas’ NHS Foundation Trust, London, UK, ††Infectious Diseases

and Microbiology, Institute of Child Health, University College London,

London, UK, ‡‡Immunosurveillance Laboratory, London Research

Institute, Cancer Research UK, London, UK

Background and Aims: Given their precipitous encounter with the

environment, newborns might be assumed to possess abundant

immuno-protective mechanisms. It thus seems paradoxical that new-

born infants display grossly impaired T-helper (Th) 1 and Th17

responses, which ordinarily promote anti-bacterial, anti-fungal and

anti-viral immunity. Although, they show some skewing toward Th2

and tolerogenic functions that may limit inflammatory damage to

developing tissues, this still does not account for most T cells. An

opportunity to further study T cell function in newborn infants

arose in a cohort of preterm infants recruited into a study of intesti-

nal permeability whose blood was sampled weekly for 4 weeks.

Methods: PBMC or purified CD4 T cells isolated from preterm

infants, term infants or adult controls were activated with PMA/Ion-

omycin or anti-CD3/CD28 with/without TLR stimulation and cyto-

kine production assessed by intracellular staining. CXCL8

production was also assessed by immunohistology of paraffin

embedded sections of neonatal intestine.
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Results: As has been established, there was marked impairment in

neonatal versus adult IFN-c production by TCRab+CD4+ T cells in

response to polyclonal stimulation, and there was likewise negligible

production of IL-17A. By contrast, up to 50% of TCRab+CD4+ T

cells of preterm infants (average >27% [n = 28]) showed the pro-

duction of intracellular CXCL8. CXCL8 production was also pro-

voked by antigen receptor engagement; was enhanced by Toll-like

receptor signalling; and was clearly separable from those few T cells

producing Th1, Th2, and Th17 cytokines. Its production was associ-

ated with infection and associated pathology in vivo. It was strikingly

apparent in preterm infants; declined with post-natal age relative to

the emergence of conventional Th subsets; and an equivalent

response was not evident in mice.

Conclusions: This study identifies the production of CXCL8, com-

monly regarded as a non-T cell-derived cytokine, as the major T cell

effector function in human newborn infants, with potential to acti-

vate anti-microbial neutrophils and gd T cells. Thus CXCL8-produc-

ing T cells are a signature of the human newborn infant with thec
potential to couple adaptive responsiveness to innate immunity. This

provides a new perspective on immuno-protection, immuno-pathol-

ogy, and immuno-intervention in very early post-natal life.

533
Dendritic cell-expressed common cytokine receptor g-chain is
essential for effective IL-15 transpresentation to CD4+ T cells at

the immunological synapse

C. Beilin*, K. Choudhuri†, G. Bouma*, D. Malinova*, J. Llodra†,

D. L. Stokes†, M. Shimaoka‡, T. A. Springer‡, A. J. Thrasher*,

M. L. Dustin†,§ & S. O. Burns¶

*Institute of Child Health, University College London, London, UK,
†Skirball Institute of Biomolecular Medicine, New York University,

New York, NY, USA, ‡Immune Disease Institute, Children’s Hospital

Boston, Boston, MA, USA, §Kennedy Institute of Rheumatology,

University of Oxford, Oxford, UK, ¶Institute of Immunity and

Transplantation, University College London, London, UK

IL-15Ra-mediated transpresentation of IL-15 is important for NK

and CD8+ T cell activation by dendritic cells (DC). Here we show

that IL-15 transpresentation is also required for optimal antigen-

induced CD4+ T cell activation. Unexpectedly, we find that DC

expression of the common cytokine receptor gamma chain (gc) is

critical for effective IL-15 transpresentation to CD4+T cells. Using

high resolution imaging in combination with a planar lipid bilayer

system that mimics the T cell surface, we observe that following

MHCII ligation, gc is recruited in DC to the contact interface, and

promotes IL-15Ra colocalization with engaged MHCII. These data

reveal a novel mechanism for recruitment of DC IL-15/IL-15Ra

complexes at the immunological synapse (IS), leading to CD4+ T

cell costimulation through localized IL-15 transpresentation that is

coordinated with antigen-recognition. Our findings demonstrate that

DC-expressed gc actively assembles a microenvironment for cytokine

signaling at the IS that is required for full T-cell activation, high-

lighting the importance of molecular events on the DC side of the IS

during T-cell priming. We propose a model of CD4+ T-cell activa-

tion by DC in which transpresentation of IL-15 and peptide-loaded

MHCII are coupled at the IS to allow spatial coordination of TCR

engagement with co-stimulation though the JAK/STAT signaling

pathway.

556
IL-4 induces IL-10 in Th1 cells

R. Mitchell, M. Hassan & D. Wraith

Cellular and Molecular Medicine, University of Bristol, Bristol, UK

In autoimmune diseases, such as multiple sclerosis (MS), an inap-

propriate immune response is mounted against self-antigens. In Tg4

mice, experimental autoimmune encephalomyelitis (EAE), a murine

model of MS, can be induced by administration of an acetylated

nine-residue peptide of myelin basic protein (Ac1-9) in combination

with adjuvant. Tg4 mice express a transgenic T-cell receptor specific

for the Ac1-9 peptide. Resistance to EAE induction can be achieved

by repeated administration of soluble MBP Ac1-9. Disease is driven

by CD4+ Th1 cells; the tolerance mechanism causes differentiation

of these cells in vivo to cells that no longer express IFN-c or IL-2

but express IL-10 and are anergic.

In vitro experiments suggest that IL-4 plays a role in the induction

of IL-10 seen over multiple rounds of stimulation of polarized Th1

cells. Restimulating Th1 cells in the presence of exogenous IL-4

enhances the induction of IL-10 secretion. On the other hand, block-

ing IL-4 in Th1 restimulated cultures, with a monoclonal antibody

(11.B.11), inhibits IL-10 induction. Ongoing experiments are looking

at the mechanisms through which IL-4 exerts its influence on Th1

cells and causes the secretion of IL-10 .The induction of IL-10 seems

to correlate with the expression of the transcription factor, c-maf.

The effect of Th2 derived IL-4 on Th1 cells is also being investigated

using in vitro co-cultures with results confirming that Th2 derived

IL-4 causes induction of IL-10. Future work will explore the role of

IL-4 in vivo in the induction of IL-10 from Th1 cells in the context

of peptide induced tolerance. Together these investigations will give

us a further understanding into the role of IL-4 in the context of

induced tolerance to EAE.

558
Manufacturing of highly specific and functional T cells for

adoptive immunotherapy from G-CSF-mobilised donors based on

activation-dependent CD137 expression

L. Beloki*, E. Samuel†, N. Ram�ırez*, E. Olavarr�ıa* &

M. W. Lowdell†

*Oncohematology Research Group, Navarrabiomed, Pamplona, Spain,
†Department of Haematology, University College London, London, UK

Cytomegalovirus (CMV) reactivation remains an important risk after

hematopoietic stem cell transplantation, which can be effectively

controlled through adoptive transfer of donor derived CMV-specific

T-cells (CMV-T). CMV-T are usually obtained from donor PBMCs

collected prior to G-CSF mobilisation. Despite previous studies

showed impaired T-cell function following G-CSF mobilisation,

recent publications suggest G-CSF-primed PBMCs retain anti-viral

function and are a suitable starting material for CMV-T manufactur-

ing. Our objective was to assess the feasibility of generating CMV-T

from G-CSF-mobilised donors using the activation marker CD137 in

comparison with conventional non-primed PBMCs.

We isolated and expanded CMV-T from G-CSF-mobilised

(n = 6) and non-mobilised (n = 5) donors based on CD137 expres-

sion following stimulation with a CMVpp65 peptide pool (PepTiva-

tor-CMVpp65). CD137+ cells were sorted by magnetic enrichment,

isolated CMV-T were expanded in short term culture and functional

assays were performed following re-challenge with CMVpp65.

Expanded cells were analysed for surface marker expression and

IFN-c/IL-2/IL-10/IL-4/IL-5/TNF-a/Granzyme B synthesis by intracel-

lular cytokine staining and cytometric-bead-array. Cytotoxic activity

was assessed using CMVpp65-loaded PHA-blasts (calcein-AM assay)

and proliferation by CFSE-staining after 5-day culture with
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CMVpp65-loaded PBMCs. CTL specificity was determined by Pent-

amer/Streptamer staining in HLA-A*0201 donors.

With G-CSF-mobilised donors, mean yield following CD137+
selection was 27.12% � 7.70 and mean purity in the positive frac-

tion 68.32% � 14.45, consisting of CD4+ (44.07% � 19.07) and

CD8+ (24.25% � 15.74) T-cells. CD137 expression was lost during

expansion and analysis of memory phenotype showed CMV-T were

mainly central- and effector-memory T-cells. Interestingly, they had

significantly higher central-memory (P = 0.0453) and lower effector-

memory (P = 0.0497) T-cell phenotype compared to non-mobilised

CMV-T.

Following CMVpp65 re-challenge, mean CD137+ expression in

expanded CMV-T raised to 55.64% � 17.59 (G-CSF-mobilised) or

57.07% � 21.95 (non-mobilised). Expanded CMV-T from G-CSF-

mobilised donors secreted high levels of IFN-c/Granzyme B, low lev-

els of IL-2/TNF-a and no IL-4/IL-5/IL-10, successfully lysed CMV-

loaded PHA-blasts (60.41% � 18.13 in 20:1 effector:responder ratio)

and proliferated after CMV-loaded PBMC addition (mean

66.43% � 2.44). CMV-T CTLs expressed the TCR specific for the

immunodominant peptide pp65495-503, analysed with Pentamer

(81.60% � 10.75 Pentamer + CD8+) and Streptamer

(82.75% � 9.69Streptamer + CD8 + ) HLA-multimers. No signifi-

cant differences were observed between G-CSF-mobilised and non-

mobilised samples.

In conclusion, we successfully manufactured highly specific, func-

tional and cytotoxic CMV-T from G-CSF-mobilised donor PBMCs.

Their anti-viral function was equivalent to non-mobilised CMV-T

and memory phenotype would suggest their long term maintenance

following adoptive transfer. We confirm that the use of an aliquot

from G-CSF-mobilised donor samples is suitable for the manufactur-

ing of CMV cellular therapies and thereby abrogates the need for

successive donations and ensures the availability for patients with

unrelated donors.

571
Maternal T cell function is modulated by progesterone - a

potential role in recurrent miscarriage therapy

D. Lissauer*, S. A. Eldershaw*, P. A. H. Moss†, M. D. Kilby* & A.

Coomarasamy*

*School of Clinical and Experimental Medicine, University of

Birmingham, Birmingham, UK, †School of Cancer Sciences, University

of Birmingham, Birmingham, UK

Background and Aims: Recurrent miscarriage (RM), the consecutive

loss of three or more pregnancies, occurs in 1% of couples. In the

majority of cases there is no identifiable cause but a maternal immu-

nological response to the allogenic fetus has been implicated. Proges-

terone (P4) is currently being trialled as a therapeutic agent in

women with RM and is suggested to have immunomodulatory prop-

erties. We have investigated the immunomodulatory effect of proges-

terone on maternal CD4 and CD8 T-cells. In addition we have

studied the maternal CD8 T cell immune response to fetal antigens

in women with RM.

Methods: PBMCs from healthy maternal donors were isolated from

whole blood and stimulated with PHA and treated with either con-

trol, 1 lM or 10 lM P4 for 48 h at 37°, 5% CO2. Multi-colour

flow-cytometry was used to assess the effects of treatment on the

cytokine profile and proliferation of T cells. HLA-peptide dextramers

were used to identify fetal specific (HY) antigen specific T cells.

Results: The effect of P4 at a range of concentrations on maternal T

cells following stimulation by PHA was studied. IFNg and TNFa
production by both CD4 and CD8 T cells was significantly reduced

by P4 at 10 mmolar whereas IL4 was significantly increased. In addi-

tion, P4 significantly reduced both the poly functional cytokine pro-

duction by maternal CD4 and CD8 T cells and cell proliferation.

Fetal (HY) antigen specific CD8 T cell responses were detected in

40% (8/20) of women with RM. This is the first identification of

fetal (HY) specific T cells in women with RM. Using fetal antigen

specific T-cell clones it was also demonstrated that P4 significantly

reduced IFNg release in response to fetal antigen (Median 36%

reduction, P ≤ 0.001).

Conclusion: P4 can modulate both the cytokine profile and the pro-

liferation of maternal T cells. Fetal specific CD8 T cells can be

detected in women with a history of recurrent miscarriage and P4

has an immunomodulatory effect on HY-specific cells. Further

experiments are investigating the cellular mechanism of action of P4.

A greater understanding of P4 action may aid selection of RM

patients who would benefit from P4 therapy and the rational design

of better therapeutic strategies.

578
Expression and function of atypical chemokine receptor CCRL1 in

the thymus

B. Lucas, G. Anderson & A. Rot

Department of Immunity and Infection, University of Birmingham

Medical School, Birmingham, UK

Thymus colonisation and thymocyte positioning are mediated by

interactions of CCR7 and CCR9 and their ligands CCL19/CCL21

and CCL25, respectively. These chemokines also interact with the

atypical receptor CCRL1, which is expressed in the thymus and may

impact on chemokine availability and function. We used CCRL1-

eGFP and CCRL1�/� mice to map thymic expression and analyse

the function of CCRL1. CCRL1 is expressed by thymic epithelial cells

(TECs) and primarily by CD40-MHC-IIlow immature cortical TECs.

We also show CCRL1 expression by the cells surrounding vessels at

the corticomedullary junction and by podoplanin+ cells within the

subcapsular zone (SCZ). CCRL1�/� mice have a reduction in CD25+

DN thymocytes in the SCZ compared to littermate controls, but no

overt changes in thymic function. Thymus cellularity is unaffected in

CCRL1�/� mice in both embryo and adult, suggesting that CCRL1

is not essential for thymus colonisation. Moreover all thymocyte

subsets are comparable in WT and CCRL1�/�mice. These findings

conflict with the published results, by Bunting et al. and we discuss

possible reasons for such discrepancy. We suggest that CCRL1

expression within the cortex and SCZ influences the migration of

CD25+ DN thymocytes to the SCZ – a phenomenon apparently not

essential for T cell development.

591
Colonisation with ‘complex’ microbiota reduces Tregs in the

neonatal intestinal mucosa

Z. Christoforidou*, A. Jansman†, S.-J. Koopmans†, C. Stokes* &

M. Bailey*

*University of Bristol, Bristol, UK, †Wageningen University, Lelystad,

The Netherlands

Background and Aims: It has been suggested that differences in

early life microbial colonisation may be associated with variable pre-

disposition to allergic autoimmune and inflammatory diseases.

The exact underlying mechanisms are difficult to study in human

infants, however, the similarities in physiology and nutritional

requirements between pigs and humans suggest that piglets can be

good models to elucidate the pathways involved.
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We hypothesise that this observation may be partly due to effects

of microbiota on the mucosal CD4+CD25+FoxP3+ cells, known as

regulatory T cells (Tregs).

We have previously shown that transfer of piglets into a specific

pathogen free (SPF) facility and antibiotic treatment significantly

reduces Tregs, in comparison to piglets that stayed in the farm. To

further investigate the microbiota association with Tregs, we used

specific microbial inoculation allowing the elimination of other envi-

ronmental influences.

Methods: To address the effect of different gut microbiota in the

regulation of immune responses we have used fluorescence immuno-

histology to investigate CD4+ CD25+ FoxP3+ regulatory T cells in

the intestinal lamina propria of 21 day old piglets. A total of 24 pig-

lets were born with a Caesarean section and these were transferred

in an SPF facility. All piglets received colostrum the first 24 h after

birth and were inoculated with a combination of the following

microbes: Parabacteroides sp. (ASF519), Lactobacillus amylovorus

DSM 16698T and Clostridium glycolicum on days 1, 2 and 3 after

birth. Half of the piglets were additionally inoculated with faeces

from an unrelated sow on days 3 and 4 after birth. This group was

termed as the ‘complex’ microbiota group.

Results: The group that was inoculated with faeces (‘complex’ mic-

robiota group) had significantly fewer Tregs in intestinal mucosa

compared to the group that was inoculated with the 3 microbes

alone. There was no significant difference between the two groups in

terms of CD4 T cell numbers.

Conclusions: In this and previous experiments we have shown that

different gut colonisation in early life results in differences in Tregs.

In this experiment ‘complex’ microbiota colonisation resulted in

reduction of Treg cells without affecting the overall CD4 T cell pop-

ulation. This suggests that the complex microbiota have shifted the

CD4 T cell population towards a less regulatory phenotype. Our

results provide further evidence and a possible explanation for the

link between microbiota in early life and hypersensitivities.

593
Assessing chemokine profiles and corresponding T cell subsets

in the liver and visceral adipose tissue of obesity-associated

cancer patients

M. J. Conroy*, K. C. Galvin*, A.-M. Mongan*, A. Cannon*,

K. O’Sullivan*, G. Moore*, J. V. Reynolds† & J. Lysaght*

*Department of Surgery, Trinity College Dublin, Ireland, †Surgery, St.

James’s Hospital, Dublin, Ireland

Background and Aims: Oesophageal adenocarcinoma (OAC) is

increasing rapidly in western countries with a 5-year survival rate of

approximately 15%. OAC has the strongest association with obesity

providing a clinically relevant model with which to study the role of

CD4+ and CD8+ T cells in adipose tissue and liver inflammation.

We have previously shown that the omentum, part of visceral adi-

pose tissue (VAT) depot, is a rich source of activated pro-inflamma-

tory T cells. We propose that such cells are trafficked to and

sequestered within the VAT and contribute to obesity-associated

inflammation.

Methods: T cell memory phenotype and chemokine receptor expres-

sion was assesssed in the blood, liver and omentum of obese and

non-obese OAC patients using surface and intracellular flow cytome-

try. Chemokine levels in the serum and conditioned media from Vat

and liver was assessed by MSD multiplex ELISAs.

Results: Significantly higher proportions of effector/memory T cells

were observed in the omentum when compared to blood (P < 0.05).

The proportions of CD8+ T cells producing TNF-a, IFN-c and IL-10

in the omentum were also significantly elevated when compared to

blood (P < 0.05).

Significantly higher levels of IL-8 (P < 0.001), IP-10 (P < 0.05),

fractalkine (P < 0.05), MIP-1a (P < 0.01) and MIP-3a (P < 0.05)

were observed in the omentum compared to blood and liver. Fur-

thermore, TARC, ITAC and RANTES were significantly lower in

the liver and omentum of these patients compared to blood

(P < 0.001).

IP-10 was significantly higher in the omentum from obese OAC

patients compared to non-obese (P < 0.05), while RANTES was sig-

nificantly higher in the blood of obese OAC patients compared to

non-obese (P < 0.05).

Differential expression of chemokine receptors was also observed

on CD4+ and CD8+ in the blood, omentum and liver, with substan-

tially elevated expression of CCR5 in the omentum and liver com-

pared to matched blood.

Conclusions: The altered expression of T cell chemoattractant chemo-

kines by the omentum and liver is likely responsible for the increased

infiltration and sequestration of inflammatory effector memory T cells

observed within the omentum and liver of these cancer patients. Once

sequestered within the omentum and liver these inflammatory T cells

are likely to exacerbate pathological systemic inflammation associated

with cancer development and progression and potentially hinder any

ongoing anti-tumour immune response.

599
Marked age-related rise of a novel CMV-induced regulatory

T cell subset is associated with higher blood pressure

N. Terrazzini*,†, M. B. Bajwa*, S. V. Vita*,‡, D. T. Thomas*,

H. S. Smith§ & F. Kern*

*BSMS, University of Sussex, Brighton, UK, †School of Health, Sport

and Bioscience, University of East London, London, UK, ‡Department

of Public Health and Infectious Diseases, University Sapienza of Rome,

Rome, Italy, §Division of Primary Care and Public Health, BSMS,

University of Sussex, Brighton, UK

Cytomegalovirus (CMV) infection has been associated with immu-

nosenescence and increased vascular pathology in older age. Follow-

ing CMV infection, the vascular endothelium becomes target for

CMV-specific CD8 T-cells. So far, it has remained unexplored

weather CMV-induced adaptive Tregs (iTreg) may be involved in

this process by suppressing immunity and limiting tissue damage

caused by expanded CMV-specific effector T cells.

We have identified CMV-specific iTreg in peripheral blood of

CMV-infected people, using a novel ex-vivo assay combining classic

Treg markers, CD25 and CD39, alongside the activation marker

CD134. CMV-specific iTreg share antigen specificity with conven-

tional CD4 T-cells and can suppress antigen-specific and non-spe-

cific proliferative responses.

Compared to young controls (20–35 year-old), CMV-specific iT-

regs significantly increase in CMV-infected healthy older people (60–
85 year-old), particularly women. The frequencies of iTregs and

CD8 effector T cells specific for CMV correlate with each other and

both are significantly correlated with increased blood pressure.

These observations support a contribution of CMV to increased

vascular stiffness in older life and suggest that CMV-induced iTregs

may have a damage-control role against vascular pathology.
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The role of Hedgehog signaling in cd T cells

K. Mengrelis & T. Crompton

Department of Immunobiology, Institute of Child Health, University

College London, London, UK

Background: Although ab and cd T cells derive from common mul-

tipotential thymic progenitors, the molecular mechanisms that regu-

late cd T cell lineage commitment are not well understood.

Hedgehog signaling pathway plays a role in the regulation of ab T

cell development, selection, activation and function whereas its con-

tribution to cd T cells is largely unknown. Here, we examine how

Hh signaling affects cd T differentiation.

Aims and Methods: We use Shh+/�, Ihh+/� and Dhh �/� mice as

well as GFP-Gli reporters and transgenic models where Hh-depen-

dent gene transcription is constitutively active (Gli2A) or repressed

(Gli2R) in T cells to examine the role of Hh signaling in the differ-

entiation and distribution of thymic and peripheral cd T cells.

Results: We show that Dhh and Shh negatively regulate cd T cell

differentiation. Furthermore, Gli2A transgenic mice show decreased

cd T cell numbers in the lymph nodes whereas an opposite effect is

seen in the thymus.

Conclusions: This study is important for elucidating the role of Hh

signaling pathway in cd T cell development.

607
The role of autophagy protein Atg16L1 for intestinal T cell

homeostasis

A. M. Kabat, J. Pott & K. Maloy

Sir William Dunn School of Pathology, University of Oxford, Oxford,

UK

Inflammatory bowel diseases (IBD) are chronic debilitating inflamma-

tory disorders of the gastrointestinal tract. IBD are thought to arise

due to a breakdown in intestinal immune homeostasis. Despite years

of extensive research the aetiology of IBD is not fully understood.

Polymorphisms in autophagy genes, such as ATG16L1 or IRGM, were

recently associated with susceptibility to IBD; however the mecha-

nisms responsible for this correlation remain unclear. Autophagy is a

homeostatic process of recycling intracellular components in response

to starvation or stress. It is also involved in clearance of defective

organelles and defence against intracellular pathogens. Furthermore,

autophagy is important for the activation and survival of T cells. To

elucidate how the autophagy pathway contributes to T cell homeosta-

sis in the gastrointestinal tract we utilized mice wherein the autophagy

protein Atg16L1 was selectively ablated in T cells. At steady state mice

with Atg16L1-deficient T cells harboured significantly reduced fre-

quencies of CD4+ and CD8+ T cells in the periphery, despite normal

thymocyte development. Furthermore, these mice exhibited a decrease

of Foxp3+ regulatory T cells and effector/memory T cells, which was

most pronounced in the gastrointestinal tract. In a T cell transfer

model of colitis Atg16L1-deficient CD4+ T cells did not drive intesti-

nal inflammation. These cells failed to reconstitute lymphopenic host

due to an intrinsic defect in proliferation. Future work will further

focus on elucidating the functional consequences of the observed

alterations in the intestinal T cell populations.

613
Human IL-10high CD49b+ LAG-3+ CD226+ Tr1 cells are

differentiated from a sub-population of na€ıve CD4+ T cells

following CD55 co-stimulation

R. Sutavani, L. Durrant & I. Spendlove

Department of Academic Clinical Oncology, University of Nottingham,

Nottingham, UK

Background and Aims: Co-stimulatory molecules other than CD28

are known to induce differentiation of different T cell subsets. How-

ever, the exact role of these alternate co-stimulatory molecules in

shaping T cell responses remains to be elucidated. We have previ-

ously assessed CD55 co-stimulation of human CD4+ T cells demon-

strating activation and IL-10 production. We hypothesised that

CD55 co-stimulation induced Tr1 cells.

Methods: Na€ıve CD4+ cells, isolated from PBMCs of healthy donors,

were stimulated with plate bound anti-CD3 and anti-CD55/CD28

mAbs. Cell proliferation was assessed by [3H] thymidine uptake

assay. Secreted cytokines were assessed in culture supernatants by

ELISA. The cells were assessed for surface marker expression by flow

cytometry and for cytokine secretion by the cytokine capture assays,

following the recommended protocols.

Results: Here, we show that CD55 co-stimulation of na€ıve CD4+ T

cells results in the differentiation of a discrete population of IL-10high

IFN-c- IL-4- CD49b+ LAG-3+ CD226+ Tr1 cells. During primary and

secondary stimulations, CD55 is as effective as CD28 in driving cel-

lular activation and proliferation of na€ıve CD4+ cells. But, unlike

CD28, that induces an IFN-chigh IL-10low IL-4- Th1 phenotype,

CD55 induces an IL-10high IFN-c- IL-4- Tr1 phenotype. On second-

ary stimulation these cells maintain their Tr1 phenotype and are able

to inhibit T cell proliferation in an IL-10 dependent manner. Analy-

sis of the cells for IL-10 and IFN-c secretion revealed 2 discrete pop-

ulations - an IL-10 single positive population and an IFN-c single

positive population. The IL-10 single positive cells represent ~1–5%
of the culture. IL-10 secretion peaks at day 3 of primary stimulation

and is maintained on re-stimulation with CD55. The remaining cells

have a Th1-like phenotype but are prevented from secreting IFN-c
by the Tr1 cells. Enriched Tr1 cells maintain the Tr1 cytokine pro-

file, IL-10 dependent suppression and the expression of recently

identified Tr1 markers CD49b, LAG-3 and CD226.

Conclusion: We have identified CD55 as a preferential co-stimulator

of Tr1 cells. Next question - do these 1–5% Tr1 cells originate from

a discrete sub-population of na€ıve CD4+ cells?

634
Hedgehog signaling regulates the development of thymic

stroma

J. I. Saldana, H. Sahni, A. L. Furmanski & T. Crompton

Department of Immunobiology Institute of Child Health, University

College London, London, UK

Background and Aims: The thymus provides a specialised microen-

vironment that supports the development of ab T cells by providing

the necessary signals required for their survival, differentiation and

expansion. The thymic microenvironment is compartamentalised

into cortical and medullary regions formed of Thymic epithelial cells

(TEC) among other cells. TEC support the development of CD4�8�

T cell progenitors into mature, self MHC-restricted and self-tolerant

CD4+ and CD8+ thymocytes and the mechanisms underlying T cell

development have been extensively studied. However, the signals that

instruct TEC development are not as clear.

Hedgehog (Hh) proteins are secreted signaling molecules that act

as morphogens and are essential for embryonic development. Hh

signalling plays an important role in T cell differentiation in the thy-

mus; however, to date nothing is known about the involvement of
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the pathway in the development of either cortical (cTEC) or medul-

lary (mTEC) epithelial cells.

Methods: We performed ex vivo and in vitro assays using Hh knock out

and transgenic mice to asses TEC at different stages of development.

Results: We show that Sonic hedgehog regulates cTEC and mTEC di-

ferentiation as well as their potential to drive thymocyte selection. In

addition Hh signalling could also influence the balance of CD205+ epi-

thelial progenitors during earlier stages of TEC development.

Conclusions: This study illustrates how a morphogen can contribute

to the development of the thymic stroma and provides new data that

could be used to inform the design of strategies to improve thymic

function in conditions of immunodeficiency as well as other diseases.

635
Redox control of T cell receptor mediated T cell activation

C. Metcalfe & N. Barclay

Sir William Dunn School of Pathology, University of Oxford, Oxford,

UK

Proteins at the surface of leukocytes contain many conserved disulfide

bonds. These bonds serve three purposes, some are to stabilise protein

structure in the harsh extracellular environment, some form the active

site of reductase and isomerase enzymes and some are extremely labile

and when broken alter the structure and/or function of the protein

that contains them. When T cells are activated, the level of free thiols

on their surface increases as a function of time, suggesting that labile

disulfide bonds are being reduced as a result of activation. Previously

we developed a proteomics based screen to identify the proteins that

contained these redox labile disulfide bonds, and in some cases the

actual disulfide bond that is labile. The T cell receptor complex was

among 87 proteins identified on a murine T cell hybridoma that con-

tained redox labile disulfide bonds. Here we report the functional

consequences of reducing disulfide bonds in the TCR/CD3 complex

which results in an inhibition of TCR mediated activation. The cells

ability to react to other stimuli (CD3e, PMA/ionomycin) is not inhib-

ited nor is the TCR-Peptide MHC interaction significantly weakened,

suggesting signal transduction across the plasma membrane after

MHC engagement is inhibited.

642
Major contribution of gamma delta T cells to IL-17A production

and ovarian cancer cell growth in vivo

M. Rei*,†,‡, T. Lanc�a*, R. Thompson†, F. Balkwill†,

B. Silva-Santos* & D. J. Pennington†

*Instituto de Medicina Molecular, Faculdade de Medicina de Lisboa,

Lisbon, Portugal, †Barts and the London School of Medicine and

Dentistry, London, UK, ‡GABBA, Universidade do Porto, Porto,

Portugal

A significant body of evidence implicates gamma delta T cells in

tumour immunosurveillance. The anti-tumour function of gamma

delta cells stems from their potent cytotoxicity and their capacity to

produce high levels of IFN-gamma. However, gamma delta cells were

also recently implicated in promoting tumour growth, possibly as a

result of their ability to secrete IL-17A. Considering the ultimate goal

of manipulating gamma delta cells for cancer treatment, we aim to

further dissect the pro-tumour mechanisms of gamma delta cells.

We use a transplantable ID8 ovarian cancer cell line, that grows

slower upon IL-17A neutralization. Our data show that gamma delta

cells infiltrate ID8 tumour foci and are a major source of IL-17A in

the tumour microenvironment. Furthermore, gamma delta cell-defi-

cient mice (TCRdelta�/�) show reduced ID8 tumour burden, which

strongly suggests that the pro-tumour role of IL-17A is mediated by

gamma delta cells. A significant fraction of gamma delta cells is prolif-

erating in situ and accounts for a 2.3-fold increase in gamma delta cell

numbers in the peritoneal cavity, 6 weeks after ID8 cell injection. The

majority of these gamma delta cells display a Vgamma1- Vgamma4-

phenotype, indicating they belong to the Vgamma 6 + subset which is

naturally enriched in the peritoneal cavity. Interestingly, both IFN-

gamma+ and IL-17A+ gamma delta cells accumulate in the tumour

microenvironment, potentially suggesting a dominance of the pro-

tumour effects of IL-17A over the anti-tumour functions of IFN-

gamma. We are currently generating TCRdelta�/� IL-17A�/� mice

to further assess the contribution of gamma delta cells to the IL-17A-

mediated tumour growth in this ovarian cancer model.

658
A requirement for PI3K in cd T cell development

N. Sumaria*, D. J. Pang*, C. L. Grandjean*, J. F. Neves*,†,

K. V. Stoenchev*, B. Silva-Santos‡,§ & D. J. Pennington*

*Blizard Institute, Queen Mary University of London, London, UK,
†Programa Doutoral de Biologia Experimental e Biomedicina, Centro

de Neurocîencias e Biologia Celular, Universidade de Coimbra,

Coimbra, Portugal, ‡Instituto de Medicina Molecular, Faculdade de

Medicina, Universidade de Lisboa, Lisbon, Portugal, §Instituto

Gulbenkian de Cîencia, Oeiras, Portugal

Background and Aims: Gamma delta (cd) T cells play important

roles in immune responses against pathogens and tumours which seem

to strongly correlate with the secretion of cytokines, such as IFNc and
IL-17A. Recent evidence suggests that cd cells are predominantly pre-

committed to certain effector fates during thymic development; T cell

receptor (TCR)-agonists favouring the development of IFNc-produc-
ing cd cells (that are variously identified by CD27, CD122 and NK1.1),

whereas the absence of ligand interactions was suggested toappears to

generate IL-17A-producing cd cells (identified as CD27(-), but express-

ing CCR6). The aim of this study was to determine clarify the role of

the TCRgd and TCRgd signalling in the development of cd T cell sub-

sets and in the adoption of effector fates in the thymus.

Methods: Integrating all the markers described above including

CD24 and CD25, we used flow cytometry to establish a gating strat-

egy to identify IFNc-secretors and IL-17A-secretors in the lymph

nodes and thymus of C57BL/6 (BL/6) mice. Subsequently, we sorted

various cd subsets and put them into different culture systems

including fetal thymic organ cultures (FTOC) as well as on to OP9-

DL1 stromal cell line to analyse cd cell development and the adop-

tion of different effector functions under different conditions. These

conditions included inducing TCR signalling by cross-linking with

an activating antibody or in a ligand-independent manner by gener-

ating a TCR that was incapable of binding a ligand.

Results: Our results demonstrate that at least four distinct subsets of

cd cells can be identified in both the thymus and periphery of vari-

ous strains mice. These subsets display distinct cytokine-secreting

and proliferative potential. Our data describe precursor/product rela-

tionships between thymic cd cell subsets and establishes a cd cell

developmental sequence. Moreover, we find that TCRcd signalling

induced by cross-linking with an activating antibody, or in a ligand-

independent manner, does not favour the development of IL-17A-

secreting CD27(�) cd T cells. Our results suggest that the effector

fate of cd subsets is determined by the quality, rather than quantity,

of TCRcd signalling during T cell development. We also present data

that identifies a requirement for phosphoinositide 3-kinase (PI3K)

p110d in the development of IL-17A secreting cd cells. These find-

ings suggest similarities between cd T cell and B cell development.

Conclusions: We conclude that effector fate of cd subsets is not

likely to correlate with ligand-dependent versus ligand-independent

signalling but instead appears to correlate with quantitative and/or

qualitative differences in TCR signalling.
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Interferon gene expression signature in rheumatoid arthritis

neutrophils predicts response to anti-TNF therapy

H. L. Wright*, H. B. Thomas*, R. J. Moots† & S. W. Edwards*

*Institute of Integrative Biology, Liverpool, UK, †Institute of Ageing

and Chronic Disease, University of Liverpool, Liverpool, UK

Background: Neutrophils are central to the initiation, progression

and resolution of inflammatory diseases. The aim of this study was

to use RNA-Seq to identify molecular biomarkers which may predict

response to anti-TNF therapy in rheumatoid arthritis (RA).

Methods: RNA was isolated from healthy and RA neutrophils

obtained pre- and 12-weeks post-anti-TNF therapy. RNA was

sequenced by Illumina HiSeq 2000. Reads were mapped to the

human genome using Tophat. Expression analysis was carried out

using edgeR (5% false discovery rate). Signalling pathway analysis

was carried out using Ingenuity software (IPA).

Results: IPA predicted activation of interferon (IFN) signalling in RA

neutrophils, specifically that expression of 178 ‘IFN-response’ genes

was regulated by IFN-a, IFN-b or IFN-c (P < 0.01). IPA also pre-

dicted activation of STAT transcription factors in RA neutrophils

(P < 0.01), which was confirmed by Western blotting. Heterogeneous

expression of IFN-response genes meant that patients could be cate-

gorised as ‘IFN-high’ or ‘IFN-low’. IFN-high patients achieved a bet-

ter response to anti-TNF therapy (DDAS28, P = 0.03). Expression of

IFN-response genes predicted a good response (EULAR criteria) to

anti-TNF using ROC-curve analysis (AUC 0.76). Anti-TNF therapy

caused an up-regulation of IFN-response genes in non-responders.

Conclusions: RA neutrophils had a gene expression signature indi-

cating activation in vivo by interferons. The IFN signature was more

evident in patients who achieved a good response to anti-TNF ther-

apy, and was significantly up-regulated in anti-TNF non-responders

by anti-TNF therapy. Expression of IFN genes may be a useful pre-

dictive marker of good response to anti-TNF therapy in RA patients.

325
Gene expression profiling of cytokine stimulated neutrophils

in vitro

H. Thomas*, H. Wright*, R. Moots† & S. Edwards*

*Institute of Integrative Biology, Liverpool, UK, †Institute of Ageing

and Chronic Disease, University of Liverpool, Liverpool, UK

Background: Neutrophil priming is an important pre-requisite to

the effective clearance of invading pathogens. Priming also precedes

inappropriate neutrophil activation, which occurs in inflammatory

diseases such as rheumatoid arthritis, asthma and COPD. Neutroph-

ils significantly up-regulate discrete sets of genes in response to dif-

ferent priming agents. We characterised the gene expression profiles

of neutrophils following priming with a range of cytokines associated

with inflammatory disease, using RNA-Seq.

Methods: Neutrophil RNA was isolated following 1 h stimulation

with (or without) GM-CSF (5 ng/ml), TNF-a (10 ng/ml), IL-6

(10 ng/ml), IL-8 (100 ng/ml), G-CSF (10 ng/ml), IFN-c (100U/ml)

and IL-1b (10 ng/ml). RNA was sequenced on the Illumina HiSeq

2000 platform and mapped to the human genome using tophat2.

Gene expression analysis was achieved using cufflinks and cuffdiff

(applying a 5% false discovery rate). Signalling pathway analysis was

performed using Ingenuity (IPA).

Results: The number of genes with significant changes in the level of

expression after priming by each cytokine were: GM-CSF (110),

TNF-a (82), IL-8 (10), G-CSF (191), IFN-c (209) and IL-1B (29)

(FDR< 0.05). Pathway analysis predicted differential regulation of

key inflammatory pathways and activation of cytokine-specific tran-

scription factors: TNF-a, and IL-1B activated NF-jB; GM-CSF and

IL-8 activated NUPR1 whilst G-CSF and IFN-c activated STATs

(P < 0.01).

Conclusions: Genes relating to different aspects of neutrophil activa-

tion are significantly regulated in response to different priming stim-

uli. The nature of the priming agent is therefore important in

determining both the genes that are expressed and ultimately the

phenotype of the resulting primed neutrophil.

330
The role of non-coding antisense transcription in V(D)J

recombination

I. H. Osuch, A. Wood & A. E. Corcoran

Nuclear Dynamics, Babraham Institute, Cambridge, UK

Background: V(D)J recombination is the crucial mechanism that

generates the diverse immunoglobulin repertoire by recombining a

variable (V), diversity (D) and joining (J) gene segments together on

the immunoglobulin heavy chain (Igh) locus. This mechanism is cat-

alyzed by the recombinase activating complex (Rag). Differential

accessibility of Rag to the gene segments ensures that Igh recombina-

tion is restricted to the B lymphoid lineage and is an ordered pro-

cess.

Non-coding antisense transcription extends across the distal V

regions of the Igh locus prior to V-to-DJ recombination (Bolland et

al., 2004). We propose that the process of antisense transcription

recruits distal V genes to a transcription factory containing the in-

tronic enhancer. This may juxtapose the distal V gene segments to

Rag and the previous recombined DJ segment, thus promoting V-to-

DJ recombination.

Method: To understand the role of antisense transcription, a mouse

model was generated where antisense transcription was ablated by

inserting a transcription stop cassette, containing 4xpolyA sites fol-

lowed by 12 lac operators, downstream of the V antisense promoter

within the J606 V gene family.

Results: J606 antisense transcription is successfully reduced in our

mouse model without causing a defect in B cell development. Reduc-

ing J606 antisense transcription also results in reduced recombina-

tion of downstream V genes. Using 3C to probe locus conformation,

preliminary data suggests that regions in the locus that recombine

less frequently interact less frequently with the Igh intronic enhan-

cer.

Conclusion: Our findings suggest that the process of antisense tran-

scription influences the immunoglobulin repertoire by recruiting dis-

tal V genes into close proximity to the previously recombined DJ

segment.

384
Do deregulated miRNAs in sarcoidosis target key pathways

towards progressing disease?

T. Tomankova*, T. Novosad†, M. Zurkova‡, V. Kolek‡ & E.

Kriegova*

*Department of Immunology, Medical Faculty of Palacky University,

Olomouc, Czech Republic, †Department of Computer Science, VSB-

Technical University, Ostrava, Czech Republic, ‡Department of

Respiratory Medicine, Medical Faculty of Palacky University, Olomouc,

Czech Republic

MicroRNAs (miRNAs) are small non-coding RNAs that regulate

gene expression, mainly by inducing mRNA degradation. Aberrantly
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expressed miRNAs have been reported in lung tissue and peripheral

blood mononuclear cells obtained from sarcoidosis patients. Yet,

there is limited information about the miRNA profile in bronchoal-

veolar lavage cells and their targets.

Thus, we aimed to investigate miRNA expression of 25 candidate

miRNAs (miR-125, -126, -146a, -148a, -150, -155, -186, -199a, -202,

-204, -206, -212, -214, -21, -222, -223, -24, -25, -302c, -381, -424,

-503, -885-5p, let-7c, let-7d) in unseparated bronchoalveolar (BAL)

cells obtained from 77 sarcoidosis patients and 14 control subjects

using quantitative RT-PCR. Furthermore, we compared miRNA

expression profiles in patients with remitting and progressing sar-

coidosis. Various computer algorithms to predict potential miRNA

targets have been applied; special emphasis has been given to key

regulatory pathways linked to sarcoidosis activity, such as IL-23/

Th17, CXCR3, TGFb and WNT pathways.

We detected down-regulated miR-202 and miR-204 and up-regu-

lated miR-146a and miR-150 expression in patients with pulmonary

sarcoidosis when compared to control subjects. Subanalysis of

expression profiles in clinical phenotypes showed lower number of

miR-204, miR-155 and let-7c transcripts in patients with remitting

sarcoidosis in comparison to those with progressing disease. We are

currently applying sequence analysis to identify putative miRNA

binding sites in target mRNA of regulatory molecules involved in

sarcoidosis-related pathways as well as in those linked to progressing

disease.

Our study revealed deregulated expression of miR-202, miR-204,

miR-146a and miR-150 in unseparated BAL cells obtained from sar-

coidosis patients when compared to controls. In addition, we

detected lower number of miR-204, miR-155 and let-7c transcripts in

patients with remitting sarcoidosis in comparison to those with pro-

gressing disease. Sequence analysis to identify the interaction

between miRNAs and potential target mRNAs of molecules involved

in the pathogenesis of sarcoidosis is ongoing.

Grant support: IGA MZ CR NT/11117-6, IGA LF_2013_13

582
The role of miR-31 in human CD4+ T cell differentiation

M. Lennartz-Walker, J. McDonald, B. Rana & D. Cousins

AALB, King’s College London, London, UK

MicroRNAs (miRNAs) are small endogenous RNAs that play a

major role in cellular differentiation by post-transcriptional suppres-

sion of protein coding genes through complementary base-pairing to

mRNA. Disruption of the miRNA machinery, as well as loss or

deregulation of certain individual miRNAs, severely impairs immune

development and responses leading to disorders such as autoimmu-

nity and cancer. This is particularly relevant to Th2-driven diseases

such as asthma, where the CD4+ Th2 cell subset and associated cyto-

kines IL-4, IL-5 and IL-13 are central to disease onset and exacerba-

tion leading for instance to IgE production. Although T-cell

polarization is well characterized, the role of miRNAs in T-cell dif-

ferentiation is still unclear. We have previously described an in vitro

model of human T-helper cell differentiation that results in highly

polarized Th1/Th2 cells. Using microarray-based miRNA profiling of

human Th1/Th2 subsets we have found that miR-31 is selectively

expressed in Th2 cells (Cousins et al. unpublished data). Using len-

tiviral technology, we have developed a miR-31 overexpression and

knockdown protocol in human na€ıve T-cells and have validated this

using quantitative real-time RT-PCR. Furthermore, we demonstrate

via multicolor flow cytometric analysis that miR-31 promotes Th2-

type lineage determination under neutral conditions by hindering

IFN-c production and increasing IL-13 levels. We propose that miR-

31 may regulate human T-helper cell lineage commitment promot-

ing Th2 cell differentiation.
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Roasting enhances peanut allergic sensitisation across mucosal

and cutaneous routes

A. E. Moghaddam*, W. R. Hillson*, M. Noti†, K. H. Gartlan*, S.

Johnson*, B. Thomas*, D. Artis† & Q. J. Sattentau*

*The Sir William Dunn School of Pathology, University of Oxford,

Oxford, UK, †Department of Microbiology, Institute for Immunology,

Perelman School of Medicine, University of Pennsylvania, Philadelphia,

PA, USA

Background: Peanut sensitisation has emerged as the major food

allergy in the West, in sharp contrast with Eastern Asia where peanut

intake is equally common but its allergic sensitisation ranks low.

High temperature roasting of peanuts, extensively used by the Wes-

tern food industry, exerts oxidative stress on peanut proteins and

has been hypothesised to contribute to their enhanced allergenicity.

Further, peanut oil commonly extracted from roasted peanuts is

found in cosmetic products and cutaneous route of sensitisation has

been postulated to play a role in peanut allergy. To date, however,

no experimental evidence has directly addressed these hypotheses,

which the present work set as its objective.

Material and Methods: Endotoxin-free peanut extracts were pre-

pared from raw and in-house or commercially roasted peanuts in

sterile PBS, and were used in adjuvant-free subcutaneous, epicutane-

ous, and gastrointestinal administrations. Peanut antigen-specific

antibodies were monitored by ELISA and mesenteric lymph node T

cell responses were assayed by thymidine incorporation and cytokine

release. IgE functionality was tested using RBL cells, and basophilic

infiltration of lamina propria was measured by flow cytometric

analysis. Fluoresceinated or unlabelled Ara h1, purified from raw or

roasted peanuts, were used in antigen presenting cell stimulation and

binding studies.

Results: Extracts from roasted but not raw peanuts sensitised mice

after subcutaneous administration, demonstrated by peanut-specific

IgE and robust gut-associated Th2 responses upon peanut feeding.

Similarly, direct gastrointestinal gavage of roasted but not raw pea-

nuts primed for IgG1 and functional IgE responses. Further, in a

murine model of atopic dermatitis-like food sensitisation, roasted

peanut extracts applied to calcipotriol-induced skin lesions resulted

in higher allergic sensitisation than raw antigens, characterised by

gut-associated Th2 cytokines and eosinophilic infiltration of the lam-

ina propria post-feeding. SC and EC peanut sensitisation resulted in

more robust IgE and gut Th2 responses upon feeding than GI sensi-

tisation. Roasted peanut extracts did not trigger signalling through

conventional pro-inflammatory pattern recognition receptors, but

bound avidly to dendritic cells via association with advanced glycat-

ed end product receptors.

Conclusions: We conclude that roasting increases the intrinsic

immunogenicity of peanut antigens, potentially through the genera-

tion of oxidation-related ligands that target them to innate pattern

recognition receptors, driving allergic sensitisation. This together

with exposure via an efficient cutaneous sensitisation route carries

important implications for peanut allergy in the West.

182
T cell participation in autoreactivity to NC16a epitopes in

bullous pemphigoid

W. J. Pickford*, V. Gudi†, A. M. Haggart*, B. J. Lewis*,

R. Herriot‡, R. N. Barker* & A. D. Ormerod*

*University of Aberdeen, Aberdeen, UK, †West Suffolk Hospitals NHS

Trsut, Bury St Edmunds, UK, ‡Department of Immunology, Aberdeen

Royal Infirmary, Aberdeen, UK

Introduction: Bullous pemphigoid is a blistering skin disease charac-

terized by autoantibodies directed against the NC16a domain of bul-

lous pemphigoid 180.

Aim: To characterize and map the fine specifity of T cell responses

to NC16a.

Methods: PBMC from a total of 28 bullous pemphigoid patients and

14 matched controls were tested for proliferative and cytokine

responses to recombinant NC16a and a complete panel of 21 over-

lapping peptides spanning this region of BP180.

Results: Proliferative responses to NC16A and the peptide panel in

the patients with active disease were similar in frequency and magni-

tude to those in healthy donors, and included late responses typical

of naive cells in about 60% of each group. IL-4 responses were

slightly stronger for 6 peptides in patients than controls. Factor

analysis identified factors that separate responses to the peptide

panel discretely into IL-4 (Th2), IFNc (Th1) and IL-10 or TGFb
(Treg). Factors segregating IL-4 responses from TGFb were predicted

by whether a patient or control, while factors separating IL-4 versus

IL-10 were predicted by active blistering or remission. Finally, we

confirmed a significant upregulation of IgE responses to BP180 in

the patients with pemphigoid.

Conclusion: There are complex patterns of T cell phenotype and fine

autoreactive specificity in responses to NC16A, found in patients

and normal controls. However, specific IL-4 and IgE responses show

the strongest associations with pemphigoid, suggesting an important

contribution of Th2 cells to pathogenesis.

183
The role of the common gamma chain in keratinocytes

K. Nowak*, A. Thrasher*, W. L. Di* & S. Burns†

*Institute of Child Health, University College London, London, UK,
†Institute of Immunity and Transplantation, Royal Free Hospital UCL,

London, UK

Severe combined immunodeficiency (SCID) is a group of genetic

disorders characterised by defects of cellular and humoral immunity

especially by the absence of functional T lymphocytes which leads to

life-threatening infections. Currently, the only curative therapies are

bone marrow transplantation (BMT) and gene therapy (GT). How-

ever, even after successful BMT or GT a significant number of

patients develop chronic severe human papilloma virus (HPV) infec-

tions of the skin. Patients suffering from this susceptibility have

mutations in either common gamma chain cytokine receptor subunit

(also known as IL2RG) or Janus kinase-3 (Jak-3), but not mutations

leading to other forms of SCID suggesting that IL2RG /Jak-3 signal-

ling plays a role in anti-HPV immunity. As keratinocytes are not

replaced by BMT or genetically corrected by GT and HPV infection

is limited to these cells, we hypothesize that residual keratinocyte

common gamma chain deficiency could result in persistent HPV

susceptibility.

A role for IL2RG is implied by the fact that stimulation of kerati-

nocytes with IL-15 which needs the common gamma chain to signal

results in proinflammatory responses, leading to leukocyte recruit-

ment. However, few papers have shown the expression or functional-

ity of IL2RG in keratinocytes. We, therefore, first confirmed the
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expression of IL2RG in primary keratinocytes and in NIKS (Normal

Immortal KeratinocyteS, a human keratinocyte cell line) by reverse

transcription PCR (RT-PCR) and flowcytometry. We then stimulated

NIKS with IL-2 and results showed an increased phosphorylation of

STAT5 in challenged cells compared to unchallenged cells.

We further examined the expression of IL2RG co-receptors includ-

ing IL-2RB, IL-4R, IL-7RA, IL-9R and IL-15RA in primary keratino-

cytes and NIKS by RT-PCR, FACS and Western blot. All co-receptors

were expressed in keratinocytes in both mRNA and protein levels.

These results indicate that the common gamma chain is expressed

and functional on keratinocytes. In addition, not only IL2RG but

also its co-receptors are expressed and functional on keratinocytes,

suggesting that IL2RG signalling may play an important role in skin

immunity mediated by these receptors.

230
Electric fields – novel modulator of macrophage migration and
phagocytosis

J. I. Hoare, A. Rajnicek, R. N. Barker, C. D. McCaig &

H. M. Wilson

Division of Applied Medicine, University of Aberdeen, Aberdeen, UK

Background and Aims: Understanding the signals and factors that

control wound repair is important for devising new therapies to

accelerate efficient healing in chronic wounds. Small electrical fields

(EF) occur naturally at wounds where they enhance healing of dam-

aged tissue. Moreover, synthetic devices based on EFs decrease infec-

tion and augment healing in persistent wounds but the mechanisms

for this are unknown. To date the focus has been on defining how

EFs control re-epithelialisation for wound closure, and effects on

immune cells have been largely overlooked. Macrophages play

important roles in wound healing by clearing apoptotic cells and

debris, secreting pro-healing mediators and controlling infection.

The aims of this study were to determine whether physiological EFs

influence macrophage functions such as migration and phagocytosis

and to explore the underlying cellular mechanism.

Methods: Human monocyte-derived macrophages were seeded into

custom built chambers and exposed to physiological strength (50–
450 mV/mm) direct current EFs for 2 h. Macrophage migration was

assessed from serial time-lapse images recorded during the applica-

tion of the EFs. Changes in calcium levels were measured using

Fluo4-AM esters and time-lapse imaging. Phagocytic uptake of apop-

totic neutrophils, carboxylate beads or Candida albicans was com-

pared with or without 2 h EF exposure.

Results: Time-lapse microscopy revealed EF-polarised macrophage

migration directed predominantly anodally at EFs as small as

~50 mV/mm, peaking around ~300 mV/mm. Although the direc-

tional migration was significantly different from macrophages with

no EF, the overall speed of migration and distance migrated were

not altered. EFs did not affect cell viability, or induce apoptosis.

Importantly, phagocytic uptake of carboxylate beads or Candida

albicans was consistently and significantly up-regulated in response

to 150 mV/mm EFs, which approximate those measured at human

skin wounds. Confocal microscopy showed substantial polarisation

of actin to the anode-facing leading edge of macrophages after appli-

cation of EFs. Intra-cellular calcium levels increased when macro-

phages were exposed to 150 mV/mm EFs. Preliminary experiments

indicate that EF-induced PI3Kinase activity was important for

enhanced migration and phagocytosis. Thus our results provide

important new insights into how physiological EFs act as strong

directional cues for macrophage migration in vitro and also how

importantly they stimulate phagocytic activity.

Conclusions: These findings suggest a novel and additional mecha-

nism by which EF-devices used in medical settings enhance wound

resolution and limit infection and suggest that EF exposure might be

exploited to modulate other macrophage-mediated diseases.

341
IL-1: intracellular regulation by degradation in dendritic cells

J. S. Ainscough*, I. Kimber*, R. Dearman* & G. F. Gerberick†

*Faculty of Life Sciences, University of Manchester, Manchester, UK,
†Procter & Gamble Company Co, Cincinnati, OH, USA

Interleukin (IL)-1a (IL-1a) and IL-1b are key players in the innate

immune system. The expression of these cytokines by dendritic cells

(DC) is integral to the development of pro-inflammatory responses.

These cytokines are not secreted via the classical secretory pathway.

Instead, 2 independent processes are required in DC; an initial signal

to induce up-regulation of the precursor pro-IL-1, and a second sig-

nal to drive cleavage and consequent secretion of the bioactive mole-

cule. It is postulated that the requirement for 2 signals allows for

greater control of IL-1 production. In these investigations, we have

sought to characterize the intracellular regulation of IL-1 in mouse

bone marrow DC (BMDC). DC were cultured in GM-CSF for 8 days

to generate an immature BMDC population. Cells were stimulated

with lipopolysaccharide (LPS; 0.1 lg/ml) and IL-1a and IL-1b con-

tent of supernatants (secreted cytokine) and cell lysates (intracellular

cytokine) were analysed by ELISA. The impact of cyclohexamide, the

proteasome inhibitor MG132, and the autophagy inhibitor 3-meth-

yladeninde on IL-1 production was examined. Immunoprecipitation

and Western blotting were performed to examine the role of

ubiquitination. Treatment with LPS stimulated a marked increase in

intracellular IL-1, that peaked at ~8 hr and declined rapidly thereaf-

ter, without concomitant detection of secreted product. It was con-

cluded, therefore, that IL-1a and IL-1b products were rapidly

degraded following stimulation of DC with LPS.

Examination of the kinetics of the response using a 1 hr pulse of cy-

clohexamide (10 lg/ml) to inhibit de novo translation revealed that

there was a 4-h lag before IL-1 degradation was detected. Treatment

with MG132 (10 lM), but not with 3-methyladeninde (10 mM), sig-

nificantly inhibited degradation of IL-1 without impacting upon cell

viability or cytokine expression. Furthermore, following inhibition of

degradation using MG132, Western blotting of IL-1b immunoprecipi-

tates from cell lysates with anti-ubiquitin detection antibodies revealed

an accumulation of ubiquitinated cytokine. In summary, these data

indicate that IL-1a and IL-1b conform to the ubiquitin-proteasome

paradigm of protein degradation and that this process is initiated as a

consequence of DC activation in the absence of secretion. It is postu-

lated, therefore, that regulation of IL-1 proteasomal degradation may

serve to control the vigour of IL-1 secretion, and ultimately may influ-

ence the potency of pro-inflammatory responses.

452
Local concentration of interleukin-1b determines cytokine
requirement for Langerhans’ cell migration

L. H. Eaton*, A. Metryka*, R. A. Roberts†, I. Kimber* &

R. J. Dearman*

*The University of Manchester, Manchester, UK, †AstraZeneca Safety

Assessment, Macclesfield, UK

Langerhans′ cells (LC) are epidermal dendritic cells. Upon antigen/

allergen recognition they migrate from the epidermis to the local

lymph node where they initiate and regulate immune responses. We

have shown previously that LC migration induced by topical expo-

sure to the contact allergen oxazolone requires two independent

cytokine signals delivered by tumour necrosis factor (TNF)-a and
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interleukin (IL)-1b. In contrast, however, another contact allergen

2,4-dinitrochlorobenzene (DNCB) provokes migration independently

of TNF-a signalling. Here we have investigated whether TNF-a-inde-
pendent LC migration induced by DNCB is a function of the local

availability of IL-1b.
Mice (BALB/c strain) were treated topically on the dorsum of

each ear with lactoferrin (an iron-binding glycoprotein that inhibits

TNF-a production in the skin) in cream (or vehicle [cream] alone).

After 2 h, mice received intradermal injections of either 50 ng or

300 ng IL-1b at the same site. Control (na€ıve) mice were untreated.

Mice were terminated 4 h later, ears were removed and the epider-

mis isolated and LC frequency determined by fluorescence micros-

copy. In parallel investigations, IL-1b mRNA expression profiles in

the skin were examined by quantitative real time PCR 6 h after

treatment on the dorsum of the ear with either 0.5% oxazolone or

with 1% DNCB.

Both doses of IL-1b induced significant LC migration in the vehi-

cle control mice compared with resting LC frequencies in tissue

derived from na€ıve mice. As observed previously, the 20-30% of LC

available for rapid mobilisation were stimulated to migrate. How-

ever, pre-treatment with lactoferrin, inhibited LC mobilisation pro-

voked by administration of 50 ng of IL-1b, with LC frequencies

identical to those of na€ıve controls recorded. In contrast, 300 ng IL-

1b was able to induce LC migration, despite lactoferrin pre-treat-

ment. Topical treatment with 1% DNCB provoked a very vigorous

increase in IL-1b expression compared with application of 0.5% oxa-

zolone; concentrations of the allergens that in each case induce opti-

mal LC migration. Taken together these data demonstrate that

under conditions where local IL-1b concentrations are very high, LC

migration is independent of TNF-a, in contrast to the prevailing

view that all stimuli that provoke LC migration (allergens, irritants,

UVB and trauma) are dependent upon the local availability of this

cytokine. These data also highlight that skin sensitising chemicals

may act through subtly different mechanisms to provoke optimal LC

migration.

477
Prostaglandin E induces expression of the skin homing receptor

CCR8 by human na€ıve T cells through EP4 and cAMP

M. L. McCully, C. P. Thomas, V. B. O’Donnell & B. Moser

Institute of Infection & Immunity, Cardiff University, Cardiff, UK

The localisation of memory T cells to human skin is essential for

long-term immune surveillance and the maintenance of barrier

integrity. We recently reported that the chemokine receptor CCR8 is

highly expressed by skin memory T cells and that its expression is

regulated by skin-specific factor(s) derived from epidermal keratino-

cytes. Further investigation revealed that the keratinocyte-derived

CCR8-inducing factor(s) are soluble, independent of vitamins A and

D, and insensitive to heat or enzymatic digestion suggesting that the

factor(s) are not proteins. Consistent with this finding, the CCR8

inducing capacity of the epidermal factor(s) could be replicated by

culturing newly activated na€ıve T cells with either prostaglandin E1,

E2 or E3 signalling primarily through EP4 receptor-mediated activa-

tion of cAMP. These findings are consistent with a previous report

suggesting a role for PGE2 in promoting the differentiation of a skin

homing phenotype indirectly by suppressing the gut-imprinting

capacity of dendritic cells. Together these data suggest that epider-

mis-derived PGE, produced at nanomolar levels in skin cultures,

promote the imprinting of a skin homing phenotype in activated

human T cells.

514
Differential requirement for CCR4 in the maintenance but not

establishment of the invariant Vc5+ dendritic epidermal T-cell

pool

K. Nakamura, A. J. White, S. M. Parnell, P. J. Lane,

E. J. Jenkinson, W. E. Jenkinson & G. Anderson

University of Birmingham, Birmingham, UK

Thymocytes expressing the invariant Vc5 cdT-cell receptor represent
progenitors of dendritic epidermal T-cells (DETC) that play an

important immune surveillance role in the skin. In contrast to the

bulk of abT-cell development, Vc5+ DETC progenitor development

occurs exclusively in fetal thymus. Whilst abT-cell development is

known to require chemokine receptor mediated migration through

distinct thymus regions, culminating in medullary entry and thymic

egress, the importance and control of intrathymic migration for

DETC progenitors is unclear. However, we recently revealed a link

between Vc5+ DETC progenitor development and medullary thymic

epithelial cells expressing Aire, a known regulator of thymic chemo-

kine expression, demonstrating that normal Vc5+ DETC progenitor

development requires regulated intramedullary positioning. Here we

investigate the role of chemokines and their receptors during intra-

thymic Vc5+ DETC progenitor development and establishment of

the DETC pool in the skin. We report that thymic medullary accu-

mulation of Vc5+ DETC progenitors is a G-protein coupled receptor

dependent process. However, this process occurs independently of

Aire’s influences on intrathymic chemokines, and in the absence of

CCR4 and CCR7 expression by DETC progenitors. In contrast,

analysis of epidermal cdT-cells at neonatal and adult stages in

CCR4-/- mice reveals that reduced numbers of DETC deficiencies in

adult epidermis are not a consequence of diminished intrathymic

embryonic development, nor deficiencies in initial epidermal seeding

in the neonate. Collectively, our data reveal differences in the

chemokine receptor requirements for intrathymic migration of ab

and invariant cdT-cells, and highlight a differential role for CCR4 in

the maintenance, but not initial seeding, of DETC in the epidermis.

519
Defining the lymphoid stress surveillance response in human

skin

R. Woolf* & A. Hayday*,†

*Peter Gorer Department of Immunobiology, King’s College London,
†London Research Institute, Cancer Research UK, London, UK

Background and Aims: The skin contains a large number of tissue-

resident immune cells increasingly acknowledged as having key roles

in maintaining tissue integrity and excluding infection. One mecha-

nism of such immune activation is lymphoid stress surveillance

(LSS), whereby lymphocytes are rapidly activated by stress ligands

expressed by tissue cells following cellular stress and that engage the

NKG2D receptor. We lack a clear picture of whether this capability

exists in human skin, which is fundamental to understanding our

interactions with environmental agents. To investigate this we have

characterised the human skin-resident lymphocyte compartment,

and assayed the cells′ functional responsiveness, with a view to ascer-

taining if certain T cells have the capacity to respond rapidly to tis-

sue stress.

Methods: Normal adult human skin was obtained as discarded

material after cutaneous surgery. Protocols were established to isolate

and characterise lymphocytes by either (i) tissue disaggregation or

(ii) three-dimensional explant culture with/without cytokine supple-

mentation. Skin-resident lymphocytes were characterized by flow

cytometry, including cell-surface receptor expression and cytokine

production following in vitro activation.
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Results: Following ex vivo isolation distinct skin-resident lymphocyte

subsets were identified, including the ‘unconventional’ lymphocytes

cd T cells and NK cells. Explant culture greatly increased lymphocyte

yield, enabling detailed characterisation. In addition, culture condi-

tions significantly amplified the cd T cell compartment. Skin-resident

lymphocytes displayed skin-homing surface markers, a memory phe-

notype and high levels of the activation marker CD69. Lymphocytes

differed in expression of co-stimulatory receptors, with CD8+ T cells,

cd T cells and NK cells expressing NKG2D. Skin-resident T cells also

constitutively expressed the inhibitory receptor PD-1. Upon in vitro

activation, skin-resident lymphocytes readily produced cytokines and

displayed distinct cytokine-producing profiles, with the response

dependent on the strength of TCR-mediated activation. Skin-derived

NKG2D+ lymphocytes had clear potential to produce both TNFa
and IFNc; however, the molecular pathways leading to these cyto-

kines differed with implications for clinical immunosuppression.

Conclusions: Skin-resident lymphocytes, including ‘unconventional’

populations, could be isolated from healthy human skin. Consistent

with published data, cultured skin-resident ab T cells maintain a ‘tis-

sue-resident memory’ (TRM) phenotype. In addition there is the

novel observation that skin cd T cell and NK cells have a TRM phe-

notype. Distinct NKG2D+ lymphocytes were identified, which

showed variable expression of additional activatory or inhibitory co-

receptors, and were functionally competent with distinct cytokine-

producing subsets. This system provides a platform to further cha-

racterise human skin-resident lymphocytes and their potential to be

directly activated by surrounding tissue dysregulation.

541
Functional relevance of innate type 2 immune signals for skin

repair

J. A. Knipper*,† & S. A. Eming*

*Dermatology, University of Cologne, Cologne, Germany, †Institute of

Immunology and Infection Research, University of Edinburgh,

Edinburgh, UK

Recruitment and activation of immune cells are characteristic fea-

tures of tissue repair. It is not completely understood to which

extent type 2 cytokines are beneficial or disadvantageous for tissue

remodeling and homeostasis. Moreover, the exact mechanism how

immune cells interact with tissue resident cells is not clear. There is

emerging evidence that IL-4R alpha mediated macrophage activation

(M2) might be critical in the resolution of inflammation upon tissue

damage and restoration of tissue function. To explore the role of

type 2 cytokines for macrophage activation in tissue repair, we used

myeloid cell restricted IL-4R alpha deficient mice and analyzed the

healing response in skin. During the healing response, myeloid cell

restricted IL-4R alpha deficient mice displayed a disturbed M1/M2

balance, with a shift towards a prolonged pro-inflammatory M1 and

attenuated M2 activation. Dysregulated macrophage activation was

associated with delayed wound closure and impaired granulation tis-

sue formation, suggesting that type 2 cytokines are critical to develop

a functional granulation tissue and to restore tissue integrity. More-

over, unexpectedly, myeloid cell restricted IL-4R alpha deficient mice

showed an altered collagen fibril assembly and less pro-fibrotic colla-

gen cross-links, suggesting that M2 macrophages have a significant

impact on ECM formation in fibrosis. Generally IL-4/IL-13 have

been described as pro-fibrotic, but their impact on macrophages

activation in this condition is poorly defined. We hypothesise that

macrophage activation controls the extracellular matrix architecture

through a crosstalk with fibroblasts at the wound site. Accordingly,

we will present detailed data revealing the function of IL-4/IL-13 sig-

naling in inflammation, repair and fibrosis. Our results provide a

direct link between innate type 2 immunity and effective restoration

of tissue integrity and homeostasis.

647
Mechanisms by which pathogens induce cytokines and cell

death in human and mouse epithelial cells

A. M. Alkahtani*, J. Pennock†, S. Herrick‡ & P. Arkwright§

*Immunology Group, University of Manchester, Manchester, UK,
†Institute of Inflammation & Repair, University of Manchester,

Manchester, UK, ‡Institute of Inflammation and Repair, University of

Manchester, Manchester, UK, §Department of Paediatric Allergy and

Immunology, University of Manchester, Manchester, UK

Background: Atopic dermatitis (AD) is a multi-factorial chronic

relapsing inflammatory skin disease, where Staphylococcus aureus is a

key trigger of disease flares. The exact mechanism by which Staphylo-

coccus aureus triggers the inflammatory response in skin epithelium

is still unclear. Previous work in this laboratory demonstrated that

Staphylococcus aureus does not induce its pro-inflammatory

responses via TLR. Recently it has been shown that Staphylococcus

aureus produces extracellular vesicles (EVs) which induce inflamma-

tory damage in the skin. The working hypothesis is that it is these

EVs that lead to the skin inflammation in atopic dermatitis.

Methods: The effects of live and killed Staphylococcus aureus were

assessed on 3T3- fibroblasts in terms of both their cytotoxic effect

using microscopy and flow cytometry, as well as TSLP, IL-33 and

TNF-a production measured by ELISA. The possible role of secreted

virulence factors were then studied using a trans-well system.

Results: Live, but not killed Staphylococcus aureus induced Th2-pro-

moting cytokines TSLP, IL-33 and TNF-a by 3T3-fibroblasts. Direct

contact with live bacteria was not essential, as similar inflammatory

responses were observed using a trans-well system.

Conclusions and Future Work: The results support the working

hypothesis that factors secreted by live Staphylococcus aureus are

important in inducing inflammation. Future work will involve cha-

racterising the virulence factors in terms of their heat stability, struc-

ture and protease activity. Their effect on other cell lines from mice

(NC eczema mouse, MSM control mice), as well as skin fibroblasts

and keratinocytes from children with and without atopic dermatitis

will also be studied. Experiments will also be designed to track their

interaction with the target cell by use of immune-fluorescent

staining.
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Stromal and Epithelial Regulation of Immune

Homeostasis at Mucosal Surfaces

33
Gain-of-function STAT1 mutation decreases STAT3-inducible

gene transcription in patients with Chronic Mucocutaneous

Candidiasis (CMC)

J. Zheng*, D. Rowan†, A. Gennery‡, M. Abinun‡ & D. Lilic*

*Primary Immunodeficiency Group, Newcastle University, Newcastle

upon Tyne, UK, †Musculoskeletal Research Group, Newcastle

University, Newcastle upon Tyne, UK, ‡Great North Childrens Hospital

& Institute of Cellular Medicine, Newcastle University, Newcastle upon

Tyne, UK

Introduction: STAT3 activation triggers transcription of interleukin

(IL)-17 which is crucial for mounting protective immune responses

against fungi. Mutations affecting STAT3/IL-17 pathway resulting in

selective susceptibility to Candida (fungal) infection characteristic of

Chronic Mucocutaneous Candidiasis (CMC) have been reported. In

CMC we reported defective Th17 responses (Ng et al, JACI 2010) and

identified an underlying gain-of-function (GOF) STAT1 (rather than

STAT3) mutation (van de Veerdonk et al NEJM 2011), leading to hyper-

phosphorylation of STAT1 (Smeekens et al PLosOne 2011). How this

affects STAT3 or leads to decreased IL-17 production is not known.

Objective: To assess how GOF-STAT1 mutations affect STAT3 acti-

vation, DNA-binding and gene expression following cytokines stimu-

lation.

Methods: PBMCs and EBV-transformed cell lines were stimulated

with IL-23/IL-6/IL-21/IL-27/IFNa/IFNc. Activation and binding of

STAT1 and STAT3 was measured by Western blotting (WB), electro-

phoretic-mobility-shift-assay (EMSA) using the STAT-consensus

binding element (hSIE) and TransAm STAT3 kit. STAT3-inducible

gene (RORc, IL-17, IL-22, IL-10, c-Fos, SOCS3) and STAT1-induc-

ible gene (CXCL10, IRF1) expression was assessed by qRT-PCR.

Results: GOF-STAT1 mutations lead to hyper-phosphorylation of

STAT1 and prolonged dephosphorylation. These mutations do not

affect STAT3 phosphorylation, nuclear accumulation and DNA-bind-

ing, but decrease STAT3-induced gene expression. Decreased

STAT3-induced gene transcription could be rescued by restoring

acetylation with histone deacetylase inhibitor (HDACi) or inhibiting

STAT1 phosphorylation with fludarabine (a STAT1 inhibitor).

Conclusions: We report for the first time GOF-STAT1 mutations

decrease STAT3-induced gene transcription, which can be restored

by promoting acetylation and inhibiting STAT1 activation. These

findings may explain decreased IL-17 production and susceptibility

to fungal infections in CMC.

46
IL-1/TLR signaling inhibitors in microscopic and ulcerative
colitis: Immunopathogenic markers of active disease and

remission

S. Günaltay*, N. Nyhlin†, A. K. Kumawat*, C. Tysk†, J. Bohr†, O.

Hultgren‡ & E. Hultgren H€ornquist*

*Biomedicine, School of Health and Medical Sciences, €Orebro
University, €Orebro, Sweden, †Department of Medicine, Division of

Gastroenterology, €Orebro University Hospital, €Orebro, Sweden,
‡Department of Microbiology and Immunology, €Orebro University

Hospital, €Orebro, Sweden

Microscopic colitis (MC), comprising collagenous colitis (CC) and

lymphocytic colitis (LC), is a common cause of chronic diarrhea.

The etiology of MC is unknown but thought to involve an abnormal

immune response to luminal agents. Innate immune recognition of

microbial products via Toll-like receptors results in increased expres-

sion of inflammatory genes, which must be tightly controlled to

ensure sufficient clearance of pathogens but simultaneously avoid

extensive tissue damage. We compared expressions of IRAK-2,

IRAK-M, IL-37 and microRNAs (miR) -146a, -155 and -21 in colon

biopsies of CC, LC and UC patients in active disease or in remission

with non-inflamed controls by qRT-PCR. IRAK-M expression was

increased in LC patients with active disease in histopathological

remission (LC-HR; P = 0.02) and UC (P = 0.01) patients, but no

differences in IRAK-2 expression were detected compared to con-

trols. miR-146a, miR-155 and miR-21 expressions were increased in

LC-HR (P = 0.04, 0.07, and 0.004) and UC (P = 0.02, 0.04 and

0.03) patients. UC patients with active disease had significantly

enhanced expression of miR-146a and miR-21 expressions compared

to UC-R (P = 0.01 and 0.04). Likewise, active CC patients showed

significantly increased expression of miR-155 (P = 0.003) and miR-

21 (P = 0.006). IL-37 expression was decreased in both CC

(P = 0.03) and LC (P = 0.04) patients with a similar trend in UC

patients, albeit not statistically significant, whilst it was increased in

UC remission (UC-R) patients compared to controls (P = 0.02) and

active UC (P = 0.001). The identification of differentially expressed

miRNA, IL-37 and IRAK-M indicate different pathophysiologic

mechanisms in various disease stages in LC, CC and UC.

211
Peyer’s patch dendritic cells constitutively migrate to the

mesenteric lymph node in a CCR7 and S1P dependent manner

S. A. Houston*, V. Cerovic†, O. Schulz‡, O. Pabst‡ & S. Milling*

*Institute of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK, †Institute of Infection, Immunity and

Inflammation, University of Glasgow, Glasgow, UK, ‡Institut f€ur

Immunologie, Medizinische Hochschule Hannover, Hannover, Germany

Background and Aims: Dendritic cells (DCs) are fundamental in

controlling intestinal immune responses by migrating to the mesen-

teric lymph node (MLN) and priming gut-tropic effector or regula-

tory T cells. Furthermore, DCs direct the immune response in

Peyer’s patches (PP). Nevertheless, it is unclear if they contribute to

an MLN mediated immune response by migrating and presenting

PP derived antigen.

Methods: In order to determine if DCs are able to migrate from the

PPs to the MLN two novel methods were used. First, Kaede mice

were used. These mice ubiquitously express the photoconvertible Ka-

ede protein that irreversibly changes its fluorescent emissions from

green to red following exposure to violet light. During laparotomy,

all visible PPs were exposed to violet light, and the presence of Ka-

ede-red DCs in the MLN was assessed 24 h later. Second, FITC

injections were performed to examine the molecular mechanisms

that control the migration of DCs to the MLN. A specific volume of

FITC was injected directly into PPs using a microinjector. This

enabled labelling of cells within the PP without labelling the sur-

rounding lamina propria. The presence of FITC+ DCs was then

investigated in the MLN.

Results: Here, we provide evidence that a novel population of DCs

migrate from PPs to the MLN. First, after photoconversion of PPs

in fluorescent transgenic Kaede mice, converted DCs were found in

the MLN- indicating that a population of DCs migrates from the PP

to the MLN. This population expands in response to the DC specific

growth factor, Flt3 ligand. Second, we use a novel injection tech-

nique to label cells within a PP with FITC, FITC+ DCs were then

found in the MLN. Significantly fewer DCs migrated from the PP to

the MLN in CCR7�/� mice and in mice pre-treated with FTY720,

but were present in S1P3-deficient mice.
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Conclusions: We have identified a previously unreported population

of DCs that migrate from the PP to the MLN by a CCR7 and S1P

dependent mechanism. These cells may play an important role in driv-

ing immune responses in the MLN and their manipulation could lead

to significant advances in increasing the efficacy of oral vaccines.

254
An in vitro model for analysis of the impact of the colonic milieu

in collagenous colitis patients on peripheral T lymphocyte
activation and differentiation

A. K. Kumawat*, C. Tysk†, J. Bohr†, O. Hultgren‡ & E. Hultgren

Hörnquist§

*€Orebro University, €Orebro, Sweden, †Department of Medicine,

Division of Gastroenterology, €Orebro, Sweden, ‡Department of

Microbiology and Immunology, €Orebro University Hospital, €Orebro,
Sweden, §School of Health and Medical Sciences, €Orebro University,
€Orebro, Sweden

Soluble factors released by mucosal cells contribute to immune

homeostasis in the gut. We investigated the role of soluble factors from

the intestinal mucosa of collagenous colitis (CC) patients in regulation

of effector T cells using a system that mimics the in vivo exposure of

newly recruited peripheral T cells to soluble factors from the colonic

milieu of normal individuals and inflamed CC patient mucosa.

Denuded colonic biopsies (DNB) and isolated lamina propria

mononuclear cells (LPMCs) from CC patients and non-inflamed

controls were cultured and conditioned medium (CM) were col-

lected. Peripheral blood CD4+ T cells from healthy donors were

polyclonally activated in the absence or presence of CM, and prolif-

eration and cytokine secretion was analysed.

Peripheral CD4+ T cells exposed to colonic CM demonstrated

reduced proliferation. This inhibition was reduced with DNB-CM

derived from CC patients compared to non-inflamed controls. In

contrast, LPMC-CM from non-inflamed controls inhibited T-cell

proliferation less than LPMC-CM from CC patients.

Both DNB-CM and LPMC-CM from CC patients induced

increased production of IFN-c, IL-17A, IL-6, TNF-a, IL-4 and IL-10

from peripheral CD4+ T cells compared to non-inflamed controls.

Our preliminary data indicate reduced inhibition of proliferation as

well as increased production of both inflammatory and anti-inflamma-

tory cytokines by peripheral CD4+ T cells in the presence of mucosa-

derived soluble factors from CC patients compared to controls. This

model can be valuable in evaluating the effect(s) of existing and new

drugs on T cell differentiation in the intestinal mucosa.

272
Constitutive Type I Interferon, via STAT1 activation, promotes
regulatory T cell function in the healthy human intestine, but

not in inflammatory bowel disease

E. Giles*, M. Pathak*, T. J. Sanders*, N. E. McCarthy*, I. R.

Sanderson†, T. T. MacDonald*, J. O. Lindsay† & A. J. Stagg*

*Centre for Immunology and Infectious Disease, Queen Mary

University of London, London, UK, †DIgestive Diseases, Blizard

Institute, Queen Mary University of London, London, UK

Background: Control of T-cell reactivity with the human intestinal

mucosa is poorly understood. Type I Interferon (T1IFN) signals via

the JAK/STAT pathway, particularly STAT1, and has been shown to

support Treg function in mouse models of colitis. T1IFN has been

used as a treatment in Inflammatory Bowel Disease (IBD) with some

success. We therefore hypothesised that constitutive T1IFN had a

regulatory role in human intestinal T cells.

Methods: Endoscopic biopsies or resection specimens were frozen

for immunohistochemistry (IHC) or cultured in the presence of neu-

tralising anti-IFNb or isotype-matched control antibody. Cells were

harvested, stimulated with anti-CD3/CD28 antibodies and analysed

for cytokine production by intracellular staining and by multiplex

ELISA of culture supernatants. Phosphorylated STAT1 was measured

by flow cytometry with or without prior T1IFN stimulation. Frozen

sections of colonic mucosa were stained with ant-IFNb and analysed

using fluorescent IHC. Finally, CD3 + T-cells were FACS sorted

and expression of Interferon Stimulated Genes (ISGs) determined by

quantitative real-time PCR.

Results: IFNb was detected in the lamina propria of both control

and IBD tissue and ISGs MXA and 250AS) were expressed by intesti-

nal T cells sorted from tissue. In vitro, IFNb neutralisation reduced

the frequency of pSTAT1+ intestinal T cells (n = 6, P = 0.05) and,

in healthy controls, decreased the proportion of IL10-producing

intestinal T cells (n = 8, P = 0.01). There was a trend for more

IFNc-producers (P = 0.059) and IFNc concentrations in superna-

tants were significantly increased (n = 10, P = 0.016). In IBD, intes-

tinal T cells were more responsive to IFNb in vitro, as assessed by

ISG induction, (n = 10 for patients and controls, P < 0.03) and con-

stitutive pSTAT1 was increased in T-cells isolated from non-inflamed

mucosa of IBD patients compared with controls (n = 30 IBD, 16

control, P = 0.03). In contrast to control tissue, neutralisation of

IFNb in non-inflamed IBD samples led to a generalised increase in

cytokine production, with a significant increase in the frequency of

T cells producing all cytokines examined (IL-10, IFNc, IL-17 and

TNFa, n = 10).

Discussion: T1IFN is present in the mucosa of the human intestine

and in health may have a regulatory role by selectively supporting T

cell production of IL-10. There is increased responsiveness of the

T1IFN pathway in T cells from non-inflamed tissue from IBD

patients (increased pSTAT1 and ISGs), associated with a generalised

suppression of cytokine production. Thus, immunoregulatory effects

of intestinal T1IFN are context dependent and may modulate

inflammation in healthy and dysregulated IBD tissue by distinct

mechanisms.

311
Alterations in gut microbiota composition in tissues and feces of

Gai2−/− mice with colitis in parallel with enhanced cytokine

secretion

I. Rangel*, J.-P. Ganda-Mall*, F. Sj€oberg†, R. Will�en‡ &

E. Hultgren Hornquist§

*Scool of Health and Medical Sciences, €Orebro University, €Orebro, ,
Sweden, †Department of Infectious Diseases, Institute of Biomdicine,

University of Gothenburg, Gothenburg, Sweden, ‡Department of

Pathology and Cytology, Uppsala University Hospital, Uppsala,

Sweden, §Department of Health and Medical Sciences, €Orebro

University, €Orebro, Sweden

A key factor in the pathogenesis of Inflammatory Bowel Diseases

(IBD) is an altered gut microbiota composition. We applied non-

culture techniques to analyze the microbiota of a Gai2-deficient

mouse model of spontaneous colitis and their wild type (WT) litter-

mates in colonic and caecal tissues and feces. Colitis was scored his-

tologically, and was correlated to changes in both the gut microbiota

and cytokine gene expression. Terminal Restriction Fragment Length

Polymorphism (T-RFLP) targeting eubacteria, and qPCR of Bactero-

ides, Lactobacillus, segmented filamentous bacteria (SFB) and the

Clostridium leptum group were utilized. Initial T-RFLP analyses indi-

cate that the composition of the gut microbiota vary between WT

and Gai2�/� mice in different stages of colitis. Based on a short

database constructed from fragment analyses of 16S rRNA genes
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from several bacteria, we identified some phylotypes from the differ-

ent mice. Our data indicate that Bacteroides dominate the microbi-

ota in the colon of WT and Gai2�/� mice with low colitis scores. In

contrast, unknown phylotypes characterize the composition of the

colon in Gai2�/� mice with medium or high colitis scores. qPCR

results indicate that Bacteroides were significantly enhanced in feces

from Gai2�/� mice with mild colitis, but reduced in colonic tissue

from Gai2�/� mice, both compared to WT mice. In the C. leptum

group a significantly reduced amount was found in feces from

Gai2�/� mice with mild colitis compared to WT mice. The amount

of Lactobacilli was significantly increased in ceacal tissue from

Gai2�/� mice with mild colitis, but was significantly reduced in feces

of the same mice compared to WT mice. Similarly, Lactobacilli were

significantly reduced in colons of Gai2�/� mice with severe colitis

compared to WT mice. SFB were reduced in caecal tissues of

Gai2�/� mice with mild colitis, whereas mice with severe colitis had

significantly increased amounts of SFB in feces.

The changes in microbiota composition were paralleled by signifi-

cantly enhanced mRNA levels of IL-17 and IFN-c in the same mice

in colons and caeca of Gai2�/� mice with increasing severity of coli-

tis, compared to WT mice. IL-27 was significantly increased in

colons of Gai2�/� mice with moderate-severe colitis and in caeca of

mice with moderate colitis. In contrast, IL-10 mRNA levels were sig-

nificantly reduced in caeca of Gai2�/� mice with severe colitis, but

were unchanged in colonic tissues. TGF-b mRNA levels were not

affected by the genotype nor the colitis score.

358
Compartment specific tolerance and immunity in the human gut;

properties and functions of dendritic cells and macrophages in

the colon versus the ileum

E. R. Mann*,†, D. Bernardo*, N. R. English*, H. O. Al-Hassi*,

J. Landy*,‡, S. T. Peake*,‡, R. Man*,‡, T. Elliott‡, G. H. Lee*,§,

A. L. Hart*,‡, X. Li† & S. C. Knight*

*Imperial College London, Harrow, UK, †Medicine, Johns Hopkins

University, Baltimore, MD, USA, ‡Gastroenterology, 4Colorectal

Surgery, St. Mark’s Hospital, Harrow, UK

Background: Gut dendritic cells (DC) and macrophages (MU) medi-

ate intestinal immune tolerance, and are central to maintaining the

balance between immunogenicity against invading pathogens and

tolerance to the commensal microbiota. DC drive primary T-cell

responses and imprint homing properties on T-cells. Distinguishing

DC from MU is problematic and information regarding antigen-pre-

senting cells (APC) in the human gut is scarce. Furthermore, the

majority of murine data refers to the ileum or organized lymphoid

tissues. We aimed to compare human gut DC and MU within the

colon and ileum.

Methods: Human DC and MU were isolated from colonic and ileal

biopsies, and characterized by flow cytometry, immunohistochemis-

try and electron microscopy. DC generated T-cell responses in a

mixed-leucocyte reaction.

Results: Intestinal DC were CD103+CX3CR1-CCR7+ whilst MU were

CD103-CX3CR1+CCR7-. Compared to DC, MU expressed higher

levels of activation marker CD40 and Toll-like receptors 2/4, were

more phagocytic and produced more IL-1b. Furthermore, MU were

more responsive to LPS than DC; LPS induced greater induction of

pro-inflammatory cytokine production in MU (IL-12, TNFa and IL-

1b). Upon comparison of colon versus ileum, ileal DC and MU
expressed more CD40 than their colonic counterparts, with

enhanced production of IL-12/TNFa/IL-1b, but exhibited a lower

unsaturated lipid content. Both ileal and colonic DC imprinted gut-

homing marker b7 on stimulated T-cells, but ileal DC displayed an

enhanced ability to stimulate T-cells and imprint small-bowel hom-

ing marker CCR9 (these CCR9+ T-cells were negative for skin-hom-

ing marker CCR4). Colonic DC imprinted more CCR4. Numbers of

“tolerogenic” CD103+CCR7+ DC were increased in the colon; whilst

DC in all cases generated IL-10-producing and T-bet expressing T-

cells, colonic DC generated more FoxP3+CD25+IL-10-producing-

and IL-4-producing T-cells whilst ileal DC favoured production of

IFNc-producing T-cells.

Discussion: We demonstrate for the first time, specific, functional

differences between human colonic and ileal APC. Homeostatic

properties of gut DC and MU, alongside DC ability to polarize tis-

sue-specific T-cell responses, are dependent on their anatomical loca-

tion within the gut. The generation of gut-homing, IL-10 and T-bet

expressing T-cells supports mouse studies demonstrating a gut-spe-

cific, regulatory role for intestinal DC. Colonic DC ability to gener-

ate regulatory T-cell or Th2 type responses, in contrast to ileal DC

favouring Th1 polarization, may represent an evolutionary adapta-

tion to the increased bacterial load in the colon. This study high-

lights the importance of regarding the ileum and the colon as

separate entities, each comprised of APC with distinct roles in gut

homeostasis and imprinting.

427
Expression of cryptdins from primary mouse small intestinal

epithelial cultures isolated from mice that lack beta defensin 14
is increased upon stimulation

C. R. Walker, S. Mohammed, L. Moy & W. Muller

Faculty of Life Sciences, University of Manchester, Manchester, UK

A primary mouse small intestinal epithelial cell culture system was

established in the laboratory using the methodology developed by

Hans Clever et al. using a combination of growth factors and using

matrigel as a scaffold, long term culture were establised. The intesti-

nal cells form ‘organoids’ which contain crypts that bud from a cen-

tral cyst structure. The organoids were imaged by electron

microscopy and were found to display typical small intestinal mor-

phology, such as microvilli, goblet cells and Paneth cells.

Murine beta defensin 14 (mBD14) is a homologue of human beta

defensin 3 (hBD3), for which a role in inflammatory bowel disease

has been suggested. However mice that lack mBD14 do not have an

increase susceptibility to DSS induced colitis. The mBD14-/- mice

did however display a significantly increased expression of the a-de-

fensin cryptdin 4 compared with wildtype mice.

We utilised the organoid culture system to compare the expres-

sion of defensins in organoids extracted from WT mice and mice

that lack mBD14. In agreement with the in-vivo model, cryptdin 4

was more highly expressed in organoids from mBD14-/- mice com-

pared with WT mice. Upon stimulation with TNFa or IFNc expres-

sion of cryptdin 1 and cryptdin 4 increased in the organoids from

mBD14-/- mice but not from WT mice.

These results suggest that redundancy between mBD14 and crypt-

din 4 may be a reason that no altered phenotype was observed in

the DSS colitis model in the mBD14-/- mice. Results from the orga-

noid culture compliment the results obtained in-vivo.
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Gut resident macrophages require constant replenishment from

circulating monocytes and fail to self-maintain locally

throughout adult life

C. C. Bain*, A. Bravo-Blas*, S. Henri†, B. Malissen†, L. Osborne‡,

D. Artis‡ & A. M. Mowat*

*Institute of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK, †Centre d’Immunologie de Marseille-Luminy

(CIML), Marseille, France, ‡Department of Microbiology, University of

Pennsylvania, Philadelphia, PA, USA

Background and Aims: The origin of tissue macrophages (m/) has
been an area of intense debate in recent years. Although traditionally

thought to derive from blood monocytes, several recent publications

have proposed that all tissue m/ arise from yolk-sac (YS) and/or foetal

liver precursors, with little or no involvement of blood monocytes.

During development, these precursors seed tissues before the onset of

bone marrow (BM) haematopoiesis and then maintain local m/ via

self-renewal in situ. However this concept has never been studied in

the intestine, which contains the largest population of tissue m/ in the

body. Here we have investigated the relative contribution of YS and

adult BM derived precursors to the intestinal m/ pool and explored

whether the presence of the microbiota influences intestinal m/.
Methods: CX3CR1-GFP reporter mice were used for phenotypic

analysis of m/ in mouse colon. For adoptive transfer studies, Ly6Chi

BM monocytes from CX3CR1-GFP mice were transferred into

CCR2�/� mice. For parabiosis studies, congenic mice were surgically

joined and analysed after 11 weeks. For BM chimeric studies,

CD45.1/CD45.2 were lethally irradiated, reconstituted with WT and

CCR2�/� BM at 50:50 ratio and analysed after 8 wks.

Results: Using a combination of immunophenotyping, lineage trac-

ing, BM chimeras, parabiosis and adoptive transfer of BM precur-

sors, we demonstrate that the adult intestinal m/ pool is entirely

dependent on CCR2 dependent replenishment by circulating Ly6Chi

monocytes. M/ with the phenotype of YS m/ are present in the

neonatal intestine, but by adulthood these are almost completely

diluted out by BM-derived m/. Although in situ proliferation of

colonic m/ occurs during the first 2 weeks of life, adult colonic m/
do not divide in situ and the expansion of m/ after weaning is due

to a influx of monocytes which is then maintained at low levels

throughout adult life. After arrival in the mucosa, the Ly6Chi mono-

cytes differentiate locally into highly phagocytic, IL10-producing

CX3CR1hi m/, which are hyporesponsive to TLR stimulation. As

germ-free mice have significantly fewer mucosal monocytes and m/,
the recruitment of monocytes and their subsequent differentiation

into mature m/ is clearly influenced by the microbiota.

Conclusions: We have shown definitively that unlike other tissue

m/, those resident in the gut wall require constant replenishment by

circulating Ly6Chi monocytes and this is driven partly by the micro-

biota. These results emphasise the intestine’s need for constant mon-

itoring by flexible myeloid cells and indicate that individual tissues

require unique mechanisms of m/ replenishment.

497
Four subsets of dendritic cells, with distinct functional profiles

exist independently of macrophages in the intestine and
develop from a single precursor

C. L. Scott, C. C. Bain, P. B. Wright, V. Cerovic, S. A. Houston,

S. W. F. Milling & A. M. Mowat

Institute of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK

Background: Although mononuclear phagocytes (MPs) such as den-

dritic cells (DCs) and macrophages (m/s) are central for immune

responses in the gut, the nature and functions of the individual cell

types has been contentious, largely due to the use of non-specific

and overlapping markers such as CD11c and MHCII. Distinction

between DCs and m/s is crucial, as they play very different roles in

intestinal immune responses. While DCs are essential for the induc-

tion of immunity and tolerance by sampling antigen, migrating to

the mesenteric lymph nodes (MLN) and presenting the antigen to

na€ıve T cells, m/s are sessile and act as local scavengers or mediators

of inflammation. Here we have developed more rigorous methods

for characterising intestinal MPs, which reveal crucial differences

between the populations.

Methods: DCs and m/s from mouse small intestinal lamina propria

(SI LP) were analysed by multi-parameter flow cytometry, q-PCR

and by assessing their ability to prime na€ıve T cells in vitro. Their

ontogeny was determined using KO mice and adoptive transfer of

BM-derived progenitors. MPs in intestinal lymph were collected by

thoracic duct cannulation after mesenteric lymphadenectomy.

Results: By defining DC populations based on their ability to migrate

in lymph and lack of expression of the m/ markers CD64 and F4/80,

we can identify four distinct subsets of intestinal DCs based on their

expression of CD103 and CD11b. All these DC subsets are distinct

from m/s, being zbtb46+, dependent on Flt3L and lacking phagocytic

activity. In addition they arise from the common pre-DC precursor via

a process of local differentiation and in situ proliferation, while intesti-

nal m/s are monocyte-derived and do not proliferate in situ. Although

all the DC subsets can prime na€ıve CD4+ T cells in vitro, they have dis-

tinct functional roles, with the CD103+ subsets being more efficient at

driving FoxP3+ Treg, while CD103-CD11b+ DCs induce Th17 cells

preferentially. M/s lack these T cell priming abilities. Importantly, we

can identify analogous populations in human intestine based on the

expression of CD103 and SIRPa expression.
Conclusions: Four populations of migratory DCs exist in the steady

state intestinal LP which are distinct from tissue resident m/s and

which have distinct functional profiles. By demonstrating the need

for precise gating strategies, these studies help explain some of the

controversies in the field and highlight how definition of individual

DC subsets may provide important insights into intestinal immune

function and human disease.

538
Purinergic P2X7 receptors signalling initiates inflammation

against Toxoplasma gondii infection

S. Huang, R. Shears, L. Logunova, M. Bramhall, R. Forman,

K. Else & S. Cruickshank

Faculty of Life Sciences, University of Manchester, Manchester, UK

Purinergic P2X7 receptor (P2X7R), an adenosine triphosphate-gated

receptor, is widely distributed in various body systems and has been

reported to regulate immune cell functions. However, whether

P2X7R is necessary to initiate gut inflammation is unknown. Thus,

the aim of this study was to clarify the role of P2X7R in the initia-

tion and development of small intestinal inflammation using a phys-

iological model of ileitis- Toxoplasma gondii infection. We found

that both P2X7R-knockout (KO) and the control littermate mice

had similar body-weight loss during infection but P2X7RKO mice

developed more severe pathology of small intestine with less CD11c+

cell infiltration. Compared with control mice, there was a significant

decrease in the early mucosal infiltration of CD103+CD11b- den-

dritic cells (DCs) but not CD103+CD11b+DCs into the epithelial

layer and lamina propria of P2X7RKO mice. One possibility for the

reduction in DC recruitment in the absence of P2X7R is a lack of

epithelial responsiveness and indeed we observed reduced levels of

epithelial CCL5 and CCL20 in P2X7RKO mice in response to infec-

tion. Further studies looked at the resultant adaptive immune

response. Strikingly, fewer IFN-gamma+ CD4+ T cells and declined
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serum IFN-gamma levels were noted in P2X7RKO mice, which sug-

gested a weakened Th1 immunity against infection. Current work is

addressing parasite load in these mice. In conclusion, P2X7R signal-

ling is necessary for early recruitment of antigen presenting cells in

the small intestine and may influence the induction of inflammation

as well as the subsequent adaptive immune response.

584
The role of the novel IL-1 family member IL-37 in Inflammatory
Bowel Disease

R. M. Horan*, A. M. Stefanska*, P. T. Walsh*, B. Bourke† &

S. Hussey‡

*School of Medicine/NCRC, Trinity College Dublin, Ireland, †National

Children’s Research Centre, University College Dublin, Ireland,
‡National Children’s Research Centre, Dublin, Ireland

Inflammatory Bowel Disease (IBD) is characterized by an imbalance

between the effector and regulatory arms of intestinal immunity,

with a prominent inflammatory cytokine profile. Emerging evidence

suggests that IL-1 family members play a critical role in the mainte-

nance of gut homeostasis. Previous studies highlight IL-1a, IL-1b
and IL-18 as pathogenic in the development of IBD. In contrast, IL-

37, a novel member of the IL-1 family has been shown to have an

anti-inflammatory function. A recent study employing humanized

transgenic mouse model demonstrated a protective role of IL-37 in

murine colitis. However the role of this cytokine in human disease

and its mechanism of action remain unclear. In an effort to charac-

terize the role of IL-37 in IBD, we examined the levels of expression

of IL-37 in rectal biopsies from pediatric patients with ulcerative

colitis (UC) and Crohn’s Disease (CD). We found that IL-37 expres-

sion was significantly lower in IBD patients when compared to

healthy control patients, particularly in children with CD. To investi-

gate the significance of these findings we examined signals which

regulate IL-37 expression in the colonic mucosa. Aberrant NOD2

signaling is strongly associated with CD and interestingly stimulation

of colonic epithelial cells with a NOD2 agonist (MDP) enhanced IL-

37 expression while ligands for TLR2 (Pam3Csk4) and TLR4 (LPS)

had no effect. High expression levels of pathogenic T cell derived

cytokines IFN-c, IL-17 and IL-22 were found in the colonic mucosa

of IBD patients and the profound involvement of these cytokines in

driving pathology in IBD prompted us to investigate their effect on

the expression of IL-37. We have demonstrated that the expression

of IL-37 is regulated by IFN-c but not by IL-17 or IL-22. Treatment

with IFN-c significantly inhibits endogenous and MDP-induced IL-

37 in colonic epithelial cells. In order to more closely investigate the

mechanism involved in IL-37 induced immunosuppression we have

employed over-expression system to demonstrate that IL-37 signifi-

cantly reduces production of IL-6 and TNF-a in response to TLR or

NLR stimulation. This anti-inflammatory effect is associated with

reduced NFjB activation in IL-37 transfected cells.

These observations indicate a novel role for IL-37 in the homeosta-

sis of the intestinal mucosa which is altered in IBD. Further investiga-

tion of signaling pathways involved in regulation of IL-37 activity may

help develop novel therapeutic strategies for treatment of IBD.

609
Epithelial autophagy dampens chronic intestinal inflammation

J. Pott, A. M. Kabat & K. Maloy

Sir William Dunn School of Pathology, University of Oxford, Oxford, UK

Autophagy is a fundamental cellular process required for cytosolic

degradation and nutrient recycling in response to starvation or stress

and is also involved in clearance of defective organelles, intracellular

pathogens and protein aggregates. Recent genome-wide association

studies (GWAS) linked polymorphisms in the autophagy genes

ATG16L1 and IRGM with susceptibility to inflammatory bowel dis-

ease (IBD). The aetiology of these chronic intestinal inflammatory

disorders are poorly understood but thought to arise from an inap-

propriate immune response towards the microflora.

The mechanisms through which alterations in autophagy may

influence chronic intestinal inflammation remain unclear. We hy-

pothesise that autophagy proteins regulate intestinal homeostasis

through distinct processes within different cell types of the intestinal

mucosa. To address this experimentally, we analysed tissue-specific

Atg16 l1 deficient mice in a Helicobacter hepaticus driven model of

chronic colitis.

Here we present that mice lacking Atg16 l1 in the intestinal epi-

thelium (Atg16 l1Dvillin) are more susceptible to development of

chronic colitis. However, despite severely aggravated histopathology

in Atg16 l1Dvillin mice, we did not observe an elevated adaptive

immune response in the lamina propria. Furthermore, mediators of

inflammation, such as the proinflammatory cytokines IL1b, TNF

and IFNc were only elevated at early time points in Atg16 l1Dvillin

mice but not during the chronic phase of the disease. These findings

suggest that an epithelial cell intrinsic circuit, regulated by the Cro-

hn’s disease susceptibility gene ATG16L1, prevents chronic intestinal

inflammation.

640
Leukocyte accumulation following bacterial peritoneal challenge
is dependent on Death Receptor 3

W. V. T. Perks*, R. K. Singh*, A. S. Williams†, P. R. Taylor†,

S. A. Jones† & E. C. Y. Wang*

*Department of Medical Microbiology & Infectious Disease, , Cardiff

University, Cardiff, UK, †Cardiff Institute of Infection & Immunity,

School of Medicine, Cardiff University, Cardiff, UK

Background and Aims: Death Receptor 3 is the closest family rela-

tive to TNFR1 and has an established role in autoimmune and

inflammatory disease, as well as immunity to bacterial and viral

pathogens, through driving the development of effector T cell

responses. Here, we investigated the function of DR3 during the

early stages of bacterial challenge-induced peritoneal inflammation.

Methods: Early events in inflammation were investigated in Staphy-

lococcus epidermis supernatant (SES)-induced peritonitis (SESP)) in

mice genetically deficient in the DR3 gene (DR3ko) and their DR3wt

littermates. Histochemistry was used to quantitate DR3 expression in

the peritoneal cavity. Multiparametric flow cytometry was used to

scrutinise early leukocyte infiltration in SESP. Chemokine protein

and mRNA levels were determined in peritoneal lavage by ELISA

and in the peritoneal membrane by quantitative RT-PCR, respec-

tively.

Results: DR3 expression was detected in the peritoneal membrane.

DR3ko mice showed significantly reduced numbers of multiple mye-

loid and lymphoid subsets following challenge with SES. This was

associated with significantly lower levels of a range of chemokines

likely derived from both stromal and immune cells.

Conclusion: In addition to its function as an enhancer of effector T

cell function, DR3 acts early in the immune response, regulating leu-

kocyte accumulation into locally inflamed peritoneal tissue through

the production of multiple, select chemokines.
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The Ageing Immune System: Consequences and

Interventions

106
The role of SIRPa in regulation of dendritic cell homeostasis in

the intestine

T. F. P. Zangerle Murray, C. L. Scott & A. M. Mowat

Department of Infection, Immunity and Inflammation, University of

Glasgow, Glasgow, UK

Background: SIRPa transmits a negative signal after ligation by its

ubiquitously expressed ligand CD47. Although SIRPa is expressed by

most dendritic cells (DC) and macrophages, we have shown recently

that mice with a non-signalling mutation in SIRPa have a selective

defect in CD103+CD11b+ DC in the intestine, together with reduced

numbers of Th17 cells in steady state mucosa. These results indicate

that SIRPa may play an important and very specific role in control-

ling immune responses by regulating DC homeostasis. However the

mechanisms underlying this effect are unknown and surprisingly, we

have found that the defects in SIRPa mutant mice resolve with age.

Here we have investigated how SIRPa impacts on the intestinal

immune system under different conditions and have explored how

its effects change with age.

Methods: DC subsets were examined in the small intestinal lamina

propria (SILP) and mesenteric lymph node (MLN) of SIRPa and wild

type mice from birth until 11 months of age, using flow cytometry

and Q-PCR, while Th17, Th1 and FoxP3+ T cells were enumerated by

intracellular cytokine staining. To induce systemic tolerance, mice

were fed ovalbumin, while active immunity was induced by oral infec-

tion with Citrobacter rodentium, or by induction of DSS colitis.

Results: We show that SIRPa mutant mice have defects in

CD103+CD11b+ DC in LP and MLN from weaning, but that these

are resolved by 11 months of age. This is mirrored by a defect in

Th17 cells in LP, whereas the numbers of Th1 and FoxP3+ T cells

are normal throughout. SIRPa mutant mice show no signs of illness

as they age, and young animals develop systemic tolerance normally

after feeding OVA. They also have normal susceptibility to DSS coli-

tis, but show reduced clearance of C. rodentium and reduced Th17

cell generation during infection.

Conclusions: SIRPa is important for the development and function

of CD103+CD11b+ DC induced Th17 cell responses in the intestine

and this renders them susceptible to bacterial infection. However

other aspects of immune function are normal and the selective

defects in DC and T cells resolve during later adult life. These results

suggest that SIRPa is particularly critical for responses to intestinal

bacteria and that compensatory mechanisms can be recruited after

prolonged exposure to the normal microbiota. It will now be impor-

tant to explore if the effects of ageing reflect specific changes in the

composition of microbial populations in the intestine.

111
The impact of antigen processing on CD8+ T-cell memory
inflation

J. Colston, B. Bolinger, S. Gilbert & P. Klenerman

Oxford University, Oxford, UK

Background and Aims: “Memory Inflation” was first reported in

murine cytomegalovirus (MCMV) infection, but is also seen in a

range of other virus infections. Certain epitope-specific CD8+ T-cell

responses were noted to gradually increase over time, and be main-

tained as ‘effector memory” populations in blood and tissues. This

parallels the huge expansion of CD8+ T-cells seen in those infected

with human CMV (HCMV), especially in the elderly, where such

exaggerated responses are thought relevant to immune senescence. In

CMV positive individuals there is a reduced na€ıve T cell frequency

and diversity compared to seronegative individuals, with earlier pro-

gression of immune senescence. This has been shown to have an

impact on the individual’s ability to respond to other infections, and

has been associated with increased mortality in murine studies and

more recently in humans.

We are able to mirror memory inflation very accurately using an

Adenoviral model based on a non-replicating vector encoding LacZ,

within which one epitope induces memory inflation and the other

conventional memory responses. We aimed to use this model to

define the rules governing epitope-specific memory inflation.

Methods: We initially used an in vivo model, inoculated intrave-

nously into C57BL/6 (B6) mice, comprising a recombinant non-rep-

licative Adenovirus expressing beta-galactosidase under a CMV

promoter (Ad-LacZ). Two responses (an inflationary “D8V”, and a

non-inflationary “I8V” response) were tracked using MHC class I

peptide tetramers and intracellular cytokine staining (ICS). We

tested the effect of varying:

(i) the promoter

(ii) antigen processing, using B6 and LMP7�/� mice and novel

minigene constructs

(iii) and the route of inoculation.

Results: Ad-LacZ produces robust memory inflation, equivalent to

that of CMV. The effect is not dependent on a CMV promoter.

LMP7-/- mice immunised with Ad-LacZ show independence of the

inflating epitope to the immunoproteasome, but strong dependence

of the non-inflating epitope, I8V. Critically, inoculation into B6 mice

of a minigene construct (Ad-I8V) rescues inflation. This was seen

using different routes of administration.

Conclusion: Ad-LacZ (a non-replicating vector) is a good model of

memory inflation, regardless of the route of infection and the trans-

gene promoter. Inflating epitopes are associated with immunoprotea-

some independence, potentially suggesting presentation on non-

classical antigen presenting cells. We can, however, induce inflation

to a “non-inflating” epitope by removing the requirement for pro-

cessing. These data have implications for the design of vaccines, as

well as CMV associated immune senescence.

123
Cell surface markers of stress and senescence that signal

phagocytosis – differential loss of a-2,3 and a-2,6 linked linked

sialic acids from erythrocytes

H. Cao*, W. J. Pickford*, L. S. Hall*, P. R. Crocker†, L. P. Erwig*,

M. A. Vickers* & R. N. Barker*

*Institute of Medical Sciences, University of Aberdeen, Aberdeen, UK,
†College of Life Sciences, University of Dundee, Dundee, UK

Introduction: Human erythrocytes typically live for 120 days and

senescent cells are efficiently removed by macrophages at 3 million

per second in an immunologically silent process. Loss of sialic acids

on erythrocytes has been proposed to signal senescence and to pro-

mote clearance.

Methods: A discontinuous Percoll fractionation technique was

adapted to minimise centrifugation stress on erythrocytes, while sep-

arating senescent erythrocytes on the basis of their increased density.

Briefly, decreasing percentages of Percoll were layered gently on top

of red blood cells generating seven fractions of erythrocytes.

Expression of a-2,3 linked and a-2,6 linked sialic acids on RBC

was determined from binding of the respective lectins MAL and

SNA using flow-cytometryand Western blotting.

To remove N-linked sugars, erythrocytes were incubated with

PNGase enzyme (New England Biolabs) overnight at 37°.
Results: The densest erythrocyte fractions were confirmed to contain

senescent cells, since they were more prone to haemolysis by hypo-
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tonic stress and showed greater surface deposition of complement

C3 and IgG. All erythrocyte fractions exhibited consistent a-2,3
linked sialic acid expression, but, in contrast, a-2,6 linked sialic acids

were lost from the densest 1% of cells. PNGase treatment of fresh

red blood cells to remove N-linked sugars mimicked the sialic acid

profile of senescent erythrocytes and modulated the response of mac-

rophages.

Damaged (Heat, calcium ionophore, CuSO4, osmotic shock, glu-

cose deprivation) red blood cells showed a different lectin binding

profile, with significant loss of a-2,3 linked sialic acids especially

noticeable.

Discussions: The results suggest a model whereby loss of a-2,3
linked sialic acids is a reporter of stress, while predominant a-2,6
sialic acids loss signals natural aging. These differential signals may

help to elicit appropriate responses by macrophages.

244
Impact of age on the function of CD57 defined NK cell subsets

M. R. Goodier*, M. J. White*, A. Darboe*,†, S. Moore†,‡,

K. Jones†, A. Hall§ & E. M. Riley*

*Immunolgy and Infection, London School of Hygiene and Tropical

Medicine, London, UK, †Human Nutrition Group, MRC Keneba,

Keneba, The Gambia, ‡Nutrition Group, London School of Hygiene

and Tropical Medicine, London, UK, §Infectious Disease Epidemiology,

London School of Hygiene and Tropical Medicine, London, UK

Introduction: The acquisition of CD57 on human peripheral blood

NK cells has recently been associated with changes in the ability of

these cells to respond to receptor mediated or cytokine driven sig-

nals. Furthermore, NKG2C+ NK cells, which expand in association

with human cytomegalovirus (HCMV) infection, are known to

express high levels of CD57. We therefore compared NK cell pheno-

type and activation in a cross sectional study to assess the influence

of age on the phenotype and functional potential of CD57 defined

NK cell subsets.

Methods: Individuals were recruited from the villages of Keneba and

Manduar (The Gambia, W.Africa), according to age-stratified

groups. Subjects included in the study include children (1–2, 3–5; 5–
9; 10–12 and 13–15 years) and adults (16–19 years, 20–25 years, 26–
40 years and over 40 years of age). n = 20 per group. Changes in

the phenotypic characteristics of NK cells and NK cell subsets

(CD56bright and CD56dimCD57-, CD56dimCD57intermediate and

CD56dimCD57+) with age were analysed by flow cytometry and func-

tional characteristics of these cell subsets was measured in response

to target cells, receptor crosslinking and cytokines.

Results: NK cells expressing high CD57 increased in frequency with

age whilst the proportion of cells with intermediate expression

remained stable, consistent with this being a transient population,

alongside a concomitant reduction in CD57- cells. Increases in the

frequency of CD57+ cells and in CD57 MFI were largely attributed

to an expansion of NKG2C+ cells before the age of 9. Increases in

CD57+ cells were associated with progressive loss NK cell responses

to IL-12 and IL-18 (CD107a and CD25 and IFN-g expression),

whilst the ability to respond to receptor cross-linking or target cells

by degranulation or CD25 expression remained stable with age.

HCMV seroprevalence was high (98%); only four infants were sero-

negative. Whilst NK cells from these infants responded better to

cytokines than age matched controls, there was no overall association

between HCMV exposure or serum IgG titre and altered NK cell

function across the cohort.

Conclusions: Increasing representation of CD57+ NK cells with age

impacts on overall NK cell functional capacity. As the majority of

individuals are exposed to HCMV by the age of 2, HCMV associated

remodelling of NK cell functional phenotype may occur early and it

is likely that other factors contribute to the functional differentiation

of NK cells in this cohort. This work is funded by the Medical

Research Council - UK (G1000808).

369
Identifying thymic epithelial progenitors for thymus
regeneration to combat thymic atrophy

S. Baik, W. E. Jenkinson, E. J. Jenkinson & G. Anderson

Department of Immunity and Infection, University of Birmingham

Medical School, Birmingham, UK

The thymus provides a specialized microenvironment for the genera-

tion of self-tolerant T cells. Histologically the thymus is divided into

two specialized regions: cortex and medulla. Both regions are com-

posed of thymic epithelial cells (TECs). Blood-borne lymphoid pro-

genitors enter the thymus via the cortical-medullary junction and

migrate into the cortex. Cortical thymic epithelial cells (cTECs),

which are classified by the markers Keratin-8, ERTR4, CD205 and

Ly51, select thymocytes that express a functional T cell receptor

(TCR). Then, developing thymocytes migrate from cortex to medulla

to undergo negative selection. Negative selection is driven by medul-

lary thymic epithelial cells (mTECs), which are defined by the mark-

ers Keratin-5, Ulex Europeaus Agglutinin-1, ERTR5 and MTS10. The

thymic medulla removes potentially auto-reactive thymocytes to pre-

vent autoimmune diseases. With advancing age, T cell output from

the thymus decreases due to a loss of thymic epithelium and conse-

quently it causes an increased risk of infection and a higher chance

of autoimmune diseases in the elderly. Several studies have tried to

harness thymic epithelial cells and their progenitors to overcome

thymic atrophy, but with limited success. To combat thymic atro-

phy, we have studied the phenotype of bipotent TEC progenitors

and TEC developmental pathways in early embryos. While current

models indicate the developmental pathway for each lineage is com-

pletely separate from each other, our data suggest that there is a link

between cTEC and mTEC development from progenitors in terms of

phenotypical characterization and functional responses to lineage-

specific stimulation. Specifically, we find that Aire+ mTEC can

develop from progenitors expressing the cTEC marker CD205, and

CD205 + progenitors acquire the expression of mTEC regulator

Receptor Activator of NF-jB (RANK) before losing their cTEC phe-

notype. Collectively, our data help clarify potential cellular targets

for the re-establishment of functional thymus tissue.

408
Memory deflation: impact of CMV on antiviral CD8 T cell

memory pools

L. N. Lee, B. Bolinger, C. de Lara, J. Colston & P. Klenerman

Nuffield Department of Medicine, University of Oxford, Oxford, UK

Background and Aims: Many vaccination strategies aim to generate

strong and long-lived CD8 T cell memory responses. In particular,

non-replicating recombinant adenoviruses (rAd) have shown prom-

ise as novel vaccination constructs as they are able to generate strong

memory CD8 T cell responses. However, most studies follow the

CD8 T cell response after immunization in ‘clean’ uninfected mice.

In real world situations many individuals harbour or may become

infected with life-long persistent infections with the potential to

interfere with the generation of new CD8 T cell responses.

Cytomegaloviruses (CMVs) are prevalent in both human and

murine populations. During persistent murine CMV (MCMV) infec-

tion, the phenomenon of CD8(+) T cell memory inflation occurs,

which is characterized by the accumulation of high-frequency, func-

tional Ag-specific CD8(+) T cell pools with an effector-memory phe-

notype and enrichment in peripheral organs. We have recently
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characterized an epitope in beta-galactosidase (termed bgal96) on a

rAd vector (rAd-lacZ) that also invokes memory inflation in C57BL/

6 mice. We therefore investigated the impact of CMV infection on

rAd-driven T cell memory and vice versa.

Methods and Results: To address how rAd – generated responses

develop in a background of persistent infection, we immunized mice

persistently infected with MCMV with rAd-lacZ and measured the size

of the bgal96 effector memory population generated. We found that

pre-existing MCMV did not interfere with the generation of bgal96
CD8 T cell effector memory responses. Also, the generation of the large

effector memory CD8 T cell population to bgal96 did not affect the size

of the pre-existing MCMV-specific inflated CD8 T cell populations. By

contrast, when mice previously immunized with rAd-lacZ were subse-

quently infected with MCMV, we observed a dramatic reduction in the

size of the bgal96 population in blood, liver, lungs and spleen (e.g. in

blood: from 7.34% to 1.06%, P = 0.008). The generation of inflated

memory responses to MCMV was unaffected.

Conclusions: Our results indicate that while immunization with rAd

against a background of persistent MCMV infection does not affect

the magnitude and longevity of anti-rAd CD8 T cell effector memory

responses, the acquisition of an MCMV infection post rAd immuniza-

tion may be detrimental to the survival of the CD8 T cell effector

memory response and thus the quality of protection afforded by rAd-

based vaccines. Our data also suggest there is immunologic space for

multiple inflated T cell responses but indicate a clear ‘deflating’ impact

of primary CMV infection on existing memory pools.

568
Defects in Fas, Bim, Bax render CD4+CD28null T cells resistant to

apoptosis and explain their accumulation in patients with

coronary atherosclerosis

E. Kovalcsik, R. Antunes, J. C. Kaski & I. E. Dumitriu

Cardiovascular Sciences Research Centre, St. George’s University of

London, London, UK

Aim: Atherosclerosis is now widely recognized as a disease with an

underlying immune deregulation. Patients with coronary atheroscle-

rosis that develop myocardial infarction (MI) have an expansion of a

unique subset of T lymphocytes, the CD4+CD28null (CD28null) T

cells, characterized by the lack of the CD28 co-stimulatory receptor.

These cells have a pro-inflammatory and cell-lytic phenotype.

Patients harbouring high numbers of CD28null T have increased risk

of recurrent severe acute coronary events (i.e. MI) and unfavourable

prognosis. Why CD28null T cells accumulate preferentially in patients

with MI compared to patients with stable angina (SA) and healthy

individuals is currently unknown. T cell homeostasis is maintained

by elimination of unwanted T cells via apoptotic cell death. We

hypothesized that apoptosis pathways that mediate elimination of T

cells are dysregulated in CD28null T cells in patients with MI. Our

aim was to investigate molecules involved in apoptosis regulation in

CD28null T cells in patients with coronary atherosclerosis (MI and

SA).

Methods: Levels of pro-apoptotic (i.e. Fas, FasL, Bim and Bax) and

anti-apoptotic (Bcl-2, Bcl-xL) proteins were measured in patients

with MI (n = 25) and SA patients (n = 18) using flow-cytometry.

Apoptosis sensitivity of CD28null T cells to the Fas-ligating anti-

body CH11 and C2-ceramide was measured with annexin-V and 7-

AAD.

Results: Pro-apoptotic molecules Fas, Bim and Bax were dramati-

cally reduced on CD28null T cells in patients with MI, whilst anti-

apoptotic molecules Bcl-2 and Bcl-xL were similar in CD28null and

CD28+ T cells. Notably, CD28null T cells in patients with MI showed

significantly lower Bim and Bax levels compared to CD28null T cells

in SA patients. We found that CD28null T cells in MI patients were

resistant to apoptosis induction via Fas-ligation or ceramide. Fur-

thermore, we show that proteasomal inhibition restores apoptosis

sensitivity of CD28null T cells in patients with MI.

Conclusion: We show that CD28null T cells in patients with MI har-

bour marked defects in molecules that regulate T cell apoptosis,

which tips the balance in favour of anti-apoptotic signals and

endows these cells with resistance to apoptosis. Furthermore, we

propose a novel mechanism that implicates the proteasome as a key

regulator of apoptosis sensitivity of CD28null T cells in patients with

MI. A better understanding of the molecular switches that control

apoptosis sensitivity of CD28null T cells may reveal novel strategies

for targeted elimination of these T cells in patients with coronary

atherosclerosis.

595
Seven-colour flow-FISH assessment of telomere length within

CD8+ and antigen-specific T cell populations

N. E. Riddell*, S. J. Griffiths*, L. Rivinio†, A. Larbi‡,

P. A. MacAry†, D. M. Kemeny† & A. N. Akbar*

*Division of Infection & Immunity, UCL, London, UK, †Department of

Microbiology and Immunology, National University of Singapore,

Singapore, Singapore, ‡Singapore Immunology Network, A*STAR,
Singapore, Singapore

Introduction: Techniques which assess telomere length provide

information on the replicative history of a cell, and the remaining

proliferative potential that the cell may have. Such analysis is useful

when assessing T cell immunity in older age as the T cell pool is

maintained by homeostatic proliferation of memory cells. Here we

describe a 7-colour flow- fluorescent in-situ hybridisation (FISH)

technique which allows analysis of telomere length within CD8+ and

antigen-specific T cell subsets.

Methods and Results: To determine the telomere lengths of the cells

in kbps, a standard curve was constructed using nine PBMC samples

with a known telomere length, as determined by southern blot

analysis of telomeric restriction fragment. Flow-FISH was performed

and the samples run on a BD LSRII simultaneously with Quantum

Cy5 MESF Beads. The Quantum Cy5 Beads standardise the Cy5 telo-

mere probe fluorescent from the sample by converting the signal

into molecules of equivalent soluble fluorochrome unit (MESF) val-

ues which were then used to construct the standard curve

(R2 = 0.9189, P < .0001). Conversion into MESF values allows accu-

rate calculation of kbps from flow-FISH samples over time. Using

this technique combined with CMV-specific tetramers, we assess the

telomere length of different subsets within the total CD8+ and

CMV-specific T cell populations as defined by CD45RA and CD27

expression; naive (CD27+CD45RA+), central memory (CM,

CD27+CD45RA-), effector memory (EM, CD27�CD45RA�) and

EMRA (CD27-CD45RA+) cells. Surprisingly we found that the telo-

mere length for EMRA CD8+ T cells was either similar to or longer

than both CM and EM cells in the young (< 40 years old) and in

the old (>65 years old) (all P < 0.05). Similar results were gained

when using CD28/CD45RA defined T cell subset analysis and within

the CMV-specific CD8+ T cell compartment (all P < 0.05).

Conclusion: With the increased availability of heat stable antibody

conjugates it is now possible to perform up to 7 colour flow-FISH.

This facilitates the telomere analysis of multiple populations within

one sample without the requirement of first sorting the specific cells.

It is also possible to assess antigen-specific telomere length by com-

bining the flow-FISH technique with tetramer technology. Using this

technique we have found, somewhat surprisingly, that end-stage

CD45RA re-expressing memory T cells have relatively long telomeres

compared to other memory T cell subsets. This suggests that the

senescence features of these cells are governed by a telomere-inde-

pendent mechanism.
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The Dynamics of Immune Cell Recognition and

Signalling

44
The differential roles of TNF-a receptor 1 and TNF-a receptor 2

in influencing the balance of pro- and anti-inflammatory

cytokine output from monocytes

J. Gane*, R. Stockley† & E. Sapey*

*Clinical and Experimental Medicine, University of Birmingham,

Birmingham, UK, †Lung Function and Sleep Department, University

Hospital Birmingham, Birmingham, UK

Background and Objectives: TNF-a blocking strategies are

employed in chronic inflammatory diseases such as rheumatoid

arthritis, but not all patients respond and there is evidence of pro-

inflammatory events in some patients on treatment. Monocytes are

the principal producer of TNF-a and the anti-inflammatory cytokine

IL-10. This study aimed to clarify the effects of TNF-a signalling

through its two receptors, on inflammatory output from monocytes.

Methods: Monocytes from 19 healthy controls were stimulated with

lipopolysaccharide (LPS) with or without monoclonal antibodies

against TNF-a, TNF-a receptor 1 (TNFR1) or TNF-a receptor 2

(TNFR2). Supernatants/cell pellets were harvested for protein and

mRNA quantification using ELISAs and qPCR. Flow cytometry

quantified the cell surface expression of TNFR1 and TNFR2.

Results: Autocrine binding of TNF-a up-regulated expression of

pro-inflammatory cytokines (IL-1b, IL-8, IL-6) through TNFR1. In

contrast, TNFR2 ligation up-regulated the anti-inflammatory cyto-

kine, IL-10. TNFR2 was the predominant receptor in the basal state

and bound the majority of soluble TNF-a secreted by monocytes,

effectively clearing the cytokine from the pericellular environment.

(All P values < 0.05.)

Conclusion: Current TNF-a blocking therapy, whilst preventing pro-

inflammatory signalling via the ubiquitous TNFR1 may also inadver-

tently prevent beneficial IL-10 production via TNFR2 activation on

leukocytes. Our data support selective TNFR1 blockade in treatment

of TNF-a driven disease, switching off pro-inflammatory signalling

whilst leaving TNFR2 available to remove soluble TNF-a from the

pericellular environment and to up-regulate IL-10.

80
Maximal activation for any given TCR/pMHCI interaction is

afforded at a defined pMHCI/CD8 strength

T. Williams*, J. Bridgeman*, M. Clement*, M. Bailey†, D. Price*

& L. Wooldridge‡

*Infection and Immunity, Cardiff University School of Medicine,

Cardiff, UK, †School of Clinical Veterinary Science, University of

Bristol, Bristol, UK, ‡Faculty of Medicine and Veterinary Sciences,

University of Bristol, Bristol, UK

Introduction: CD8+ T-cells recognise abnormal cells for deletion via

small peptide fragments presented on MHCI molecules at the cell

surface. T-cells recognise foreign or self pMHCI via their unique

abTCR; a single TCR may recognise up to a million ligands. The

TCR/pMHCI interaction affinity can vary appreciably, with cancer

ligands being typified by a weaker affinity interaction than those pre-

sented in viral challenge. The CD8 coreceptor is quintessential for

induction of CD8+ T-cell activation when the presented ligand is

characterised by a weaker affinity. CD8 has multiple roles in CD8+

T-cell activation; one of these is allowing the TCR to focus and

fine-tune between different ligands. As a result, the TCR can switch

between the plethora of ligands which it is able to recognise. The

pMHCI/CD8 interaction is characterised by extremely weak affinities;

altering these kinetics allows for variation in peptide ligand

recognition.

Methods: Using tetramer technology, I have examined how pMHCI

recognition is affected when pMHCI/CD8 is altered. I have also

examined T-cell activation when the pMHCI/CD8 interaction

strength is altered.

Results: TCR recognition of pMHCI at the cell surface increases as

the strength of the pMHCI/CD8 interaction is increased as measured

by tetramer staining. However, maximal T-cell activation for a given

TCR/pMHCI interaction is seen at a pMHCI/CD8 interaction

strength, which varies conversely with ligand affinity.

Conclusions: Data demonstrates that the strength of the pMHCI/

CD8 interaction that affords a maximal response varies for different

TCR/pMHCI affinities. This has direct relevance for the optimisation

of adoptive T-cell therapies.

94
Storage- related changes on the surface of red blood cells

D. Tampakis, L. S. Hall, H. Cao, M. A. Forrester, L. P. Erwig,

M. A. Vickers & R. N. Barker

Division of Applied Medicine, University of Aberdeen, Aberdeen, UK

Background and Aims: Several changes to the surface of red blood

cells (RBCs) have been proposed to result from senescence and to

occur during storage for transfusion. These changes allow recogni-

tion of RBCs by macrophages, targeting them for clearance from the

circulation. However, the molecular basis of recognition remains

unclear. We compared changes in the expression of candidate senes-

cence markers CD47 and CD147, phosphatidyl serine (PS) exposure,

and the levels of IgG antibody on RBCs as they age in vitro and in

vivo.

Methods: We developed a murine model of RBC storage under con-

ditions analogous to those used by the blood transfusion service,

and a density-based method to fractionate RBC on the basis of age.

Flow cytometric analyses determined levels of CD47, CD147 and PS

and enzyme-linked antiglobulin tests were used to identify IgG

bound to stored and fractionated RBCs.

Results: Levels of the putative anti-phagocytic ligands CD47 and

CD147 on RBCs progressively reduced with storage, and a concur-

rent increase in exposure of the pro-phagocytic apoptotic marker PS

occurred in some samples. Despite levels of IgG bound by stored

RBC remaining low, there was evidence of an increase.

Conclusion: Results are consistent with a model whereby changes

between anti- and pro-phagocytic signals determine senescent RBC

clearance, exemplified by reduced CD47 and CD147, and increased

PS expression. Although, age-related changes to the RBC anion

channel band 3 have been suggested to allow increased IgG binding,

this is a relatively weak effect. These findings are relevant to under-

standing adverse effects during transfusion.

129
Identification of committed mast cell progenitors in mouse

blood

J. S. Dahlin, B. Heyman & J. Hallgren

Department of Medical Biochemistry and Microbiology, Uppsala

University, Uppsala, Sweden

Background and Aims: Mast cell progenitors migrate from the bone

marrow to the peripheral organs, in which they mature. Although

committed mast cell progenitors in adult blood have been postu-

lated, they have not been found in mice or humans. The aim of this

study was to find out whether committed mast cell progenitors are
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present in adult mouse blood and if these cells differ between mouse

strains.

Methods: Single cells of different populations were isolated using

gradient centrifugation and two consecutive fluorescence-activated

cells sorts. The isolated cells were cultured in a cytokine cocktail,

which allowed differentiation into all myeloerythroid lineages. The

lineage commitment of the cultured cells was evaluated after 4 and

14 days.

Results: A population of lineage- c-kithi ST2+ integrin b7hi CD16/
32hi cells, constituting 0.0045% of the blood mononuclear cells,

exclusively gave rise to mast cells after culture. Furthermore, the

fraction of FceRI+ cells among the lineage- c-kithi ST2+ integrin b7hi

CD16/32hi progenitors was higher in Th2-prone BALB/c than Th1-

prone C57BL/6 mice.

Conclusions: We have identified committed mast cell progenitors in

murine peripheral blood. These cells were more mature in Th2 than

Th1 prone mice based on the expression of FceRI.

152
Characterization of memory CD4+ T cell responses to the dog
allergen Can f 4 reveals a dominant epitope region

A. Liukko*, T. Kinnunen*, A. Kailaanm€aki*, M. Rytk€onen-
Nissinen*, J. Randell† & T. Virtanen*

*Department of Clinical Microbiology, Institute of Clinical Medicine,

University of Eastern Finland, Kuopio, Finland, †Department of

Pulmonary Diseases, Kuopio University Hospital, Kuopio, Finland

Background and Aims: The recently characterized dog lipocalin

allergen Can f 4 has turned out to be an important dog allergen in

terms of IgE reactivity. However, the human T cell reactivity to Can

f 4 has not been examined previously. The objective of this study

was to characterize memory CD4+ T cell responses to Can f 4 in

allergic and nonallergic individuals and to identify dominant T cell

epitopes of Can f 4 suitable for peptide-based allergen immunother-

apy.

Methods: Allergen-specific CD4+CD45RO+ memory T cell lines

from allergic and healthy subjects were established with recombinant

Can f 4 allergen and stimulated with 48 overlapping 16-m Can f 4

peptides. The proliferation and phenotype, as determined by the

cytokine production and surface marker expression of the T cells,

were analyzed.

Results: We observed a higher frequency and functional avidity of

Can f 4 specific memory CD4+ T cells in the peripheral blood of

allergic subjects. Moreover, we identified several epitope regions rec-

ognized by Can f 4-specific T cells in allergic subjects. The epitope

region localized between the amino acids 43–67 of Can f 4 was rec-

ognized as immunodominant, as the T cell lines a majority of aller-

gic donors with diverse HLA backgrounds recognized at least two

overlapping peptides covering this region.

Conclusion: Can f 4-specific memory CD4+ T cells of allergic sub-

jects differ functionally from those of nonallergic subjects and recog-

nize a dominant epitope within Can f 4. A peptide containing the

immunodominant epitope (p43-67) is a potential candidate for pep-

tide-based immunotherapy of dog-sensitized subjects.

209
Sphingosine 1-phosphate in ischemia-reperfusion injury: effects

on trans-endothelial migration of neutrophils

E. Giannoudaki, J. A. Kirby & S. Ali

Institute of Cellular Medicine, Newcastle University, Newcastle upon

Tyne, UK

Sphingosine 1-phosphate (S1P), a bioactive lipid mediator and

ligand of 5 G-protein coupled receptors, is involved in many cellular

processes including cell survival and proliferation, lymphocyte

migration, and endothelial barrier function. Several studies report

protective effects of S1P during ischemia-reperfusion injury (IRI) of

different organs, such as myocardial, renal or intestinal IRI. Neu-

trophils are major mediators of IRI. The neutrophil - endothelium

interaction and neutrophil trans-endothelial migration could be the

targets of therapeutic approaches to IRI. The aim of this project is

to assess whether S1P, or candidate drug analogues, can protect

against inflammation during IRI by affecting neutrophil trans-endo-

thelial migration, either by acting on neutrophils directly or indi-

rectly through the endothelial cells.

The direct effects of S1P on isolated human neutrophils from

healthy volunteers were assessed. Western blotting experiments

showed that S1P signalling in neutrophils induces phosphorylation

of ERK1/2, and enhances IL-8 induced phosphorylation. However,

in chemotaxis assays, S1P pre-treated primary human neutrophils

showed no altered migration towards IL-8 in comparison to

untreated neutrophils. Moreover, in an in vitro flow-based adhesion

assay, S1P pre-treatment did not have a significant effect on IL-8

induced neutrophil adhesion to VCAM-1 and ICAM-1.

Next, the indirect effects of S1P were assessed, using endothelial

cells. When endothelial cell lines HMEC-1 and Ea.hy926 were treated

with S1P and S1P receptor agonists, IL-8 production was induced,

and adhesion molecules VCAM-1 and ICAM-1 were upregulated, as

was measured by ELISA, RT-qPCR and flow cytometry. However,

although S1P treated Ea.hy926 allowed more neutrophils to migrate

during an in vitro trans-endothelial migration assay towards IL-8,

compared to untreated cells, S1P treatment of HMEC-1 inhibited

neutrophil trans-endothelial migration towards IL-8. Currently,

experiments with primary HUVEC endothelial cells are being per-

formed for comparison. Different S1P receptor expression profiles

might explain the conflicting results.

In conclusion, functional assays indicated no direct effect of S1P

on neutrophil migration, although S1P receptor signalling in neu-

trophils can activate MAPK/ERK signalling pathways and enhance

IL-8 signalling. However, S1P can affect neutrophil migration indi-

rectly, either by inducing IL-8 and adhesion molecules expression by

endothelial cells, or by acting on endothelial cells to inhibit trans-

endothelial migration of neutrophils. Experiments to assess effects

on neutrophil adhesion to endothelium under flow conditions are

currently under way. In the future, in vivo experiments in a mouse

model will be performed to validate the in vitro results.

233
Neutrophil recruitment and function in response to Alum

adjuvant

J. Stephen, R. A. Benson, A. H. Pollock, P. Garside & J. M. Brewer

Institute of Infection, Immunology and Inflammation, University of

Glasgow, Glasgow, UK

Background: New and improved adjuvants are essential for the

development of novel vaccines. However, we have a very limited

understanding of how adjuvants work in vivo, even for adjuvants in

widespread clinical use, such as aluminum hydroxide (alum). Histo-

logical analysis has revealed that neutrophils comprise a significant

part of the cellular inflammatory response to alum immunisation.

Neutrophils are known to affect key cells involved in the adaptive

immune response such as DCs, B cells and T cells, therefore we

aimed to characterise the processes of neutrophil recruitment in

response to alum and the role of these cells in alum adjuvant activ-

ity.

Materials and Methods: BALB/c mice where immunised with oval-

bumin/alum (OVA/alum) and chemokine and chemokine receptor

expression at the site of injection was determined using Taqman�
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Low Density Arrays. Neutrophil recruitment to injection sites in

response to OVA/alum was determined using flow cytometry and

visualised with multi-photon microscopy. Neutrophils were depleted

using the monoclonal antibody NIMP-R14 and specific T cell

responses characterised by adoptive transfer of OVA TcR transgenic

(DO11.10) x IL-4-GFP reporter T-cells (DO11.10x4get) into congen-

ic recipients. B-cell antibody production was determined by ELISA

and T-cell cytokine production was assessed using Luminex�.

Results: OVA/alum injection was found to induce rapid expression

of several inflammatory chemokines, including CXCL1, CXCL2,

CCL5 and the chemokine receptor CCR5 within 1–2 h of adminis-

tration. Consistent with this expression pattern, ex vivo phenotyping

revealed a significant influx of neutrophils 1–2 h following OVA/

alum injection. This contrasted with the slower accumulation of cells

in response to the microbial stimulus, LPS. Neutrophil depletion

reduced the magnitude of the antigen specific T cell response follow-

ing OVA/alum immunisation and also resulted in skewing of the T

cell response from a characteristic Th2- towards a Th1- type

response.

Conclusion: Overall our results demonstrate that neutrophils are

rapidly recruited to the site of alum immunisation where they play

an important role in directing the magnitude and phenotype of the

evolving T cell response in the lymph node. Understanding how

adjuvant induced inflammatory responses at the injection site influ-

ence changes in the downstream adaptive immune response will

facilitate improved vaccine design.

249
Role of the T cell receptor germline complementarity

determining regions

J. Dyson, M. Attaf, S. Holland & I. Bartok

Section of Molecular Immunology, Imperial College London, London, UK

The bias of ab T cells for MHC ligands is not well understood. The

germline complementarity determining regions (CDRs) of the TCR

have been proposed to provide hardwired specificity for MHC

ligands (1). Equally, the CD4 and CD8 co-receptors contribute to

ligand restriction by co-localizing Lck with the TCR only when

MHC ligands are engaged (2). To determine the importance of hard-

wired, germ-line encoded bias, the TCR complementarity determin-

ing regions were extensively diversified in vivo using V(D)J

recombination (3). We show that engagement with MHC ligands

during thymocyte selection and peripheral T-cell activation imposes

remarkably little constraint over TCR structure. Such versatility is

more consistent with an opportunist, rather than a predetermined,

mode of interface formation. This hypothesis was experimentally

confirmed by expressing hybrid TCRs containing immunoglobulin

or TCR-c chain germ-line CDRs which directed positive selection.

This work has now been extended by making transgenic mouse lines

expressing TCR beta with germline CDR1 & 2 replaced with glycine/

serine linkers. Surprisingly, such TCRs engage MHC ligands during

thymocyte development more effectively than those with CDR1 & 2

in germline configuration. These data suggest that the germline CDR

structures function to moderate rather than promote engagement of

TCR with MHCpeptide ligands.

(1) Yin, L. et al. Immunol Rev. (2012) 250: 49.

(2) Van Laethem, F. et al. Trends Immunol. (2012) 33: 437.

(3) Holland, S. J. et al. Proc Natl Acad Sci U S A. (2012) 109:

E3111.

281
The adjuvant potential of All-trans Retinoic Acid (ATRA) in

humans

M. Mwanza*, M. Chomba†, E. Besa‡, M. Chama§, E. Fungika§,

P. Kelly¶ & TROPGAN

*Internal Medicine, Tropical Gastroenterology and Nutrition, School of

Medicine University of Zambia, Lusaka, Zambia, †Tropical

Gastroenterology and Nutrition Group, Lusaka, Zambia, ‡Tropical

Gastroenterology and Nutrition Group, Lusaka, Zambia, §University of

Zambia, Lusaka, Zambia, ¶Barts and The London School of Medicne,

Queen Mary University of London, London, UK

Background and Aims: Diarrhoeal disease due to intestinal infection

is one of the most important causes of morbidity and mortality in

children in the tropics and there are few efficacious vaccines for pre-

vention. Oral vaccines elicit diminished immune responses as low as

35% for Rotarix in Malawi. Recent animal studies demonstrated that

ATRA up regulated CC chemokine receptor 9 (CCR9) and integrin

a4b7 increasing their gut tropism. It also up-regulated the IgA trans-

port molecule polymeric Ig receptor (pIgR). We have recently dem-

onstrated ATRA as an oral adjuvant in human participants.

Adjuvants enhance immunity to vaccines by a variety of mecha-

nisms. Here we look at the mechanisms of ATRA during oral vacci-

nation.

Methods: Adult male volunteers aged between 20 and 57 years were

randomized and vaccinated in the presence or absence of ATRA.

Blood samples (n = 28) were collected and evaluated for effect of

ATRA on expression of CCR9 and integrin a4b7 using Flow cytome-

try. Jejunal biopsies were also collected from another group of vol-

unteers (n = 13) and analyzed for changes in mRNA expression of

pIgR using qRT-PCR.

Results: 43% of participants showed an up-regulation in both CCR9

and a4b7 while 25% showed a down-regulation. We demonstrated a

correlation in expression of CCR9 and a4b7 in presence of ATRA

and vaccine. Changes in mRNA expression of pIgR were varied some

showing a huge fold increase while others had virtually no change.

Conclusion: The data suggest that ATRA has an effect on the

expression of CCR9 and integrin a4b7 and a greater response is seen

in the presence of a vaccine. ATRA given on its own showed no

change on pIgR.

296
Macrophage c-Myc expression level predicts the risk of

atherosclerosis and regulates disease progression

O. M. Pello*,†, A. De Juan† & V. Andres†

*Metabolism and Experimental Therapeutics, University College

London, London, UK, †Department of Epidemiology, Atherothrombosis

and Imaging, National Center for Cardiovascular Research (CNIC),

Madrid, Spain

Background: Macrophages acquire specialized phenotypes in

response to signals from the local microenvironment that polarize

them towards a specific activation state. In atherosclerosis, it has

been suggested that different stages in disease progression are associ-

ated with presence of distinct macrophage subtypes. The prevalence

of alternatively-activated macrophages (AAMs or M2) in early ath-

erosclerotic lesions is proposed to be an anti-inflammatory and

reparative mechanism that limits disease progression in the initial

stages, while the accumulation of classically-activated macrophages

(CAMs or M1) in the damaged vessel wall contributes to plaque

expansion. Expression/activation of the transcription factor c-Myc

has recently been linked to acquisition of an M2 phenotype.

Hypothesis: The contribution of c-Myc to many hematological

malignancies and tumors is dependent on its level of expression. We
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hypothesized that the level of c-Myc expression in resting peritoneal

macrophages from apolipoprotein E-knockout mice (apoE-KO) fed

standard chow (steady-state conditions) would predict the ability to

mount an M2 response and the likely atherosclerosis burden in

response to a high-cholesterol diet.

Methods and Results: Analysis of peritoneal macrophages isolated

from apoE-KO mice under steady-state conditions revealed a normal

(Gaussian) distribution of c-Myc mRNA expression, with most ani-

mals close to the mean but some animals with very low or very high

c-Myc levels. The animals were subsequently fed a high-cholesterol

diet for two months.Fat-fed mice that expressed the lowest levels of

c-Myc in resting macrophages developed larger atherosclerotic pla-

ques (by en face Oil Red O staining) than animals that expressed

average levels, and animals expressing the highest levels of c-Myc

developed the smallest lesions.

To investigate the role of c-Myc expression in the development of

an anti-inflammatory macrophage response, we generated mice with

macrophage-specific c-Myc deficiency by crossing c-Mycfl/fl mice

with LysMcre/+ apoE-KO mice, yielding c-Mycfl/fl LysMcre/+ apoE-KO

mice doubly deficient for c-Myc and apoE (Mq-c-Myc apoE-DKO

mice) and control c-Mycfl/fl apoE-KO littermates with intact c-Myc.

We find that, compared with similarly treated control littermates,

fat-fed Mq-c-Myc apoE-DKO mice mount a stronger inflammatory

response characterized by higher levels of IL-6-producing Ly6Chigh

monocytes, Cxcl1-related neutrophilia, fibrin deposition (and even

death) that results in greater atherosclerosis burden.

Conclusions: c-Myc mRNA expression level in peritoneal macro-

phages correlates inversely with atherosclerosis development in

apoE-KO mice. Moreover, macrophage-specific c-Myc depletion sig-

nificantly increases inflammation and atherosclerosis burden. These

results identify c-Myc expression in macrophages as a predictor of

atherosclerosis risk and suggest that increasing macrophage c-Myc

expression has the potential to reduce atherosclerosis progression.

302
Interaction of Mycobacterium leprae with Toll-like receptor-4

and the effect of BCG vaccination in macrophage response to

Mycobacterium leprae

A. Polycarpou, S. Willcocks, S. Walker, E. Gobena & D. Lockwood

London School of Hygiene and Tropical Medicine, London, UK

Background and Aims: Toll-like receptor (TLR)-4 belongs to a fam-

ily of pattern-recognition receptors that bind to microbial ligands.

TLR4 is the only TLR which uses both MyD88- and TRIF-dependent

signaling pathways. A role of TLR4 in the pathogenesis of several

mycobacterial infections has been suggested. We hypothesized that

Mycobacterium leprae binds to TLR4 leading to signal transduction

and that TLR4 expression is modulated by M. leprae.

Methods: HEK-Blue 293 cells expressing TLR4 were stimulated with

increasing concentrations of irradiated M. leprae. Peripheral blood

mononuclear cells (PBMCs) of BCG and non-BCG vaccinated

healthy volunteers were isolated. PBMCs were cultured in medium

containing Macrophage colony stimulating factor (M-CSF). Attached

macrophages were isolated after differentiation and were incubated

overnight with increasing doses of M. leprae with or without neu-

tralizing antibody for TLR4. ELISAs for pro-inflammatory cytokines

were performed in the collected supernatants. RNA extraction,

cDNA synthesis and Real-time PCR for TLR4-related genes were

performed in M. leprae stimulated macrophages. Staining for macro-

phage markers CD14, CD16, CD68 and for TLR4 was performed by

multicolor flow cytometry. The Median Fluorescence Intensity (MFI)

for TLR4 expression was compared between BCG-vaccinated subjects

and non-BCG.

Results: Stimulation of human macrophages with M. leprae led to

TNF-a, IL-6 and CXCL10 cytokine production though the TLR4.

Incubation of macrophages with M. leprae led to a modulation of

several MyD88- and TRIF-dependent genes. In macrophages from

BCG-vaccinated healthy volunteers the dose-response curve of %

change of TLR4 MFI with increasing concentrations of M. leprae

showed gradual down-regulation of the receptor. On the other hand,

the % change of TLR4 MFI in non-BCG vaccinated healthy volun-

teers showed up-regulation of the receptor.

Conclusions: Mycobacterium leprae binds to TLR4 leading to signal

transduction and cytokine production though both MyD88- and

TRIF-dependent signaling pathways. TLR4 expression in macrophag-

es is modulated after incubation with M. leprae in both BCG and

non-BCG donors but in an opposite manner. BCG vaccination is

normally expected to have an effect only on acquired immunity to

mycobacteria but surprisingly here we showed that it affects innate

immune cells as well by shifting the macrophage TLR4 response to

M. leprae. This is a model for analysing TLR4 response in vitro. Fur-

ther work on leprosy patients will validate these results.

428
How do the lymphocyte receptors CD5 and CD6 regulate

activation and inhibition of immune responses?

J. Breuning & M. H. Brown

Sir William Dunn School of Pathology, University of Oxford, Oxford,

UK

CD5 and CD6 are co-receptors belonging to the scavenger receptor

cysteine-rich superfamily that have both been shown to have activat-

ing and inhibitory function in T cells. Both receptors are implicated

in diseases such as leukaemia and multiple sclerosis, but the exact

niche of CD5 and CD6 in the immune response is not well under-

stood. CD5 and CD6 contain a conserved serine and/or tyrosine

phosphorylated SDSDY motif that was shown to have activating and

inhibitory effects in CD5. The goal of this project is to understand

regulation by CD5 and CD6 at a molecular level by focusing on

interactions with the SDSDY motif.

Pulldowns with a serine and tyrosine phosphorylated CD5-derived

SDSDY peptide and subsequent tandem mass spectrometry analysis

revealed potential interactions with activating and inhibitory SH2

domain containing T cell signalling proteins. A connection to the

cytoskeleton via the ERM proteins ezrin and moesin was also identi-

fied. The interaction with ERM proteins was confirmed as direct by

surface plasmon resonance and is dependent on tyrosine and serine

phosphorylation of the SDSDY motif.

Association of CD5 and CD6 SDSDY directly or indirectly with

activating and inhibitory signalling proteins could be an explanation

for the varying effects of these receptors. In addition, the interactions

with ERM proteins that are known to be important for the forma-

tion of the immunological synapse suggest a mechanism for the

involvement of CD5 and CD6 in synapse formation. For a compre-

hensive analysis of the role of CD5 and CD6, future plans include

examining functional effects of intracellular interactions, the localisa-

tion of CD5 and CD6 and the effects of engaging the extracellular

regions of CD5 and CD6 during T cell activation.
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488
Activated bone marrow-derived mast cells from BALB/c mice

exhibit LPS-specific effects on IL-9 production

P. Baars, A. Michel & M. Stassen

Instiute for Immunology, University Medical Center Mainz, Mainz,

Germany

Mast cells express different TLR including TLR4, which recognizes

lipopolysaccharide (LPS), a cell wall component from Gram-negative

bacteria. Our previous work demonstrated that TLR4-induced signal-

ing leads to the enhanced expression of inflammatory cytokines by

IgE-activated mast cells, including IL-9, at least partly by boosting

the activation of NF-kB (Stassen et al., J. Immunol. 2001, 166:4391).

However, our knowledge about the regulation of IL-9 expression

in mast cells is still scarce and deserves further investigation. Based

on our unpublished observation that BMMC derived from C57BL/6

mice are low responders to LPS compared to BALB/c regarding the

production of IL-9, we performed comparative analyses of BMMC

from both strains to get further insight into the underlying mecha-

nisms of IL-9 expression.

Thus, we generated BMMC derived from C57BL/6 and BALB/c

mice. The output of cytokine production in vitro was assayed by

ELISA. In qRT-PCR the expression of transcription factors, cytokines

and other members of the LPS downstream signaling pathway were

analyzed. Luciferase reporter gene assays specific for NF-jB were

performed.

In accord with our previously published work, LPS strongly pro-

motes the production of IL-9 in IgE-activated BMMC derived from

BALB/c mice. However, whereas the IL-9 production induced solely

by IgE receptor signaling is comparable in BMMC derived from

either BALB/c or C57BL/6, the latter only marginally respond to LPS

as a cosignal for producing IL-9. Yet, the expression of IL-6, induced

by IgE receptor signals in absence or presence of LPS, is comparable

in BMMC derived from both strains. Production of IL-9 strongly

depends on IL-1, and IL-1 mRNA expression induced by IgE and

LPS is indeed lower in BMMC from C57BL/6, but IL-9 expression

cannot be rescued by adding exogenous IL-1. To further explore the

impact of IL-1 in regulating the IL-9 signaling cascade, we used the

IL-1 receptor antagonist anakinra. BALB/c-derived BMMC express

lower levels of IL-9 when anakinra is present, whereas IRF-4 and IL-

1ß mRNA expression is unimpaired.

Reporter gene assays revealed a stronger NF-kB activation in

BALB/c BMMC along with higher c-Rel mRNA levels in response to

IgE and LPS. Furthermore, under these conditions, the expression of

the transcription factor IRF-4 in BALB/c-derived BMMC is also

increased. Although the underlying mechanisms are still partly

obscure, higher activity of NF-kB and expression of IRF-4 in BMMC

from BALB/c likely explain stronger expression of IL-9.

493
The effect of serum on mPr3 and CD177 expression on

neutrophils

A. M. Bshaena

Cardiff University, Cardiff, UK

Background: Proteinase 3 (Pr3) is a serine protease that is stored

primarily in azurophilic granules and secretory vesicles in neutroph-

ils. The high affinity Pr3 receptor, CD177, is expressed on a subset

of neutrophils (ranging from 0–100%), but usually only half of the

circulating neutrophils express CD177 in most normal individuals.

As a serine proteinase, Pr3 is controlled by a variety of inhibitors,

including alpha-1-antitripsin (AAT), which is present in serum at

1.5–3.5 g/l. We investigated if the surface expression of Pr3 and

CD177 was affected by stimulation of neutrophils in the presence or

absence of serum.

Methods: Neutrophil cells were isolated from healthy donors. The cells

counted and stimulated with fMLP only or cytochalasin B followed by

addition of fMLP, and compared to unstimulated controls, in the pres-

ence or absence of 100% autologous serum. The expression of Pr3,

CD177, MMP-8 and MMP-9 was analysed by flow cytometery.

Results: The expression of membrane bound Pr3 (mPr3) by neu-

trophils was still detectable in the presence of serum however, the

expression was reduced by 6-fold on both mPr3low and mPr3high

cells in comparison to cells incubated in the absence of serum. No

increase was observed in mPr3 expression following stimulation with

fMLP in either the presence or absence of serum. In comparison,

stimulation with cytochalasin B combined with fMLP resulted in a

9-fold increase (P < 0.0001) in the Pr3high cells compared with

unstimulated cells in the absence of serum. This increase was only 3-

fold (P < 0.05) in the presence of serum.

Conclusion: Despite the ability of purified AAT to inhibit Pr3 bind-

ing to CD177, significant surface Pr3 was still found on the surface

of CD177-positive neutrophils when stimulated in the presence of

100% autologous serum, but only following maximal stimulation of

neutrophils.

518
A new form of global leucopenia associated with mutation in

the moesin gene

F. Ouchani*, C. Lagresle-Peyrou†, S. Luce*, J.-L. Stephan‡,

C. Hivroz§, G. De Saint Basile*, A. Fischer*, N. Jabado¶,

M. Cavazzana-Calvo* & I. Andr�e-Schmutz*

*INSERM U 768, Hôpital Necker Enfants Malades, Paris, France,
†INSERM U 768-CIC BT, Hôpital Necker Enfants Malades, Paris,

France, ‡Centre Hospitalier-Universitaire, Saint-�Etienne, France,
§INSERM U 520, Institut Curie, Paris, France, ¶McGill University,

Montreal, QC, Canada

In 5 young patients (1.3–15 years) from four differents families, we

observed a profound lymphopenia (181–660 CD3+/ll; 7–14 CD19+/ll)
and low neutrophils count (0.2–1.4. 10�3/ll). Among the T lympho-

cytes, the naive compartment was particularly low and T cell prolifer-

ation in vitro is decreased as compared to the controls. All patients

have a hypogammglobulinemia and a poor response to vaccinal Ag.

During childhood, most of them developed severe varicella, pneum-

opathies and recurrent pulmonary infections.

Using exome sequencing analysis, we have identified in all

patients a unique missense mutation in the moesin gene (Xq11.1),

introducing an amino acid change into the highly conserved FERM

domain of the protein (p.R171W). Moesin is a member of the ERM

protein family which link plasma membrane proteins with actin-

based cytoskeletons and are implicated in various cellular functions

such as survival, adhesion, migration and activation. This mutation

is associated with a low protein expression especially in T cells.

Upon in vitro activation, proliferation (as measured by CFSE analysis

and cell cycle checkpoints analysis) and survival capacity of patient’s

T cells were impaired despite a expression of activation markers like

CD25 and CD69. In addition, we observed enlarged synapses in

patient’s blasts.

We reported here, for the first time, the association of a defect in

an ERM protein and a primary immune deficiency.
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Gly601 residue of human SARM is critical for interaction with

other TLR adaptor proteins

E. Carlsson*, M. Zhang*, J. L. Ding† & B. Byrne*

*Department of Life Sciences, Imperial College London, London, UK,
†Department of Biological Sciences, National University of Singapore,

Singapore, Singapore

Background and Aims: Toll-like receptor (TLR) signalling is medi-

ated by cytoplasmic adaptor proteins via Toll/interleukin-1 receptor

(TIR) domains. Sterile a- and armadillo-motif-containing protein

(SARM) is the fifth TLR adaptor protein identified in humans and

has been described as a negative regulator of the innate immune

response. The aim of this study is to investigate whether SARM

interacts with other TLR adaptor proteins directly and identify

amino acid residues critical for interaction.

Methods: The TIR-domains of human SARM and the other four

TLR adaptor proteins, MyD88, MAL, TRIF and TRAM were

expressed in E. coli and purified by affinity chromatography. GST

pulldown assays were used to probe interactions between SARM-TIR

and the other TLR adaptor proteins. Binding was assessed by Wes-

tern blot analysis. Site-directed mutagenesis of SARM-TIR was used

to generate a G601A mutant protein.

Results: Pulldown interaction assays indicate that affinity purified

SARM-TIR binds to all other four TLR adaptor proteins under the

conditions used, while alanine substitution of the Gly601 residue

results in a complete loss of binding.

Conclusions: Results presented in this study indicate that the TIR

domain of human SARM is able to interact with multiple TLR adap-

tor proteins and that the Gly601 amino acid residue located in the

SARM BB-loop is critical for binding.

545
The expression of Pr3 and CD177 on blood and salivary
neutrophils

A. M. Bshaena, M. Hallett & B. Spiller

Cardiff University School of Medcine, Cardiff, UK

Background: Peripheral blood neutrophils (bPMNs) and salivary

neutrophils (sPMNs) are important cells that play an essential role

in immunity and inflammation. In the oral cavity sPMNs have a

major role against invading oral microorganisms with high numbers

of sPMNs constantly migrate from the blood stream through the

gingival crevice into the oral cavity. Their main function is to pro-

tect the oral environment from pathogens and prevent infection.

Neutrophils contain several different proteases which are thought to

play a role in aiding in transendothelial cell migration and are impli-

cated in antimicrobial defence. The aim of this study was to com-

pare intracellular and surface proteinase levels between bPMNs and

sPMNs.

Methods: bPMNs and sPMNs were collected from healthy donors.

The cells counted and stimulated with cytochalasin B followed by

addition of fMLP, and compared to unstimulated controls. The

expression of proteinase 3 (Pr3), CD177, metalloproteinase-8

(MMP-8), and MMP-9 were analysed by flow cytometery.

Results: The results showed that the percentages of surface Pr3 and

CD177 expression on unstimulated bPMNs ranged from 0 to 100%

in a given individual, but unstimulated sPMNs expressed only posi-

tive populations of CD177 and Pr3. The surface Pr3 expression on

sPMNs was significantly higher than that on bPMN (P = 0.001).

Moreover, Stimulation of bPMN and sPMNs from matched donors

showed an 11-fold increase in surface Pr3 expression on bPMN, but

no significant change in expression on sPMNs compared to unstim-

ulated cells. The levels of intracellular Pr3 in sPMNs were detectable

however, they were significantly lower (P = 0.0002) than levels in

bPMNs. The levels of MMP-8 and MMP-9 in sPMNs were almost

negligible, indicating that most of these proteinases are released

either through transmigration or due to contact with oral microbes.

The intracellular level of Pr3 was significantly higher than the levels

of MMP-8 and MMP-9 in sPMNs (P < 0.0001).

Conclusion: Migrated salivary neutrophils have released almost all of

their MMP-8 and MMP-9 prior to collection and measurement.

Only CD177-positive PMNs were found in the saliva, despite being

bimodal in the periphery, and CD177 bound Pr3 on the surface of

these. While intracellular levels of MMP-8 and MMP-9 were com-

pletely depleted in sPMN, detectable levels of intracellular Pr3 were

still present, although they couldn’t be mobilised by further cell

stimulation.

549
The duration of LPS priming determines the phenotype of
macrophage, but not T cell P2X7 responses

S. Tempest-Roe, F. Tam & S. Taylor

Renal and Vascular Inflammation, Imperial College London, London,

UK

Background: Both macrophages and dendritic cells are known to

express functional P2X7 receptors, and their stimulation results in a

number of biologically important effects including antigen presenta-

tion, apoptotic and/or necrotic cell death, the release of IL-1b, cell
fusion and the release of microparticles. However, some confusion

remains in the literature about the precise method of release of IL-

1b and about the nature of the response of these cells to P2X7 stim-

ulation. We explored the influence of LPS priming on the phenotype

of the response of P2X7-stimulated macrophages, as well as their

profile of cytokine release.

Materials and Methods: Resident peritoneal macrophages were har-

vested from C57BL/6 mice by lavage with DMEM/10% FCS; prior

injection with 4% thioglycollate was not required. Macrophages were

allowed to adhere for 1-2 h, then washed, and maintained in

DMEM-F12/10% FCS/Penicillin/Streptomycin at 37° and in 5%

CO2. Macrophages were analysed following 24–72 h of culture. T

cells were obtained by dissection of peritoneal lymph nodes and were

maintained in DMEM-F12/5% FCS, and were analysed by flow

cytometry within 1 h of collection.

Results: Whereas T cells responded promptly to BzATP stimulation,

wild-type macrophages were unresponsive by all criteria measured in

the absence of LPS priming, including flow cytometric measures

(changes in cell size, Ca2+ uptake and phosphatidylserine transloca-

tion), and morphologically on real-time imaging. Analysis with

increasing durations of priming with LPS indicated a change in mor-

phology towards a blebbing phenotype with release of microparticles

and subsequent cell death upon BzATP stimulation.

Conclusion: The phenotype of macrophage response to P2X7 stimu-

lation is dependent on the duration of LPS priming. The majority of

macrophages demonstrate PS translocation within 15 min of stimu-

lation with BzATP for all durations of LPS priming, although there

is a trend towards a greater proportion of cells translocating PS at

higher durations of LPS priming. The percentage of cells undergoing

blebbing is, however, different between the different durations of

LPS priming, as are the rates of cell death. This provides new insight

into the different mechanisms underlying P2X7-induced IL-1b release

in murine macrophages.
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569
The phenotype of dendritic cell, but not macrophage, P2X7
responses is independent of the duration of LPS priming

S. Tempest-Roe, F. Tam & S. Taylor

Renal and Vascular Inflammation, Imperial College London, London,

UK

Background: Both macrophages and dendritic cells are known to

express functional P2X7 receptors, and their stimulation results in a

number of biologically important effects including antigen presenta-

tion, apoptotic and/or necrotic cell death, the release of IL-1b, cell
fusion and the release of microparticles. However, some confusion

remains in the literature about the precise method of release of IL-

1b and about the nature of the response of these cells to P2X7 stim-

ulation. We explored the influence of LPS priming on the phenotype

of the response of P2X7-stimulated macrophages and dendritic cells,

as well as their profile of cytokine release.

Materials and Methods: Resident peritoneal macrophages were har-

vested from C57BL/6 mice by lavage with DMEM/10% FCS. Macro-

phages were allowed to adhere for 1–2 h, then washed, and

maintained in DMEM-F12/10% FCS/Penicillin/Streptomycin at 37°
and in 5% CO2. Macrophages were analysed following 24–72 hrs of

culture. Dendritic cells were cultured from bone marrow cells. Cells

were plated in 6 well plates at a density of 3 9 106 cells per well in

cell culture medium (RPMI:10% FCS) supplemented with 2% GM-

CSF and 5 ng/ml IL-4. Cells were harvested on day 7–10 and were

plated onto either 6-well plates at a density of 3 9 106 cells per well,

or onto glass-bottomed Petri dishes. They were allowed to adhere

for 1–2 h, then washed, and maintained in supplemented cell culture

medium.

Results: Macrophages and dendritic cells showed different response

patterns to varying durations of LPS priming followed by P2X7 stim-

ulation. Both cell types required LPS priming for P2X7 responses to

occur, but whereas the characteristics of that response were depen-

dent on the duration of priming in macrophages, they were indepen-

dent of the duration of priming in dendritic cells. This observation

held true for both morphological changes and IL-1b release patterns.

Microparticle release was detected in both macrophages and den-

dritic cells.

Conclusion: Both macrophages and dendritic cells require LPS prim-

ing for responses to P2X7 stimulation to occur. However, the pheno-

type of that response is dependent on the duration of priming in

macrophages, but not in dendritic cells. This provides new insight

into the different mechanisms underlying P2X7-induced activity in

macrophages and dendritic cells, and may be important in P2X7

functions such as antigen presentation.

573
Nanoscale artificial immune synapses can be used to
controllably activate T and NK cells

D. Delcassian*, D. Depoil†, D. Rudnicka‡, M. Liu§, D. M. Davis‡,¶,

M. L. Dustin†,** & I. E. Dunlop*

*Department of Materials, Imperial College London, London, UK,
†Skirball Institute of Biomolecular Medicine, NYU School of Medicine,

New York, NY, USA, ‡Division of Cell and Molecular Biology, Imperial

College London, London, UK, §Department of Biostatistics, NYU

School of Medicine, New York, NY, USA, ¶Manchester Collaborative

Centre for Inflammation Research, University of Manchester,

Machester, UK, **Kennedy Institute of Rheumatology, University of

Oxford, Oxford, UK

As a technology to investigate T cell - antigen presenting cell interac-

tions, we have created spatially structured surfaces that mimic nano-

scale features of the immunological synapse. Although it is well-

known that TCR-ligand engagement plays a key role in activation of

T cells, there is some controversy over the minimum stimulation

required to induce signalling through the TCR leading to activation

in T cells. Super resolution imaging studies have previously identi-

fied signalling clusters on the submicron scale, and structurally

important features have been described on micro- and nano- length-

scales. To investigate the effect of such structures in controlling sig-

naling, we have prepared biomimetic surfaces that present antibodies

and antibody fragments with nanoscale spacing using nanopatterned

gold arrays. By controlling the nanoarray structure, and the biologi-

cal ligands bound to the surface, we investigate how the spatial dis-

tribution of selected stimulatory ligands affects cell activation and

downstream signalling. Using the technique of diblock copolymer

micelle nanolithography, arrays of gold nanoparticles with spacings

ranging from 25–104 nm have been formed. The nanoarrays have

been successfully functionalized with biologically complex antibody F

(ab’)2 fragments, bound through the di-suphide hinge region to the

gold nanoparticle.

We show that biomimetic nanoarrays functionalised with anti-

CD3e fragments engage with human CD4+ T cells to form an “artifi-

cial immune synapse” and demonstrate that the level of T cell signal-

ling can be controlled by varying the spacing of anti-CD3e
anchoring points on the nano-scale. Specifically, we assess CD4+
engagement with these biomimetic nanopatterns, showing that the

degree of signalling decreases with increasing spacing of anti-CD3e
ligands. Parallel studies of NK cell stimulation by CD16-binding

nanoarrays showed intriguingly similar results. These results indicate

that immune cell activation can be driven by the spatial organization

of receptor-ligand engagement on a sub-100 nm scale. The elucida-

tion of these signalling and activation requirements will help mecha-

nistic understanding of the activation process, and direct

immunotherapy towards new nanoscale targets.

589
Comprehensive study of intracellular signalling pathways and
cellular homeostasis in the presence of TRAPS-associated

mutation

W. Abduljabbar, O. Negm, N. Alkhattabi, P. Radford,

C. Nicholson, L. Fairclough, I. Todd & P. Tighe

University of Nottingham, Nottingham, UK

Tumour necrosis factor receptor associated periodic syndrome

(TRAPS) is a hereditary autoinflammatory periodic fever syndrome.

It is associated with autosomal dominant variants in the TNFRSF1A

gene, which encodes the TNFR1. The missense (R92Q) polymor-

phism is the most common variant associated with TRAPS within

the Caucasian population. The aim of this study is to comprehen-

sively examine: the intracellular signalling pathways that are affected

by the presence of the R92Q variant; the influence of R92Q on sig-

nalling homeostasis in the cell; and the cellular response to inflam-

matory stimuli in the presence of R92Q-TNFR1 in comparison to

wild-type (WT) cells.

The endothelial cell line (SK-Hep-1) was stably transfected with

full-length WT or R92Q TNFRSF1A. The cells were tested for

expression of TNFR1 and TLRs. Reverse-phase protein microarray

and antibody microarray were applied to examine different signalling

molecules and inflammatory cytokines after stimulating the cells with

diverse inflammatory stimuli.

The results demonstrated that a wide range of inflammation-asso-

ciated pathways and secreted inflammatory cytokines were dysregu-

lated in SK-Hep-1 cells expressing the R92Q-TNFR1 variant. These

cells also showed altered responses post-stimulation with TLR-

ligands and microbial extracts in comparison to SK-Hep-1 express-

ing the WT-TNFR1. Interestingly, the data showed that R92Q-
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TNFR1 expression appears to lead to constitutive up-regulation of a

number of signalling pathways, irrespective of stimulation with

sources of PAMPs.

In conclusion, the inflammatory signalling pathways activated by

TRAPS-associated mutation (R92Q) have been elucidated, showing

up-regulation in the mutant more than WT cells. This finding will

be useful for future therapeutic treatment using specific inhibitors in

TRAPS patients.

590
MHC class I and class II antigen processing pathways in

Theileria parva infected lymphocytes

A. Aguado-Martinez, N. D. MacHugh & I. W. Morrison

Roslin Institute and RDSVS, University of Edinburgh, Edinburgh, UK

Objectives: Infection of cattle with the tick-borne protozoan Theileria

parva induces strong CD4+ and CD8+ T cell responses, which both

directly recognise parasitized lymphoblasts. Recently, we have identi-

fied several T. parva antigens and their respective epitopes recognised

by parasite-specific CD4 T cells, including some antigens also recog-

nised by CD8 T cells. The aim of this study was to investigate and

compare the pathways involved in antigen processing within parasi-

tised cells for recognition by specific CD4 and CD8 T cells.

Methods: The study used parasitized cell lines and T cells from ani-

mals of defined MHC types, which had been immunised with

T. parva and shown to generate CD4 and CD8 T cells specific for

defined parasite antigens. Parasite antigen-specific CD4 and CD8 T

cell lines were employed and antigen recognition by T cells was

assayed by measuring IFNc production. T. parva-infected cells and

APC were incubated with various inhibitors to investigate the

involvement of different steps in the antigen processing pathways.

Results and Conclusions: CD4 and CD8 T cell clones specific for

the same T. parva antigen (Tp9) were generated and assayed on the

same parasitised cell line expressing the appropriate MHC restriction

elements (DRB3*01101 and MHC1 N*02301 respectively). Most of

the specific T cell clones produced IFNc in response to antigen rec-

ognition. Inhibitors of proteasomal activity substantially reduced rec-

ognition of parasitized cells by both CD4 and CD8 T cells.

Inhibitors of autophagy had no effect on recognition by either T cell

subsets. Inhibitors of endosomal activity had no effect on CD8 T cell

recognition and resulted in only a minor reduction in CD4 T cell

recognition. Further experiments are underway to analyse responses

to other antigens and compare processing of the same antigens pre-

sented in the form of recombinant proteins.

The results to date indicate that a proteasome-dependent pathway

is being utilised in Theileria-infected cells to process antigen for rec-

ognition by both CD4 and CD8 T cells.

596
Structures of human CD6 and its ligand, CD166, reveal insights
into a unique interaction

P. Chappell, D. Hatherley, S. Lea & M. Brown

Sir William Dunn School of Pathology, University of Oxford, Oxford,

UK

Activation and differentiation of T lymphocytes depends on a com-

plex set of finely tuned interactions, not only between the T-cell

receptor (TCR) and peptide-MHC complexes, but also between

numerous accessory molecules including CD6. CD6 is a type I mem-

brane-anchored glycoprotein found on the surface of T-cells. It con-

tains three extracellular scavenger receptor cysteine-rich (SRCR)

domains and a long cytoplasmic domain with multiple signal trans-

duction motifs. CD6 binds CD166, also a type I membrane-anchored

glycoprotein that contains five extracellular immunoglobulin (Ig)-

like domains. The interaction between CD6 and CD166 is the only

reported example of an interaction between an Ig-like domain and a

SRCR domain. Blocking interactions between these two proteins per-

turbs antigen-specific T cell responses.

We present the individual X-ray crystal structures of the three

extracellular SRCR domains of human CD6 and the two extracellu-

lar, membrane distal immunoglobulin (Ig) domains of human

CD166. The CD6 structure is the first structure of multiple SRCR

domains in tandem and reveals a kink in the domain organization.

Previously published mutagenesis experiments targeting the ligand

binding domains, CD6 domain 3 and CD166 domain 1, have been

mapped onto the structures, identifying a potential binding interface

that is compatible with the calculated electrostatic potentials in these

regions. The CD6 structure also allows the documented single nucle-

otide polymorphism (SNPs) to be mapped, revealing the precise

location of two SNPs that are associated with multiple sclerosis

(MS) progression. These are predominantly buried, consistent with

their mutation disrupting domain structure and consequently

expression level.

604
Comprehensive intracellular inflammatory pathways study in
TRAPS patients

O. H. Negm*, E. M. McDermott†, E. Drewe†, R. Powell*,

L. Fairclough*, I. Todd* & P. Tighe*

*University of Nottingham, Nottingham, UK, †Nottingham University

Hospitals, Nottingham, UK

Background and Aims: Mutations in TNFRSF1A can result in the

autosomal dominant TNF receptor-associated periodic syndrome

(TRAPS): a complex and heterogeneous systemic autoinflammatory

disorder. Misfolding, intracellular aggregation and ligand-indepen-

dent signalling by mutant TNFR1 play central roles in disease patho-

physiology.

This work was conducted to study the intracellular signalling

pathway activation elicited by mutant TNFR1.

Methods: To understand the complexity of intracellular signalling

pathway perturbation in TRAPS, a prototypic mutant TNFR1

(C33Y), or wild-type TNFR1 (WT), were expressed at near physio-

logical levels in an SK-Hep-1 cell model system. TNFR1-associated

signalling pathway intermediates were examined under a range of

conditions, employing reverse-phase protein microarray. Peripheral

blood mononuclear cells (PBMC) from C33Y TRAPS patients and

matched healthy controls were similarly examined.

Results: In comparison to cells expressing WT TNFR1 alone, expres-

sion of C33Y-TNFR1 in SK-Hep-1 cells and TRAPS patients’ PBMCs

revealed a subtle up-regulation of a wide spectrum of signalling

intermediates and their phosphorylated forms. These were associated

with a proinflammatory/ anti-apoptotic phenotype, including NF- k

B, p38, MEK/ERK and JNK MAP kinase pathways, Phosphoinositide

3 kinase, STAT3, JAK2/c-Src, Gsk-3 b and transcription factors

(including ATF, Elk, Jun). Increased activated Jak2/STAT3 may con-

tribute to an “IL6 amplifier” positive feedback loop that promotes

and sustains a proinflammatory state.

Conclusions: The study thus reveals the pleiotropic effect of a

TRAPS-associated mutant form of TNFR1 on multiple inflammatory

signalling pathways.

ª 2013 The Author(s). ª 2013 Blackwell Publishing Ltd, Immunology, 140 (Suppl. 1), 39–184

Abstracts182



641
Small molecule analogues of an immunomodulatory helminth

product provide a novel approach to dissecting dendritic cell

signal transduction pathways

F. Lumb*, C. Suckling† & W. Harnett*

*Strathclyde Institute of Pharmacy and Biomedical Sciences, University

of Strathclyde, Glasgow, UK, †Department of Pure and Applied

Chemistry, Univerisity of Strathclyde, Glasgow, UK

Background: ES-62 is a phosphorylcholine (PC) containing glyco-

protein actively secreted by the rodent filarial nematode Acanthochei-

lonema viteae during parasitism of its host. ES-62 is a key

immunomodulator during filarial infection and is known to target

multiple cell types including T and B lymphocytes, antigen present-

ing cells - macrophages and dendritic cells- and mast cells to gener-

ate an overall anti-inflammatory immunological phenotype. The

unusual post-translational modification of addition of PC appears to

be responsible for many of the immunomodulatory properties of this

molecule as PC conjugated to ovalbumin can mimic ES-62 action.

In mouse models of autoimmune diseases such as collagen-induced

arthritis (CIA) and asthma ES-62 has been shown to have a thera-

peutic and preventative effect and as a result has raised the possibil-

ity of ES-62 being a potential drug candidate. However, such a large

and hence immunogenic molecule is not an ideal drug. Therefore

the focus has now moved to small molecule analogues (SMAs) of

ES-62 that are based around its active PC moiety.

Methods: To identify SMAs that mimic the action of ES-62 an initial

screening system was set up. Bone marrow derived dendritic cells

were pre-incubated overnight with SMAs before LPS stimulation and

the cytokine response was measured by ELISA. Cytokine RNA levels

were also determined by RT-PCR.

Results: SMAs were selected based on their ability to down-regulate

the LPS-induced cytokine response of dendritic cells in in vitro

inflammation assays. In particular, compounds S3, S5, 86 and 91 are

potent modulators of inflammatory cytokines IL-6 and TNF-a at

both protein and RNA levels.

Conclusions: Certain SMAs show a selective inhibitory effect on

production of inflammatory cytokines that mimic the action of ES-

62, and so could be used to dissect the key signalling pathways

responsible for the inflammatory phenotypes of DCs.

645
CD44-dependent hepatic stellate cell dependent induction of

myeloid derived suppressor cells from peripheral blood

monocytes

B. H€ochst*, F. A. Schildberg*, P. Sauerborn*, Y. A. G€abel*, H.

Gevensleben†, D. Goltz†, L. C. Heukamp‡, A. T€urler§, M.

Ballmaier¶, F. Gieseke**, I. M€uller††, J. C. Kalff‡‡, C. Kurts*, P. A.

Knolle* & L. Diehl*

*Institute of Molecular Medicine and Experimental Immunology,

University of Bonn, Bonn, Germeny, †Institute of Pathology, University

Hospital Bonn, Bonn, Germeny, ‡Institute of Pathology, University

Hospital Cologne, Cologne, Germeny, §Department of General and

Abdominal Surgery, Johanniter Hospital Bonn, Bonn, Germeny,
¶Department of Pediatric Hematology and Oncology, University of

Hannover, Hannover, Germeny, **Research Institute Children’s Cancer

Center Hamburg, Hamburg, Germany, ††Clinic for Pediatric

Hematology and Oncology, University Medical Center Hamburg-

Eppendorf, Hamburg, Germany, ‡‡Department of Surgery, University

Hospital Bonn, Bonn, Germany

Myeloid derived suppressor cells (MDSCs) are a heterogeneous

population of cells associated with the suppression of immunity. It

is thought that MDSC develop due to soluble factors. However,

whether cell specific contact is required remains unclear. The liver

is known for its immune regulatory functions. Here, we investi-

gated the capacity of human hepatic stellate cells (HSCs) to trans-

form peripheral blood monocytes into MDSCs. Mature peripheral

blood monocytes co-cultured with HSCs down-regulated HLA-DR

and developed a phenotypic profile similar to CD14+HLA-DR-/low

MDSCs. Only activated but not freshly isolated HSCs were capable

of inducing CD14+HLA-DR-/low cells. Such CD14+HLA-DR-/low

monocyte-derived MDSCs suppressed T-cell proliferation in an

arginase-dependent fashion. HSC-induced development of

CD14+HLA-DR-/low monocyte-derived MDSCs was not mediated by

soluble factors, but depended on physical interaction and was med-

iated by HSC-expressed CD44. Thus, activated human HSCs can

convert mature peripheral monocytes into MDSCs. As HSCs are

activated during chronic inflammation the subsequent local induc-

tion of MDSCs may prevent excessive liver injury due to inflam-

mation. HSC-induced MDSCs functionally and phenotypically

resemble those isolated from liver cancer patients. Thus, our data

suggest that local generation of MDSCs by liver-resident HSCs may

contribute to immune suppression during inflammation and cancer

in the liver.

652
Exploring the mechanism of T-cell receptor-mediated decision
making

B. Murton & J. James

Department of Medicine, University of Cambridge, Cambridge, UK

The ability of the T–cell antigen receptor (TCR) triggering apparatus

to measure the duration of TCR binding to peptide-MHC is believed

to be essential for discriminating between antigens presented by patho-

gens versus ‘self’. This temporal thresholding of ligand engagement

should also filter out spurious receptor phosphorylation that can result

from the reciprocal activities of kinases (such as Lck and ZAP70) and

phosphatases on the TCR, which are in a dynamic equilibrium in the

quiescent state. Although this model of kinetic proofreading is entirely

plausible, there is no obvious mechanism for how a temporal filter in

TCR triggering might be realised at the molecular level.

One potential way to control TCR signalling could be the require-

ment for ZAP70 translocation and subsequent activation at the

plasma membrane. In support of this, we found that artificially

recruiting ZAP70 to the plasma membrane in T cells is sufficient to

drive activation in the absence of any direct TCR stimulation. The

recruited ZAP70 still had an absolute requirement for receptor phos-

phorylation, however, suggesting that the forced relocation of ZAP70

was subverting the normal proofreading steps in the discrimination

pathway. To directly visualise this kinetic ‘lag’ in signalling, we engi-

neered a TCR complex where ligand binding and signalling are

uncoupled but can be initiated through light stimulation. As pre-

dicted, we found a clear delay in ZAP70 recruitment to the plasma

membrane at the onset of signalling.

We expected that this temporal filtering of signalling should be

evident in the initial kinetics of TCR triggering. We used our previ-

ously characterised reconstituted receptor system to quantify the flux

of signalling away from the TCR. We observed distinct phases in the

triggering kinetics, which correlated with the sequential activation of

Lck and ZAP70 kinases and provided further support for ZAP70

having a critical role in defining a threshold for cell activation.

Full ZAP70 kinase activity requires phosphorylation at Tyr493

and we found that this modification is primarily mediated by ZAP70

itself. As is also the case for Lck, trans-phosphorylation creates non-

linearity in the reaction pathway and we believe this provides a

mechanistic basis for the switch-like behaviour of ZAP70 activity

that defines the selectivity filter of receptor triggering.
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Overall, our results suggest a molecular basis for ligand discrimi-

nation by the TCR in cell activation, which may also extend to selec-

tion in the thymus.

655
Herpes simplex virus 2-induced activation in vaginal cells
involves toll like receptors 2 & 9 and DNA-sensors DAI & IFI16

D. Eryilmazlar, K. Triantafilou & M. Triantafilou

Institute of Infection and Immunity, Cardiff University, School of

Medicine, Cardiff, UK

Genital HSV infection is the most frequent urogenital ulcer disease

in the world. Herpes Simplex Virus type 2 (HSV2) is one of the

most common sexually transmitted pathogens and can establish life-

long latency infection. Innate immunity is the first line of defence

during both primary and recurrent genital herpes infections. How-

ever the pathway by which HSV2 triggers the innate immune system

in the urogenital system has not as yet been fully elucidated. In this

study we aim to determine which pattern recognition receptors

(PRRs) recognise HSV2 in primary vaginal epithelial cells. Once we

decipher the receptors involved, we aim to target them in order to

immunomodulate innate responses as a prophylactic or therapeutic

intervention for early HSV2 infection. In order to determine which

PRRs are involved receptor silencing as well as confocal microscopy

were utilised. For immunomodulation, PRR agonists were utilised to

induce a strong, local response to limit the infection and employed

two quantitative methods, flow cytometry and plaque assays, to

determine their effect on HSV2 replication. Our results show that

HSV2 is detected by a plethora of PRRs in order to limit host infec-

tion. HSV2 is detected by TLR2 as well as DNA sensors TLR9,

DNA-dependent activator of IFN regulatory factors (DAI) and to a

lesser extent IFI16 which trigger cytokine secretion to protect the

host. Using PRR agonists, such as lipoproteins, CpG DNA, as well as

cyclic dinucleotides we could significantly limit HSV2 replication.

Use of agonists that target and activate these PRRs appeared to be

effective in preventing primary HSV2 infection in vaginal cells and

could provide new insights in defence against HSV2 urogenital infec-

tions.

665
Integrating experimental, mathematical and computational

approaches to lymphoid tissue formation and function

J. A. Butler*,†, J. Timmis†, J. Stein‡ & M. Coles*

*Centre for Immunology and Infection, Department of Biology,

University of York, York, UK, †Department of Electronics, University of

York, York, UK, ‡Theodor Kocher Institute, University of Bern, Bern,

Switzerland

Secondary and tertiary lymphoid tissues develop through complex

interactions between large numbers of phenotypically distinct cells.

As an emergent phenomenon, understanding this process through

reductionist experimentation alone presents a significant challenge.

To determine minimum requirements for the induction of lymphoid

tissue, we developed an integrated approach to modelling lymphoid

tissue development and function incorporating mathematical, com-

putational, in vivo and in vitro models. Using an agent based

approach in which cells are represented as dynamic agents in space

and time, emergent behaviour can be encapsulated, allowing testing

of predictions and generation of novel hypotheses. We integrated an

agent-based simulation of tertiary lymphoid tissue formation with

several numerical (ODE and PDEs) models to capture chemokine

sequestration, receptor internalization, and molecular diffusion. To

generate realistic stromal networks, a stochastic L-system algorithm

was developed, with the network then utilised within a cellular

automaton simulation. Our model is multi-scale, capturing cell-cell

interactions and also modelling receptor decay, recycling and synthe-

sis on an intracellular level.

Our in silico model was developed using a data-driven approach,

integrating results from mouse models and in vitro assays. Our

unique and versatile simulation visualization enables rapid prediction

testing and hypothesis generation. Our model predicts that chemoki-

ne CXCL13 is sufficient for B-cell entry into B-cell follicles, despite

receptor CXCR5 saturation on B cells at the follicle boundary. The

creation of local gradients through CXCR5 internalization permits

B-cells to enter the densely packed follicle. By tracking individual

expression of particular molecules on cells over time, we can per-

form experiments that are currently impossible with wet-lab experi-

mental models. Through this approach, CXCR5 expression on B-

cells within a follicle was found to oscillate as a sinusoidal function,

an emergent result arising from a combination of a stochastic ODE

and cellular interactions within the agent-based simulation. This

oscillatory expression enables B cells to maximize displacement

within the follicle (low expression) and prevent exit from the follicle

through CXCR5 up-regulation as the B cell reaches the boundary

(high expression). Several experiments have been planned to find

evidence to support these hypotheses in vivo.

We further plan to model lymph node organogenesis, to deter-

mine differential requirements of various lymphoid tissues under

both normal and autoimmune conditions. Tertiary lymphoid tissue

is likely to have an important impact in autoimmune disease and

cancer; it is hoped that our simulations will provide a detailed

understanding of their role in the autoimmune response and how

this may be modulated therapeutically.
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