syduosnuelA Joyiny siapun4 DA @doing ¢

syduasnue|A Joyiny siapund JIAd adoin3 ¢

Europe PMC Funders Group
Author Manuscript
J Immunol. Author manuscript; available in PMC 2011 November 08.

Published in final edited form as:
J Immunol. 2011 February 15; 186(4): 2672—-2680. doi:10.4049/jimmunol.1002653.

Th17 cells expressing KIR3DL2+ and responsive to HLA-B27
homodimers are increased in Ankylosing Spondylitis

Paul Bowness, MBChir, DPhil, FRCP1> Anna Ridley, MScl, Jacqueline Shaw, BScl, Antoni
T Chan, MB, PhD, MRCP12, |sabel Wong Baezal, Myles Fleming, MB BChir, MRCS3, Fraser
Cummings, MBChB, DPhil, MRCP4, Andrew McMichael, FRS1, and Simon Kollnberger,
PhD?

IMRC Human Immunology Unit, Weatherall Institute of Molecular Medicine, John Radcliffe
Hospital, Headington, Oxford, OX3 9DS, UK

’Dept Rheumatology, Royal Berkshire Hospital, Reading, Berkshire, UK.

SNuffield Department of Surgery, John Radcliffe Hospital, Oxford, OX3 9DU, UK
“Dept Gastroenterology John Radcliffe Hospital, Headington, Oxford, OX3 9DS, UK
5Dept Rheumatology Nuffield Orthopaedic Centre, Windmill Road, Oxford OX3 7LD.

Abstract

CD4 helper T cells producing the pro-inflammatory cytokine IL17 (Th17) have been implicated in
a number of inflammatory arthritides including the Spondyloarthritides. Th17 development is
promoted by IL23. Ankylosing Spondylitis (AS), the commonest Spondyloarthritis, is genetically
associated with both HLA-B27 (B27) and with 1L23 receptor polymorphisms, however the link
remains unexplained. We have previously shown that B27 can form heavy chain dimers (termed
B27,), which, unlike classical HLA-B27, bind the Killer-cell Immunoglobulin-like Receptor
KIR3DL2. Here we show that B27,-expressing antigen presenting cells stimulate the survival,
proliferation and IL17 production of KIR3DL2+ CD4 T. KIR3DL2+ CD4 T cells are expanded
and enriched for IL17 production in the blood and synovial fluid of patients with spondyloarthritis
(SpA). Despite KIR3DL2+ cells comprising a mean of just 15% of CD4 T in the peripheral blood
of SpA patients, this subset accounted for 70% of the observed increase in Th17 numbers in SpA
subjects compared to controls. TCR-stimulated peripheral blood KIR3DL2+CD4 T cell lines from
SpA patients secreted four fold more 1L17 than KIR3DL2+ lines from controls or KIR3DL2-
negative CD4 T. Strikingly, KIR3DL2+ CDA4 T cells account for the majority of peripheral blood
CDA T cell IL23 receptor expression and produce more IL17 in the presence of 1L23. Our findings
link HLA-B27 with IL-17 production and suggest new therapeutic strategies in AS/SpA.
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INTRODUCTION

The Spondyloarthritides (SpA) are a group of common inflammatory rheumatic diseases
characterised by axial and peripheral arthritis, extra-skeletal manifestations including
uveitis, and an extremely strong association with the Human Leucocyte Antigen HLA-B27
(B27) (1, 2). Ankylosing Spondylitis (AS) is the commonest SpA and 94% of patients are
B27+ compared to 9.4% controls, with odds ratio 171 (1). Reactive Arthritis is a related
form of SpA that follows gastrointestinal or genitourinary infection with certain gram
negative bacteria including Salmonella and Chlamydia species. The pathogenic role of B27
remains unknown (reviewed in (2)). Like all classical class 1 proteins, HLA-B27 presents
peptide antigens to CD8 T cells, but it also shows the unusual propensity to form heavy
chain homodimers (“B27,”). This is mediated by an unpaired cysteine at position 67, and we
have shown that B27 dimers, unlike classical HLA-B27, interact with the Killer-cell
immunoglobulin-like receptor KIR3DL2.

Recent genomewide association studies have implicated additional genes whose products
are involved in innate and/or adaptive immune function, including the 1L23 receptor
(IL23R) (3). IL23R is expressed by a subset of pro-inflammatory CD4 T cells known as
Th17 cells (4), whose development is stimulated by cytokines including IL23. The signature
cytokine produced by these cells is IL17A (henceforth termed IL17). Increased levels of
IL-17 have been described in AS serum (5, 6), and synovial fluid (7, 8). Two recent studies
have found increased frequencies of Th17 cells in AS (9, 10). Th17 cells have been
implicated in the pathogenesis of other autoimmune diseases including Psoriasis,
Rheumatoid Arthritis (RA), Multiple Sclerosis and inflammatory bowel disease (11, 12).
Th17 cells have been identified both in blood and at sites of inflammation including
psoriatic skin (13) and rheumatoid joints (14) and have potent pro-inflammatory actions,
including stimulation of human macrophages to produce TNF and IL-1 beta (15), and
neutrophil recruitment (16, 17). Th17 cells also play an important role in protective immune
responses to certain microbial pathogens such as Klebsiella pnemoniae [16] and Bordetella
pertussis (18).

Killer-cell Immunoglobulin-like Receptors (KIR) are a family of MHC class 1-binding
receptors expressed by natural killer (NK) and minor subsets of T cells. KIR3DL2 is a three
immunoglobulin domain KIR whose cognate ligands include HLA-A3 and A1l (19). Our
studies have shown that KIR3DL2 does not recognize HLA-B27/beta 2 microglobulin/
peptide heterotrimeric complexes but binds to B27, which are expressed both on leukocytes
of AS patients and on transfected cell lines (20, 21).

We have previously shown an increase in KIR3DL2-expressing CD4 T cells in the
peripheral blood of B27+ SpA patients (22), but the role of these cells in promoting
inflammation in SpA and their interaction with B27, has not been defined. KIR ligation by
HLA class 1 can inhibit activation induced cell death (AICD) of NK and T cells (22, 23).
Thus we hypothesized that interaction of B27, with KIR3DL2 expressed on CD4 T cells
might have a net pro-inflammatory effect by promoting T cell survival and subsequent
cytokine production. We asked if KIR3DL2 interaction with B27, affected the proliferation,
survival and cytokine production of antigen-stimulated CD4 T cells. We also investigated to
what degree KIR3DL2+ expressing CD4 T cells contributed to production of IL17 in AS.
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Here we show that B27,- expressing antigen presenting cells stimulate the survival and
proliferation of superantigen-activated KIR3DL2+expressing CD4 T which can produce
IL17. KIR3DL2+ CD4 T cells are expanded, enriched for IL17 production and account for
the majority of CD4 T cell IL23R expression in the blood of patients with AS/SpA. These
cells are further enriched in SpA synovial fluid and constitute a therapeutic target in SpA.

Materials and methods

Patients

15 ml heparinized venous blood were obtained from 25 patients with Ankylosing
Spondylitis fulfilling the modified New York criteria. Table S1 shows patient demographics
and medication. None had received anti-TNF therapy. Paired knee synovial fluid samples
were obtained from 3 AS and 3 acute Reactive Arthritis patients. Of 28 SpA patients, 22
were male and 27 were HLA-B*2705+ve by molecular typing. 17 healthy HLA-B27- and 6
HLA-B*2705+ healthy controls were studied. As inflammatory disease controls we studied
10 patients with Rheumatoid Arthritis and 10 patients with Ulcerative Colitis without
spondyloarthritis. Appropriate ethical permission (COREC 06/Q1606/139 and Oxfordshire
Research Ethics Committee B — 07/Q1605/35) and individual informed consent was
obtained.

FACS and ELISA analysis

Peripheral blood and synovial fluid mononuclear cells were separated by density gradient
centrifugation. Cells were stimulated with PMA and ionomycin for 6 hours or overnight
with anti-CD3 and -CD28 beads (miltenyi), Staphylococcal enterotoxin B or LPS (100ng/
ml) with brefeldin A (1pg/ml; all Sigma). Cells were infected with salmonella typhimurium
araA—/—- (MOI 10 bacteria/cell) for 1 hour in antibiotic-free medium, before culture
overnight at 37°C, 5% CO, in RPM1640 containing 10% FCS, antibiotics (penicillin,
streptomycin (200mM) and gentamicin sulfate 50.g/ml) and L-glutamine (2.5mM). Cells
were stained for surface markers (anti-lgG2a, -DX31, -CD3 PerCP; BD Biosciences), anti-
CD4 pacific blue(PB)/ FITC (Biolegend), -CD14 PB, -CD56 or -CD161 PE (Beckman
Coulter), -IL-23R (FITC ; R and D systems, FAB14001F) and -CCR6 PE (BD biosciences).
KIR3DL2 mAb DX31 was a kind gift of Jo Phillips (DNAX, USA). CD4 T cells were
stained for expression of “other KIR” using a mix of PE-conjugated CD158a, CD158b and
Z27 MADbs (BD Biosciences and Beckman Coulter). Dead cells, monocytes and B cells were
excluded by staining with PB live-dead stain (Invitrogen), anti-CD14 and -CD19
(Biolegend). Intracellular cytokine staining (ICS) was performed using standard protocols
(BD Biosciences) and anti-1L-17A (APC/PE; Ebioscience), -IFNy and -TNFa (FITC; BD
biosciences). Analysis was done with FlowJo software (version 8.8.6). 0.5x106 events were
acquired, except cell viability and proliferation experiments, when all cells were acquired.
IL-17+ KIR3DL2+ and IL17+KIR3DL2- CD4 T cell numbers/million cells were calculated
after exclusion of doublets. The KIR3DL2+ CD4 T cell gate was set at 10x 1gG2a
background staining. ELISASs for IL-17 and IFN-y were performed following manufacturers
instructions (Ebioscience).

Statistical analysis used graph pad prism version 4 software. Based on the work of Shen et
al (10), a sample size of 26 patients and 18 B27-controls was chosen in order to achieve an
alpha value of 5% in comparisons of IL17 producting KIR3DL2+ CD4 T. One-tailed
unpaired T tests with welch’s correction and Anova analysis of variances with a bonferroni
post test were performed where shown.
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Generation of T cell lines

FACS-sorted PBMC and SFMC KIR3DL2+ CD4 T lines were maintained as described (21).
Short-term 5-10 day FACS-sorted CD4 T cells or negatively selected CD4 T cell lines
(Miltenyi) were maintained by stimulation with anti-CD3 and -CD28 beads in DMEM with
10% FCS, supplements and 401U/ml rIL-2 (D10/rIL-2) with/without rIL-23 and riL-1
(10ng/ml of each cytokine; R and D).

Coculture of T cell lines with HLA-B27-expressing antigen presenting cells (APCs)

RESULTS

LBL.721.220 parental B lymphocyte-derived cell lines (220) transfected with B7, B27, B27
C67S, and B27 with human tapasin have been described (21, 24). CD4 T cells were labelled
with CFSE following the manufacturer’s instructions (Invitrogen). 100,000/500,0000 -y-
irradiated 220 APCs were incubated with T cells (at a 1:1 ratio) and 100ng/ml SEB (Sigma,
UK) in 1001 D10/rIL-2. Day 3 supernatants were taken for IL-17 and IFNy ELISA. On
day 6 cells were stimulated with PMA and ionomycin for 5 hours before FACS staining.

Enhanced proliferation, survival and IL17 production of KIR3DL2+ CD4 T cells stimulated
with antigen presenting cells expressing HLA-B27 homodimers

We first asked if superantigen-stimulated KIR3DL2+ Th17 T cells could be preferentially
expanded in the presence of cells expressing HLA-B27 heavy chain homodimers (B275).
We have shown previously that the LBL721.220 cells (hereafter abbreviated to 220),
transfected with B27, protect KIR3DL2+ NK cells from apoptosis (22). This cell line lacks
functional tapasin and expresses high levels of B275, the levels being abrogated by mutation
of the unpaired cysteine at position 67 to serine and reduced 2 fold if tapasin is
overexpressed by co-transfection (21). CFSE-labelled CD4 T cells from AS patients and
controls were cultured with staphylococcal enterotoxin B (SEB) and equal numbers of 220
cells transfected with B27 or control HLA for five days. We compared the proliferation of
viable CD4 T cells expressing KIR3DL2 with KIR3DL2-ve CD4 T cells and with CD4 T
cells expressing “other” KIR (stained for expression with a mix of MAbs recognising
KIR3DL1/DS1, KIR2DL1/DS1 and KIR2DL2/3/2DS2, Figure 1A). The greatest
proliferation was observed in the KIR3DL2+ population stimulated with SEB and B27,+
expressing 220B27. Less proliferation of KIR3DL2+ cells was seen when CD4 T were
stimulated with 220 or control 220 transfectants lacking B27, (220B27C67S), expressing
reduced levels of B27, (220B27 HUTPN, 220B27 transfected with human tapasin) or
expressing other HLA class 1 (220B7). The percentage of viable CD4 T cells expressing
KIR3DL2 was consistently higher when CD4 T cells from patients with ankylosing
spondylitis (AS) were stimulated with SEB and 220B27 (Figure 1B). KIR3DL2-CD4 T cells
and CD4 T cells expressing “other KIR” did not show the same stimulation of proliferation
with 220B27 cells (Figure 1A and data not shown). The same effect was observed with
FACS-purified KIR3DL2+ CD4 T cell lines, and was inhibited with the KIR3DL2-specific
MAb DX31, showing direct involvement of KIR3DL2 (Figure 1C). HC10, an antibody to
HLA-class | heavy chains which also recognises B27,, also inhibited cell survival (data not
shown). LBL.721.221 cells expressing tapasin, transfected with HLA-B27, also stimulated
proliferation of KIR3DL2+ CD4 T cells more than LBL721.221 transfected with control
HLA (data not shown). (LBL721.221 HLA-B27 transfectants also express cell surface B27,

(25)).

Figure 2A shows that bulk CD4 T cells from AS patients, stimulated with SEB presented by
220B27, produced more IL17 than cells stimulated with control APC with reduced or no
B27, expression. Figure 2B shows that KIR3DL2+ CD4 T produce more IL17 under these
stimulation conditions. Figure 2C shows that, for a KIR3DL2+ CD4 T cell line, both cell
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survival (total number) and numbers of cells producing IL17 upon stimulation can be
inhibited by DX31 mAb.

Peripheral blood KIR3DL2+ CD4 T cells from AS patients are enriched for IL-17 production

We have previously described increased numbers of KIR3DL2+expressing CD4 T cells in
the peripheral blood of B27+ spondyloarthritis (SpA) patients, compared to healthy controls
and rheumatoid arthritis (RA) patients (22). We asked if these cells were capable of
producing IL-17 ex vivo. We first studied 26 SpA patients (24 with Ankylosing Spondylitis
(AS), 2 with Reactive Arthritis, 25 B27+), together with 6 B27 + and 18 B27 — healthy
controls, and 10 RA and 10 Ulcerative Colitis (UC) patients without SpA as inflammatory
disease controls. The patient demographics are shown in Table S1. Figure 3A shows
enumeration by Intracellular Cytokine Staining (ICS) and FACS of IL17-producing CD4 T
(Th17) cells from the peripheral blood of a representative AS patient and a B27- healthy
control. 3.31% of AS KIR3DL2+ CD4 T cells produced 1L17 following stimulation with
PMA and ionomycin ex vivo, as compared with only 1.54% of KIR3DL2- CD4 T cells. For
the healthy control, 1.09% of KIR3DL2+ and 0.45% of KIR3DL2- CD4 T cells produced
IL17. Since 16.5% of patient CD4 T cells patient expressed KIR3DL2, this corresponds to
30% of all the Th17 cells in this particular AS patient. By contrast for this particular healthy
control only 6.4% of IL17 producing CD4 T cells expressed KIR3DL2. Figure 3B shows
that KIR3DL2+CDA4 T contain a significantly higher proportion of IL17-producing cells for
both SpA patients and, to a lesser extent, healthy controls. We observed no difference in
IFNy production by KIR3DL2+ CD4 T between SpA patients and healthy controls (Figure
3B). By contrast with IL17 , KIR3DL2+ CD4 T from SpA patients were not enriched for
TNFa production compared to KIR3DL2- CD4 T (data not shown).

Figure 3C shows that the absolute number of peripheral blood KIR3DL2+ Th17 cells was
also increased in SpA patients compared to healthy B27- controls, and RA and UC
inflammatory disease controls. We also studied six B27+ healthy controls. Both the absolute
numbers (Figure 3C) and percentages of KIR3DL2+Th17 were increased compared to
healthy B27- individuals, although they were lower than the SpA patients. Interestingly,
healthy B27+ve control CD4 T cells also expressed more KIR3DL2 than B27-ve controls
(B27+ controls; 11.2 %+/-2.3 compared with 7.9%+/- 3.2 on B27- controls p=0.01; SpA
patients 15.12 %-+/- 10, p=0.0018 compared with B27- controls; mean values+/-SD). Fig.
3D shows that the proportion of Th17 cells expressing KIR3DL2 was increased both in SpA
patients and healthy B27+ controls compared with healthy B27-, RA and UC disease
controls. Thus a mean of 36% of all Th17 cells in SpA patients expressed KIR3DL2
compared with 12.7%, 16% and 17.4% in healthy B27—, RA and UC controls respectively.
Strikingly, although KIR3DL2+ cells comprised the minority of CD4 T, the observed
expansion within the KIR3DL2 population accounted for 70% of the total difference in
Th17 numbers between SpA patients and controls. Consistent with two previous studies
(9,10), the absolute number of Th17 cells in the bulk CD4 T cell population was also
increased in SpA patients compared with healthy B27— controls but to a lesser extent than
the absolute number of Th17 cells in the KIR3DL2+ CD4 T cell population (Figure 1S).

We next determined if IL17-producing KIR3DL2+ CD4 T cells expressed phenotypic
markers consistent with the Th17 phenotype. Figure 4A shows a representative FACS stain
from an AS patient of IL23R and CCR®6 expression by KIR3DL2+ and KIR3DL2- CD4 T
cells. In this patient 72% of KIR3DL2+ CD4 T cells coexpressed IL23 receptor and CCR6
compared with 5% of KIR3DL2- CD4 T. Overall a mean of 32% of KIR3DL2+ CD4 T
cells expressed 1L23 receptor, compared to only 3.1% of KIR3DL2-ve CD4 T in the SpA
patients studied (Figure 4B). Although KIR3DL2+ CD4 T cells comprised a minority of
peripheral blood CD4 T cells, they contained a mean of 57% of the total number of IL23R+
CDA T cells in SpA patients. By contrast, a lower proportion of KIR3DL2+ CD4 T cells
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from B27- controls expressed IL23R (15%; Figure 4B). There was no difference in the
proportion of KIR3DL2- CD4 T expressing IL23R between SpA patients and healthy
controls (Fig 4B). In addition to IL23R, KIR3DL2+ CD4 T cells were enriched for
expression of CCR6 and CD161 Th17 phenotypic markers (Fig. 4C and data not shown). By
contrast we observed no difference in the proportion of KIR3DL2+ CD4 T expressing
CD161 (data not shown).

We wished to investigate if KIR3DL2+ cells produced more IL17 than KIR3DL2- CD4 T
cells in response to TCR ligation and whether KIR3DL2+ production of 1L17 was promoted
by the Th17 cytokines 1L23 and IL1. We first studied IL17 secretion by equivalent numbers
of FACS-sorted KIR3DL2+ and KIR3DL2- CD4 T stimulated with antibodies against CD3
and CD28 for 5 days by ELISA. Figure 4D shows that, with this stimulus, KIR3DL2+ CD4
T cells from SpA patients produce four fold more IL-17 than KIR3DL2- CD4 T cells or
KIR3DL2+ CD4 T cells from healthy B27- controls (SpA KIR3DL2+ CD4 T 344+221 pg/
ml/50,000 cells vs 80.63+81.7 pg/ml/50,000 cells for KIR3DL2-; KIR3DL2+CD4 T from
healthy controls 86.4+32.5 pg/ml/50,000 cells, n=7; mean £SD). By contrast with the
KIR3DL2+ population, there was no difference in production of 1L17 between KIR3DL2-
CDAT cells from AS patients and healthy controls. We also observed no difference in
production of TNFa and IFN+y by this subset between patients and controls (data not
shown). Thus, although KIR3DL2+ cells constituted a minority of CD4 T, IL17 production
by this subset accounted for the majority of the increase in production of this cytokine in
SpA patients. FACS-sorted KIR3DL2+ CD4 T cells from AS patients secreted up to 58% of
all CD4 T cell 1L17 (Figure 2SA). IL17 production was further enhanced by addition of the
Th17 promoting cytokines IL23 and IL-1, and this effect was more pronounced (>5 fold
increase) for KIR3DL2+ cells from AS patients (Fig. 4D).

SpA KIR3DL2+ Th17 T cells are polyfunctional, frequently producing TNFa and IFNy

We next asked if KIR3DL2+ IL17-producing CD4 T cells were capable of producing
additional cytokines. Figure 5A shows that ex vivo stimulated KIR3DL2+ Th17 from the
peripheral blood of an AS patient also produce TNFa and IFN+y in addition to IL17. The
majority of IL17 producing KIR3DL2+ CD4 T cells also produced TNFa.. KIR3DL2+Th17
were enriched for production of IFNy compared to KIR3DL2- Th17 (Figure 5A and 5B).
Increased proportions of KIR3DL2+ CD4 T cells staining for both 1L17 and IFN+y
production were found in SpA patients compared to healthy B27- and disease controls
(Figure. 5B and data not shown). Figure 5C shows a representative FACS stain for IL17,
TNFa and IFN+y production by a KIR3DL2+CDA4 T cell line from a B27+ ReA patient.
Most IL17-producing cells from FACS sorted KIR3DL2+CD4 T cells from this and other
SpA patients also produced TNFa with some producing IFNvy in addition.

KIR3DL2+ CD4+ T cells also produced I1L17 following stimuli known to induce
spondyloarthritis such as infection with sa/monella typhimurium or stimulation with anti-
CD3 or superantigen (Figure 3S).

KIR3DL2+ Th17 cells are highly enriched in synovial fluid in SpA patients with active joint

disease

Since the hallmark of SpA is inflammation of entheses and synovial joints, we next asked if
the joints of SpA patients were enriched for KIR3DL2+ Th17 cells. Figure 6A shows that
synovial fluid KIR3DL2+ CD4 T cells from the inflamed knee of a patient with AS produce
IL17.95% of IL17 producing KIR3DL2+ CD4 T cells also produced TNFa, and 60%
produced IFNvy.
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Figure 6B shows data from paired peripheral blood and knee synovial fluid samples from
the above and 2 further AS patients, together with 3 B27+ patients with acute Reactive
Anrthritis following Salmonella sp. or Chlamydia sp. infection. 15.5+4.4% of synovial fluid
CDA4 T cells expressed KIR3DL2, compared to 8.4+1.4% of peripheral blood CD4 T from
matched samples from these patients. In all but one case synovial fluid mononuclear cells
(SFMC) were further enriched for IL17 production and CD161 expression compared with
peripheral blood, and all patients’ SFMC KIR3DL2+ CD4 T showed increased CCR6 and
IL23R expression. Synovial fluid KIR3DL2+ CD4 T cells also frequently produced more
TNFa and IFN+y than matched peripheral blood KIR3DL2+ CD4 T (Figure 6B). Increased
proportions of KIR3DL2+ CD4 T producing both IL17 and IFNy were found in the synovial
fluid of patients compared with peripheral blood.

Figure 6C shows that FACS-sorted KIR3DL2+CD4 T from SFMC produced more IL17
than KIR3DL2- CD4 T cells, when stimulated with anti CD3 and anti-CD28 for 5 days.

DISCUSSION

The Spondyloarthritides (SpA), of which Ankylosing Spondylitis (AS) is the commonest,
are a group of inflammatory arthritides strongly associated with possession of HLA-B27.
Here we show that CD4 T cells expressing the Killer Immunoglobulin Receptor KIR3DL2+
specifically survive proliferate and produce IL17 upon stimulation with cells expressing B27
dimers (termed B27,). We also show that the KIR3DL2+ CD4 T cell subset is expanded and
enriched for IL17 production in the peripheral blood and synovial fluid of patients with SpA.
Thus IL17-producing KIR3DL2+ CD4 T cells accounted for 70% of the observed increase
in Th17 numbers in SpA subjects (compared to controls), despite this subset comprising a
mean of only 15% of CD4 T in the peripheral blood of SpA patients. Furthermore
KIR3DL2+ from AS patients secreted more 1L17 than KIR3DL2- lines and KIR3DL 2+
CDA4 T from healthy controls ex vivo following TCR-stimulation.

An important role for Th17 cells in the pathogenesis of AS has recently been suggested by
the strong genetic linkage with IL23R polymorphisms (3), and by the findings of raised IL17
levels and Th17 cell numbers in AS patients (7, 9, 10). IL23R is typically although not
exclusively expressed by Th17 cells. Strikingly we show here that the KIR3DL2+ CD4 T
population accounts for the majority of peripheral blood CD4 T cell 1L23 receptor
expression in SpA patients. We have also shown that 1L23 (together with IL1) stimulates
KIR3DL2+ CD4 T cell IL17 production. Increased 1L23 expression has been demonstrated
in the terminal ileum of AS patients (26), and IL23 has been shown to be critical for
maintenance of pathogenic Th17 cells producing IFN<y in a murine colitis model (27). IL17
acts on a variety of cell types to induce secretion of multiple pro-inflammatory cytokines,
chemokines and prostanoids (15-17). Our data support the concept that IL17-producing T
cells contribute to the pathogenesis of AS.

The B27-responsive IL17-producing CD4 T cells described here carry Th17 phenotypic
markers including CCR®6, IL23R and CD161, but also commonly produce TNFa and/or
Interferon-y (furthermore production of all three cytokines is increased in response to 1L23).
There is now mounting evidence not only that such polyfunctional cells are common and
increased in SpA, but also that cells with an overlapping Th17 and Th1 phenotype may have
increased pathogenicity (27, 28). Interestingly the chemokine CCL20, a potent chemotactic
factor for CCR6+ T cells, is elevated in SpA (and RA) synovial fluid (29). 45% of
KIR3DL2+T cells in SpA patients in our study are CCR6+. CCL20 has been shown to be
secreted by human articular chondrocytes upon dynamic compression (30). This may be of
relevance given the predilection of inflammation in SpA for the spine and entheses, areas of
high mechanical stress.
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We have previously shown that B27 can form heavy chain dimers (B27,) (31). Unlike
classical HLA-B27, B27, bind the Killer-cell Immunoglobulin-like Receptor KIR3DL2 (20,
22, 32). Here we show that B27,-expressing antigen presenting cells stimulate the survival,
proliferation and IL17 production of KIR3DL2+ CD4 T. We provide evidence that this
effect is mediated directly through the KIR3DL2/ B27, interaction, since the effect is
reduced by reducing B27, expression and inhibited by a KIR3DL2-specific monoclonal
antibody. The molecular basis requires further elucidation, although we show that cell death
by apoptosis is reduced and that cell proliferation is increased. We have observed similar
anti-apoptotic effects of KIR3DL2 ligation by B27, on the survival of NK cells and of CD4
T cells that do not make 1L17 ((22) and unpublished data), so it is likely that B27, -KIR
interactions primarily exert their effect by promoting leukocyte survival rather than other
effects such as effects on T cell polarisation.

In this study we also show that some of these effects are also found in healthy B27
individuals. Thus we found a modest expansion of total KIR3DL2+ and of KIR3DL2+Th17
numbers in healthy HLA-B27+ individuals, without clear evidence of increased cytokine
production. These data show for the first time evidence of an immunological phenotype in
healthy HLA-B27+ individuals, and further support a direct pathogenic role for HLA-B27.
We propose that this increase in KIR3DL2+CD4 T cells, potentially skewed towards I1L17
production, may predispose to SpA.

We show here that AS patients have increased KIR3DL2+ Th17 cells, confirming previous
findings of increased numbers of circulating KIR3DL2+ CD4 T cells (22), and increased
Th17 cells (9, 10) and for the first time link both these findings to each other. Expression of
HLA-B27 likely explains both findings, since we have shown that KIR3DL2+ IL17-
secreting CD4 T cells selectively proliferate upon co-culture with B27,-expressing cells.
Our data are consistent with the hypothesis that Th17 cells play a significant role in
Ankylosing Spondylitis pathogenesis. The monoclonal antibody ustekinumab against the
p40 subunit of IL12 and 23 has recently been shown to be effective in the treatment of a
number of inflammatory diseases including Psoriatic Arthritis (33). Our study provides
scientific rationale for treatment trials of anti-Th17 therapy in AS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Thames Valley Comprehensive Local Research Network and Claire Farrar for patient recruitment. Jo Phillips for
KIR3DL2 (DX31) MAb. Professor Brigitte Askonas and Sarah Rowland Jones for comments.

References

1. Brown M, Bunce M, Calin A, Darke C, Wordsworth P. HLA-B associations of HLA-B27 negative
ankylosing spondylitis: comment on the article by Yamaguchi et al. Arthritis and rheumatism. 1996;
39:1768-1769. [PubMed: 8843876]

2. Allen RL, Bowness P, McMichael A. The role of HLA-B27 in spondyloarthritis. Immunogenetics.
1999; 50:220-227. [PubMed: 10602882]

3. Burton PR, Clayton DG, Cardon LR, Craddock N, et al. Association scan of 14,500 nonsynonymous
SNPs in four diseases identifies autoimmunity variants. Nature genetics. 39:1329-1337. [PubMed:
17952073]

4. Steinman L. A brief history of T(H)17, the first major revision in the T(H)1/T(H)2 hypothesis of T
cell-mediated tissue damage. Nature medicine. 2007; 13:139-145.

J Immunol. Author manuscript; available in PMC 2011 November 08.



syduiosnuel Joyiny sispun4 JINd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Bowness et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 9

. Wendling D, Cedoz J-P, Racadot E, Dumoulin G. Serum IL-17, BMP-7, and bone turnover markers

in patients with ankylosing spondylitis. Joint Bone Spine. 2007; 74:304-305. [PubMed: 17369068]

. Wang X, Lin Z, Wei Q, Jiang Y, Gu J. Expression of 1L-23 and IL-17 and effect of IL-23 on IL-17

production in ankylosing spondylitis. Rheumatology international. 2009 [PubMed: 19247658]

. Singh R, Aggarwal A, Misra R. Th1/Th17 cytokine profiles in patients with reactive arthritis/

undifferentiated spondyloarthropathy. The Journal of rheumatology. 2007; 34:2285-2290.
[PubMed: 17937463]

. Melis L, Elewaut D. Progress in spondylarthritis. Immunopathogenesis of spondyloarthritis: which

cells drive disease? Arthritis research & therapy. 2009; 11:233. [PubMed: 19591637]

.Jandus C, Bioley Gilles, Rivals Jean-Paul, Dudler Jean, Speiser Daniel, Romero Pedro. Increased

numbers of circulating polyfunctional Th17 memory cells in patients with seronegative
spondylarthritides. Arthritis & Rheumatism. 2008; 58:2307-2317. [PubMed: 18668556]

. Shen H, Goodall JC, Gaston J. S. Hill. Frequency and phenotype of peripheral blood Th17 cells in
ankylosing spondylitis and rheumatoid arthritis. Arthritis and rheumatism. 2009; 60:1647-1656.
[PubMed: 19479869]

Murphy CA, Langrish CL, Chen Y, Blumenschein W, McClanahan T, Kastelein RA, Sedgwick
JD, Cua DJ. Divergent pro- and antiinflammatory roles for IL-23 and IL-12 in joint autoimmune
inflammation. The Journal of experimental medicine. 2003; 198:1951-1957. [PubMed: 14662908]
McGeachy MJ, Cua DJ. Th17 cell differentiation: the long and winding road. Immunity. 2008;
28:445-453. [PubMed: 18400187]

Guttman-Yassky E, Lowes MA, Fuentes-Duculan J, Zaba LC, Cardinale I, Nograles KE,
Khatcherian A, Novitskaya I, Carucci JA, Bergman R, Krueger JG. Low expression of the I1L-23/
Th17 pathway in atopic dermatitis compared to psoriasis. J Immunol. 2008; 181:7420-7427.
[PubMed: 18981165]

Evans HG, Gullick NJ, Kelly S, Pitzalis C, Lord GM, Kirkham BW, Taams LS. In vivo activated
monocytes from the site of inflammation in humans specifically promote Th17 responses.
Proceedings of the National Academy of Sciences of the United States of America. 2009;
106:6232-6237. [PubMed: 19325128]

Jovanovic DV, Di Battista JA, Martel-Pelletier J, Jolicoeur FC, He Y, Zhang M, Mineau F,
Pelletier JP. IL-17 stimulates the production and expression of proinflammatory cytokines, IL-beta
and TNF-alpha, by human macrophages. J Immunol. 1998; 160:3513-3521. [PubMed: 9531313]
Katz Y, Nadiv O, Beer Y. Interleukin-17 enhances tumor necrosis factor alpha-induced synthesis
of interleukins 1,6, and 8 in skin and synovial fibroblasts: a possible role as a “fine-tuning
cytokine” in inflammation processes. Arthritis and rheumatism. 2001; 44:2176-2184. [PubMed:
11592383]

Ye P, Rodriguez FH, Kanaly S, Stocking KL, Schurr J, Schwarzenberger P, Oliver P, Huang W,
Zhang P, Zhang J, Shellito JE, Bagby GJ, Nelson S, Charrier K, Peschon JJ, Kolls JK.
Requirement of interleukin 17 receptor signaling for lung CXC chemokine and granulocyte
colony-stimulating factor expression, neutrophil recruitment, and host defense. The Journal of
experimental medicine. 2001; 194:519-527. [PubMed: 11514607]

Higgins SC, Jarnicki AG, Lavelle EC, Mills KH. TLR4 mediates vaccine-induced protective
cellular immunity to Bordetella pertussis: role of IL-17-producing T cells. J Immunol. 2006;
177:7980-7989. [PubMed: 17114471]

Hansasuta P, Dong T, Thananchai H, Weekes M, Willberg C, Aldemir H, Rowland-Jones S, Braud
VM. Recognition of HLA-A3 and HLA-A11 by KIR3DL2 is peptide-specific. European journal of
immunology. 2004; 34:1673-1679. [PubMed: 15162437]

Kollnberger S, Bird L, Sun MY, Retiere C, Braud VM, McMichael A, Bowness P. Cell-surface
expression and immune receptor recognition of HLA-B27 homodimers. Arthritis and rheumatism.
2002; 46:2972-2982. [PubMed: 12428240]

Bird LA, Peh CA, Kollnberger S, Elliott T, McMichael AJ, Bowness P. Lymphoblastoid cells
express HLA-B27 homodimers both intracellularly and at the cell surface following endosomal
recycling. European journal of immunology. 2003; 33:748-759. [PubMed: 12616495]

J Immunol. Author manuscript; available in PMC 2011 November 08.



syduiosnuel Joyiny sispun4 JINd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Bowness et al.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Page 10

Chan AT, Kollnberger SD, Wedderburn LR, Bowness P. Expansion and enhanced survival of
natural Killer cells expressing the killer immunoglobulin-like receptor KIR3DL2 in
spondylarthritis. Arthritis and rheumatism. 2005; 52:3586-3595. [PubMed: 16255049]

Ugolini S, Arpin C, Anfossi N, Walzer T, Cambiaggi A, Forster R, Lipp M, Toes RE, Melief CJ,
Marvel J, Vivier E. Involvement of inhibitory NKRs in the survival of a subset of memory-
phenotype CD8+ T cells. Nature immunology. 2001; 2:430-435. [PubMed: 11323697]

Peh CA, Burrows SR, Barnden M, Khanna R, Cresswell P, Moss DJ, McCluskey J. HLA-B27-
restricted antigen presentation in the absence of tapasin reveals polymorphism in mechanisms of
HLA class | peptide loading. Immunity. 1998; 8:531-542. [PubMed: 9620674]

Blanco-Gelaz MA, Suarez-Alvarez B, Diaz-Pena R, Lopez-Larrea C. HLA-B27 polymorphism at
position 116 critically influences the association with TAP/tapasin, intracellular trafficking and
conformational homodimers formation. Molecular immunology. 2009; 46:1304-1311. [PubMed:
19167761]

Ciccia F, Bombardieri M, Principato A, Giardina A, Tripodo C, Porcasi R, Peralta S, Franco V,
Giardina E, Craxi A, Pitzalis C, Triolo G. Overexpression of interleukin-23, but not interleukin-17,
as an immunologic signature of subclinical intestinal inflammation in ankylosing spondylitis.
Arthritis and rheumatism. 2009; 60:955-965. [PubMed: 19333939]

Ahern PP, Schiering C, Buonocore S, McGeachy MJ, Cua DJ, Maloy KJ, Powrie F. Interleukin-23
drives intestinal inflammation through direct activity on T cells. Immunity. 33:279-288. [PubMed:
20732640]

Ghoreschi K, Laurence A, Yang XP, Tato CM, McGeachy MJ, Konkel JE, Ramos HL, Wei L,
Davidson TS, Bouladoux N, Grainger JR, Chen Q, Kanno Y, Watford WT, Sun HW, Eberl G,
Shevach EM, Belkaid Y, Cua DJ, Chen W, O’Shea JJ. Generation of pathogenic T(H)17 cells in
the absence of TGF-beta signalling. Nature. 467:967-971. [PubMed: 20962846]

Melis L, Vandooren B, Kruithof E, Jacques P, De Vos M, Mielants H, Verbruggen G, De Keyser
F, Elewaut D. Systemic levels of IL-23 are strongly associated with disease activity in rheumatoid
arthritis but not spondyloarthritis. Annals of the rheumatic diseases. 2009

Haudenschild DR, Nguyen B, Chen J, D’Lima DD, Lotz MK. Rho kinase-dependent CCL20
induced by dynamic compression of human chondrocytes. Arthritis and rheumatism. 2008;
58:2735-2742. [PubMed: 18759278]

Allen RL, O’Callaghan CA, McMichael AJ, Bowness P. Cutting edge: HLA-B27 can form a novel
beta 2-microglobulin-free heavy chain homodimer structure. J Immunol. 1999; 162:5045-5048.
[PubMed: 10227970]

Kollnberger S, Chan A, Sun MY, Chen LY, Wright C, di Gleria K, McMichael A, Bowness P.
Interaction of HLA-B27 homodimers with KIR3DL1 and KIR3DL2, unlike HLA-B27
heterotrimers, is independent of the sequence of bound peptide. European journal of immunology.
2007; 37:1313-1322. [PubMed: 17407096]

Gottlieb A, Menter A, Mendelsohn A, Shen YK, Li S, Guzzo C, Fretzin S, Kunynetz R,
Kavanaugh A. Ustekinumab, a human interleukin 12/23 monoclonal antibody, for psoriatic
arthritis: randomised, double-blind, placebo-controlled, crossover trial. Lancet. 2009; 373:633—
640. [PubMed: 19217154]

J Immunol. Author manuscript; available in PMC 2011 November 08.



syduiosnuel Joyiny sispun4 JINd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Bowness et al.

g / S s
N
a
[l 1
x ]
x \b
in]
o
o
E 00
15}
£
S
[ENo stimulus
[2]
= 0 D]+220+SEB
o [O+220827
Q@ +220827+SE8
o) [A+220B27HUTPN+SEB
S 2001 [T1+220827CE7S+SEB
ES+22087+SEB
£
P
m o
8100
S
[&]
£
=

KIR3DL2+ CD4 T

= +220B27 (B27,+)
— +220B7

= +220B27 C67S
£ 4220

=3 No Stimulus

KIR3DL2+ CD4 T

KIR3DL2-CD4 T

Other KIR+ CD4 T

EINo Stimulus
F2+220827 HUTPN
80 P=0.001 P=0.001 [+220B27
/m [E+220B27+DX31
£ i [1+220B27+I9G2a
0]
[&]
l_
Q9
Q0
T
>
X

KIR3DL2+ CD4 T cell line

Page 11

Figure 1. Enhanced proliferation and survival of KIR3DL2+ CD4 T cells stimulated with SEB
and antigen presenting cells expressing HL A-B27 homodimer s (B275)

A. Left hand panels. Live CD4+ CFSE+ from a healthy B27- control were gated on

KIR3DL2+ , KIR3DL2-, or “other” KIR+. Right hand panels. Proliferation of KIR3DL2+ ,
KIR3DL2- and CD4 T cells expressing “other” KIR, with SEB presented by 220B27 or

control 220B7, 220B27C67S and 220 cells. Representative of 12 experiments with 6

patients and 3 controls. B. % Increase in viable KIR3DL2+ CDA4 T cells after stimulation
with SEB and 220B27 or control APC compared with stimulation with 220 APC. Data from
6 independent experiments with 6 patients. 220B27 HUTPN: 220 transfected with HLA-B27

and human tapasin express reduced levels of B27,. *ANOVA for T +220B27 + SEB
compared with other stimuli p<0.0001. C. %viable CFSE+ T cells after stimulation of

FACS-purified KIR3DL2+ CD4 T cells with SEB and control 220B27 HUTPN (32.4+2.7%),
220B27 (67+2.2%), or 220B27 with KIR3DL2-specific DX31 MAb (44.2+4%) or 19G2a
(62.3£2.4%). Four independent experiments with a KIR3DL2 CD4 T cell line from an AS
patient; results in B and C expressed as mean % viable cellst s.e.m. Representative of seven
independent experiments with T cell lines from 3 AS patients.
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Figure2. KIR3DL2+ CD4 T cells show enhanced | L 17 production upon activation with B27,-
expressing 220B27 cells

A. IL17 ELISA showing CD4 T cells stimulated with SEB and B27,-expressing (220B27)
APC produce more 1L17 than cells with SEB and control APC. Data from 5 independent
experiments with 5 AS patients; results expressed as mean + s.e.m . p<0.05 students t test
for all samples. (No stimulus 5.9+ 1.5; 220B27 5.9+ 3.8 ; 220+SEB 134+ 29; 220B27+SEB
298+ 57; 220B27HUTPN 113+ 15; 220B7+SEB 164+42 pg/ml). B. Total numbers of viable
IL17+ KIR3DL2+ CD4 T cells from an AS patient after 5 day stimulation of CD4 T with
SEB and B27,-expressing (220B27) APC compared to stimulation with SEB and control
APC (220, 220B7 and 220B27 HUTPN). Representative of data from three patients and two
controls. C. Intracellular cytokine staining for IL17 of a purified KIR3DL2+ CD4 T cell line
after 5 day stimulation with SEB and APC, in the presence of KIR3DL2-specific (DX31) or
isotype 1gG2a MAD. Representative data from three independent experiments with this T
cell line.
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Figure3. KIR3DL2+ CD4 T cellsfrom AS PBM C show enhanced IL 17 production

A. Representative FACS plot showing IL-17 production by KIR3DL2+ and - CD4 T
lymphocytes from an Ankylosing Spondylitis (AS) patient (upper) and B27- control (lower
panels), both resting and following PMA/ionomycin stimulation. B. (Upper panel)
Percentage of KIR3DL2+ (KIR+) and KIR3DL2- (KIR-) CD4+ T cells producing 1L17
(IL17+) in patients with spondyloarthritis (SpA) (n=26) compared to B27- healthy controls
(n=18). (Lower panel) Percentage of KIR3DL2+ (KIR+) and KIR3DL2- (KIR-) CD4 T
cells producing IFN+y in SpA patients and B27-controls. P values calculated using a students
T test. C. Total number of KIR3DL2+ IL17+ CD4 T cells/10° peripheral blood mononuclear
cells in SpA patients (n=26) compared to B27- (n=18) and B27+ (n=6) healthy controls
(HC) and inflammatory disease controls with Ulcerative colitis (UC) (n=10) or Rheumatoid
Arthritis (RA) (n=10). IL17+ CD4 T cells were enumerated following PMA/ionomycin
stimulation. SpA 1141/10% PBMC +/- 1010; B27-HC 286+/-322; B27+HC 952+/-758; RA
352+/-235; UC 264+/-180. Individual datapoints and mean £ SD are shown in B and C.
with ANOVA. D. Proportion of total Th17 expressing KIR3DL2 in SpA patients and
healthy B27- (HC), healthy B27+ (HC), RA and UC controls. (Mean values+/-SD with
ANOVA).
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Figure4. KIR3DL 2+Th17 cells from SpA patients express high levels of 1L 23 receptor and

CCR6and respondtolL23and IL1

A. FACS staining of PBMCs from an AS patient for CCR6 and IL23R expression. B.
32.2+23.2% of peripheral blood KIR3DL2+ CD4 T cells and 3.1+3.4% of KIR3DL2-
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(n=19: 16 B27+AS and 3 B27+ ReA patients) from SpA patients and 15.1+/-8.6 KIR3DL2+
and 2.5+/-2.9 KIR3DL2- CD4 T cells from healthy B27- healthy controls (HC) express

IL23R (n=17). (All data presented as mean+/-SD). C. 45+25.9% of peripheral blood

KIR3DL2+ CD4 T cells and 17.1+11.4% of KIR3DL2- (n=20, 17 B27+AS and 3 B27+
ReA patients) from SpA patients and 29.5+/-12.9 of KIR3DL2+ and 15.1+5.7% KIR3DL2-
CDA T cells from B27- healthy controls express CCR6 (n=17). D Purified peripheral blood
KIR3DL2+ (KIR+) CD4 T cells from AS patients activated with anti-CD3 and anti-CD28
secrete more I1L17 than equivalent numbers of purified KIR3DL2- CD4 T (KIR-) (left hand

panel) and KIR3DL2+CD4 T (KIR+) from healthy B27- healthy controls (right hand

panel). IL17 secretion by KIR3DL2+ CD4 T is enhanced by co-culture with 1L23 and IL1 to
a greater degree than secretion by KIR3DL2- CD4 T (1750+386.6 pg/ml/50,000 cells vs
294.6 £135.3 pg/ml/50,000 cells; p values calculated using a students T test. Data from 7
patients with AS and 7 healthy controls. All data presented as mean+/-SD).
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Figure5. SpA KIR3DL 2+ Th17 produce TNFa and |FNvy in addtion to | L 17
A. Representative ex vivo FACS stain of TNFa, IFNy and IL17 production by peripheral
blood KIR3DL2+ and KIR3DL2- CD4 T cells from an AS patient activated with PMA and
ionomycin. B. Proportions of FACS stained peripheral blood KIR3DL2+ and KIR3DL2-

CD4 T cells from SpA patients and B27-healthy controls producing IL17 and IFN-y
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(%IL17+IFN-y+). Data presented as mean+/-SD with ANOVA. C. TNFa, IFN+y and IL17
production by a KIR3DL2+ CD4 T cell line from a ReA patient activated with PMA and
ionomycin. (Representative of results from 4 different cell lines with 2 B27+AS and 2 B27+

ReA patients).
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Figure 6. SpA patientswith activejoint disease have increased numbers of KIR3DL 2+ Th17 cells
in synovial fluid

A. FACS comparison of IL17, TNFa and IFN+y production by PMA ionomycin activated
KIR3DL2+ and KIR3DL2- CD4 T of from synovial fluid leucocytes from an AS patient. B.
Plot of comparative data from matched peripheral blood (PBMC) and synovial fluid
mononuclear cell (SFMC) samples from 3 AS and 3 reactive arthritis (ReA) HLA-B27+
patients, showing expression of CCR6, CD161 and IL23R and production of IL17, TNFa
and IFN-y and proportions of IL17+IFN~y+cells by synovial fluid KIR3DL2+ CD4 T
compared to peripheral blood KIR3DL2+ CD4 T. Significance calculated using a wilcoxon
signed rank test. C. Equivalent numbers of FACS-purified synovial fluid KIR3DL2+CD4 T
cells secreted more IL17 than KIR3DL2- CD4 T (1904+/-401 pg/ml/50,000 cells vs 403+/
-164 pg/ml respectively; mean £SD of values for 3 patients). Resting KIR3DL2- cells
produced <50pg/ml (data not shown).
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