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Common Intra-Articular T Cell Expansions in Patients with
Reactive Arthritis: Identical B-Chain Junctional Sequences and
Cytotoxicity Toward HLA-B27 *

Nicolas Dulphy,* Marie-Alix Peyrat, ' Vannary Tieng,* Corinne Douay,* Claire Rabian,*
Ryad Tamouza,* Saddek Laoussadf, Francis Berenbaum?® Agnes Chabot? Marc Bonneville,"
Dominique Charron,* and Antoine Toubert?*

Spondyloarthropathies constitute a group of autoimmune diseases of special interest because of their tight association with the
MHC class | molecule HLA-B27 and the bacterial triggering of some clinical forms called reactive arthritis (ReA). One current
hypothesis is the presentation by HLA-B27 of a so-called arthritogenic peptide to T cells. To better focus on the relevant T cell
populations within the joint, we performed an extensivep-chain T cell repertoire analysis of synovial fluid compared with PBL

in seven patients, four of whom were characterized as having ReA triggered bYersinia enterocolitica Chlamydia trachomatisor
Shigella sonnei Analysis of the size diversity of thef3-chain complementarity-determining region 3 (CDR3) allowed us to evaluate

the degree of T cell clonality in the samples. Oligoclonal T cell expansions were frequently observed in the joint. In one patient, &
CDR3 amino acid sequences of major expansions using two different BV genes were identical. One dominant T cell expansion andi
several CDR3 amino acid sequences were identical in two different patients. Furthermore, one sequence was identical with a§
sequence reported independently in &almonellainduced ReA patient. Together, these data indicate a surprisingly high degree &
of conservation in the T cell responses in recent-onset ReA triggered by different micro-organisms. A CD8synovial line ex-
pressing shared clonotypes was established and reacted toward several B*2705 lymphoblastoid cell lines, therefore supporting
molecular mimicry phenomenon at the T cell level in the disease mechanismThe Journal of Immunology,1999, 162: 3830-3839.
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matory rheumatic diseases including ankylosing spondy-peptide binding rules, and the definition of HLA-B27 subtypes (6)

litis, reactive arthritis (ReA) or Reiter's syndrome, and there is still no definitive explanation of the disease mechanisma
some clinical forms of psoriatic or inflammatory bowel disease-T cells present at the pathogenic site are thought to play a dire@
associated arthritis (1). A key feature in SA pathogenesis is theole as in the case of other autoimmune diseases, for instance rhégl-
interplay between genetic factors suggested by the familial aggrematoid arthritis or multiple sclerosis. In the case of SA, one main2
gation of the disease (2) and environmental factors such as thigypothesis, the so-called arthritogenic peptide hypothesis (68
occurrence of ReA cases following outbreaks of eitBbigella  proposes that an antigenic peptide derived from an autoantigen
Yersinig or Salmonellanfections. The major predisposing genetic from a triggering bacteria would be presented in an HLA-B27- g
factor that has been identified is the MHC class | molecule HLA-restricted fashion to effector CD8T cells. Evidence for this &
B27. The direct implication of HLA-B27 in the disease processhypothesis came from the report of HLA-B27-restricted CD8
and the role of triggering bacteria have been documented in thg cell clones derived from the synovial fluid (SF) of patients
animal mOdels Of al‘thl‘itis SUCh as HLA-B27 transgenic rats (3) Orwith ReA and Specific for bacteria or autoantigens (7) The per-
HLA-B27 transgenic-muring8,m knock-out mice (4). However,  sjstence ofChlamydiaor Salmonellainside the joint (8, 9) could

explain the continuous triggering of the immune response. Several

. - ] o T ] ] bacterial proteins are candidate sources of antigenic peptides,
d'j’;ﬂ?;gg;g:g‘&;”;:gﬁi‘fg‘ég'ﬁﬁﬁ/"ggfé‘gﬂg@ﬁf‘g;ﬂfg‘g‘_ﬁ:gﬁ;iiﬂ; including hsp60 or the urease 19-kPasubunit fromYersinia(10)
Saint-Louis, Paris, Francéinstitut National de la Santet de la Recherche Micale, and hsp57 or Hcl, an 18-kDa histone-like protein fréiamydia

Unit 463, Institut de Biologie, Nantes, Franc&ervice de Rhumatologie A, pdal (11). Based on the HLA-B27 binding motif. a nonamer peptide
Cochin, Paris, France$Service de Rhumatologie, Hidal Saint-Antoine, Paris, ’

S pondyloarthropathies (SA)constitute a group of inflam-  despite knowing the three-dimensional structure of HLA-B27 (5), 3

z
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France; and'Service de Rhumatologie A, Wial Lariboisige, Paris, France from. YerSiniahSPGO has beer.] ide.m.iﬁ.ed as a target fqr HLA-B27-
Received for publication September 25, 1998. Accepted for publication DecembeFesmCted cytolytic responses Yersm_lalnd_uced ReA patients (12).
22, 1998. The partner of the HLA-B27/antigenic peptide complex recog-

The costs of publication of this article were defrayed in part by the payment of pagdlition is thea TCR heterodimer. The arthritogenic peptide hy-
chirges. This article must thereifoire be Eereby iTaiilm(hrtisemenm accordance pothesis supposes a limited diversity of the T cell repertoire since
with 18 U.S.C. Section 1734 solely to indicate this fact.
L This work gi g/ he Association de Recherch la Polvarth both HLA-B27 and the putative antigenic peptide(s) could be
is work was supported in part by the Association de Recherche sur la Polyarthrit
and BIOMED European Concerted Action EUROAS. Shared by different patients, especially in the case of bacteria-trig-
2 Address correspondence and reprint requests to Dr. A. Toubert, Centre G. Hayengered ReA. T cell repertoire studies in rheumatoid arthritis (13)
Hopital Saint-Louis, 1 av. C. Vellefaux, 75475 Paris Cedex 10, France. E-mail ad-revealed more frequent T cell expansions at the pathogenic site
dress: toubert@histo.chu-stlouis.fr than in PBL and that some were shared in different joints of the
° Abbreviations used in this paper: SA, spondyloarthropathies; ReA, reactive arthritissame patient and persisted over time (14, 15). Overall, these data
SF, synovial fluid; hsp, heat shock protein; CDR3, complementarity-determining- suggest an in situ Ag -driven immune response With regard to

region 3; aa, amino acid; B-LCL, Epstein-Barr virus-transformed B lymphoblastoid 5 )
cell line. HLA-B27-related arthritis, lack of a preferential usage of the TCR

Copyright © 1999 by The American Association of Immunologists 0022-1767/99/$02.00
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Table I. Clinical characteristics and HLA class | typing of the patients

3831

Disease Sacroiliitis Serology
Patient Sex Age  Duration (grade) (titer) Medications HLA-A  HLA-B  HLA-C

GM

Ankylosing M 62 35 years + ND NSAID? 0301 2705 02

Spondylitis 2402 39 07
TD

Ankylosing M 31 2 years + (ll/IN) ND NSAID 0201 2705 01

Spondylitis sulphasalazine 1101 02

C

Ankylosing F 22 11 years + ND NSAID 02 51 01

Spondylitis 25 2705 14
CN

Reactive F 46 <30 days — Y. enterocolitica NSAID 11 18 02

Arthritis 0:3 (1/2560) 24 2705 1203
PG

Reactive M 29 <30 days — Postdiarrhea NSAID 0201 61 0202

Arthritis 3201 2705 1501
CF

Reactive M 30 2 years — S. sonnei None 2901 07 0701

Arthritis (1/640) 6801 2705 0202
CL

Reactive M 33 14 years + (lll) C. trachomatis NSAID 29 2705 02

Arthritis (1/512) 30 49 07

2NSAID, nonsteroidal anti-inflammatory drugs.

«aB V regions encoding genes (16) but the occurrence of multipleMaterials and Methods
T cell expansions (17) have been reported in PBL and SF T cellpgtients

from ReA patients. Analysis of cytolytic CD8 HLA-B27-re- . i .
stricted clones produced in vitro from the synovial fluid of three "ok from 19 HLA-B27-positive patients fulfiliing the European Spondy- =
; p o y, . larthropathy Study Group diagnostic criteria for SA (1) were included inS
ReA patients revealed limited use of BV families (BV13, 14, 17) the study and compared with samples from 10 healthy HLA-B27-positiveS
and BJ segments (18) as well as some structural constraints in thedividuals obtained from the Blood Bank facility of our institution. 5
B-chain hypervariable complementarity-determining region 3Among the 19 patients, 12 had classical ankylosing spondylitis, three ha&
(CDR3) without sequence homology (19). The T@Rhain is psoriatic arthritis, and four had ReA Wlth a ba_ctenal triggering agent de-é
L fined in three casehlamydia trachomatis, Shigella sonnei, Yersinia en-
produced by the combination of V, D, J, and C gene segments. I'ﬂerocolitica 0:3. Patient PG developed ReA after an enteric infection con-S
addition, this combinatorial diversity is increased by the nibblingtracted on travels in Peru wheBaimonellais a frequent cause of ReA
of germline nucleotides and addition of N and P residues at thé24). SF lymphocytes were obtained under informed consent from kneg
V-D-J junction sites. The crucial nature of the CDR3 region en-€ffusions during SF analysis before steroid administration in three ankyz

. . L - osing spondylitis patients and four ReA patients. Two ReA patients werad
compassing the V-D-J junction in the contact with the central par tudied at the onset of the disease (patients PG and CN), while the remaimr

of the peptide in the MHC-peptide complex was shown by crys-ing two (patients CF and CL) had acute relapses. The main clinical feap
tallography (20). Two methods called spectratyping (21) and Im-tures, HLA class | typing, and treatment at the time of sample collection are&>
munoscope (22) have been developed to determine the size §hown in Table I for these seven patients who where extensively studied®
CDRS3 regions in transcripts of whole BV families or in given RNA extraction and cDNA synthesis

BV-BJ combinations without any requirement for in vitro cell cul-

MMM WO} PaPE0 JUMOQ

ture and are therefore particularly suitable for analysig@f cell ~ PBL were obtained by density gradient centrifugation (Ficoll/Hypaque)
and SF cells were isolated directly by three successive washes in PBS.

clonality in complex cllnlca! situations: tumors, autoimmune dis- RNA was extracted from cell pellets frozen in liquid nitrogen by lysis in

eases, and graft-vs-host disease (23). We took advantage of thiganidium thiocyanate buffer, and the cDNA was prepared from Sgl0

approach to compare tlag8 T cell repertoire in paired PBL and SF total RNA with AMV reverse transcriptase (CDNA cycle kit, Invitrogen,

samples of seven HLA-B27-positive ReA or ankylosing spondy-Leek, The Netherlands) as previously described (25).

litis patients. Some oligoclonal expansions deflngd by the B\_/, B_‘]OIigonucIeotides and CDR3 size analysis

gene segments, and the CDR3 size were found in common in dif- y _ _

ferent patients. CDR3 amino acid sequence comparisons revealértﬂ‘eI ”‘(’jme”%até”(ezgf i}; fla::“"'es and the o gidega"e geﬁ” S
o - oysly describe , 26). Fluorescent primers for BC, BJ, and the -

_stnkmgly F:onser_ved pat_terns_. Identical sequences were _observ 253 clonotypic primer (SCTGCGTATCTGTGGAATATAGA-3)

in expansions, firstly using different BV genes in one patient andyere labeled at the’%nd with the Fam fluorophore (Applied Biosystems,

secondly between two different ReA patients. One sequence wagoster City, CA). Aliquots of the cDNA synthesis reaction (corresponding

identical with a previously reported sequence of a cytolytic cloneto 250 ng total RNA) were amplified in 5@} reactions with one of the

derived in vitro from aSalmonellatriggered ReA patient (18). BV-specific oligonucleotides as thé-primer and the BC oligonucleotide

. . . as the 3-primer. The final concentration was 0.5 mM for each primer, 0.2
Finally, a CD8" SF line from the ReA patient whose SF lympho- dNTP, and 2 mM MgCJ in Taq polymerase buffer (Promega, Mad-

cytes expressed these sequence identities recognized seveign, W) in the presencefd U of Taqpolymerase (Promega) on a DNA
B*2705 expressing EBV-transformed lymphoblastoid cell linesthermal cycler (model 9600, Perkin-Elmer, Norwalk, CT). The PCR cycle
(B-LCL). These results strongly support the arthritogenic peptideorome was denaturation at 94°C for 30 s, annealing at 60°C for 45 s, and

. i . primer extension at 72°C for 45 s for 40 cycles and a final polymerization
hypothesis and argue for an Ag-driven skewing of the T ceIIstep of 5 min at 72°C. Aliquots from each BV-BC PCR produck[pwere

repertoire common to patients with ReA triggered by different copied in six cycle run-off reactions primed with a fluorophore labeled BC,
bacteria. BJ, or clonotypic-specific oligonucleotide. The final concentrations were
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0.2 mM dNTP and 3 mM MgClin the presence of 0.2 U of Taq poly- ing the CD3-specific mAb OKT3 (Ortho Diagnostics, Raritan, NJ). HLA
merase. The run-off reactions were migrated on 4.25% acrylamide seclass | typing was determined by standard microcytotoxicity and HLA-B27
qguencing gels (377A DNA sequencer, Applied Biosystems) for sizesubtyping using DNA methods (32).

(Genescan-500 size marker, Perkin-Elmer) and fluorescence intensity de-

termination. The raw data were analyzed with the help of the Inmunoscope

software (22). The CDR3 region was defined to include residues 95-1062€SUlts

(23). Since the positions of the BV and the BC primers are fixed, the lengtfOligoclonal T cell expansions in HLA-B27-related arthritis SF
distribution observed in the PCR fluorescent BV-BC products dEpendjymphocytes

only on the size of the V-D-J junctions. Statistical analysis was performe

to determine whether a profile could be considered Gaussian; a profile wabhis approach of T cell repertoire analysis was chosen to provide
not considered Gaussian if one peak was excluded from the 95%)oth g qualitative and a quantitative appraisal of the T cell re-

confidence interval of peak I‘evel intensities. TCRB subfamilies BVl_O and§p0nse in terms of clonality and of BV or BJ gene segment usage,
BV19 were omitted from this analysis as they are pseudogenes in mos . . ;
individuals (27). respectively. We first compared the TCR BV gene usage in PBL
isolated from age-matched HLA-B27-positive individuals who
were either healthyn(= 10) or were affected by various forms of

A competitive PCR was used as previously described (25) to quantify théSA (n = 19). The overall picture of BV usage was comparable in
TCR transcripts in each cDNA sample using a deleted (4-bp) €Et&in the two groups (data not shown). We observed T cell expansions

plasmid. About 3x 10° copies of cDNA from each sample were then i gifierent BV families without any correlation with disease sta-
amplified for 30 cycles with the BV primers and an internal fluorescent BC

primer. BJ usage was defined after run-off reactions of the unlabelegius'.-rhelr frequency mcrease'd with age in the grogp of healthy
BV-BC amplification product and is quantitative, since the fluorescentSubjects as well as in the patients as reported previously (33). In
primers have comparable amplification efficiencies (23). The fluorescenckne with the hypothesis that a local stimulus could initiate the

intensity in each BV or BJ family was expressed as the percentage of totad rthritic process, we thereafter chose to focus on the comparison

signals from the 22 BV or 13 BJ subfamilies. Statistical comparisons be P ; _
tween samples from healthy donors and patients or between PBL and Sllgetween the T cell repertoire in PBL and in SF lymphocytes. Sam

. . . . W)
were made using the Mann-Whitney test. Clonotypic sequence usage wad€ Pairs from seven different HLA-B27 patients were available forg
defined after run-off reactions with the labeled BJ2S3 and clonotypic prim-analysis. Perturbations of the CDRS3 size distribution profiles Weré_
ers. The amplification efficiency of the clonotypic primer was assessedhe rule in SF T cells with few truly polyclonal families. Oligo- §
beforehand in comparison with the BJ primer on a clonal plasmid DNA. clonal expansions were found in three to six BV families in SF anc%
DNA sequencing in zero to three families in blood. Some were common at bothg’
BV-BJ PCR products were cloned into pCR2.1 vector (Invitrogen) and.SIteS’ but the majo“ty were detecteq in SF Iymphoc.y.tes .Only. Ma3

or SF expansions and corresponding BV-BC amplifications fronE

BV and BJ gene usage

transformed into XL1 Blue supercompetent cells (Stratagene, La JoIIaJ, o ] . ;
CA). After blue/white screening of recombinant plasmids on X-galacto- PBL are shown in Fig. 1 for the seven patients studied. Expansiong
side/isopropylthiogalactoside indicator plates, plasmids were purified bywere found in different BV families in different patients. However, El
alkaline lysis followed by phenol/chloroform/iso-amyl alcohol. Inserts foyur of seven patients had expansions in the BV1 or in the BV113

were checked by agarose gel electrophoresis after BV-BJ PCR amplific . . . .
tion, and both strands were sequenced with the ABI PRISM Dye Primearam"y’ and three of seven had expansions in BV23. Patients P@

Cycle sequencing kit (Perkin-Elmer). Products were loaded on 4.250@nd CN, both affected by an acute form of ReA triggered by arg
acrylamide sequencing gels (377A DNA sequencer, Applied Biosystemsgnteric infection, shared T cell expansions in the BV1 and BV233
and analyzed with the Sequence Navigator software. families. These BV expansions were defined more precisely ir?
most cases with regard to their BJ usage by performing run-o
reactions of the BV-BC amplification with BJ fluorescent primers
Direct immunofluorescence was performed in triple labeling analysis. After(TabIe I1). At this level of definition some BV expansions appar- 5

washing, SF cells or PBL were incubated for 15 min with one of the BV il to diff t patient 1d be disti ished. for i
region-specific labeled mAb (Immunotech, Marseille, France) BL37.2-ENtly common to diiierent patients cou € distinguished, for in-o

phycoerythrin (BV1), TAMAYAL.2-FITC (BV16), FIN9-phycoerythrin ~ Stance the BV16 expansions (11 aa) of patients GM and PG usef
(BV9), or AF23-phycoerythrin (BV23) together with a labeled CD3, CD4, respectively, the BJ2S5 and BJ2S7 segments. However, the BV@

(3@8' 03; CD42RO mébg('mmg”%te‘?h' Marseille, Ffance)i EVS”t9§(5 expansions (10 aa) of patients PG and CN used the same BJ2S3
10°-1 gated on CD3 or CD8 expression were analyzed using a : : :
FACScan flow cytometer (Becton Dickinson, Mountain View, CA), and segment as did the BV11 expansions (6 aa) of patients CF and CN.

results were expressed as percentages of cells staining above the badks the experiments were also Semiquanj[itative, we could compare
ground level. the percentage of the T cell expansions in the PBL vs SF. In some
cases SF expansions were markedly over-represented compared to
blood, for instance the BV1-BJ2S3 expansion, which could be
considered the dominant expansion in patient PG accounting for
Synovial T cells from patient PG were sorted by means of the CD8 mAbabout 4.75% of in situ T cells (Table 11).

(>95% CD8" cells) and cultured in medium supplemented with riL-2

(Genzyme, Cergy, France) at 150 1U/ml, purified PHA-L at @g/ml ) ) ) . )
(leukoagglutinin, Sigma, St. Louis, MO) and irradiated (50 Gy) allogeneicDominant T cell expansions are found at different articular sites
feeder cells as described previously (28). Cells were maintained by addingn patient PG

IL-2 (150 1U/ml) twice weekly and were restimulated every 2 wk in the . . . . .
presence of allogeneic feeder cells in which HLA-B27-positive cells hadPatient PG presented at diagnosis an acute right knee arthritis and

been excluded. Cytotoxicity was measured by a standard’@hrelease 15 days later developed a controlateral knee effusion. Fluid was
assay, and the percentage of specific lysis was calculated as describg@tained for analysis at both articular sites (SF-R and SF-L). Sim-

previously (28). Targets were B-LCL generated in the laboratory, excepfi5r oli ; ;
; goclonal patterns were observed in both knee effusions. The
ADA (28), HOM-2, COX, MGAR, S ,and YAR (h B-LCL . . % .
(28) weig, an (homozygous similarity of the BV1, BV9, BV16, and BV23 expansions was

from the Tenth International Histocompatibility Workshop), and the T2
and B*2705-transfected T2 cell lines (29). PHA blasts were generated frongonfirmed by BJ run-off reactions (Fig. 2). Moreover, the expan-

PBL of individual GC (2x 10°) by three cycles of a 4-day stimulation with  sions detected in two right knee samples obtained a few days apart
PHA-L at 1 ug/ml. In inhibition experiments, targets were preincubated for \yere identical (data not shown). These data confirm the relevance

1 h with a 1/100 dilution of ascites of W6/32, an HLA class | monomorphic . . - .
mAb (30) or B1.23.2, an HLA-B- and -C-specific mAb (31). SF1.111, an of the method and the fixed bias of the T cell response in a given

anti-H-2 K9 IgG2a isotypic control, was provided by Dr. M. Pla {pital patient during an acute episode of arthritis. The BV1-BJ2S3 ex-
Saint-Louis, Paris, France). Blocking experiments were also performed ugpansion at a 10-aa CDR3 size was detected in blood during the

Flow cytometric analysis

Selection of a CD8-positive cytolytic T cell line from patient PG
and 51Cr release assay
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FIGURE 1. CDRS3 size distribution of major TCRBV expansions in synovial fluid lymphocytes and PBL from HLA-B27-reactive arthritis and anléy-
losing spondylitis patients (see Table 1). cDNA was amplified in PCR reactions primed by one BV subfamily and a BC-specific fluorescent prlmegTh(

10-aa CDR3 size is indicated. )

O

acute phase of arthritis but no longer in a sample collected 11 mtymphocyte populations was directly examined by flow cytometry,%
after recovery (Fig. 2 and data not shown). thereby avoiding the need for cell culture (Table IlI). It confirmed 8'

TCR staining of the BV families expanded in SF (BV1, BV9, the over-representation of the BV1 family in the SF and not in thex
BV16, BV23) in the CD4, CD8", and memory CD8CD45R0O" blood, notably in the CD8 subset. The frequency of CO®45R0O"

6002

Table Il. Percentages of TCR BV and BJ usage in the dominant SF compared with peripheral blood T-cell

expansions
PBL (%) SF (%)
Dominant SF CDR3
Patient Expansions Size (aa) TCRBV TCRBJ TCRBV TCRBJ T cells
GM BV4-BJ2S5 8 4.56 ND 3.92 41.52 1.63
BV11-BJ2S1 10 1.52 8.56 2.54 68.76 1.75
BV16-BJ2S5 11 2.09 10.37 0.94 25.76 0.24
TD BV5-BJ2S1 10 7.36 ND 2.96 21.46 0.64
BV15-BJ2S1 13 2.26 ND 3.71 44.40 1.65
PG BV1-BJ2S3 10 3.79 19.57 7.02 67.66 4.75
BV9-BJ2S7 10 4.20 ND 2.96 49.95 1.48
BV16-BJ2S7 11 3.44 ND 2.40 44.70 1.07
BV23-BJ2S3 10 1.60 9.76 2.50 40.76 1.02
CF BV11-BJ2S3 6 0.89 ND 2.19 23.61 0.52
BV11-BJ2S6 13 0.89 ND 2.19 29.04 0.64
MC BV1-BJ2S7 10 3.44 ND 3.53 28.31 1.00
BV15-BJ1S5 8 2.15 ND 2.11 17.78 0.38
CN BV1-BJ2S3 10 2.06 10.53 1.69 17.65 0.30
BV11-BJ2S3 6 and 9 1.08 20.56 4.19 28.72 1.20
BV23-BJ2S1 9 3.30 12.50 2.04 16.98 0.35

2TCRBV gives the percentage of the BV family used in a given expansion in comparison with all BV families, and TCRBJ
the percentage of the BJ segment expressed within a given BV family. The amount of dominant oligoclonal expansions within
total SF T-cells are calculated as the product of these two values.
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FIGURE 2. CDRS size distribution of BV1, BV9, BV16, and BV23 subfamily transcripts from PBL, right (SF-R) and left (SF-L) knee effusions
patient PG. BV-BC PCR products were copied in run-off reactions primed with BC, BJ, and clonotype-specific fluorescent primers.

memory cells was markedly increased in the SF, accounting for 40%lone derived from &almonellatriggered ReA patient (18). In the
of the total CD8 cell population. About one-third of these cells other BV families, the most notable results were obtained in BV23=:
(24%) belonged to one of the four expanded BV families, and abouin which the dominant sequence SVGLYSTDTQ present in eighg

W MMM LLIOJ | PoPE0 [UMOQ

14% belonged to the single BV1 family. of 24 clones was the same as that in BV1. Two other sequenceg,
Oligoclonal expansions of patient PG share identical COR3 ~ SVGLFSTDTQ and SVGDYSTDTQ, were also common to BV1 g
B-chain sequences in different BV families and BV23. These sequences had a characteristic BV-encoded réo%-

| dat d ovt i sis clearly indicated th idue at position 79, either leucine for BV1 or methionine for 2
mmunoscope data and cylometric anaysis clearly indicate aI§V23, showing that they definitely belonged to different families.sg

n the case .Of patient PG the dominaig T cell expanston found The high conservation of the CDR3 within these two families wa
in situ was in the BV1 family and was characterized by the usage

of the BJ2S3 gene segment and a CDR3 size of 10 aa. Since su so.demon‘strated in. 35 sequences by. the use of a small .(proling,
expansions that appear to be monoclonal could in fact reflect th@lycine, serine) or aliphatic/hydrophobic (valine, alanine, |so|eu-_¢N"'
occurrence of many different T cell clones, it was necessary t&in€: leucine) residue at position 96 and of an aromatic/hydrophog
obtain sequences from this CDR3 junctional region. Oligoclonal TPIC residue (tyrosine or phenylalanine) at position 99, while the®
cell expansions in the BV9, BV16, and BV23 families were also CDR3 positions 97 and 98 were more variable. A clonotypic
sequenced, and the results are shown in Table IV. The sequen@éimerwas designed to estimate the representation of the dominant
SVGLYSTDTQ was present in five of 11 clones and could be CDR3 sequence shared in the BV1 and BV23 expansions. It am-
considered major in the BV1 expansion. The six other clones proplified about 0.6% and 0.2% of the total SF T cells in BV1 and
vided sequences at the expected CDR3 size and differed from tH8V23, respectively, and was negative in PBL (Fig. 2). However,
major sequence by a single amino acid at position 97, 98, or 9%his clonotype gave a low estimate, since different nucleotide se-
considering the last serine in the CASS motif as position 95. Onejuences could encode the same CDR3 amino acid sequence, as
sequence (SVGVYSTDTQ) has even been reported iT cell  will be detailed later.

Table Ill. Immunofluorescence analysis of dominant BV families in peripheral blood and SF T cell subsets
of patient PG

CD3" (%) CD3'CD4" (%) CD3'CD8" (%) CD8'CD45RO" (%)

PBL SF PBL SF PBL SF PBL SF
CD3* 48.7 38.7 47.9 56.8 4.9 _40.2

BV1 5.2 124 2.8 1.8 2.6 938 0.6 13.7
BV9 5.2 4.5 3.8 4.3 2.9 3 0.9 _27
BV16 1.7 2.4 0.7 0.7 1.3 1.7 0.4 _ 42
BV23 2.6 1.8 1.8 0.5 1.4 1.2 2 3.6

2Underlined are lymphocytes subsets overexpressed in SF compared to PBL.
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Table IV. B-Chain CDR3 amino acid sequences of SF T cell Table V. B-Chain CDR3 amino acid sequences of SF T cell
oligoclonal expansions in patient PG oligoclonal expansions from reactive arthritis (CN, CF) and ankylosing
spondylitis (MC, GM) patients

Junctional region

No. of Junctional Regioh
BV N-D-N& BJ Colonies No. of
Patient BV N-D-N BJ Colonies
1-CAS SVGLYSTDTQ  YFGP-2.3 5
1-CAS SVGDYSTDTQ YFGP-2.3 1 CN 1-CAS SVAHYSTDTQ YFGPG-2.3 5
1-CAS SVGLFSTDTQ YFGP-2.3 1 1-CAS SVEGQSTDTQ YFGPG-2.3 2
1-CAS SVGVYSTDT®D YFGP-2.3 1 1-CAS SPGLYSTDTQ YFGPG-2.3 1
1-CAS SVALYSTDTQ YFGP-2.3 1 1-CAS SVGLFSTDTQ YFGPG-2.3 1
1-CAS SLGRYSTDTQ YFGP-2.3 1 1-CAS SIGTSGTDTQ YFGP-2.3 1
1-CAS SVGYYSTDTQ YFGP-2.3 1
11-CAS SETGGTDTQ YFGPG-2.3 17
9-CAS SFRTSGFYEQ YFGPGTRLTV-2.7 1 11-CAS NETGGTDTQ YFGP-2.3 1
9-CAS SQILGLVYEQ YFGPGTRLTV-2.7 1 11-CAS TTGYTQ YFGPG-2.3 6
9-CAS SQGQGIVHEQ YFGPGTRLTV-2.7 1 11-CAS TSGYTQ YFGP-2.3 1
16-CAS SQDRNMPAYEQ YFGPGTRLTV-2.7 1 CF 11-CAS SLVDTQ TFGPG-2.3 4
16-CAS SPSGMPFGYEQ YFGPGTRLTV-2.7 1 11-CAS TIPGHQAPGANVL TFGAGSR-2.6 2
23-CAS SVGLYSTDTQ YFGP-2.3 8 MC 1-CAS SAHRGQSYEQ YFGPGTRLTV-2.7 5
23-CAS SVGTFSTDTQ YFGP-2.3 2 1-CAS SAEGGKTYEQ YFGPGTRLTV-2.7 1
23-CAS SVGLFSTDTQ  YFGP-2.3 1
23-CAS SPGLYSTDTQ  YFGP-2.3 1 GM 11-CAS SEWGGNYNEQ FFGPG-2.1 7
23-CAS  SVGDYSTDTQ YFGP-2.3 1 11-CAS SGRQGYYNEQ FFGP-2.1 3 Y
23-CAS SPGLFSTDTQ YFGP-2.3 1 11-CAS SDGRASYNEQ FFGPG-2.1 1 §
23-CAS TAGLFSTDTQ YFGP-2.3 1 =)
23-CAS SSATYSTDTQ YFGP-2.3 1 16-CAS SHWTSGRSETQ YFGPGTRLLVLE-25 3 8
23-CAS  SVELFSTDTQ YFGP-2.3 1 - . 8
23-CAS SVARYSTDTQ YEGP-2.3 1 In bold are sequences shared between patients PG (see Table 1V) and CN. =
23-CAS  SIMGGSTDTQ  YFGP-2.3 1 S
23-CAS SVAVYSTDTQ YFGP-2.3 1
23-CAS  SAGRYSTDTQ YEGP-2.3 1 ) ] ) g
23-CAS  SGGLFSTDTQ YEGP-2.3 1 flow cytometry and immunoscope analysis. The BV1 family was=
23-CAS  SPGTFSTDTQ YFGP-2.3 1 expressed at a similar level as in SF, and the clonotype frequency
23-CAS  SALIDQSDTQ  YFGP-2.3 1 in BV1 and BV23 families was estimated as 1.2% of T cells (data3

a|n jtalics are sequences shared in BV1 and BV23 expansions and in bold arélOt shown). This line was tested against a panel of B-LCL, eithea

e v o P332 om ovcman a1, 27 B2T:POSKIe of megatve (Fg. 3, Several HLA'B27-posi &

- B tive targets were lysed reproducibly, with15% specific lysisata g

12.5:1 E:T cell ratio. HOM-2, A16, and A19 shared only B*2705 %
with the CD8" effector line. The cytotoxic activity was blocked by

Identical B-chain CDR3 sequences are found in different two different HLA class I-specific mAbs, W6/32 and B1.23.2, as%

@

HLA-B27-positive ReA patients well as by a CD3-specific mAb, therefore confirming the HLA-

Some oligoclonal expansions were shared between different p£—’27 specificity of the T cell recqgnition (FigAJ. The a_utologous . z
tients (BV1-BJ2S3 in patients PG and CN, BV11-BJ2S3 in pa—EBV line was not lysed, and_thls cou_ld not be expl_alned by resisg
tients CF and CN) or were similar in size or BV usage, for instancg @€ Of the target to cytotoxicity, as it was recognized by effectoro
the BV16 expansion at 11 aa in patients PG and GM (Fig. 2 and:ells from another arthritic patient (M. Bonneville and M. A. Pey-

Table II). Although sharing the same size and BV and BJ usagerat’ unpublished observations). In this panel, several EBV lines

the major sequences from the BV11-BJ2S3 peaks were differenfrom B*2705 individuals were also not recognized (Fig. 3). There
being SLVDTQ in patient CF and TTGYTQ in patient CN (Table WS N0 (_:orrelatlon with dls_eas_e_ status, as HOM-2, A16, A19, or
V). In marked contrast, we found identical CDR3 sequences inG(? .obtalr}ed from healthy individuals and TD gr ADA from ar-
patients CN (Table V) and PG (Table IV): SVGLFSTDTQ in the thrI.tIC patlents. v.verellysed. .The T2 and T2-B*2705 cell lines,
BV1 and BV23 oligoclonal peaks of patient PG and in the BV1 which are deficient in peptide transporters and express empty
peak of patient CN and SPGLYSTDTQ shared by BV23 and BVl_class I molecules at 37°C, were not Iysed (da}ta not sho_wn). The
peaks of patients PG and CN, respectively. The most frequerjea that EBV Ags could be recognized by_ intrasynovial !ym-
CDR3 sequence in the BV1 expansion of patient CN (SVAHYSTphOCyteS (28) prompted us to test comparatively another kind of
DTQ) differed at positions 97 and 98 only from the main target than B-LCL. PHA blasts could be generated from the

SVGLYSTDTQ sequence found in patient PG. Comparisons at th@ealihy_ HLA-B27 individual GC. They were recognized by the
nucleotide level of identical sequences in patients PG and CN excP8" liné, and lysis was blocked upon incubation with W6/32
ig. 4B), arguing for the recognition of HLA-B27-presented

cluded the possibility that these shared sequences could be eQE : g ’ -
plained by contamination of samples during PCR amplification,21tigenic peptides from endogenous self proteins and not from
since multiple silent substitutions were found in different clones :

encoding the same CDR3 sequence (Table VI). . .

Discussion

Functional reactivity of a synovial CD8T cell line from These results argue for a strong selective pressure in the setting of
patient PG the T cell response at the pathogenic site of HLA-B27-associated

A CD8" T cell line was established from SF lymphocytes of pa- arthritis and especially in the case of recent-onset ReA. The skew-
tient PG. The BV, BJ, and clonotypic expression was checked byng of the T cell repertoire was demonstrated by the sharing of
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Table VI. Nucleotide sequences of the dominant BV23 amino acid CDR3 sequence in patient PG and of
identical aminoacid3-chain CDR3 sequences in patients PG and CN

Nucleotide Sequenée Patient
SVGLYSTDTQ BV23-AGCGTAGGIATATTACACAGATACGCAG-BJ2S3 PG
BV23-AGCGTAGGATATATAGCACAGATACGCAG-BJ2S3 PG
BV23-AGCGTAGGAUTTACAG®ACAGATACGCAG-BJ2S3 PG
BV23-AGCGTAGGCICTATAGCACAGATACGCAG-BJ2S3 PG
BV23-AGCGTAGGAATACAG®ACAGATACGCAG-BJ2S3 PG
SVGLFSTDTQ BV1-AGCGTAGGRAITTCTGCACAGATACGCAG-BJ2S3 PG
BV1-AGCGTAGGGTATTTAGCACAGATACGCAG-BJ2S3 CN
BV23-AGCGTAGGTTITTTAGCACAGATACGCAG-BJ2S3 PG
SPGLYSTDTQ BV23-AGCCCGGGACTITACAGAGATACGCAG-BJ2S3 PG
BV1-AGCCCGGGACTTTACQTRECAGATACGCAG-BJ2S3 CN

2Underlined are differences between nucleotide sequences encoding the same amino acid CDR3 sequence.

identical or highly homologous sequences in the same patient idifferent patients has been occasionally found (15, 38). Other ex-
two different BV families, BV1 and BV23, which each include a amples of identical CDR3 sequences have been reported in brain
single gene and are the most closely related members within thiesions in multiple sclerosis (39), in CD4T cell expansions in

BV subgroup | (34). Even more interestingly, sequence sharingoeliac disease patients (40), and in a pair of homozygous twins
was detected in different patients. The arthritis-triggering organisnyith Crohn’s disease (41). HLA matching for the disease suscepg
wasYersinia enterocolitican one patient (CN) and was unknown tihjlity allele and a recent disease onset seem to be crucial poin
in the other patient (PG). One sequence of the dominant BV1j, these observations, as was the case in HLA-DR2 multiple scle3
BJZSS expansion' in patient PG was iQenti.ca.I with a sequence preggig patients (42). The importance of homogeneous HLA-type
viously reported in aalmonella typhimuriuAnduced ReA pa- hatients to pinpoint such TCR skewing is not surprising if the =
tient (18). Therefore,_ it appears that in ReA a public T cell structural data concerning MHC peptide presentation to T cells arg
aHaken into account (20). In that respect, HLA-B27-associated ar%

strains or by a common self-antigenic peptide presented by HLA-thritis could be a privileged example of pubjiechain CDR3 se-

B27. Since bacterial infection could play a role not only in ReA but uences. especially in bacteria-triqaered cases of ReA. We did nat
also in the far more frequent so-called undifferentiated arthritis » €SP y 99 )

(35), such a public T cell clonotype could be of potential diagnos_observe overall differences in the frequency of BV transcripts in3
tic v:';\Iu e SF lymphocytes compared with PBL. This is expected in view of3

Evidence is now accumulating for the occurrence of a limitedt® complexity of the T cell response and is in agreement with &
heterogeneity in the T cell response at the pathogenic site of al2révious report (16). A higher degree of resolution was neededy
toimmune diseases, much of which has been provided by animdyhich was achieved using this CDR3 size analysis approach. g,
models, e.g. experimental autoimmune encephalitis in rodents (3¢f1ese conditions, we were able to select step by step the mog
or the NOD mouse model of spontaneous autoimmune diabeteglevant T cell populations from the picture of the global T cell
(37). T cell repertoire studies have also been conducted in humali¢pertoire ex vivo. More generally speaking, the conservation o
autoimmune diseases with the aim of defining public T cell re-B-chain junctional regions has been shown during HLA-B27-re-”
sponses and potential targets for immunotherapy. In the case sfricted cytotoxic responses against the influenza A virus nucleo3
rheumatoid arthritis, TCEB-chain CDR3 motifs shared by differ- protein 383-391 peptide (43) and to a lesser extent in anti-HLA®
ent patients could be defined (13), and sequence identity betweds27 alloresponses in which multiple antigenic peptides could be

100% —— _— =

90% +

FIGURE 3. Cytotoxic activity of o
the CD8' line from patient PG to- 70% +
ward B*2705-positive or -negative
B-LCL. HOM-2, Al6, and Al9
share B*2705 only as HLA class |
molecule with the effector cell line.
Results are expressed as the percent
specific lysis at E:T cell ratios of
25:1 (black boxes) and 12.5:1 (open
boxes). Disease status is indicated
as— (healthy), ReA (reactive arthri-
tis), AS (ankylosing spondylitis), or
RA (rheumatoid arthritis).
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A types shared by other ReA patients. The major TCRBV1 expan-
o ) ) sion was no longer detected in blood after recovery. This obser-
\ |—=— Medium 1 vation is in contrast with the persistence of T cell expansions
35% I\ AN observed in other autoimmune diseases or even in healthy indi-
0% |\ N L, viduals, especially in the CD8subset (33). This could be ex-
P } plained by the acute course of the disease in this patient compared
£ 25% AN ‘ with more chronic diseases in other patients in this study and in the
% 20% literature and could provide an opportunity to study more closely
L the disease triggering. A CD8T cell line was established that
* expressed a clonotypic frequency similar to the initial SF lympho-
1o% cytes. This frequency of about 1% is expected for autoantigen-
5% specific T cells at the pathogenic site of autoimmune diseases (48).
oo -- =t This CD8" line had cytotoxic activity toward HLA-B27 molecules
50/1 expressed in B-LCL without any prior in vitro stimulation. There
EIT ratio was no correlation with disease status and the patient's own B-
LCL was not lysed. The lysis of different targets sharing B*2705
B only with the effector cell, and the blockade by HLA class | and
35% s coicL CD3-specific mAbs argue for a classical B27-restricted CO8
505 —-:—ggtgt# cell response_. The fact that the transporter-deficient T2 cgl_l line
O GOPHA transfected with B*2705 was not lysed also suggests recognition of
25% 1-E—gggm# HLA-B27/peptide complexes. Although the triggering organismg
%; e was unknown for patient PG, because of both the CDR3 sequen(%
P identity with a Salmonellainduced ReA patient (18) and of epi- =
% demiological data (24), we tested the cytotoxic activity of the%
; CD8" line againstSalmonella typhimuriuanfected target cells. =
10% Infection did not induce specific lysis of PG B-LCL (data not §
T, shown). Our data therefore indicate that a cytotoxic T cell respons
AR e triggered during the bacterial infection could be directed toward%
I S SR 5 _,—>~:"’*;:::_:;.',' HLA-B27 molecules bound to endogenous peptides and suppor&
50/1 25/1 12,5/ 6,25/1 3,125/1 1,6/1 the concept of molecular mimicry at the T cell level. The lack of 3
E/T. ratio cytolytic activity on some B*2705 B-LCL, including the patient’s §

FIGURE 4. A, Inhibition of the cytotoxic activity of the synovial CD8  own line, could be simply due to inadequate avidity of the effector'g_%
line toward the B*2705 B-LCL A19. Before addition of the effector cells, CD8" line (49). Otherwise, the different pattern of recognition@
targets were incubatedrfd h with W6/32, an HLA class | monomorphic among B*2705 B-LCL is reminiscent of a previous report in S

. _ ~ e L . . _ R - . X X i D
mAD; B1.23.2, HLA-B and -C specific; SF1.111, an IgG2a isotypic con which the inability of HLA-B*2702 viral peptide presentation n%

trol; or medium alone. The T cell recognition was also blocked with . . h . .
OKT3, a CD3-specific MAbB, Lysis of B-LCL target cells compared V&S attributed to a defect in Ag processing (50). Differences i

with PHA blasts from individual GC. W6/32 and SF1.111 (#) were €ndogenous peptide presentation could be explained by mary
used as inA. factors, such as genetic differences in the source protein of th&'
peptide as in the case of minor histocompatibility Ags (51) or in§
genes involved in the processing machinery and peptide pre®
sentation, the description of which is ever increasing (52). No-
tably, genetic susceptibility markers in addition to HLA-B27
recognized (44). The comparison of TCRBV heterogeneity in var-have been recently defined in the MHC region (53). The final
ious class I-restricted responses suggested that a highly restrict@#planation of this observation could be provided by direct
pattern could reflect a selection of the response toward peptidegharacterization of the peptides recognized among acid-eluted
that were cross-reactive with self Ags (45). In line with this hy- peptides from these targets.
pothesis, our data would support the idea of molecular mimicry In conclusion, these data provide evidence for shared T cell
between bacterial and endogenous HLA-B27 ligands. The fact thaiesponses in bacteria-triggered ReA and favor the arthritogenic
the dominant clonotype SVGLYSTDTQ is homologous to the se-peptide hypothesis by showing bias in the T cell repertoire as well
quence SVGTSGTDTQ of an anti-HLA-B27 alloreactive clone as HLA-B27-directed T cell responses during the course of the
(clone 18DLH) reported by Barber et al. (46) also using the samgmmune process. They also provide tools for further defining the

BV1 and BJ2S3 gene segments is consistent with this assumptioRature and the origin of such peptide(s) before further attempts of
TheB-chain CDR3 mainly contacts the COOH-terminal part of thetherapy.

antigenic peptide (20). The conserved aromatic residue at position
99 in the public clonotype could be critical for peptide contact,

similarly to the key residue at position 98 in another TCR/MHC/
peptide complex (47). Acknowledgments
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