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ABSTRACT. Objective. To characterize putative T cells responsible for the pathogenesis of spondyloarthropathies

(SpA).

Methods. T cells from synovial fluid (SF) and peripheral blood lymphocytes from a patient with
chronic ankylosing spondylitis and a patient at the onset of SpA were analyzed for the size of the -
chain complementarity-determining region 3 to evaluate the degree of clonality. To assess their puta-
tive role in triggering disease, immortalized local T cells were tested in lymphocyte proliferation
assays against a restricted panel of cell lines.

Results. At disease onset, expansions were detected only in the SF CD8+ T cell subset. As well, SF
CD8+ T cells sharing an expanded clonotype (TCR-BV17-J2S51) selectively proliferated when stim-
ulated with autologous-presenting cells. The search for sequence similarities with the expanded
clonotype revealed a high homology with the major clonotype in response to influenza A matrix
peptide M58-66.

Conclusion. A CD8+ T cell-mediated antigen-driven mechanism seems to be responsible in the
pathogenesis of SpA. Immune response to viral antigens (e.g., from influenza) could be the initiating
event in seronegative arthropathies. The combination of spectratyping with RT-PCR and specific
Southern blot for the expanded clonotypes on cells derived from mixed lymphocyte cultures was
useful to evaluate the proliferative responses of in vivo-expanded cells and to assess T cells involved

in the pathogenesis of SpA. (J Rheumatol 2004;31:1962-72)
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Spondyloarthropathies (SpA) are a group of interrelated
rheumatic diseases that include ankylosing spondylitis (AS),
psoriatic arthritis, reactive arthritis (ReA), inflammatory
bowel disease, and undifferentiated SpA. In addition to the
interplay between genetic and environmental factors,
several features suggest T cells present at the pathogenic site
may play a direct role in the development of these disorders:
the presence of proinflammatory cytokines in the affected
joints'#, the high prevalence of the HLA-B27 antigen in
patients with some of these syndromes>°, and the fact that
roughly 50% of the cells infiltrated in the affected joints are
memory T lymphocytes’. However, due to the failure in
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identifying local T cells potentially responsible for the
disease and the local antigens recognized by them, the
mechanisms involved in the development of these diseases
are still unclear.

Many groups have based their investigations on the so-
called arthritogenic peptide hypothesis. First described for
HLA-B27-related SpAS3, it states that peptides derived from
triggering bacteria or viruses are presented to peripheral
CD8+ specific T cells, which start an immunological
response. A cross-reaction mediated by self-antigen peptides
from joint tissues provokes the development of the autoim-
mune disease®. Evidence for this hypothesis comes from
reports of HLA-B27-restricted CD8+ T cells derived from
the synovial fluid (SF) and peripheral blood of patients with
ReA and AS and specific for bacteria or autoantigens®'3,
Historically, these studies used in vitro stimulation proce-
dures, which could selectively expand some T cells while
underrating others; together with the low frequency of
isolated clones, this precluded establishment of an unequiv-
ocal relationship between those cells and the disease.

The counterpart of the HLA/antigenic peptide complex
recognition is the afy heterodimeric T cell receptor (TCR). A
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diverse TCR repertoire results from combinatorial rearrange-
ment of V, D (B-chains only), J and C gene segments, and
addition or deletion of nucleotides at the resultant junctions
to form the highly variable complementarity-determining
region 3 (CDR3), which is thought to be involved in the fine
specificity of antigen recognition. With regard to HLA-B27-
related arthritis, lack of preferential usage of the TCR-al V
regions encoding genes'4, but occurrence of multiple T cell
expansions'?, is described in peripheral blood lymphocytes
(PBL) and SF T cells from patients with ReA. Analysis of
HLA-B27-restricted cytolytic CD8+ T cell clones produced
in vitro from the SF of 3 patients with ReA revealed limited
use of BV families (BV13, 14, and 17) and BJ segments'!, as
well as some structural constraints in the B-chain CDR3
region without sequence homology'S. In these scarce and
controversial results, biases due to the type of sample, time
of sample collection, lack of paired PBL and SF samples,
and small sample numbers cannot be ruled out.

Spectratyping has been developed to determine the size
of CDR3 regions in transcripts of whole BV families or in
given BV-BJ combinations, to define overrepresented T
cells in vivo in affected places. Due to the lack of require-
ment for in vitro stimulation, this approach is particularly
suitable for direct analysis of T cell clonality in various clin-
ical situations'’. Thus, some oligoclonal expansions, defined
by BV/BJ gene segments and CDR3 size, were reported to
be common in the SF of HLA-B27 positive patients with
ReA and AS. Further, in one patient with ReA, identical
CDR3 sequences were observed in oligoclonal expansions
that used different BV genes'8. However, although a CD8+
T cell line from the SF of this patient recognized several
HLA-B27-expressing Epstein-Barr virus (EBV)-trans-
formed lymphoblastoid cell lines (B-LCL), the autologous
B-LCL was not recognized by the presumably CDS8+
effector cell line. Although it could simply be due to inade-
quate avidity, this result makes it difficult to assign a clear
role of oligoclonally expanded cells in the pathogenesis of
the disease. To overcome this potential problem in testing
autoimmune reactivity in SpA, we designed an alternative
strategy that combines spectratyping, mixed lymphocyte
cultures, and semiquantitative polymerase chain reaction
(PCR) to evaluate the proliferative response of in vivo
expanded T cells.

MATERIALS AND METHODS
Patients and samples. Patient 1, a 56-year-old woman (HLA-A2; —-B27, 44;
—Cw2, 6; -DR1, 11), presented with peripheral arthritis and synovitis affecting
both knees. She was diagnosed with AS according to the modified New York
criteria!®. She was treated with nonsteroidal antiinflammatory drugs (NSAID).
There were no relapses during the following 3 years. In the 4th year she had a
second inflammatory episode of the right knee, and the disease became
chronic. At this time, with informed consent, SF from the right knee (Patient
1 SFR1) and peripheral blood (Patient 1 PBL1) samples were collected. Six
months later, SF from both knees (Patient 1 SFR2 and Patient 1 SFL2) and
peripheral blood (Patient 1 PBL2) specimens were obtained.

Patient 2 was a 22-year-old man (HLA-A2, 24; —B50, 51; -Cw2, 6;

—DR7, 11) with symptoms of peripheral arthritis, dactylitis, and synovitis
of the right knee characteristic of SpA>®. SF (Patient 2 SF1) and peripheral
blood (Patient 2 PBL1) samples were extracted during the episode. He was
finally diagnosed as having undifferentiated SpA and 2 more peripheral
blood samples (Patient 2 PBL2 and PBL3) were taken, after NSAID treat-
ment, 6 and 10 months, respectively, after disease onset.

Mononuclear cells from SF and PB samples were obtained after Ficoll-

Hypaque density gradient centrifugation. In samples from Patient 2, addi-
tional fractionations were performed with magnetic beads (Dynal) to
isolate pure CD4+ and CD8+ T cell subpopulations. In both cases, purity
was higher than 95% as ascertained by flow cytometry with monoclonal
antibodies (mAb) anti-CD4 and anti-CDS.
Antibodies and cell lines. The following antibodies were used: mAb anti-
CD4 (HP2/6), anti-CD8 (B9/4), and anti-CD25 (MAR108) were generous
gifts of Drs. F. Sanchez-Madrid, Hospital de la Princesa, Madrid, and B.
Malissen, Centre d’Immunologie, Marseille. mAb UCHT-1, anti-CD3e,
and mAb MCA1509, anti-TCRVb17, were from Caltag (Burlingame, CA,
USA) and Serotec (Oxford, UK), respectively.

Epstein-Barr virus (EBV)-lymphoblastoid B cell lines LG-2 (HLA-A2,
-B27, -Cwl, -DR1) and LG15 (HLA-A32; -B7, 27; -DR1) were routinely
grown in RPMI supplemented with 10% fetal calf serum (FCS) and antibiotics.
RNA extraction, cDNA synthesis, and PCR-spectratyping. Total RNA was
routinely isolated from about 5 x 10° mononuclear cells as described®.
cDNA was generated with AMV-Reverse Transcriptase (Promega, Madison,
WI, USA) from 1-2 pg of total RNA, using oligo(dT), ; as primer, as recom-
mended by the manufacturer. Previous studies'®2*2! and our preliminary
experiments showed that this amount of total RNA was clearly sufficient to
detect TCR-B-derived products after PCR with specific TCR-B-derived
oligonucleotides, avoiding, as far as possible, artifactual expansions.

For each sample, 2 independent spectratyping experiments were
performed according to a modification of the protocol defined by
Gregersen, et al?*. Briefly, TCR-BV genes were amplified by PCR using a
set of 5’-specific primers for each TCR-BV subfamily (TCR-BVnE)
together with a 3’-primer specific for a sequence shared by the constant loci
TCR-BC1 and TCR-BC2 (TCR-BCE, 5 -TTTTGGGTGTGGGA-
GATCTC-3")%. Aliquots (1/20) of cDNA were used for each 50 pl ampli-
fication reaction in 30 conventional PCR cycles (1 min at 95°C, 1 min at
49°C, 1 min at 72°C), followed by a final extension cycle of 7 min at 72°C.
An aliquot 1/100 of each amplified material was reamplified by 25 cycles
of PCR in the same conditions as above, but substituting the cold oligonu-
cleotide TCR-BCE with a *?P-labeled TCR-BCI oligonucleotide (5’-TTCT-
GATGGCTCAAACAC-3")%, located in the 5 position to the TCR-BCE
sequence, which increased the specificity and sensitivity of PCR reactions.
Amplifications were subjected to high resolution denaturing 5% polyacry-
lamide gel electrophoresis, and the ensuing bands were quantified in a
Phospor-Imager (Molecular Dynamics, Sunnyvale, CA, USA). Band
number is a measure of repertoire complexity. Band intensity can reflect
both complexity (many different T cells with TCR of the same CDR3
length) and TCR quantity (expansion of one or more T cells with TCR of
the same CDR3 length). An oligoclonal expansion was considered to occur
when a band accounted for at least 50% of total radioactivity in each
subfamily amplification?2.

The intensity of bands, corresponding to PCR amplifications of TCR-
BV12, 15, 17, and 20 from PBL1, SFR1, and PBL2 samples from Patient
2, was comparatively quantified in a laser densitometer (Molecular
Dynamics) using ImageQuant software. TCR-B real expansions, or TCR-B
apparent expansions with identical CDR3 size, cannot be differentiated
from this analysis. Ambiguities in this respect were resolved by
sequencing.

PCR product cloning, sequencing, and colony counting. The amplified
material, corresponding to those TCR-BV subfamilies showing T cell
oligoclonal expansions exclusively in SF, was cloned into the PCR vector
(Stratagene, La Jolla, CA, USA) following the manufacturer’s recommen-
dations. Colonies were picked and grown in nitrocellulose membranes.
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After hybridization with the 3?P-labeled TCR-BCI oligonucleotide, to test
which colonies had incorporated TCR-BV amplified material, inserts from
10 to 12 transformed colonies were sequenced for each TCR-BV expansion
using T3 or T7 oligonucleotides as primers.

Upon sequencing, statistical analysis was performed for TCR-BV and J
usages, CDR3 size, and for the use of different amino acids both in CDR3
as a whole and in different positions. In the absence of values reported for
the repertoire in normal SF, individual frequencies were compared with
those reported for control PB?*?4. For statistical values we used the chi-
square test with Yates’ correction.

The sequence-based oligoclonality in the expansion of TCR-BV17
observed in CD8+ SF T cells was additionally confirmed using a clonotypic
oligonucleotide, OET(N+D), with the sequence 5’-AGTAGTATAA-
GATCGGGC-3’, which includes part of the N+D region of the oligoclon-
ally expanded transcript (OET). The specificity of this probe was tested
against mismatched sequences in Southern blot experiments. The analysis
allowed us to define optimal restrictive conditions for the hybridization
(56°C), which discriminated DNA sequences that differed from the probe
in as little as one nucleotide. Once the procedure was set up, 225 colonies
transformed with the amplified DNA for TCR-BV17 from both Patient 2
PBL1 and Patient 2 SF1 samples were screened sequentially by direct
Southern blot using the 3?P-labeled common TCR-BCI oligonucleotide and
the specific OET(N+D) oligonucleotide as probes.

EBYV transformation of B cells and herpesvirus saimiri (HVS) transforma-
tion of T cells. B cells were infected and immortalized by incubation with
EBV-containing supernatants generated by culture of EBV-infected
marmoset cells, as described?. B-LCL were grown in RPMI-1640 culture
medium supplemented with 10% FCS and antibiotics.

T cells were infected and immortalized with HVS in the presence of
phytohemagglutinin (1 pg/ml) and interleukin 2 (IL-2) (40 units/ml) as
described’®?’. They were maintained in culture in complete RPMI-
1640/CG medium [45% RPMI-1640, 45% CG medium (Serotec), 10%
FCS, GIn 200 uM] in the presence of 40 units/ml of IL-2. This procedure
exclusively yields transformed CD8+ T cells?, which only survive in
culture in the presence of IL-2 or when they are stimulated with their
specific antigens.

Cell surface expression of phenotypic markers (TCR/CD3, CD4, CD8,

CD25, and TCR-VB17) by HVS-transformed T cells was ascertained by
flow cytometry analysis with specific mAb. The expression of the markers
was compared by flow cytometry with that determined before the trans-
forming procedure.
Proliferative response to self-antigens. HVS-transformed T cells (10°
cells/ml) were cocultured and stimulated with irradiated (60 Gy) B-LCL
(autologous EBV-Patient 2 PBL, LG2, or LG15, 5 x 10° cells/ml) in
complete RPMI/CG medium without IL-2. As control, HVS-transformed T
cells were cultured without B-LCL but in the presence of 40 units/ml IL-2
(basal conditions). After several days of culture, cell proliferation was
confirmed by optical microscope visualizations. Then total RNA was
extracted from cultured cells and subjected to specific reverse transcription
(RT)-PCR for TCR-BV 17 transcripts. Among these transcripts, the putative
increase of OET(N+D)-positive transcripts was assumed to be an indirect
measure of the proliferative response to specific antigens presented by the
stimulatory B-LCL. To quantify that increase, PCR amplifications were
subjected to 1% agarose electrophoresis, transferred to nitrocellulose
membranes, and subjected to sequential Southern blot hybridization with
32P-labeled TCR-BCI and OET(N+D) probes, as detailed above. Bands
were then detected by autoradiography.

RESULTS

TCR-BV expansions in samples collected from a patient with
chronic AS change along the course of the disease. SpA are
considered to be the consequence of specific local reactions
that after an acute episode tend to be chronic. We wished to
characterize putative T cell expansions in inflammatory

lesions that could be responsible for the pathogenesis of the
disease; a major point was to evaluate whether the status of
the disease is critical for deciding the time for sample
collection. Thus we performed spectratyping analysis of
samples collected at 2 different times from Patient 1, who
had chronic AS. Analysis of the TCR-BV PCR corre-
sponding to the first samples (denoted with 1) revealed the
existence of several TCR-BV expansions in SF (Patient 1
SFR1) and, although in much lower quantities, also in blood
(Patient 1 PBL1). Expansions in subfamilies TCR-BV1, 2,
6,9, 11, 15, and 16 were selectively detected in SF but not
in peripheral blood (Figure 1). Notably, comparison of the
above spectratyping results with those corresponding to a
second extraction of both SF and blood (denoted with 2)
revealed that TCR-BV expansions changed throughout the
course of the disease and even among joints with presum-
ably similar inflammation processes [right (R) vs left (L)
knee]. Thus, for example, the TCR-BV15 expansion in
Patient 1 SFR1 was not detected in Patient 1 SFR2 and,
instead, expansions in TCR-BV3, 4, 7, 10, and 14 that were
not detected in Patient 1 SFR1 appeared in Patient 1 SFR2.
The sample from the other joint, Patient 1 SFL2, shared
some expansions with Patient 1 SFR2, but also showed
different ones, such as BV9. Similarly to Patient 1 PBL1,
expansions in Patient 1 PBL2 were very scarce. Similar
patterns were obtained in the 2 independent experiments
performed in each sample. Together, the variations observed
concomitantly with the time of the sample collection, and
even among different joints, hindered further analysis of the
etiopathological significance of each expansion.

Absence of local oligoclonal expansions in the SF CD4+ T
cell subpopulation from a patient experiencing a first acute
inflammatory episode. Considering the difficulties in deter-
mining the significance of the persistence of some expan-
sions, while others change with time and joint (in light of the
results in chronic samples it was not possible to determine
which expansions were present at disease onset, or whether
persistent expansions were irrelevant to the onset of disease,
or whether the original expansions shifted with time), we
decided to focus on an individual (Patient 2) at the time he
was experiencing the first inflammatory episode. In this
regard, we considered that only those putative expansions
that were exclusively detected in SF should be the focus of
the study. Additionally, we decided to isolate CD4+ and
CD8+ subpopulations because at present the influence of
each subset in the pathogenesis of SpA is not well
defined?""?. To this purpose, CD4+ and CD8+ T cells were
separated by magnetic beads and purity was confirmed by
flow cytometry (data not shown), and sufficient cells from
each population were isolated to be able to assume the exis-
tence of a high number of transcripts to avoid artifactual
oligoclonalities.

Spectratyping analysis of CD4+ T cells from peripheral
blood (Patient 2 CD4+ PBL1) showed “apparent” oligo-
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Figure 1. T cell repertoire analysis based on TCRB CDR3 length heterogeneity (spectratyping).
c¢DNA from PBL and SF samples from Patient 1, with AS, were subjected to 2-step PCR using
TCR-BV1 to BV20-subfamily-specific upstream primers, then processed in high resolution gels
and by autoradiography. Samples denoted “1” were derived from blood (PBL1) and right knee
synovial fluid (SFR1) collected at the first chronic inflammatory episode. SFR2, SFL2, and PBL2:
samples collected 6 months later from right knee, left knee, and blood, respectively. Results are
representative of the 2 spectratyping procedures performed independently in each sample.

clonal expansions in TCR-BV10 and V16 (Figure 2, left, top
panel), which were not detected in the SF compartment.
Indeed, no expansions were evident by densitometric analysis
(data not shown) in this sample (Figure 2, left, SFR1, middle
panel), suggesting that expansions detected in PBL were not
related to the development of the local inflammation and that
CD4+ T cells do not participate in the initial stages of the
disease. As expected from the results illustrated in Figure 1,
the repertoire of amplified transcripts from a sample of blood
collected later, after disease onset (PBL2) and after NSAID
treatment, differed from those observed in SFR1- and in
PBL1-derived samples (Figure 2, left, bottom panel).

SF-specific oligoclonal expansions within the CD8+ T cell
subset. Spectratyping analysis and densitometric quantita-
tion of PCR bands in SF CD8+ T cells from Patient 2
(Patient 2 CD8+ SFR1) revealed expansions in TCR-BV12,
15, 17, and 20 subfamilies (Figure 2, right, middle panel,
and data not shown). By the criteria for oligoclonality??, the
above expansions were exclusive of Patient 2 CD8+ SFR1

and they were not detected in the CD8+ subsets of blood
samples collected at the same time (PBL1) or later (PBL2)
than the SFR1. To define these expansions more accurately,
we cloned the corresponding PCR-amplified materials. We
then determined the TCR-BV transcript sequences in 10-12
transformed colonies per each expanded subfamily. The
sequences indicated that the expansions detected in the
TCR-BV12, 15, and 20 subfamilies were caused by the
growth of more than one cellular clone, although most of the
transcripts in each expansion had the same CDR3 size
(Table 1). However, the expansion in TCR-BV17 corre-
sponded to the local proliferation of one cellular clone
(denoted oligoclonal expanded transcript of BVI17,
OETBV17), confirmed by the fact that 7 out of 11 analyzed
DNA sequences, and consequently their amino acid
sequences, were identical (Table 1). Interestingly, 3 more
transcripts of this subfamily showed not only the same
CDR3 size of the expanded transcript but also common
structural motifs in their CDR3 regions (see below).

The validity of the results from sequencing was
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Figure 2. Spectratyping of CD4+ and CD8+ T cells from Patient 2. CD4+ and CD8+ subpopulations were isolated from samples
collected at disease onset (PBL1 and SFR1) or 6 months later (PBL2). Spectratyping for each purified subset was then performed
as described in the legend to Figure 1. Results are representative of 2 spectratyping procedures performed independently in each

sample.

confirmed by comparative Southern blot using oligonu-
cleotides that were specific to the N+D region of OETBV17
or to the TCR-BC. These results showed that 53.7% of the
TCR-BV17+ colonies derived from SF were positive for the
specific probe, while only 13% of the TCR-BV17+ from
PBL-derived colonies were positive for the same probe
(data not shown). Moreover, these results confirm that a
remarkable band observed in the densitometric analysis
profile of BV17 in PBL1 is not related to the oligoclonal
expansion in SFR1.

Common structural motifs among the CDR3 regions of SF
CD8+ T cell expanded transcripts. Although the oligoclon-
ality in TCR-BV12, 15, and 20 expansions was not strictly
genuine (Table 1), it was striking that such cell expansions,
expressing TCR with the same CDR3f size, were only
found in the SF sample. We then evaluated whether each
TCR-BYV expansion was associated with particular diversity
elements in the CDR3 region, and if so, whether the tran-
scripts of other expansions, including those of TCR-BV17,
shared some motifs. This analysis could reveal whether the
corresponding TCR are recognizing related antigens.

A simple analysis of the sequences showed no obvious
structural motifs shared by the expanded transcripts (Table
1). However, some values with statistical significance were
identified after comparison with the frequencies reported for
control PBL. Thus, the majority (7 out of 8, 87.5%) of TCR-
BV12 transcripts with the predominant size (7 amino acids
in the CDR3 region) used TCRBJ2S7, which is used by just
17.6% of TCR-BV12 transcripts in controls?. The frequen-
cies of amino acids in the N+D region showed a high use of
Ser (28.6%) and Ile or Leu (14.3%) compared with 10.5%
and 3.5%, respectively, in controls?*. A comparative study of
the amino acids in each position in CDR38 as defined by
Chothia, er al’® revealed a preferential usage of polar amino
acids at position 3 (62.5%), Gly at 4 (75.0%), and Tyr at 5
(75.0%) compared with 22.3%, 26.8%, and 2.3%, respec-
tively, in controls®*.

Similar comparative analysis of TCR-BV15 transcripts
of the majority size indicated high frequency of Asp (20.8%)
in the N+D region with respect to controls (6.0%). Usage in
different positions in CDR3B showed preferential use of
acidic residues in position 1 (75% vs 9.8% in controls) and
polar amino acids in position 2 (75% vs 27.3% in controls).
Although there are some ambiguities in sequencing, TCR-
BV20 transcripts of the predominant size (7 amino acids in
CDR3 region) revealed a high frequency of Thr in the N+D
region (28% vs 4.4% in controls).

All transcripts of the predominant size (7 amino acids in
CDR3) in TCR-BV17 expansions used TCR-BJ2 segments
containing the Glu-Gln motif (100% vs 36.2% in controls).
This TCR-BJ2 element is also present in most (7 out of 8) of
the TCB-V12 expanded transcripts. The frequencies of
amino acids in the N+D region revealed a high use of Ser
(23.7% vs 8.1% in controls), Ile (21.1% vs 5.8% in controls),
and Arg (23.7% vs 8.3% in controls). Positions within CDR3
revealed a preferential usage of hydrophobic amino acids at
position 1 (100%), basic at position 2 (90%), polar at posi-
tion 3 (90%), Gly at 4 (70%), and Tyr at 5 (30%) compared
with 34.1%, 12.5%, 22.3%, 26.8%, and 3.2%, respectively,
in controls. Seven out of the 10 TCR-BV17 transcripts of
predominant size have the same sequence (corresponding to
the OETBV17), and its CDR3 region (...-CASSIRSGNEQ-
...) included the majority of motifs found in the global
analysis of TCR-BV17 expanded transcripts and shared
some motifs with the CDR3 regions belonging to expanded
transcripts of the other TCR-BV subfamilies (see below).

The simultaneous comparison of uses in SF expansions,
including those corresponding to TCR-BV 17, revealed that
58.1% of transcripts had the same size (7 amino acids in
CDR3). This size is scarcely found in the TCR pool of
control individuals (6%)?*. The importance of this increased
proportion is difficult to evaluate because predominant sizes
of CDR3 have been more clearly related with the activity of
TdT than with the response to a given antigen®*. Other
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Table 1. TCR- CDR3 amino acid sequences of transcripts corresponding to oligoclonal expansions detected in CD8+ T cell subsets of SF from Patient
2 at the first inflammatory episode. Bold type indicates N+D regions. Sequences within boxes represent amino acids in positions 1 to 5 in CDR38 as
defined?, in those sequences that contain the predominant CDR3 size within each subfamily. CDR3 size is defined by the 4th amino acid after the
constant cysteine of the BV segment and constant XGF motif of the BJ segment. Experimental nucleotide sequences corresponding to amino acid
sequences shown here are Genbank data base accession numbers AY 145751 to AY 145780.

TCRBV CDR3B TCRBJ Se;‘;ﬁies CSiDZ? % Z"é’ey
CASSYDENEQFFG JB2S1 1 6 8.3 8.3
CASSIFGQGY[EQYFG JIB2S7 1 7 8.3
CASGHRAGHEQYFG JB2S7 1 7 8.3
CAITGGPSYEQYFG JB2S7 1 7 8.3 66.6

TCRBV12 CASS|SSSGYEQYFG IB2S7 2 7 167
CASSISLSGYEQYFG IB2S7 2 7 167
CASQGLINQPQHFG JBISS I 7 83
CASSLLGGDLYEQYFG JB2S7 I 9 8.3 250
CASSYSNGVSYGYTFG JB1S2 2 9 16.7
CATSDRAQQPQHFG JBIS1 ] 7100
CATGEGSNQPQHFG JB1SS 1 7 100

TCRBVIS CATS|IGGEGGHGAFFG JBISI 2 8 200
CATIDTTTNQPQHFG JBISS 2 8 200
CATSDSGPNIQPQHFG JBISS 2 8 20.0
CATSDNRGDITEDFFG JBISI 2 8 20.0
CASSTGGTEAFFG JB1S1 1 6 9.1 9.1
CASSVQGAY[EQYFG IB2S7 1 7 91

TCRBV17 CASSVRSSYEQYFG JB2S7 1 7 9.1 90.0
CASSIIRSSYEQYFG JB2S7 1 7 9.1
CASSIIRSGNEQFFG JB2S1 7 7 63.6
CAWSPWGNEAFFG JB1S1 1 6 100 100
CAWSWQGFGVQHFG JB1SS 1 7 100
CAWSNVRGTD/TQYFG JB2S7 1 7100
CAWSITRTGXXLHFG IB1S6 1 7 100 500

rcrBvae CRWSKDXDTXXFFG JBISI 1 7 100
CAWSITGTGSIPLHFG JB1S6 1 7 10.0
CAWSDQTGDYEQYFG JB2S7 1 8 10.0
CAWSTGTGSYEQYFG JB2S7 1 8 100 30.0
CAWSVGVGSYEQYFG JB2S7 1 8 10.0
CASSIRIRSXXONEXXFFG JB1S4 1 10 10.0 100

significant common traits among the expanded transcripts
were as follows: (1) TCR-BV12, 15, and 17 are members of
the homology subgroup 4 defined by Chothia, er al*’; (2)
there was a biased usage of TCR-BJ2S1 and TCR-BJ2S7
(58.1% vs 36.2% in controls); and (3) a significant propor-
tion of transcripts used basic amino acids in position 2

(38.7% vs 12.5% in controls), polar in position 3 (60.0% vs
23.3%), Gly in position 4 (61.3% vs 26.8%), and Tyr in
position 5 (30.0% vs 3.2%). All these motifs, except Tyr in
position 5, are present in OETBV17, the oligoclonally
expanded transcript in Patient 2 SF CD8+ T cells.

OETBVI7+ T cells specifically proliferate in response to
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autologous antigen-presenting cells. Identification of clon-
ally expanded OETBV17+ cells in the SF of Patient 2 at
disease onset prompted us to investigate the ability of the
cells bearing this B-clonotype to respond to self-antigens.
Conventional analysis of proliferative or cytotoxic
responses does not allow characterization of responder cells
unless the cellular line is clonal. In the absence of a known
antigen, and as all our attempts to obtain clones of the
expanded cells failed, we designed an alternative approach.
The rationale was that, if relevant to the autoimmune
response, the proportion of the expanded transcript in a
culture should increase with respect to the basal conditions
when an appropriate antigen is presented by autologous
stimulatory cells. With this premise, we followed this proce-
dure: First, we immortalized SF CD8+ cells with
herpesvirus saimiri (HVS). Transformed cells grew,
although very slowly, in IL-2 cultures with no need for anti-
genic stimulation and preserved their response capacity via
TCR triggering®"-¥2, Indeed, flow cytometry analysis after
infection (data not shown) revealed that all were immortal-
ized (CD3+CD8+CD25+), and that the proportion of TCR-
VB17+ cells (about 1%) was similar to that observed prior to
the infection and consistent with that measured in control T
cells*. Second, we evaluated the proliferative response of
transformed SF CD8+ cells after culture in the presence of
different targets and compared the values with those
obtained after incubation with IL-2 (basal conditions). In
addition to EBV-transformed autologous PBL, Patient 2
EBYV, we selected 2 additional B-LCL: LG-2 (HLA-A2-
positive) and LG-15 (HLA-A2-negative, but sharing the
same HLA-B27 allele with LG-2), according to the
following considerations: (1) Patient 2 was HLA-A2+; (2)
the high sequence similarity between the expanded tran-
script described here and that previously found in CD8+
cytotoxic clones restricted by HLA-A2 (see Discussion);
and (3) as both LG-2 and LG-15 are DR1+, the putative
minority class II-driven responses sometimes observed in
CD8+ T cells would be similarly observed in the response to
those cells. Therefore, after stimulation, total RNA was
extracted from each cell culture and subjected to RT-PCR
specific for the amplification of TCR-BV17 gene products.
Southern blots were then serially hybridized with the
common TCR-BCI (CBI) and the selective OETBV17 *2P-
labeled probes, and radioactive signals were compared.

As shown in Figure 3, stimulation of transformed T cells
with autologous B cells resulted in a strong signal after
hybridization with the OET(N+D)+ probe (middle panel),
revealing a proliferation of OETBV17+ cells. However,
upon stimulation with the other presenting cells (LG-2 and
LG-15), a comparative signal was not observed. Indeed, in
these cases, the OET(N+D)+ transcripts were negligible and
they were only detected after very long exposures (Figure 3,
bottom panel), similar to what was observed after basal
culture conditions. These results were repetitive even when

using both autologous B cells collected at different times
and immortalized T cells derived from independent HVS
infections.

DISCUSSION

We investigated expanded T cell clones in the inflammatory
lesions associated with spondyloarthropathies with the aim
of establishing a relationship between the role of these cells
and the pathogenesis of the disease. We observed (1) The
status of the disease is critical in terms of sample selection.
In the chronic stage, expansions change concomitantly with
the time of sample collection, and even among different
joints. (2) At disease onset, we observed (a) absence of
intraarticular oligoclonal expansions in SF CD4+ cells but
presence of different TCR-BV expansions in SF CD8+ cells;
(b) expansions in the SFCD8+ T cell subset share common
structural motifs; and (c) CD8+ T cells sharing a TCR-B
expanded clonotype selectively proliferate when they are
stimulated with autologous presenting cells.

Invivo, T cell responses to cognate antigens are mediated
by clonal proliferation. Therefore, clonally expanded T cells
within a pathologic situation, as in SpA, may indicate the
existence of pathogenic relevant antigens and may then be
used as tools to characterize crucial epitopes. It is therefore
of substantial interest to identify selectively expanded T cell
clones at the onset of inflammatory diseases, particularly
when the triggering antigens are unknown. Historically,
however, the role of T cells in human SpA has been based
on analysis of T cell clones generated after in vitro stimula-
tion with antigens putatively involved in the disease patho-
genesis. Thus, focused on the role of HLA-B27, it has been
shown that among SF and peripheral blood-derived T cells
from patients with enterobacteria-induced ReA, several
bacteria-specific'®!? or autoreactive!®!' CD8+ T cell clones
use HLA-B27 as restriction molecule. Most of these clones
had rearranged a subset of TCR-BV segments (VB13, 14,
and 17) and cloning of both bacteria-specific and autoreac-
tive T cells suggested that such cells had undergone clonal
expansion in vivo and had been activated by a limited
number of antigens.

However, these and other studies in human SpA could be
limited by several conditions: (1) samples were usually
collected from chronic patients; (2) compared with the total
number of cells at sites of inflammation or within a whole
organism, only a very small selection of T cell clones could
be isolated and characterized in vitro; (3) statistical biases
due to small sample numbers and biases during the culture
procedures cannot be completely ruled out. Additionally,
even in those cases in which local activated T cells are poly-
clonally activated in vitro with allogeneic cells and then
tested against autologous cells, the putative autoreactivity
should be evaluated cautiously because autoreactive T cells
have been described in healthy individuals**-3,

To avoid these problems, we performed TCR spec-
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Figure 3. Proliferative response of OETBV17+ T cells to autologous antigen-presenting cells. Herpesvirus
saimiri-transformed SF CD8+ T cells from Patient 2 were stimulated with an EBV-transformed autologous
B cell line, with LG-2 and LG-15 B-LCL or just with IL-2. Proliferative response to stimulation was esti-
mated by evaluating the hybridization signal obtained with the **P-OET(N+D) probe on PCR products
derived from amplification of TCR-BV17 transcripts in each culture. Only stimulation with autologous
antigen-presenting cells results in a significant hybridization band with the specific probe for OETBV17+
cells (middle panel). A very long exposure (bottom panel) illustrates that the putative proliferations induced
by LG-2 and LG-15 were not greater than the one observed in basal culture (IL-2). Reprobing of membrane
with the common 3?P-TCR-CBI oligonucleotide (top panel) is shown for comparison of total TCR-BV17
amplifications. Lines C1 and C2: PCR products amplified from 2 different control colonies transformed
with TCR-BV17-containing plasmids that were negative (C1) or positive (C2) for hybridization with
OET(N+D) probe. This experiment is representative of 3 more assays performed with Patient 2 autologous
cells collected at different times and with cells derived from independent herpesvirus saimiri transforma-

tratyping on samples collected at disease onset. Thus,
without any cloning procedure, it is possible to reliably detect
and characterize preactivated and oligoclonally expanded
cells in vivo. Although the method used to define expansions>>
does not consider the likelihood that there may be more than
one expansion within a TCR-BV subset, this approach
(together with the possibility of growing local T cells in
culture, maintaining their original phenotype and specificity
after infection with HVS3!) provides a powerful tool to test
these cells directly for autoreactivity in order to characterize
cells involved in triggering the autoimmune disease. Further,
the study of an HLA-B27-negative patient, a feature not
selected in advance but representative of a high percentage of
patients with SpA (5-90% depending on the disease), could
provide additional information on general features of these
diseases and not only those related to the HLA-B27.
Although it is clear that the spectratypes from the
different joints and time points in samples from a patient
with chronic disease show some similarities (Figure 1),
suggesting the persistence of several clonal expansions, the
status of the disease per se makes it impossible to determine
which of these putative expansions were present at disease
onset. Further, the significant variations in T cell expansions
depending on time and joint (Figure 1) would suggest that
antigenic stimulatory complexes are generated during the
disease course that are probably different from those
initially recognized at disease onset. These results suggest

the observed differences are most probably caused by an
ongoing inflammatory process due to continuous stimula-
tion of T cells bearing different TCR-BV subfamilies, and
that antigen spreading, by revealing new autoantigens, is a
primary mechanism in perpetuation of the disease. Such a
mechanism has been postulated by the epitope spreading
theory*”* to explain the maintenance of autoimmune reac-
tions. More important, the data stress the necessity of
working with local samples collected at disease onset when
studies to identify relevant cells in initiating the disease are
performed. Such requirements dramatically reduce the
availability of relevant samples but assure a higher potential
regarding the quality of the data.

TCR expansions have been described in PBL of controls,
and variation with time and age seems to be common even
in healthy individuals®. Although we are aware that
common expansions in both blood and SF could be relevant
to the disease, we focused our study exclusively on expan-
sions detected in local samples in the first inflammatory
episode that, a priori, must be a direct consequence of the
immunological response taking place only in the affected
joints. In this way, assignment of expansions to the patho-
genic process, although probably incomplete, is more
unequivocal.

The first observation from spectratyping of samples
collected from Patient 2 was the abundance of oligoclonal T
cell expansions in synovial CD8+ T cells and the absence of

—

Personal, non-commercial use only. The Journal of Rheumatology. Copyright © 2004. All rights reserved. |—

Treviiio, et al: Expanded T cells in SpA

1969

Downloaded on April 23, 2024 from www.jrheum.org


http://www.jrheum.org/

such expansions in SF CD4+ T cells (Figure 2). Although
the relative importance of the CD4+ and CD8+ T cells has
yet to be determined, our data would support that CD8+ T
cells play an important role in the pathogenesis of SpA, and
rule out a similar role for the CD4+ subset. A major role for
CD8+ T cells has been previously suggested on the basis of
the high percentage of these cells infiltrated in the affected
joints”#!; the high frequency of expansions in the synovial
CD8+ compartment, where the cells appeared to express
both activation and memory cell surface markers'3; and by
the finding that the classical genetic marker for SpA, HLA-
B27°642 encodes a class 1 restriction molecule presenting
antigenic peptides to CD8+ T cells. Since both class II-
restricted CD4+ clones®* and class I-restricted CD8+
clones'®!" with specificity for arthritogenic bacteria have
been characterized from the SF of patients with chronic
disease, our data tend to confirm that the priming of CD8+
cytotoxic T lymphocyte (CTL) responses results in target-
cell destruction, which then leads to cytokine release and
attraction of CD4+ inflammatory T cells that finally
contribute to the induction, maintenance, and extension of
synovitis rather than initiating the disease.

In the same line of argument, the existence of oligoclonal
expansions in SF and PBL of patients with both chronic and
acute disease seems to be derived from activation of
conventional antigenic complexes because superantigen
(SAg) activation would induce all cells with the same TCR-
BV to proliferate and it would not be reflected as an increase
of specific TCR-BV in the repertoire, as shown here. That
expansions were found only in the CD8+ subpopulation at
the disease onset also apparently rules out the possibility of
activation by SAg, which are incapable of discriminating
between CD8+ and CD4+ subpopulations.

A second finding of this study concerns the usage of
diversity elements in the sequenced transcripts derived from
those expansions showing a transcript with a predominant
size. The biased usage of TCR-BV segments from
homology subgroup 4 (TCR-BV12, 15, 17) and the high
proportion of transcripts using TCR-BJ2 segments (mainly
JB2S7) are remarkable. Even more significant is the conser-
vation of amino acids in the CDR30 region (basic residue in
position 2, polar in 3, Gly in 4, and Tyr in position 5; Table
1). Considered together, the similar size, the common struc-
tural motifs, and the presumably similar orientation of their
CDR38 over antigenic complexes**® would suggest that
those T cells could be participating in a restricted response
by recognizing highly homologous antigenic complexes or
peptides with similar hydropathic profiles's.

A third, unexpected result is the sequence of the clonally
expanded transcript (OETBV17) within the SF of Patient 2
and its sharing of diversity elements with other non-oligo-
clonally expanded transcripts within the same subfamily
(Table 1). Using these sequences as search terms, database
searching revealed that the OETBV 17 sequence, and 2 more

among the other 4 remaining sequences, matched sequences
reported within the highly restricted TCR- repertoire to
influenza A matrix peptide M58-66 — GILGFVFTL — in
the context of HLA-A2. Although highly polyclonal
regarding CDR3 sequences, the repertoire of memory CD8+
T cells specific for this antigenic system is constrained by
the use of BV17, the I/V-RS motif in the CDR3 region, and
the use of JB24-3!, To our knowledge, these characteristics
have not been reported for any other antigenic system,
including clonal T cell expansions associated to SpA or
rheumatoid arthritis. Of note, a junctional region with partial
homology to the one reported here, derived from SF CD8+
T cells from an HLA-B27+ patient with ReA, appears in the
GenBank (unpublished, accession number AJ296352).

Notably, in an extensive work performed in individuals
with different rheumatic diseases and HLA-B27+ controls,
May, et al recently described a canonical TCRB motif,
mainly prevalent in early acute ReA and associated to the
TCR-BV1-J2S3 rearrangement, that could be a diagnostic
marker in HLA-B27-associated “undifferentiated arthritis™>.
As the study analyzed just the frequency of the above
rearrangement (comparative analysis with other collections
of TCR was not performed), these results do not exclude the
participation of other CD8+ T cells in the development of
SpA, and therefore our data are compatible with them. Due
to the presence of such a motif not only in T cells derived
from HLA-B27-positive patients with ReA associated with
different bacteria but also in “in vitro”-derived HLA-B27-
alloreactive CTL clones, our results could be viewed as
complementary to these new findings. Indeed, besides
supporting the role of CD8+ T cells, our findings tentatively
support the interpretation of the arthritogenic peptide model®
for HLA class I antigens other than HLA-B27 and provide a
view that could explain why arthritis occurs in HLA-B27-
negative individuals.

It is tempting to speculate about a relationship between
an influenza infection and the triggering of the disease. In
this regard, the frequent presence of virus-specific CD8+ T
cells, mainly reactive to EBV or cytomegalovirus, within
inflamed lesions of patients with autoimmune inflammatory
disease, has been reported. This phenomenon has been asso-
ciated with chronic inflammation rather than with the initi-
ating cause of the process®’. In a computer search for
putative arthritogenic peptides sharing high homology with
the M58-66 matrix peptide (GILGFVFTL), we found that
the peptide GVIGFLFAI from syndecan-2, a proteoglycan
expressed on fibroblasts, endothelial cells**, and activated
macrophages®, displayed a noteworthy similarity. Notably,
the central residues, those being recognized by the TCR, are
identical. An interesting alternative is the peptide
SLLGFVYKL of IFI-56K (IFIT1), a protein inducible by
interferons and viral infections™.

Finally, a question remains concerning the fine speci-
ficity and the differential proliferative capacity of cells
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bearing the expanded clonotype. The approach we described
here solves the inherent limitations of the use of standard
techniques (e.g., tritium uptake) to evaluate specific T cell
proliferation when the stimulatory antigen is unknown and
the responder cell line is not clonal. Although it is possible
that the responses to LG-2 and LG-15 could predominantly
select some clones and, consequently, dilute the putative
response mediated by OETBV17 clonotypic cells, the
comparison of band intensities between autologous and the
alloreactive responses (Figure 3) is very conclusive. The
response to autologous B cells and the lack of this response
to the LG-2, both sharing the HLA-A2 antigen, would
suggest that the response is specific for an antigenic
complex selectively expressed by autologous cells. In
addition, it is conceivable that processes such as EBV
transformation alter the origins and the amounts of self-
peptides bound to the cell-surface class I molecules. These
or similar cryptic self-determinants could be upregulated
and expressed more densely at the articular compartment,
thus triggering the proliferation of local cells and, conse-
quently, the arthritis. From our data, we cannot rule out that
our observations could be derived from an epiphenomenon
and that OETBV17 cells could be virus-specific HLA-A2-
restricted and not strictly autoreactive. It seems unlikely due
to the lymphotrophic features of influenza virus and because
the stimulation with different autologous cells, coming from
different collection times, rendered the same results. These
issues, the extent to which our observations apply to patients
with different SpA, and whether the mechanism we propose
is a general mechanism or just operates under certain restric-
tions (i.e., HLA typing, susceptibility genes, etc.), will
require further investigation.

Our data show that particular CD8+ intraarticular T cells
collected at the onset of a spondyloarthropathy share struc-
tural motifs in their T cell receptors. We have designed an
innovative approach that allows collection of information on
cell specificity without prior cloning. Using this method, we
show that cells expressing a TCR-BV expanded clonotype
proliferate specifically in response to autologous presenting
cells, suggesting they might be responsible, in part, for the
autoimmune process. These results suggest that, in addition
to the well known role of bacterial infections, common viral
infections (i.e., influenza) could be triggering agents of
spondyloarthropathies.
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