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T Cell Receptor V3 Gene Bias in Rheumatoid Arthritis
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Abstract

Polymerase chain reaction (PCR) technology was employed to
examine peripheral blood and synovial T cells in patients with
rheumatoid arthritis (RA ) for biased utilization of T cell recep-
tor (TCR) variable region (V) genes. Oligonucleotide primers
specific for individual TCR Vg gene families were used to am-
plify TCR gene products in a semiquantitative assay of their
relative utilization in unselected T cell populations. Mean Vg
expression in 24 RA peripheral blood samples was very similar
to that in a panel of 15 normal subjects, except for a slight
decrease in V813.2 expression. V3 utilization in 8 RA synovial
tissue samples and 13 synovial fluid samples was compared to
simultaneously obtained blood samples. Although heteroge-
neous patterns of skewed V3 utilization were observed, several
significant trends emerged. By a number of approaches to data
analysis, a statistically significant increase in expression of
V36 and VS15 in synovial T cells was documented. In addition,
increased synovial expression of V314 was found, but only in
the synovial fluid samples. Reduced expression of V31, V44,
VB5.1, VB10, VB16, and VB19 was also observed in synovial T
cells. These results indicate that biased V3 gene utilization in
different peripheral compartments of RA patients can be ob-
served in unselected T cell populations, and are consistent with
the conclusion that populations of T cells expressing these V3
gene products may be involved in the pathogenesis of the dis-
ease. (J. Clin. Invest. 1993. 92:2688-2701.) Key words: poly-
merase chain reaction  rheumatoid arthritis * synovial T cells ¢
T cell receptor « T cell repertoire

Introduction

Rheumatoid arthritis (RA) is an idiopathic disease character-
ized by chronic inflammation of synovium, local destruction
of cartilage and bone, and systemic illness. Several lines of evi-
dence implicate T cells which respond to antigenic stimuli via
their a/8 T cell receptor (TCR)! in the disease process (1).
The majority of RA patients express products of a set of alleles
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at the Bl locus of the HLA-DR region, HLA-DRBI1*0401
(HLA-DR4, Dw4), *0404/*0408 (DR4, Dwl4), *0405
(DR4,Dw15),*0101 (HLA-DR1), and *1402 (HLA-DRw14,
Dw16), that are associated with increased risk for acquiring the
disease (2-7). These class I MHC molecules share a sequence
of amino acids in the third hypervariable region (residues 70-
74) of the HLA-DR@I chain, indicating that this epitope may
confer disease susceptibility (8). Because the major roles of
class I molecules are to bind and present antigenic peptides to
CD4+ T cells or to exert an influence on thymic selection of the
CD4+ T cell repertoire, these findings are compatible with the
conclusion that the introduction of an unidentified pathogenic
antigen into the synovial membrane of an immunogenetically
susceptible host triggers a CD4+ T cell-mediated autoimmune
response resulting in the manifestations of RA.

A number of studies have established the ability of antigen
or autoantigen plus MHC combinations to select for T cells
expressing particular TCR genes (9). There is also evidence
that the variable region (V) gene expression profile of periph-
eral T cells can be influenced by the MHC molecules encoun-
tered during thymic education (10-13). In addition, it has
been postulated that superantigens, characterized in part by
their ability to stimulate T cells utilizing particular V3 genes,
may play a role in the development of autoimmunity including
RA (14, 15). Thus, there are several factors that could lead to
the development of biased TCR expression in RA.

Initial studies sought evidence of biased TCR expression in
RA by looking for the presence of oligoclonal T cells. Evidence
of oligoclonality manifested by the presence of rearranged
bands detected by Southern blotting was rarely found in T cells
directly isolated from synovial fluid samples (16, 17). More-
over, T cell clones established in culture conditions designed to
allow outgrowth of all cells rarely exhibited identical rearrange-
ments (18, 19). However, some studies were able to detect
oligoclonality of synovial T cells selected for the ability to grow
in IL-2 alone (20, 21). Even when oligoclonality was claimed,
however, there was no consensus on the specific dominant rear-
rangement in different patient samples (22, 23). Taken to-
gether, these studies indicate that there is minimal oligoclonal-
ity in the rheumatoid synovium, although selection for IL-2-
responsive T cells may induce outgrowth of a limited number
of clones. A major limitation of these analyses, however, is that
examination of cells for identical rearrangement patterns
might not detect the predominance of an antigen- or superanti-
gen-reactive T cell population utilizing particular Va or V3
gene families.

Several studies have examined RA synovial fluid or syno-
vial tissue for restricted expression of TCR Va or VB. Some
have interpreted their results to indicate that the number of V3,
but not Ve, gene families expressed in synovial T cells is lim-
ited (24), whereas others have reported that, at least in patients
with early disease, a limited number of Va, but not Vg3, gene
families are expressed (25). Although variable numbers of Va
and Vg products were also detected in other studies of synovial



fluid or synovial tissue samples ( 14, 26 ), two recent analyses of
synovial fluid T cells detected all of the V@ families in every
patient (27, 28). Thus, no consensus concerning the potential
biased expression of VB or Va in RA synovium has emerged
from these studies, most of which examined small numbers of
patients. Some studies included comparisons of V gene expres-
sion in rheumatoid peripheral blood and synovial T cells. Anal-
yses of increased synovial T cell expression of individual V
gene families have generally demonstrated heterogeneous pat-
terns (27-30). However, Paliard et al. (14) reported that, in
nine of nine RA patients, expression of V814 was greater in
synovial fluid T cells than in the peripheral blood. An increase
in V314 expression in synovial fluid T cells in comparison to
peripheral blood was found in one other study (29), but not in
two others (27, 28). Therefore, the question of whether there is
biased representation or activation of T cells expressing particu-
lar Va or V3 products in rheumatoid synovium remains unre-
solved.

The present report of 24 RA patients used semiquantitative
PCR amplification of cDNA with VB-specific primers to test
the possibility that T cells in the peripheral blood, synovial
fluid, or synovial tissue exhibit biased V3 gene utilization. Sev-
eral approaches to data analysis indicate biased V3 gene utiliza-
tion by T cells in patients with RA. Although the differences are
small, several statistically significant trends were noted, with
either enrichment or depletion of particular V@ genes noted in
the synovium or the peripheral blood. These data indicate that
biased VB gene family utilization in different peripheral com-
partments of rheumatoid patient can be observed in unselected
T cell populations and are consistent with the conclusion that
T cells expressing these particular TCR gene products may be
involved in the pathogenesis of RA.

Methods

Subjects. 24 patients who fulfilled the 1987 American College of Rheu-
matology criteria (31) for RA were studied. Synovial tissue was ob-
tained from 8 patients undergoing synovectomy or joint replacement
surgery, and synovial fluid was obtained from 11 patients undergoing
therapeutic arthrocentesis. Synovial fluid was obtained from two of
these patients on two occasions for a total of 13 synovial fluid samples.
Peripheral blood was obtained from each of these patients, and from 5
similar patients from whom analysis of synovial T cells was not success-
ful. Peripheral blood and synovial tissue or synovial fluid samples were
obtained from 4 control patients with other arthritides. The disease
characteristics, age, sex, and medications used by these subjects at the
time samples were obtained are presented in Table I. The presence or
absence of circulating rheumatoid factors was determined by nephe-
lometry, except for a few cases in which a latex fixation test was used.
Peripheral blood samples from 15 subjects who did not have arthritis
served as normal controls.

HLA typing. Peripheral blood lymphocytes were used for serologic
HLA class II typing by the lymphocytotoxicity method (32). Oligonu-
cleotide typing of HLA class II genes was then performed according to
previously published methods (33, 34). DNA was extracted from lym-
phocytes as described (35), and amplified by PCR using previously
described primers for DR (33), DQB (36), DPB(36), and DR4 sub-
typing. Previously described oligonucleotides were used for probing dot
blots of the DR (33), DPB (36), DQS (34), and DR4 (36) PCR
products.

Cell preparation for TCR analysis. PBMC and synovial fluid mono-
nuclear cells were prepared from heparinized samples by density gra-
dient centrifugation over ficoll diatrizoate gradients. These cells were
either used directly for RNA preparation or further enriched for T cells

by rosetting with neuraminidase-treated sheep erythrocytes and/or
passage over a nylon wool column. Lymphocytes were prepared as
described (37) from those synovial tissue samples not used directly for
RNA preparation. Briefly, tissue was minced with scissors and digested
with 1 mg/ml collagenase for 1-2 h at 37°C, and then passed rapidly
over a nylon wool column.

RNA and cDNA preparation. RNA was directly prepared from syno-
vial tissue samples by homogenization in guanidine thiocyanate with a
tissue homogenizer followed by ultracentrifugation through a CsCl gra-
dient as described (38). Cell preparations were homogenized in guani-
dine thiocyanate by repeated passage through a small gauge needle.
Total RNA was extracted from cell homogenates as previously de-
scribed (39). 1-6 ug of RNA was converted to cDNA by incubation
with 8 U avian myeloblastosis virus reverse transcriptase (RT) and 20
ug/ml oligo-dT primers in the presence of actinomycin D (50 ug/ml)
for 1 h at 42°C. The cDNA was heated to 95°C for 5 min and then
diluted to a final volume equal to the greater of 25 ul per 1 ug of RNA,
or 80 ul.

TCR B-chain PCR. In preliminary experiments, each cDNA was
examined, alongside a positive control, in constant region (C) amplifi-
cations to determine the relative amount of TCR-derived cDNA. C3
amplifications were done with primers 5'C8: GTGTTTGAGCCA-
TCAGAA-GCA and 3'CB6: AAGCCACAGTCTGCTCTACC. For
the RNA samples from patients RA5 through RA24 (Table I) and
from all of the control subjects a negative control cDNA, prepared
from RNA without added RT, was tested with C8 region primers to
ensure there was no contaminating TCR DNA. Products were sampled
after 20, 25, 30, and 35 cycles to determine the number of cycles
through which the specific product accumulated exponentially (see
Fig. 1 A). The subsequent semiquantitative assay utilized the 22 Vg3
family-specific 5’ primers designed by Choi et al. (40) and the reverse
primer 3'CB4: ACCCACCAGCTCAGCTCCA in separate simulta-
neous PCR reactions. The number of cycles used (usually 22-30) was
designed to stop the reactions while all of the products were still accu-
mulating exponentially, as determined in the preliminary experiment.
These steps were taken to ensure that each PCR product was propor-
tional to the amount of corresponding mRNA. In addition, when possi-
ble, all of the reagents were aliquoted from a master mix so that pipet-
ting variability did not produce artifacts in the PCR. In each experi-
ment a negative control, with no cDNA added, was run in parallel for
all primer pairs. PCR amplification of cDNA samples from subjects
RA-1, RA-2, CP-4, and one of the sets of synovial fluid and peripheral
blood samples from RA-3 was performed in individual tubes in a reac-
tion volume of 50 ul. Amplification of samples from RA-7, NC-11, and
one of two sets of synovial fluid mononuclear cell and PBMC samples
from RA-11 was carried out in triplicate in tubes. PCR amplification of
the remaining 60 cDNA samples was carried out in triplicate 20-ul
reactions using 96-well microtiter plates in a model PTC-100-96 ther-
mal controller (MJ Research, Watertown, MA ). Triplicate amplifica-
tions were performed to further the reproducibility of the assay. The
standard error of the three replicate determinations was usually < 10%
of the corresponding mean. The reaction mixture contained 0.2 mM
dNTPs (20 nM each of dATP, dCTP, dGTP, and dTTP), 1.5 mM
MgCl,, 0.3 uM oligonucleotide primers, and 20-40 U/ml Taq DNA
polymerase (Promega Corp., Madison, WI). The temperatures used in
the PCR were 94°C for denaturation, 50°C for annealing, and 72°C for
polymerization. The duration of each step was 1 min.

Determination of VB gene family utilization. A sample of each PCR
amplification was transferred to a nylon membrane (Zeta-Probe GT,
Bio-Rad Laboratories, Richmond, CA) by alkaline transfer using a slot
blot apparatus. Blots were incubated in hybridization fluid (38) con-
taining 6X sodium chloride, sodium citrate (SSC), 10% Denhardt’s
reagent, 100 ug/ml denatured, fragmented salmon sperm DNA, and
0.5% SDS for at least 1 h at 37°C. The specific 8-chain products were
then detected by incubation of the blots for 3-24 h at 37°C in hybridiza-
tion fluid containing [y-3?P]-labeled 8 probe: ATTCTCCCACAC-
CCAAAAGG, derived from the CB region. The 8 probe oligonucleo-
tide was end-labeled with T4 polynucleotide kinase using standard
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Table 1. Subjects Studied

Age/
Donor Diagnosis dur:tion Race/Sex RF Disease characteristics Medications DR DQ Samples
RA patients
RA-1 RA 52/1 B/F + nodular, erosive, class 3 NSAID 2,6, w52 wl blood
RA-2 RA 73/7 W/F + erosive, class 3 NSAID, Gold 4, 11, w52, w53 w7(3) blood
RA-3 RA 56/2 B/F + erosive, class 3 NSAID 3,11, w52 wé, w7(3) SF, blood*
RA-4 RA 62/25 B/F + erosive, class 3 NSAID, D-Pen 4,8, w52, w53 w7(3) blood
RA-5 RA 62/17 W/F + nodular, erosive, class 3 NSAID, MTX 1,4, w53 wl, w7 tissue, blood
RA-6 RA 37/1 B/F + class 2 NSAID, HCQ 4,11, w52, w53 wl, w3 SF, blood
RA-7 RA 58/12 B/M + nodular, erosive, class 3 NSAID, Gold 4, 13, w52, w53 wl, w3 SF, blood
RA-8 RA 26/4 W/F + erosive, class 3 NSAID, MTX 3,7, w52, w53 w2 tissue, blood
RA-9 RA 57/5 As/F - erosive, class 3 NSAID 2, 12, w52 w7, wl blood
RA-10 RA 61/19 W/F + erosive, class 3 MTX, Pred 7, 8, w52, w53 w2, wd tissue, blood
RA-11 RA 63/2 B/F + erosive, class 3 NSAID, PRED, 3, 13, w52 wil, w2?
MTX SF, blood*
RA-12 RA 26/1 L/F + class 2 NSAID 4,7, w53 w2, w3 SF, blood
RA-13 RA 59/2 B/F + erosive, class 2 NSAID, MTX 2,13, w52 wl, w7(3) SF, blood
RA-14 RA 47/4 W/F + nodular, erosive, class 3 NSAID, MTX, 3,4, w52, w53 w2, w3
HCQ, Pred blood
RA-15 RA 21/3 LA/F + erosive, class 3 NSAID 2,4, w53 w7(3), wl SF, blood
RA-16 RA 24/1 LA/F - erosive, class 3 NSAID 7,10, w53 wl, w2 SF, blood
RA-17 RA 40/2 LA/F - class 2 NSAID 1, 8, w52 wl tissue, blood
RA-18 RA 57/10 B/F + nodular, erosive, class 3 NSAID, Gold 4,6, w52, w53 wl, w3 SF, blood
RA-19 RA 66/10 B/F + erosive, class 3 NSAID, Gold 3, 11, w52, w53 wd, w7(3) SF, blood
RA-20 RA 70/3 W/F + nodular, erosive, class 2 NSAID, PRED, 3,4, w52, w53 w2, w3
MTX tissue, blood
RA-21 RA 57/3 B/F + erosive, class 3 NSAID ND? tissue, blood
RA-22 overlap 50/12 W/F + erosive, class 3 NSAID 6, 7, w52, w53 wl, w2 tissue, blood
RA-23 RA 42/1 W/F - nodular, class 2 NSAID, HCQ 3,7, w52, wS3 w2 tissue, blood
RA-24 RA 56/12 W/F + nodular, erosive, class 2 NSAID, CyA 1,4, w53 wl, w3 SF, blood
Arthritic
controls
CP-1 OA 44/6 B/M - NSAID ND SF, blood
CP-2 OA 76/20 W/M NSAID ND blood
CP-3 JCA 24/20 W/M - erosive, class 2 NSAID, MTX ND tissue, blood
CP-4 JCA 27/23 W/F - erosive, class 2 Pred, NSAID 11, w53 w7(3) SF, blood
Normal
controls
NC-1 30 B/F ND blood
NC-2 31 W/F 12, 13, w52 wl, w7(3) blood
NC-3 41 B/F 8, 10, w52 wl, w7 blood
NC-4 53 W/F 11, 10, w52 wl, w7 blood
NC-5 36 B/F 6?, 11, w52, w53 wl, w3 blood
NC-6 29 W/M 7, - wl, w2 blood
NC-7 36 W/M 7, 11, w52, w53 w7, w9 blood
NC-8 37 W/M 1,4, w53 wl, w3(w7) blood
NC-9 28 W/M 4, w6, w52, w53 wl, w3ANT blood
NC-10 31 W/F 7,9, w52, w53 wl, w2 blood
NC-11 30 A/F 2,4, w53 wl, w3 blood
NC-12 33 W/M 3,4, w52, w53 w2, w3 blood
NC-13 25 W/F 8, —, w52 w7(3) blood
NC-14 32 B/M 3,11, w52 w2, w7(3) blood
NC-15 32 W/M 3,4, w52, w53 w2, w3 Blood

Abbreviations used in this table: CyA, cyclosporine A; D-pen, D-penicillamine; HCQ, hydroxychloroquine; JCA, juvenile chronic arthritis; MTX, methotrexate; OA,

osteoarthritis; Pred, prednisone.

* Synovial fluid and peripheral blood were obtained on two separate occasions from this patient.

# ND, not determined.

methodology (38). Blots were washed in a solution of 6X SSC and
0.5% SDS for 20 min at 50°C. Hybridized probe was quantified with
the Radioanalytic Imaging System (AMBIS Systems Inc., San Diego).
Background counts from areas of slot blots containing no detectable
bands (water controls) were subtracted with the AMBIS software. Ac-
cordingly, the amount of hybridized probe is expected to be linearly
related to the amount of PCR product. The specificity of these amplifi-
cations was confirmed by separating samples of products by electropho-
resis on agarose gels, transferring to nylon membranes, and probing as
described above. In preliminary experiments it was determined that all
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VB products detectable on slot blots produced a single band of the
correct size on the agarose gel blots.

The data are expressed as the mean of the triplicate samples (where
applicable) of each Vg amplification divided by the sum of the 22 V3
amplifications. The proportion of each VB PCR product to the sum of
all the VB products will, by design, reflect the proportion of total TCR
mRNA that encodes a particular V3 gene family. Control C8 amplifi-
cations were performed in each experiment, but were not used to nor-
malize the individual V3 data because the sum of the individual V3/
CB ratios was not consistent from one cDNA to another. Conse-



quently, differences in an individual V8/Cg ratio from one cDNA to
another might reflect this inconsistency rather than true skewing. In
contrast, when the data were normalized with the sum of the 22 V8
amplifications repeat experiments performed on the same cDNA pro-
duced nearly identical VB expression profiles (see Results). This con-
sistency allowed meaningful comparisons of different cDNAs.

The ability of this semiquantitative assay to detect selective expan-
sion or activation of T cells bearing a particular V8 gene was demon-
strated in preliminary experiments and in experiments published else-
where. Peripheral T cells stimulated with monoclonal antibodies di-
rected against specific VB proteins in the presence of IL-2 produced at
least a twofold increase in the amount of the appropriate V38 PCR
product even though there was no detectable increase in the number of
cells in culture (data not shown), demonstrating that increased
amounts of mRNA resulting from activation of Vg-specific T cells
could be detected. In addition, proliferation driven by VB-specific su-
perantigens resulted in a marked increase of the appropriate V3 PCR
product (41). Finally, addition of small numbers of monoclonal T cell
populations (5%) to T cells derived from the peripheral blood of a
normal donor was easily detected (data not shown ). These preliminary
results confirmed that the semiquantitative PCR could detect changes
in both the activation state and number of T cells expressing specific
VB gene products in a heterogeneous population.

Statistical analysis. V8 expression in the peripheral blood and syn-
ovium of RA patients and in the peripheral blood of control subjects
was not normally distributed for every V3 gene family. Therefore, Wil-
coxon’s rank sum test was applied to comparisons of V3 expression in
RA patients and control groups, and Wilcoxon’s signed rank test was
applied to comparisons of Vg expression in simultaneously obtained
peripheral blood and synovial samples. Student’s ¢ test was applied to
comparisons of VB expression in peripheral blood and synovium in
each experiment performed with triplicate PCR amplifications. Re-
gression analysis was used to examine the overall similarity of V8 ex-
pression profiles in different experiments. The coefficient of determina-

tion (r?) is reported, with r? = 1.0 indicating perfect correlation, and r2
= 0 indicating no correlation.

Results

Patient population. Samples were obtained from 24 RA pa-
tients, 4 patients with other arthritides, and 15 normal donors.
The clinical characteristics of these subjects are presented in
Table 1. A large majority of the RA patients had erosive synovi-
tis and all of them were functional class I or III (42). Rheuma-
toid factor (RF) was detected in the serum of 20 RA patients. A
majority (15/24) of the RA patients was taking a disease-mo-
difying antirheumatic drug (DMARD) at the time the samples
were obtained. Of the 23 patients on whom serologic HLA-typ-
ing was available, 12 expressed either HLA-DR 1 or HLA-DR4
or both. 5 of the 15 normal subjects tested positive for either or
both of these markers. Of the 8 HLA-DR4+ patients who were
DNA typed, 7 expressed at least one of the susceptibility con-
ferring alleles DRB1*0401, *0404, or *0408. For clarity of pre-
sentation, serologic typing of HLA-A, B, and C, and DNA anal-
ysis of DP, DQ, and DR4 subtypes, are not shown.

RA peripheral blood. Fig. 1 illustrates the protocol used in
these experiments for the analysis of V3 gene family expression
in unselected T cell populations. The preliminary analysis of
the peripheral blood cDNA of one subject indicated that TCR
Cg product accumulated exponentially for 30 PCR cycles (Fig.
1 A). Because the CB primer pair amplifies all TCR 3 chain-
derived cDNA, the individual V8 PCR products amplified
from this cDNA would also accumulate exponentially for at
least 30 cycles. The subsequent experiment utilized 28 PCR
cycles for the triplicate amplification of this cDNA with the 22

A c D Figure 1. Determination of T cell
100 cp G “ V@ gene family utilization in PBMC
: — cs JENMEENNNNNN E=—  from patient RA-23. (4) PBMC
S s < ; - - 20 ANN\N cDNA was amplified with 5'Cg and
° 20 4 - 10 3'Cp6 for 35 PCR cycles. Samples
‘:j 1o - “ ILEN] were removed after 20, 25, 30, and
" 10— - 17 N 35 cycles, transferred to a slot blot,
3 i : 18 N and hybridized with radiolabeled
g s 17 - * 15 Bprobe. Net hybridized counts are
z 1o - - (LR NN\ depicted on the y-axis. (B and C)
g 15 { .- - s PCR amplifications of H,O controls
= 14 - bt LR NN\ containing no cDNA (B) and of
1323 .. - EE NN PBMC cDNA (C) were performed
O e ; 131; * - -] RN for 28 cycles. Amplification of a
NUMBER OF CYCLES = - - s N control cDNA, prepared from RNA
B o 1(1) - - o 2 e without the addition of RT, with C8
z — - 8 S primers produced no detectable
1.23 6 o - - [ \N\N\\\\\\\ product after 28 cycles (data not
5 HELIES g 8 ﬁ - 6.1-3 NN\ shown). (B) Area of the slot blot
s 6; ;357{? 7 - - 5.2-3 containing samples of the H,O con-
L 12,131,323 813 - - LABE NN\ trols for the PCR experiment de-
z G 52-3 - = NN pictec.i in C.(O) .PBMC.cDNA was
O 171819 5.1 . R 3 O amplified in triplicate using the 5'
> "0 4 - e 2 R primers depicted on the left. Each
CB 3 * * 11 s , slot represents a separate PCR reac-
2 - * LRSS SHS tion. The slot blot was hybridized
1 - - with radiolabeled Bprobe, washed,

NTS (x10 >£SEM
HYBRIDIZED COUNTS (10 "+SE) and analyzed with the AMBIS sys-

tem. The image is presented in log

mode for clarity. (D) Net hybridized counts (mean+SEM) were determined for each triplicate and are presented on the x-axis. The area of the

slot blot depicted in B was used as the sample background.
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V3 gene family specific 5’ primers. The hybridized slot blots of
this experiment are shown in Fig. 1, B and C. Quantifying of
the net hybridized counts, depicted in Fig. 1 D, indicated a low
degree of well-to-well variability in the triplicate PCR amplifi-
cations. The normalized data from this experiment are de-
picted in Fig. 2. Each cDNA in this report was subjected to a
similar analysis.

Circulating T cells from the blood of 24 RA patients with
active disease were examined for biased TCR expression in
comparison with TCR expression in the peripheral blood of 15
normal donors. Although two blood samples were available
from 2 RA subjects, only one sample from each was used in this
analysis. Restricted VB gene family utilization was not ob-
served in RA patients nor in normal donors. For example, all of
the 22 V3 products were detected at levels exceeding 1% of the
total in the blood of patient RA-23 (Fig. 1 C, and Fig. 2). At
least 16 of the 22 V3 products represented 1% or more of the
total in every blood sample; the mean for all of the blood sam-
ples was 20 V8 products > 1% (data not shown). Every V@
family comprised 1% or more of the total in the peripheral
blood of 90% or more of the subjects tested, except for V10
and VB11 which were expressed to this level in 56% and 51%,
respectively. The patterns of TCR expression were heteroge-
neous in both RA patients and controls. The data summarized
in Table II indicate that the mean expression of each V3 gene
family was not markedly different in RA patients and normal
donors. However, a statistically significant decrease in V313.2
expression in RA patients was observed. Comparison of the

peripheral blood T cell VB expression in the 20 RF+ to those of
the normal donors produced results very similar to those ob-
tained by analyzing all of the RA patients (data not shown).

To address the possibility that the RA patients who express
HLA-DR1 or HLA-DR4 could represent a distinct subset, pe-
ripheral blood Vg expression by these patients was compared
to that of normal donors expressing either of these markers and
the results are summarized in Table II. As in the previous com-
parisons VB13.2 expression was lower in RA patients. V38
expression was also significantly lower in the patients than in
the controls. In addition, RA patients in this group expressed
significantly higher levels of V32 and V5.1 than did this nor-
mal donor group.

The potential effect of disease duration was explored by
comparing peripheral blood Vg expression in subjects having
RA for 2 yr or less, and those having RA for more than 2 yr, to
each other and to the normal subjects. There were no statisti-
cally significant differences between the group of 16 RA pa-
tients with longer disease duration and normal donors, nor
between this group of patients and the group of 8 with shorter
disease duration. However, VB13.2 expression (3.0+0.5% ) was
lower in the patients with RA for 2 yr or less than in the normal
donors (Table II) (P < 0.004), whereas V320 expression
(4.1£0.5%) was higher in this group of RA patients (P
< 0.039).

Similarly, the possibility that peripheral blood V@3 expres-
sion differed in patients taking nonsteroidal antiinflammatory
drugs (NSAIDs) alone and patients taking DMARDs was ex-

Table I1. VB Gene Family Utilization in Peripheral Blood of RA patients and Normal Donors

Donors expressing HLA-DR1 or

All donors HLA-DR4
Normal donors RA patients Normal donors RA patients

Vg gene family (n=15) (n=24) (n=135) (n=12)
Vgl 0.040+0.006 0.044+0.004 0.033+0.006 0.041+0.003
VB2 0.075+0.013 0.091+0.007 0.052+0.009 0.095+0.010"
Vg3 0.053+0.010 0.060+0.009 0.085+0.018 0.080+0.015
VB4 0.075+0.010 0.066+0.005 0.066+0.007 0.071+0.009
VB5.1 0.043+0.006 0.047+0.004 0.029+0.004 0.053+0.006*
Vp5.2-3 0.034+0.006 0.035+0.004 0.027+0.008 0.038+0.004
Vg6.1-3 0.102+0.007 0.106+0.008 0.093+0.006 0.089+0.005
Vg7 0.096+0.007 0.093+0.007 0.099+0.010 0.088+0.012
VB8 0.086+0.007 0.078+0.006 0.101+0.010 0.070+0.007¢
VB9 0.044+0.005 0.049+0.004 0.054+0.006 0.049+0.006
Vg10 0.014+0.003 0.013+0.001 0.013+0.004 0.011+0.002
VBl1 0.012+0.002 0.013+0.002 0.015+0.004 0.013+0.004
Vg12 0.029+0.005 0.028+0.003 0.035+0.007 0.030+0.005
VB13.1 0.057+0.006 0.051+0.004 0.053+0.004 0.048+0.007
VB13.2 0.053+0.004 0.038+0.004* 0.053+0.005 0.029+0.004*
Vg14 0.034+0.003 0.027+0.003 0.033+0.004 0.025+0.003
Vg15 0.023+0.003 0.027+0.003 0.021+0.004 0.025+0.004
VB16 0.020+0.002 0.018+0.002 0.020+0.002 0.018+0.002
vg17 0.043+0.006 0.032+0.004 0.042+0.009 0.037+0.005
VB18 0.020+0.003 0.023+0.002 0.026+0.005 0.026+0.004
VB19 0.021+0.003 0.027+0.006 0.020+0.005 0.032+0.011
VE20 0.028+0.004 0.035+0.005 0.030+0.004 0.033+0.005

Data represent mean+SE of the value V3/ZVg determined for each case.

Wilcoxon’s rank sum test, ¥ P < 0.023, * P < 0.01, in comparison to corresponding group of normal donors.
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Figure 2. Comparison of T cell Vg gene family utilization in synovial
tissue and PBMC from patient RA-23. RNA prepared directly from
synovial tissue and was compared to that isolated from blood drawn
at the time of surgery. Significantly different (P < 0.05) levels of V3
gene family expression are noted (*).

amined by comparing these groups to each other and to the
normal donors. There were no statistically significant differ-
ences in the peripheral blood expression of any VB families
between the group of 15 patients taking DMARDs and the
normal donors. In comparison to normal donors (Table II),
the group of 9 patients taking NSAIDs alone exhibited reduced
expression of VB13.2 (3.4+0.5%, P < 0.009) and V@14
(2.2+0.4, P < 0.026). VB1 expression was slightly higher in the
patients taking NSAIDs alone than in the patients also taking
DMARD:s (5.4+0.7% vs. 3.8+0.3%, P < 0.026).

Taken together, these results suggest that the entire group of
RA patients exhibited differences of a minor degree in V3 gene
expression in their peripheral blood in comparison to the entire
control group of normal donors, but greater differences were
observed if the comparison was limited to groups which ex-
pressed similar MHC class II alleles. Moreover, these analyses
suggested that peripheral blood V3 expression in the group of
patients who had RA for 2 yr or less, and in those taking
NSAID:s alone, differed from that in normal donors to a greater
degree than did the group with longer duration disease or those
taking DMARD:s as well. Peripheral blood was also obtained
from 4 arthritis patients with diagnoses other than RA and the
V@B expression in these samples was compared to that of the
normal donors. There were no statistically significant differ-
ences in the mean expression of any V3 gene family between
these two control groups (data not shown).

Rheumatoid synovium. The possibility of skewing of V3
expression in rheumatoid synovium compared to peripheral
blood was examined in 21 samples from 19 patients. A number
of statistical analyses were carried out to validate the biases
observed (see below). Initially, we sought evidence of biased
V3 expression by comparison of the mean utilization of the
group of synovial samples to that of the group of corresponding
blood samples. In addition, each case was examined for a 50%
difference between the synovial and blood T cells in the level of
expression of each V@B family. Finally, those cases in which
triplicate amplifications were carried out were examined for
statistically significant differences in V3 expression regardless
of the magnitude of the disparity. Comparison of group means
has the potential advantage of revealing significant trends ap-
parent in the entire group that could have been of modest mag-
nitude in individual cases. On the other hand, if there was
marked heterogeneity within the group, biologically meaning-
ful differences in individual cases might be obscured. Tabula-
tion of the number of individual comparisons in which a bias
was either statistically significant or exceeded 50% was per-
formed to address this possibility. In order to examine the possi-
bility that biased V8 utilization may be limited to certain sub-
sets of RA patients, these analyses were performed on: (a) the
entire set of samples; () those in which either synovial tissue
or synovial fluid was analyzed; (¢) samples from RF+ patients;
(d) samples from subjects known to express HLA-DRI1 or
DR4; (e) samples from patients with RA for 2 yr or less, or for
more than 2 yr; (f) samples from patients taking DMARD:s;
and (g) samples from patients taking NSAIDs alone.

The VB expression of T cells in synovial tissue at the time of
joint replacement or synovectomy was determined in eight RA
patients, six of whom were seropositive for RF. Histologic ex-
amination was performed on four of these synovial specimens
and confirmed the presence of an active inflammatory infil-
trate in each case. V3 expression in simultaneously obtained
peripheral blood T cells was used for comparison. An example
of this type of experiment is shown in Fig. 2. Results of the
comparison of the expression of each V@ family in the eight
synovial tissue samples to that of the corresponding peripheral
blood samples are presented in Table III. There were statisti-
cally significant increases in V36.1-3 and V815 expression in
synovial tissue as compared to peripheral blood, and a signifi-
cant decrease in synovial tissue expression of V@1 and V35.1.
Moreover, mean expression of V36 and V315 in RA synovial
tissue was significantly greater, and VB5.1 expression signifi-
cantly lower, than in normal donor peripheral blood (P
<0.034).

Synovial fluid samples obtained at the time of therapeutic
arthrocentesis were also examined and compared to simulta-
neously obtained peripheral blood T cells in 13 RA cases (syno-
vial fluid and blood were obtained from two patients on two
occasions). 12 of the samples were obtained from RF+ pa-
tients. This analysis (Table III) revealed that VB6.1-3 and
VG314 expression in the 13 synovial fluid T cell samples was
significantly higher than that in the peripheral blood. On the
other hand, synovial fluid expression of V34, V316, and VG19
was significantly lower than in the peripheral blood samples. In
addition, mean expression of V34, V816, and VG319 in RA
synovial fluid was significantly lower than in normal donor
peripheral blood (P < 0.014).

As was the case with peripheral blood, restricted V3 gene
family expression was not observed in RA synovium. Levels of
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Table I11. VB Gene Family Utilization in RA Synovium and Simultaneously Obtained Peripheral Blood Samples

Synovial tissue samples Synovial fluid samples All synovial samples HLA-DR-1/4 samples
(n=238) (n=13) (n=21) (n=9)
VB gene
family Blood Tissue Blood Fluid Blood Synovium Blood Synovium
\/1! 0.045+0.008  0.028+0.004*  0.045+0.004  0.038+0.006 0.045+.004  0.034+.004*  0.044+.003  0.029+.004%
\/:7 0.084+0.012  0.114+0.022 0.097+£0.009  0.107+0.010 0.092+.007  0.109+.010 0.096+.012  0.100x.016
VB3 0.044+0.014 0.023+0.003 0.058+0.012 0.065+0.015 0.052+.009 0.049+.010 0.064+.018 0.057+.020
VB4 0.065+0.005  0.041%0.009 0.075+0.008  0.040+0.005¢ 0.071+.006  0.040+.005° 0.080+.010  0.042+.005%
V5.1 0.040+0.003  0.022+0.006*  0.048+0.006  0.034+0.005 0.045+.004  0.030+.004* 0.051+.006  0.024+.003*
VB5.2-3  0.031+£0.004  0.032+0.007 0.034+0.007  0.030+0.004 0.033+.005  0.031+.004 0.034+.004  0.028+.004
VB6.1-3 0.100+0.008 0.154+0.016* 0.096+0.008 0.132+0.016* 0.098+.006 0.140+.0128 0.089+.007 0.138+.022¢
VB7 0.108+0.012  0.118+0.013 0.089+0.01 0.087+0.008 0.096+.008  0.099+.008 0.098+.015  0.098+.015
VB8 0.094+0.011 0.074+0.011 0.082+0.008  0.094+0.015 0.086+.007  0.086+.010 0.076+.009  0.091+.020
A\ 0.056+0.008  0.060+0.012 0.046+0.005  0.050+0.006 0.050+.004  0.054+.006 0.049+.008  0.049+.006
VB10 0.012+0.002  0.007+0.002 0.015+0.002  0.012+0.002 0.014+.001 0.010+£.001*  0.011+.002  0.007+.002*
A\'/:1 8 0.014+0.003  0.009+0.001 0.014+£0.003  0.013+0.003 0.014+.002  0.011+.002 0.014+£.005  0.013+.004
V12 0.026+0.003  0.020+0.004 0.029+0.004  0.029+0.007 0.028+.003  0.025+.004 0.026+£.006  0.024+.005
VB13.1 0.047+0.005  0.062+0.008 0.054+0.007  0.054+0.007 0.051+.004  0.057+.006 0.046+.008  0.056%.009
Vp13.2 0.047+0.007  0.037+0.006 0.036+0.005  0.031+0.004 0.040+.004  0.033+.004 0.036+.007  0.034+.007
Vg14 0.033+0.009  0.029+0.005 0.024+0.003  0.031+0.004* 0.028+.004  0.030+.003*  0.022+.004  0.028+.006*
VB15 0.018+0.002  0.037+0.005*  0.033+0.005  0.037+0.004 0.027+.004  0.037+.003*  0.024+.005  0.040+.003*
VB16 0.019+0.004  0.011+0.002 0.016+0.002  0.012+0.001*  0.017+.002  0.012+.001% 0.017+.003  0.012+.002
VB17 0.037+0.007  0.030+0.005 0.030+0.004  0.033+0.007 0.033+.004  0.032+.005 0.038+.007  0.039+.009
Vp18 0.022+0.002  0.026+0.005 0.020+£0.002  0.021+0.002 0.021+.001 0.023+.002 0.022+.002  0.025%.005
VB19 0.023+0.004  0.026+0.007 0.024+0.004  0.011+0.002*  0.024+.003  0.017+.003*  0.026+.006  0.018+.007
V320 0.038+0.007  0.040+0.007 0.035£0.005  0.041+0.009 0.036+.004  0.041+.006 0.037£.006  0.050+.012

Data represent mean=+SE of the value VB/ZVg determined for each case.

Wilcoxon’s signed rank test, * P < 0.05, ¥ P < 0.01, or $ P < 0.001 in comparison to corresponding blood samples.

expression of at least 17 of the 22 V8 products were > 1% in
every synovial sample; the mean for the group was 20 V8 prod-
ucts representing 1% or more of the total. Every V8 family
represented at least 1% of the total in the synovium of 90% or
more of the RA patients, except V310, VB11, V312, VB16, and
VB19 which were expressed at this level in 38%, 43%, 81%,
67%, and 53%, respectively. A comparison of the V3 gene ex-
pression in all of the 21 synovial samples and the correspond-
ing blood samples is presented in Table III. V36.1-3 and VB15
were significantly overexpressed in rheumatoid synovium
when all 21 samples were considered together (P < 0.0005 and
P < 0.05, respectively). Although synovial T cell expression of
V(14 expression was statistically significantly increased (P
< 0.02), the difference in the means of the synovial and periph-
eral blood samples was extremely small (3.0% vs. 2.8%). The
synovial T cell expression of V81, VB4, VB5.1, VB10, V316,
and V319 was significantly lower than expression in the corre-
sponding RA peripheral blood samples (P < 0.05). In compari-
son to the peripheral blood of normal donors, the mean expres-
sion of V36.1-3 and V315 in the synovial samples was signifi-
cantly greater (P < 0.015 and P < 0.003, respectively), and the
mean expression of VB34 and VB16 was significantly lower (P
=<0.001).

Similar results were obtained when the comparison was lim-
ited to the 18 RF+ cases (data not shown). If the analysis was
limited to the nine cases where the samples were obtained from
donors known to be HLA-DR 1 or DR4+, increased synovial T
cell VB6.1-3, V814, and VB15 expression, and decreased syno-
vial T cell VB1, VB4, V5.1, and VB10 expression were again
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noted ( Table III). Moreover, in the synovium of this group of
patients the mean V315 expression was significantly higher (P
< 0.01), and the mean V34 and V810 expression was signifi-
cantly lower (P < 0.014), than that in the peripheral blood of
normal donors known to express these HLA antigens.

Individual analysis of rheumatoid synovium and periph-
eral blood in the (a) 9 samples from patients with RA for 2 yr
or less; (b) 12 samples from patients with disease for more than
2 yr;(c) 8 samples from patients taking NSAIDs alone; and (d)
13 samples from patients also taking DMARDSs, each revealed
biased expression of V8 gene families very similar to that seen
in the entire group of RA patients. Restricted expression of V3
gene families was not observed in any of these groups of syno-
vial T cell samples.

Bias in individual cases. It was evident that all individual
comparisons of synovial and peripheral blood T cells did not
exhibit the same pattern of biased V gene expression. To ex-
plore the possibility that biased utilization of some V3 families
by synovial T cells occurs more frequently than anticipated
from the data in Table III, we examined all individual compari-
sons of synovium and blood for differences in expression of
50% or more, reasoning that such a difference is of sufficient
magnitude to be of potential biologic importance. In the exam-
ple shown in Fig. 2, synovial tissue expression of V£5.2-3,
VB6.1-3, VB15, and VB19 was at least 50% greater than that of
peripheral blood in this patient (RA-23). On the other hand,
VB2, VB5.1, VB9, VB10, VBI1, VB12, and VB16 expression
was at least 50% greater in peripheral blood.

The number of cases in which expression of a particular V3



gene family differed by 50% or more in synovial tissue and
peripheral blood is shown in Table IV. There are at least two
examples of biased expression of every V3 gene family. In-
creased synovial tissue expression of VG15 and VB36.1-3 was
frequently seen, whereas VB34, VB5.1, V310, VB12, VB13.2,
and VB16 expression was frequently greater in the peripheral
blood. Biased expression of VB15 and VB5.1 in the synovial
tissue was found in all three of the donors known to express
DR1 or DR4 or both.

Synovial fluid and peripheral blood samples were obtained
on two occasions 9 mo apart from subject RA-11. These two
comparisons of synovial fluid and peripheral blood are de-
picted in Fig. 3. At both time points it is clear that T cell V@
expression is not identical in the synovial fluid and peripheral
blood. Regression analysis was used to determine the degree of
overall similarity of VB expression. The coefficient of determi-
nation (r2) for peripheral blood and synovial T cell V3 expres-
sion was (.78 at the first time point and 0.84 at the second time
point. This degree of similarity was relatively high in compari-
son to that observed in similar experiments; the mean r? for the
21 comparisons was 0.57 with 95% confidence intervals of
0.47-0.67. It is also evident from Fig. 3 that peripheral blood
(and synovial fluid) T cell VB expression was not identical at
both time points. Between time points in RA-11 the degree of
similarity (r?) for peripheral blood VB expression was 0.66,
and for synovial fluid V8 expression r? = 0.70. The variability
of VB expression in the peripheral blood of RA-11 with time

Table 1V. Skewed VB Gene Family Expression in RA Synovial
Tissue and Fluid

All RF+
HLA-DR-1/4+
comparisons (n = 8)

Synovial tissue Synovial fluid
cases cases

(n=28) (n=13)

VB gene

family Synovium

Blood Tissue Blood Fluid Blood

N
*

\'7)
\77)
V53
VB4
V5.1
VB5.2-3
VB6.1-3
Vg7
e
VB9
V810
\Z28
V812
VBI13.1
VB13.2
VB14
VBI15
V16
VB17
VBI18
VA19
V20
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* Number of cases in which expression was 50% greater in indicated
compartment.

was considerably less than that seen between this patient and
the other RA patients where the mean r? = 0.45 (95% confi-
dence interval of 0.38-0.52). In control experiments, the r2 for
repeat analysis of the same cDNA was 0.93 for the first RA-11
PBMC cDNA, and 0.91 for the second RA-11 PBMC cDNA.
These results indicate that differences observed in comparisons
of different cDNAs are unlikely to be artifactual.

Expression of 10 Vg families differed by 50% or more in the
first comparison of peripheral blood and synovial fluid T cells
in RA-11, whereas 7 V3 families differed to this degree in the
second comparison (Fig. 3). Decreased synovial T cell expres-
sion of VB4 and V319 was seen on both occasions, consistent
with the overall similarity of both peripheral blood and syno-
vial fluid V8 expression at the two timepoints. Samples were
also obtained from subject RA-3 on two occasions 3 mo apart
(data not shown). The coefficient of determination for syno-
vial fluid and peripheral blood expression was 0.76 at the first
time point and 0.63 at the second time point. The variability of
peripheral blood V8 expression in this patient with time (72
=(0.77) was less than that seen between individuals (see
above). Synovial fluid T cell VB expression exhibited a similar
degree of variability with time (72 = 0.68). A 50% increase in
synovial fluid expression of V37 and a 50% decrease in syno-
vial fluid expression of V312 were observed on both occasions.
A 50% bias was observed in the expression of four other Vg -
gene families in only the first comparison, and six others in
only the second comparison.

A summary of the 13 synovial fluid analyses is presented in
Table IV. Heterogeneous skewing continued to be noted as
there are at least two examples of biased expression for each V8
gene family. Similar to the synovial tissue comparisons, in-
creased synovial fluid expression of V815 and greater periph-
eral blood expression of VB4, VB5.1, VB10, and VB16 was
frequently observed. In addition, there were several cases
where synovial fluid expression of V81 and V319 was substan-
tially less than that in the peripheral blood. There were only
two cases in whom peripheral blood expression of V314 was
50% less than in the synovial fluid. Only one of the six RF+,
HLA-DR1 or DR4 patients exhibited a 50% or greater decrease
in peripheral blood expression of V814 in comparison to syno-
vial fluid. Nevertheless, peripheral blood expression of V314
was modestly but significantly lower than that of synovial fluid
in this group of six patients (2.5% vs. 3.4%, P = 0.031), as it
was for the entire group of synovial fluid samples (Table III).

Taking the synovial tissue and synovial fluid samples to-
gether synovial and peripheral blood TCR Vg expression was
compared in 21 cases, 18 of which were from seropositive pa-
tients. Increased expression of V315, V36.1-3, VB2, V312, and
VB13.1 was observed most frequently in synovial T cells,
whereas increased expression of V34, VB5.1, VB10, VB19,
V316 and VB1 was seen more frequently in peripheral blood
(Table IV). When the samples were analyzed for larger differ-
ences between synovial and peripheral blood expression of indi-
vidual VB gene families, biases continued to be noted. Thus,
when twofold or greater differences were required, 9 of 18 RF+
patients exhibited increases in peripheral blood expression of
VB4 (no cases of opposite bias), whereas 8 RF+ patients mani-
fested greater expression of VB15 in synovial T cells (one case
of opposite bias).

A comparison of synovial and peripheral blood T cell utili-
zation of V@ families was performed in eight seropositive RA
patients who expressed HLA-DR1 or HLA-DR4 (Table IV).
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Synovial T cell expression of V315 was at least 50% greater
than peripheral blood in five of these patients, whereas in-
creased peripheral blood expression of VB1, VB4, VB5.1, V310,
and V316 was seen in five, six, eight, six, and four cases, respec-
tively.

In total, 19 comparisons of synovial and peripheral blood T
cells were done using triplicate amplifications of cDNA with
each primer pair. Statistical analysis could therefore be directly
applied to these comparisons. Examination of the data in this
way has the advantage of detecting biased V3 gene expression
that may be statistically significant but not of sufficient magni-
tude to meet the 50% cutoff used in the analyses presented
above. For example, in the comparison shown in Fig. 2, syno-
vial tissue T cell and peripheral blood T cell expression of V32,
VB5.1, VB6.1-3, VB12, VB13.1, and VB16 were significantly
different (P < 0.05). The difference in V32 expression, how-
ever, was < 50%. Similarly, in both of the experiments shown
in Fig. 3 there were three examples of significant bias in which
the magnitude of the difference was < 50%. Table V presents
the number of cases where expression of individual V3 families
was significantly increased in one compartment or the other.
VB2, VB6.1-3, and VB15 were the three families most fre-
quently increased in synovial T cells, whereas there was a large
number of cases of increased peripheral blood expression of
Vg1,Vp4,VE5.1, VB10, and VB19. Similar trends were seen in
the group of 17 RF+ cases (data not shown), and the eight
comparisons from RF+, HLA-DR1/4+ cases (Table V).

Table V. Statistically Significantly Biased V3 Gene Family
Expression in synovium vs. Peripheral Blood of RA Patients

All RF+ HLA-DR-1/4+

All comparisons
comparisons (n = 8)

(n=19)

VB gene

family Synovium

Blood Synovium Blood

VBl 7*
7)) 3
VB3 5
Vg4 12
V5.1
VB5.2-3
VpB6.1-3
Vg7
\i
VB9
VB10
VBI11
V12
Vg13.1
VB13.2
VA14
VBI5
VBI16
VB17
VBI18
VB19
V620
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* Number of comparisons done with triplicate PCR amplifications in
which expression was significantly greater in the indicated compart-
ment (P < 0.05).

Of note, VB6.1-3 was significantly overexpressed in 10 of
19 synovia (Table V), although this overexpression was > 50%
in only 6 of 21 cases (Table IV). Similarly, there were only 2 of
13 cases where V314 expression was 50% less in peripheral
blood than synovial fluid (Table IV), but of the 12 synovial
fluid comparisons done in triplicate, 4 exhibited a statistically
significant decrease in peripheral blood V314 expression (data
not shown).

Discussion

The TCR repertoire of peripheral T cells is determined in part
by the genetic elements which encode the TCR, by self-MHC
antigen-directed positive and negative selection during thymic
education, and presumably by the antigens or superantigens
the individual has encountered. As RA is a chronic inflamma-
tory disease with a genetic susceptibility linked to MHC class II
genes, any or all of these determinants could produce a bias in
the peripheral blood or synovial TCR repertoire. The present
study provides the strongest evidence to date that biased Vg3
gene utilization can be observed in unselected T cell popula-
tions from RA patients.

There was substantial subject-to-subject variability in pe-
ripheral blood V3 gene expression both in normal donors and
RA patients. Nevertheless, the mean expression of each V3
gene family was not markedly different in RA patients, normal
donors, or a small group of subjects with other arthritides. The
mean expression of V313.2 was slightly lower in RA patients,
however. Small differences in the expression of other V3 gene
families were also observed in both the subset of patients with
RA for 2 yr or less and in the subset of patients taking NSAIDs
alone. However, a longitudinal study of a larger number of
patients would be needed to determine whether TCR bias in
peripheral blood T cells is blunted by passage of time or treat-
ment with DMARD:s.

It is possible that the subtle bias in the V gene expression of
peripheral T cells in RA results from encounters with superan-
tigens, chronic stimulation by antigen, or from other factors
known to influence V gene expression, such as differences in
the MHC antigens expressed by the normal donors and the RA
patients (11). To address the possibility that expression of spe-
cific HLA molecules may influence V@3 gene utilization we
compared peripheral blood V3 expression by RA patients who
expressed the disease susceptibility conferring MHC class II
molecules HLA-DR1, or HLA-DR4, to that of normal donors
expressing either of these markers. This analysis revealed sev-
eral significant differences between these groups. VB13.2 and
V38 expression was lower in the patients than in the controls,
whereas V32 and V5.1 expression was higher. The observa-
tion that a greater degree of bias was evident in a comparison in
which the two groups shared some MHC alleles suggests that
events related to the disease process itself, such as antigen or
superantigen stimulation, alter the expression of TCR Vg prod-
ucts in the peripheral blood of RA patients.

Paliard et al. (14) observed that the expression of V314 in
the peripheral blood of six of nine RA patients was undetect-
able or substantially diminished in comparison to peripheral
blood of normal donors and arthritic controls. In the current
study, the V314 PCR product was detectable in every RA pa-
tient and normal donor examined, representing 0.9% or more
of the total. The mean expression in RA patients was lower
than that in the control group (2.7% vs 3.4%), but the differ-
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ence did not achieve statistical significance (P = 0.07). In the
current group of RA patients known to express HLA-DR1 or
DR4 (as did all of those studied by Paliard et al.) the mean
peripheral blood expression of V314 was lower than that of the
control donors who expressed these HLA antigens (Table III),
but again the difference was not statistically significant (P
= 0.16). Differences in the study populations may explain the
somewhat disparate results obtained in these two studies. In
addition, there were a number of methodological differences
that might have influenced the results, including stimulation of
the cells prior to RNA preparation in the aforementioned study
as well as major differences in the PCR technique, means of
normalization of the data, and data analysis. In preliminary
experiments we have attempted to determine the impact of
these variables on the data generated in each study, but have
been unable to document that these methodological differ-
ences explain the disparate results. Thus, for example, we
found that inclusion of an additional pair of oligonucleotides
(such as Ca primers) to provide an internal amplification con-
trol did not enhance the reproducibility of the V8 amplifica-
tions. In addition, although we found that expression of a num-
ber of the V3 families was significantly altered by stimulation
of the cells with anti-CD3 antibodies and IL-2 before analysis,
this did not decrease expression of V314 by blood T cells. Since
most of the data was generated from triplicate PCR amplifica-
tions and the standard error of the mean was quite small, the
current data persuasively argue that V314 is not substantially
decreased in the blood of patients with RA. One other study of
3 RA patients and 2 normal donors came to a similar conclu-
sion (27).

A number of previous studies have analyzed TCR V gene
expression in RA using a variety of techniques, but did not
produce a clear picture of the degree of restricted V gene ex-
pression in RA synovium or peripheral blood ( Table VI). Stud-
ies examining RA peripheral blood and synovium for biased V
gene expression have also not produced consistent results, per-
haps because many of these examined only small numbers of
patients. Two studies described greater synovial fluid expres-

Table VI. Summary of Studies of V Gene Bias in RA

sion of V314 (14, 29). In the current study V314 expression in
synovial fluid was significantly greater than in the simulta-
neously obtained peripheral blood samples. This bias is consis-
tent with the results of Paliard et al. (14). However, the magni-
tude of the difference was much less marked in the current
study than in the prior study and was not observed in synovial
tissue. It is noteworthy that V314 expression has been observed
to be enriched in CD8+ T cells (43-45) which are usually
increased in RA synovial fluid (46-48). Thus, it is possible that
differences in V314 expression are at least partially related to
alterations in the proportion of CD8+ cells found in peripheral
blood and synovial fluid.

Immune responses to local introduction of an antigen re-
sult in infiltration by antigen-specific T cells and by large num-
bers of nonspecific T cells. Thus, one can assume that T cells
responding to pathogenic peptides in rheumatoid synovium
represent a small minority of infiltrating T cells. The large pro-
portion of nonspecific T cells may produce variability in the V3
expression profile of T cell populations with time as was noted
in the samples obtained from the same patient at two points in
time. These considerations may also partly explain the differ-
ence between the present study and those of others. Examina-
tion of a large number of patients with a semiquantitative ap-
proach comparing synovial and peripheral blood T cell V3
expression in this study allowed the identification of biased
TCR expression despite the presence of nonspecific T cells ex-
pressing other TCR Vg gene products. Many of the previous
reports studied an insufficient number of patients for consis-
tent biases to emerge, or did not perform comparisons to pe-
ripheral blood rendering conclusions regarding TCR bias some-
what speculative. Moreover, the current study was designed to
provide an accurate determination of V3 expression by T cells
as they are found in situ within the synovium or peripheral
blood of RA patients. Therefore, stimulation of the cells prior
to analysis, as was done in other studies, was avoided. More-
over, since there is no conclusive evidence that one or another
of the specific T cell subsets present in the synovium is responsi-
ble for disease pathogenesis, no effort was made to isolate indi-

Synovial T cell expression

Reference n

Source of material Restricted Biased*
24 3 SF and PB VA7 in 2
Va: no
14 9 SF and PB VB: no VB14in 9
29 5 SF and PB VB: no VB14in 3, VB18in 2
58 S IL-2R+ST T cells VB3in 3, VB9in 3, VB14in 4, VB17in 4
30 2 SF Va: no Val4, Val5, VaFR1
25 9 tissue VB: no
Va: heterogeneous number detected
26 10 tissue V: heterogeneous number detected
Va: heterogeneous number detected
27 3 SF and PB VgB: no VB2 in 2
28 8 SF and PB Va: no ValOin 3, Val5in 3, Val8in 3
Vg: no VB4in 3, VB5in 3, VB13in 3

n, number of patients studied. Abbreviations used in this table: IL-2R, IL-2 receptor; PB, peripheral blood; SF, synovial fluid; ST, synovial tissue.
* Observations from two or more patients of increased synovial expression.
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vidual subpopulations before analysis. Finally, the PCR ap-
proach we used to analyze V3 gene expression is sensitive to
changes in the activation status of T cells as well as their num-
ber because recently activated T cells containing increased
amounts of RNA result in an increased PCR product from the
appropriate V3/Cg primer pair. These considerations support
the conclusion that the biases reported in the current study
which have not been reported in previous studies, and are
rather small in magnitude, may reflect disease related differ-
ences in TCR Vg gene expression in blood versus synovium.

In the current report, the possibility of skewing of VS ex-
pression in rheumatoid synovium compared to peripheral
blood was examined in 21 samples from 19 patients. Whereas
we found skewed expression of each V3 family in at least two
comparisons, the current experimental results provide evi-
dence for consistently increased expression of V36 and V315 in
rheumatoid synovium. Expression of V36.1-3 in the 8 synovial
tissue samples, in the 13 synovial fluid samples, and in the
group including all 21 synovial samples was significantly
higher than in the corresponding peripheral blood samples ( Ta-
ble III). Furthermore, in 10 of 19 comparisons done with tripli-
cate amplifications synovial V36.1-3 expression was signifi-
cantly higher than in peripheral blood ( Table V'), although the
magnitude of increased expression was sometimes less than
50%. The expression of V315 in the synovial tissue samples, in
the group of 21 synovial samples, and in the group of synovial
samples from HLA-DR1/DR4+ patients was significantly
greater than that in the simultaneously obtained peripheral
blood samples (Table III). The bias toward synovial T cell
expression of V315 was also apparent in synovial fluid samples
in which 6 of 13 cases exhibited at least a 50% greater expres-
sion of VB15 (Table IV). Thus, increased VB36.1-3 and in-
creased V315 expression in rheumatoid synovium were estab-
lished by a number of analytic methods.

Evidence of biased V8 expression in rheumatoid synovium
was also revealed by decreased expression of certain V3 fami-
lies. V@1, VB4, VB5.1, VB10, VB16, and VB19 expression by
synovial T cells was significantly lower than in the correspond-
ing blood samples. It has been reported that VB35.1 expression
was skewed toward the CD4+ subset (43, 45, 49). This subset
bias may contribute to the relative decrease in V85.1 expres-
sion in synovial fluid, but is probably less of a factor in synovial
tissue where the relative proportion of CD4 and CD8 single
positive cells is usually the same as in peripheral blood (37,
50). Evidence of similar bias in the expression of V31, V34,
V310, VB16, or V319 by CD4+ vs. CD8+ cells has not been
reported and therefore alterations in expression of these are
likely unrelated to biases of subset distribution in various com-
partments.

The analyses we performed did not suggest that the pres-
ence of RF, the expression of HLA-DR 1 or DR4, the duration
of disease, or the medications used had a substantial impact on
the likelihood of detecting biased V3 expression in rheumatoid
synovial T cells. Thus, the subset of synovial samples from
seropositive patients, from patients known to express HLA-
DRI1 or DR4, from patients with RA for 2 yr or less, from
patients with RA for more than 2 yr, from those medicated
with NSAIDs alone, and from those also being treated with
DMARD:s all exhibited similarly biased TCR V3 expression in
comparison to the corresponding peripheral blood samples.
For example, all of the biases present in the HLA-DR1/4+
synovia were also present in the analysis of all 21 synovial

samples (Tables II and IV). However, greater numbers of sero-
negative RA patients, and longitudinal study of several pa-
tients, would be required to determine definitively the impact
of RF, disease duration, or medications on V3 expression by
synovial T cells.

The high level of expression of the V36 family in the syno-
vial and peripheral blood T cells of RA patients, and in the
peripheral blood of the control subjects is likely to be related to
the size of the VB6 family which contains at least nine
members. However it is evident from the data in Tables II and
III that levels of expression are not strictly dependent on the
number of genes in a gene family, and, therefore, are likely to
be influenced by thymic selection and antigen stimulation.
Within rheumatoid synovium, skewed expression of V3 gene
families among T cells might result from altered migration into
and retention in the synovium, or from selective proliferation
or activation (or inactivation) of cells utilizing these V gene
families.

Superantigen stimulation, characterized by Vg specific ac-
tivation of T cells that is often followed by depletion or inacti-
vation of cells bearing the appropriate VB (51-54), could ac-
count for selective enrichment or depletion of selected V3 fami-
lies in RA. Although several superantigens interact with one or
more of the relevant V3 gene families (55), no known superan-
tigen could explain all of the observed biases in the peripheral
blood of RA patients who express HLA-DR1 or DR4. Simi-
larly, the current data do not implicate a known superantigen
as being responsible for simultaneous expansion of V36 and
V315 bearing T cells in rheumatoid synovium. V36 is stimu-
lated by staphylococcal enterotoxin (SE) A (R. Jenkins and D.
Karp, unpublished results) and SEE (55), whereas V@15 is
stimulated by SEB, SEC2 (56), and streptococcal pyrogenic
exotoxin (SPE) A (57). However, none of these superantigens
interacts with both V36 and V315 bearing T cells. Finally, no
known superantigen could explain the observed depletion of
several V@ families in rheumatoid synovium. Nevertheless, it
remains possible that the actions of as yet unidentified superan-
tigens account for the biases observed in RA synovium and
peripheral blood.

The present study of blood samples from 24 RA patients, 4
control patients, and 15 normal donors, and of synovial tissue
from 8 RA patients and 13 RA synovial fluid samples, repre-
sents the most extensive examination of V3 gene utilization in
RA to date. The results clearly indicate that the number of V3
families expressed by RA peripheral blood and synovial T cells
is not significantly restricted. More importantly, several lines of
evidence indicate biased Vg gene utilization in different periph-
eral compartments of rheumatoid patients can be observed in
unselected T cell populations. These analyses revealed several
statistically significant trends, with either enrichment or deple-
tion of particular V3 genes noted in the synovium. Increased
expression of VB6 and V315 was evident in a majority of pa-
tients. In addition, VB34, VB5.1, VB10, VB16, and VB19 expres-
sion was decreased in rheumatoid synovium in a majority of
the comparisons. Because the PCR assay is sensitive to changes
in activation status, alterations in either the number of cells
expressing these V3 families or the activation state of these cells
could explain the differences observed in the VB-specific PCR
products from RA T cells. Therefore, the data are consistent
with the postulate that antigen or superantigen driven pro-
cesses may cause V3-specific enrichment or depletion of T cells

in RA.
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