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Abstract
Objective—To characterise the type and
kinetics of T cell clones in synovial lesions
of patients with rheumatoid arthritis
(RA).
Methods—Mononuclear cells from serial
samples of synovial fluid (SF) and peripheral blood from nine RA patients were
separated phenotypically using antibody
coated magnetic beads. After mRNA
preparation,
reverse
transcriptionpolymerase chain reaction (RT-PCR) was
performed to amplify V-D(N)-J (that is,
the third complementarity determining,
CDR3) regions of their T cell receptor
beta chain genes. This was followed by
single strand conformation polymorphism (SSCP) analysis to detect the
clonotypes of accumulating T cells. Amino
acid sequences of the dominant clones
were also determined.
Results—Although peripheral T cells were
heterogeneous, accumulation of oligoclonal T cells was detected in SF. The predominant accumulating clone was the
CD8 subset, which was persistently
present in serial samples obtained over
almost one year of follow up. A proportion
of these cells expressed CD25 or CD45RO,
or both, suggesting they are ‘memory’
clones.
Conclusion—The persistent presence of
CD8+ T cell clones in RA joints indicates
that they may be involved in the perpetuation of the chronic inflammatory process
in RA joints.

of TCR beta chain genes.1–5 The method
focuses on the V-D(N)-J genes, which compose
the third complementarity determining
(CDR3) region, of the TCR beta chain. Using
this system, we reported our findings in a series
of studies analysing the RA synovium.1 4 Our
results showed (a) oligoclonal T cell
accumulation in RA synovial membrane and
synovial fluid (SF),1 (b) accumulating T cell
clones were usually found in separate areas
within the individual joint,4 and furthermore,
(c) identical clones accumulated in multiple
joints in the same patient (Kurokawa et al, submitted data). These findings strongly suggest
the existence of a uniform and specific immune
response in the RA joints. It is still not known,
however, whether the detected immune
responses at a T cell clonal level—that is,
oligoclonal T cell accumulation— are always
present in rheumatoid joints throughout the
clinical course of the disease. Furthermore, the
exact clones of the accumulating T cells are not
known.
To pursue this issue, we analysed in this
study T cell clonality in serial samples of SF
obtained from RA patients using the RT-PCRSSCP system. Our results showed long term
accumulation of distinct CD8+ T cell clones in
RA joints. In addition, a proportion of these
cells expressed activation markers, CD25 or
CD45RO, or both, indicating the existence of
‘memory’ T cell clones in RA joints. Our
results suggest that CD8+ T cell clones play a
key part in the pathogenesis of the rheumatic
process.
Methods

(Ann Rheum Dis 1997;56:613–621)

Although T cells are thought to be involved in
the pathogenesis of rheumatoid arthritis (RA),
the precise mechanisms by which these cells
induce and/or perpetuate the chronic joint
inflammatory process are still not well
understood. To explore such mechanisms, it is
important to characterise the T cells
infiltrating into the aVected joints. One such
approach has been the use of monoclonal antibodies against several surface markers to
analyse phenotypes of T cell populations.
However, detection and analysis of the phenotype of accumulating T cells at a clonal level in
vivo have been so far diYcult.
We have previously designed and tested a
new T cell clonality analysis system of reverse
transcription-polymerase chain reaction (RTPCR) followed by single strand conformation
polymorphism (SSCP), using specific primers

PATIENTS

Nine RA patients who satisfied the revised criteria of the American College of Rheumatology6 were enrolled in this study. Table 1 shows
the clinical features of these patients. Patients
were receiving non-steroidal anti-inflammatory
drugs, prednisolone (5–10 mg daily), and
disease modifying antirheumatic drugs (for
example, bucillamine or methotrexate, or both)
as summarised in table 1.
CLINICAL SAMPLES

Clinical samples were obtained from RA
patients after informed consent at the
indicated time interval(s). SF samples were
obtained during therapeutic arthrocentesis of
the knee joint. Peripheral blood samples were
also obtained from the patients at the time of
SF sampling. The blood sample was placed in
a tube containing heparin and peripheral blood
lymphocytes (PBL) were separated by using a
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the attached cells were used in the following
experiments as a positively selected cell
population.

Patients’ characteristics

Age
Patient (y)

Sex

Disease
duration
(y)
RF

Stage

Class

HLA
DRB1

HLA DQB1 Treatment

1

49

F

4

−

2

2

ND

ND

2

74

M

5

−

2

2

ND

3

45

F

6

+

2

2

ND

4

58

F

4

+

1

2

ND

5
6
7

48
52
26

F
F
F

11
20
3

+
+
+

4
3
1

2
2
2

ND
01/1602
ND

8

65

F

7

+

4

2

0405/0901

9

59

F

0.75

−

1

2

1501/0802

PSL, NSAIDs,
Buc
ND
PSL, NSAIDs,
Buc
ND
SASP, Buc,
PSL
ND
PSL, NSAIDs,
MTX
ND
PSL, NSAIDs
0501/0502
PSL, NSAIDs
ND
PSL, NSAIDs,
Buc
03032/0401 Buc, MTX,
NSAIDs
0601/0602
Buc, PSL,
NSAIDs

RF = rheumatoid factor; PSL = prednisolone; NSAIDs = non-steroidal anti-inflammatory
drugs, Buc = bucillamine, SASP = salazosulphapyridine, MTX = methotrexate, ND = not
determined.

standard Ficoll-Paque (Pharmacia, Uppsala,
Sweden) gradient centrifugation. The synovial
membrane samples were obtained during radical multiple synovectomy and were prepared
immediately for RNA isolation.
CELL SEPARATION

Phenotypic separation of CD4 and CD8 positive T cell subsets was performed by positive
selection using anti CD4 or CD8 antibody
coated magnetic beads (Dynabeads, Dynal,
Oslo, Norway), according to the instructions
provided by the manufacturer. For other
surface markers, sheep antimouse IgG
antibody coated magnetic beads (Dynabeads,
Dynal) were incubated for two hours at 4°C
with monoclonal antibodies including antiCD25 (antihuman interleukin 2 receptor
monoclonal antibody, Chemicon International, Temecula, CA) or anti-CD45RO (clone
UCHLI, DAKO A/S, Glostrup, Denmark) in
phosphate buVered saline containing 1% fetal
calf serum. After washing the antibody coated
beads, the cells were incubated with beads on
ice for 30–60 minutes. After repeated washing,

RNA ISOLATION, CDNA SYNTHESIS, AND PCR-SSCP
ANALYSIS

The RT-PCR-SSCP method for T cell clonality analysis was performed as described
previously by our laboratory.1–5 Briefly, mRNA
isolated from each sample was converted to
first strand cDNA using reverse transcriptase
(Superscript BRL, Gaithersburg, MD) and
random hexamer oligonucleotide priming (100
pmol, BRL). A similar amount of cDNA from
each sample was mixed with each primer
set (one of BV sense primers (BV 1-20) and
a non-biotinylated BC antisense primer;
sequences were previously described by Choi et
al).7 PCR reaction was carried out with a
Hybaid thermal reactor (Hybaid, Middlesex,
UK) using dNTP and Taq DNA polymerase
(Boehringer Mannheim, Mannheim, Germany) for 35 cycles (94°C for 1.5 minutes,
58°C for two minutes, and 72°C for three minutes). Amplifed DNA was diluted (1:20), heat
denatured, and then electrophoresed in
non-denaturing 4% polyacrylamide gels. After
electrophoresis, the DNA was transferred to
Immobilon-S (Millipore, Bedford, MA). After
prehybridisation, biotinylated BC internal
probe (5’A(A,C)AA(G,C)GTGTTCCCACCCGAGGTCGCTGTGTT-3’) was added to
the membrane filter and it was then hybridised
at 42°C for eight hours, washed, and finally
exposed to x ray films.
DNA SEQUENCING

A small area of the dried SSCP gel corresponding
to the position of the dominant bands was cut out.
After DNA extraction, a second PCR using BV
and BC specific primers with enzymatic (EcoRI or
Hindlll) sites was performed. After digestion, the
amplified DNAs were subcloned into a plasmid
vector (pBluescript II, Stratagene, La Jolla, CA)
and clones were subjected to a di-deoxy DNA
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Figure 1 RT-PCR-SSCP analysis of T cells clonality of peripheral blood lymphocytes (PBL) and synovial fluid (SF) in
a representative patient with rheumatoid arthritis. Results of final SSCP are displayed. Lanes: from left to right, BV 1 to 20
including BVSSI/BVSS2 and BV13SI/BV13S2 subfamilies.
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Figure 2 Dominant clonal accumulations are demonstrated in CD8+ T cell subset of synovial T cells. (A) Results of
analysis of T cell clonality of peripheral blood lymphocytes (PBL) and synovial fluid T cells (SFTC) of a representative
patient with rheumatoid arthritis. SFTC were examined as a whole group, CD4+ and CD8+ populations, and analysed
independently. (B) Amplified DNAs from each population were electrophoresised on the same SSCP gel to provide a
comparison between the groups. (C) Results of T cell clonality analyses of PBL and SFTC, with a phenotypic separation of
PBL.
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Figure 3 A time course analysis of T cell clonality in a representative patient with rheumatoid arthritis. Synovial fluid
samples were obtained from the same patient within one month from the left and right knee joints and analysed for T cell
clonality using RT-PCR-SSCP.

sequencing (373A DNA Sequencing System, Perkin Elmer/Applied Biosystems, Foster City, CA).
Results
DISTINCT T CELL CLONALITY OF PBL AND SF IN
THE SAME RA PATIENT

T cell clonality was analysed by RT-PCRSSCP system using TCR BV specific primers
established previously in our laboratory.1–5 In
this system, heterogeneous T cell populations
with diverse sequences of CDR3 genes of TCR
beta chain are displayed as a smear. On the
other hand, a T cell clone with a single type of
TCR appears as a sharp band. Thus, accumulation of a T cell clone with a diverse
background can be detected as a sharp band
on a smear. Using this method, we first
compared the entire T cell clonality of paired
PBL and SF samples obtained from each
patient. Figure 1 shows a representative example of the RT-PCR-SSCP analysis of TCR BV
l-20 families. PBL showed smear patterns for
ahnost all BV families, with a few distinct
bands (fig l). This indicated that the peripheral
Table 2 Relative percentage of phenotypes of CD8+ T cell clone subpopulation in RA
synovial fluid*
CD25

CD45RO

Patient 1 (%)

Patient 4 (%)

Patient 5 (%)

Patient 9 (%)

Mean

+
+
−
−

+
−
+
−

0
0
80
20

33
10
33
24

13
13
13
62

14
43
14
29

15
17
35
34

* Dominant bands in each phenotype of T cell subpopulation were counted based on results of
four RA patients and the relative percentages were calculated.

T cell population in RA patients had a heterogeneous sequence of TCR CDR3 genes. In
contrast, analysis of SF T cells showed a
number of sharp bands—that is, accumulating
T cell clones—without restriction for
particular TCR BV use (fig 1). Similar results
were obtained in other RA patients (data not
shown). These results indicate that T cell clonalities are diVerent between PBL and SF T
cells in the same RA patient. We also tried to
analyse SF from OA patients. However, since
lymphocytic infiltration was too low in OA
samples, comparative data could not be
obtained by RT-PCR-SSCP (data not shown).
PHENOTYPIC CHARACTERISATION OF
ACCUMULATING T CELL CLONES IN SF

In the next step, we characterised the
phenotype of accumulating T cell clones in SF.
For this purpose, antibody coated magnetic
beads were used to separate whole T cell
population into diVerent T cell subsets. This
was followed by analysis of each sample by
RT-PCR-SSCP. The representative example
shown in figure 2 (patient no 4) confirmed that
the PBL and SF T cells had diVerent T cell
clonalities (fig 2A). Phenotypic analysis also
showed that a dominant part of the accumulating
clones
in
SF
resided
in
CD8+subpopulation (fig 2A and B).
Moreover, a proportion of the T cell clones
were found to be CD25 and/or CD45RO positive (fig 2B). Thus, seven dominant bands were
identified in CD8+ population with BV 1 TCR
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Figure 4 Comparison of accumulating T cell clones in synovial fluid (SF) in two patients with rheumatoid arthritis at
diVerent time intervals. (A) and (B) SF T cell samples obtained at the indicated time intervals from two patients were
individually analysed by RT-PCR-SSCP and finally electrophoresised on the same SSCP gel. (C) Two specimens of
synovial membranes from the right wrist and left knee joint were obtained from another patient in 1993, followed by
samples of synovial fluid from the right knee joint in 1995. Each sample was analysed independently and compared on the
same SSCP gel. Arrows indicate dominantly accumulating clones.

(fig 2B, BV1, arrows). Among these, clones no
1, 3, 5, and 7 were detected as CD8+, without
appearing in CD25+ nor CD45RO+
population. On the other hand, clones no 2 and
4 were CD8+CD25+CD45RO+, whereas
clone no 6 was CD8+CD45RO+ but CD25−.
Conversely, PBL were then phenotypically
separated and compared with SF. In this case,
some accumulating clones were also found in
the peripheral CD8+ T cell population. They
were, however, diVerent from the clones in SF.
Also, the degree of clonality was more distinct
in SF than in peripheral CD8+ T cells (fig
2C).
Analysis of another patient (no 5) showed
the T cell clones were also predominantly
CD8+ (fig 3). The predominance of CD8+ T
cells was persistently observed in serial samples
obtained from diVerent arthritic joints in the
same patient (fig 3). The number of the bands
detected in four RA patients were counted and
the relative percentages of each phenotypic
population are shown in table 2. Although
CD4+ T cells in both patients described above
showed a few bands on SSCP, they appeared
only obscure in the analyses of whole
population, indicating the dominant clonality
of CD8+ cells (fig 2A, B, C and fig 3).
IDENTICAL T CELL CLONES ARE PERSISTENTLY
PRESENT IN SF

As the articular inflammatory process is
characteristically chronic in RA, we next investigated whether the observed clonal accumulation of SF T cells is a short-term phenomenon
or persistently present in RA joints. For this
purpose, we determined the T cell clones and
phenotypes in SF samples obtained at different

time intervals in the same patient by
electrophoresising sequential samples to a single SSCP gel. We have previously confirmed
using DNA sequencing studies that the bands
that migrate to an identical position on a single
SSCP gel had identical CDR3 sequences of
TCR beta chain and are thus identical clones.4
Our analysis showed that the dominant
component of T cell clones in SF was identical
in the same patient over a period ot several
months (fig 4(A)–(C)). Furthermore, when
synovial membrane samples from two different
joints (obtained in December 1993) and a SF
sample (April 1995) from the same patient
(patient no 8) were compared (fig 4(C)), the
dominant clones in SF were identical to those
in the synovial membrane (fig 4(C), arrows).
We also investigated the phenotype of T cell
clones in serial SF samples obtained from the
same patient. For this part of the study, we were
able to obtain sequential SF samples from three
patients only in which the number of T cells was
suYcient for adequate phenotypic analysis. The
results of analysis of these three patients are
shown in figure 5(A)–(C). In each patient, the
majority of T cell clones were persistently CD8
positive. In addition, a proportion of these CD8+
clones were found to express CD25 or CD45RO,
or both (fig 5(A)–(C), arrows). Furthermore,
accumulation of certain dominant CD8+ clones
was present in joints of both sides. In order to
ascertain that these bands shown in CD8+ and
CD25+/CD45RO+ populations are actually
identical clones, sequences of CD25+ and
CD45RO+ bands with the same migration
pattern were determined respectively (lane 3 to 5
in BV5SI, fig 5(A)). As a result, adjacent bands in

Ann Rheum Dis: first published as 10.1136/ard.56.10.613 on 1 October 1997. Downloaded from http://ard.bmj.com/ on January 26, 2021 by guest. Protected by copyright.

9725.f4

618

Masuko-Hongo, Sekine, Ueda, Kobata, Yamamoto, Nishioka, et al

Figure 5 Serial determination of accumulated T cell clones and their phenotype. (A) to (C) Serial samples of synovial
fluid T cells and peripheral blood lymphocyte (PBL) were obtained from three RA patients and separated into T cell
subsets. The detected clones were compared with each other by electrophoresising to the same SSCP gels. Arrows indicate
dominantly accumulating clones. The amino acid sequences of the bands are shown in table 3.

CD25+ and CD45RO+ were sequenced both as
CAS QDRGGELF, which used BV5S I and
BJ2S2 families (table 3). The results confirmed
that these bands were identical clone to the band
in CD8+ subset. On the other hand, PBL were
heterogeneous and clones identical to SF were
not detected (fig 5(A), lower panels). These find-

ings strongly indicated a stable presence of
distinct CD8+T cell clones in SF in multiple RA
joints during the course of the study.
Discussion
Despite eVorts by many investigators, no
consensus has been made on the identity of
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Deduced amino acid sequence of TCR CDR3 region of an accumulated CD8+ T cell clone in RA synovial fluid
CDR3

Clone no 3*
(patient 5)
CD8+
CD25+
CD45RO+

BV5SI
TGC
C
TGC
C
TGC
C

N
GCC
A
GCC
A
GCC
A

AGT
S
AGT
S
AGT
S

CAA
Q
CAA
Q
CAA
Q

GAC
D
GAC
D
GAC
D

BJ
AGG
R
AGG
R
AGG
R

GGC
G
GGC
G
GGC
G

GGG
G
GGG
G
GGG
G

GAG
E
GAG
E
GAG
E

CTG
L
CTG
L
CTG
L

TTT
F
TTT
F
TTT
F

(BJ2S2)
(BJ2S2)
(BJ2S2)

* Corresponds to the dominant band in SSCP, as indicated in lanes 3 to 5 by an arrow in figure 5A (see figure legends).

characteristic repertoire or clonality of T cells
in RA patients.8 9 One explanation for this discordance may be the methodological
diVerences among various studies. For
example, cloning or limiting dilutions to establish T cell clones from RA synovial lesions in
vitro may not reflect the in vivo cellularity.
Also, when T cell phenotype is determined by
staining with monoclonal antibodies or
immunofluorescent assay, these methods may
misread the characteristics of each T cell clone
because these techniques detect phenotype
positive cells as a collective population.
Another possibility is that the responsible
(pathogenic) T cell clones may diVer from one
patient to another, even in the presence of one
common target autoantigen. Thus, it seems
necessary to investigate the characteristics of T
cells at a clonal level in vivo, especially those T
cell clones that accumulate within the aVected
lesions, as it is probable that the joint infiltrating T cells are important in the inflammatory
process of RA. To elucidate this issue, we used
in this study the RT-PCR-SSCP system for
analysis of T cell clonality. Using this system,
we examined the time course changes in T cell
clonality using serial samples of synovial fluid
from a group of RA patients. Our results demonstrated dominant and persistent accumulation of CD8+ T cell clones in SF of RA
patients.
Previous studies have suggested the
predominance of CD4+ T cells in RA synovial
lesions.10–13 However, such findings only
described the number of these cells, without
clarifying the presence of TCR specificity in
each phenotypic populations of T cells. As the
number of T cell clones specifically responding
to antigen(s) in the synovial lesion may be very
low, it is important to analyse TCR clonalities
of the cells in detail. In this regard, recent studies have demonstrated diVerences in TCR repertoire between CD4+ and CD8+ T cell
subsets in RA synovial lesions.14–16 On the other
hand, however, the presence of clonal
dominance of CD4+17 18 and CD8+19–21 subsets
in the peripheral blood has also been
suggested, in addition to that in the synovial T
cells of RA patients. For example, Fitzgerald et
al20 reported clonal expansion of peripheral T
cells in normal donors as well as in patients
with RA. Thus, the phenomenon itself—that
is, peripheral CD8+ clonal expansion—would
be neither restricted to RA patients nor always
related to the pathogenesis of RA.
Furthermore, it is suggested that the clonally
expanding CD8+ cells in the periphery are stable in RA patients and have a restricted TCR

use.20 22 However, the peripheral clonality may
diVer from that of active inflammatory sites, in
which specific immune responses by T cells
might be occurring. Considering these findings
together, it seems necessary to compare the T
cell population in SF T cells and PBL in paired
samples obtained simultaneously from the
same patient to establish the mechanisms producing specific T cell clonalities. In this study,
we analysed T cell clonality in paired SF/blood
samples obtained from a group of RA patients,
using the ability of the RT-PCR-SSCP system
in detecting T cell clonal accumulation by
examining multiple BV families at the same
time. Using this system, our results showed oligoclonal accumulation of T cells with
dominance in the RA synovial lesions rather
than in the periphery. Moreover, we found that
the accumulating clones were mostly CD8+
and were persistently present in the same
patient throughout a long follow up period.
These findings are consistent with the results
of Wang et al22 who also found stable CD8+
expansion in RA.
We have previously shown that T cell clonal
accumulation is induced after appropriate
antigenic stimulation.1–3 It may be, therefore,
possible that the CD8+ clones in SF have
accumulated in response to specific antigen(s)
within the synovial lesions. In this regard, Hingorani et al21 also suggested that the chronic,
oligoclonal CD8+ T cells might bear the
‘immune history’ in RA patients. As we
detected identical T cell clones both in SF and
synovial membrane (fig 4(C)), it is probable
that SF T cells and synovial membrane
infiltrating T cells, at least in part, recognise
the same antigen(s).
In addition to CD4/CD8 phenotypes, the
activation status of accumulated T cell clones
in RA joints has been a matter of interest.
However, though the existence of ‘activated’ or
‘primed’ T cells in RA synovial lesions has
been reported,12 23–25 most studies have so far
investigated the expression of each phenotypic
marker as a population while it has been diYcult to analyse it at a clonal level in vivo. In this
study, we first analysed the expression of
activation markers on each type of
accumulated T cell clones in SF. We found that
T cell clones expressing CD25 and/or
CD45RO were detected more frequently in
CD8+ subset, but seldom in CD4+ subset (fig
2(B), 5(A) and (B), table 2). Previous studies
have suggested that CD45RO+ are ‘antigen
experienced’ T cell population, that is, a
‘memory’ compartment, both in CD4+ and
CD8+, are primed by antigen(s).26–30 Thus, it is
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possible
that
the
accumulating
CD8+CD45RO+ clones would represent a
‘primed’ population by specific antigen(s) in
situ in the aVected RA joint. The co-expression
of CD25 molecule and CD45RO also suggests
that these clones have been recently activated.28
Naturally, it would be necessary to investigate
in the future the expression of other surface
markers such as CD45RA, CD11a, CD62L, to
evaluate these accumulating CD8+ T cell
clones as ‘memory’ clones.31 32 Direct comparison of T cell clonality with other inflammatory
arthritic diseases would be also of help.25 The
putative antigen to which the CD8+ T cells
respond to is still unknown. In this regard, the
existence of CD8+ T cells reactive to
autologous B lymphoblastoid cells has been
suggested in RA.33
We also examined the serial changes in T
cells in RA in the same patient and showed the
continued presence of dominant CD8+ T cells
within the same joint over a period of about
one year. Other studies have also examined the
time course of T cells in the RA joints.34–37
However, this issue is still controversial
because most studies analysed only limited BV
families or a limited number of patients, or
they did not use phenotypic studies of the cells.
In this study, we analysed the kinetics of T cells
with broad range of TCR BV families in SF,
separating them into CD4+/CD8+ populations, taken from a panel of RA patients. Our
results suggest the persistence of some
(probably CD8+) T cell clones, despite
diversity of CD4+ T cell repertoire in RA SF.
The relative heterogeneity of CD4+ T cell population may suggest that the immune response of
T cells toward MHC class II restricted antigens
presented on the RA synovium is dynamic, not
static, and is diverse. In this regard, Goronzy and
coworkers 17 reported that patients with early RA
possess characteristic CD4+ T cell clonal dominance in the periphery. Thus, it is possible that
SF T cells may contain, during the early stages of
RA, a small proportion of pathogenic T cell
clone(s).
In conclusion, we identified long term clonal
accumulation of CD8+ T cells in SF of RA
patients. This finding suggests that certain
mechanisms are present for local recruitment
of distinct CD8+ T cell clones in the rheumatoid joints. Our findings also imply the active
involvement of CD8+ T cells in the perpetuation of chronic joint disease of RA.
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