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A
�

bstract. I
�
n rheumatoid arthritis (RA), T cells infiltrate into the synovial membrane where they initi

�
ate and

maintain activation of macrophages and synovial fibroblasts, transforming them into tissu	 e-destructive effector
c
 ells. The diversity of the disease process and the formation of complex lymphoid microstruct

�
ures indicate that

multiple T cell activation pathways are involved. This model is supported by the association of distinct disease
p� atterns with different variants and combinations of HLA class II molecules. T cell patholo
 gy in RA, however,
is not limited to the joint. Affected patients have major abnormalities in the T cell pool, with a marked contraction
i

�
n T cell receptor diversity and an outgrowth of large clonal populations. Clonally expanded

�
 CD4+�  T cells lose

e� xpression of the CD28 molecule and gain expression of perforin and granzyme. Consequently, the functional
p� rofile of expanded CD4+C

�
D28null T cells is fundamentally changed and is shifted towards tissue-injurious capa-

b
�
ilities. CD4+� C

�
D28n� ull T cells are particularly important in patients with extra-articular manifestations of RA,

w� here they may have a direct role in vascular injury. Understanding the mechanisms underlying the loss of T cell
d

�
iversity and the emergence of pro-inflammatory CD4+C

�
D28null T cell clonotypes may have implications for other

a� utoimmune syndromes.
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�

ey words: H
�

LA; autoimmunity; cytokines; synovitis; oligoclonality; CD4+C
�

D28null.

Rheumatoid arthritis (RA) is a crippling disease that
p� redominantly affects individuals in the prime of their
lives. In early disease, pain and stiffness are the major
m� anifestations, but, eventually, irreversible damage of
j

�
oints, tendons and bones develops. The underlying lesion
is a destructive inflammatory tissue composed of two
c
 omponents, infiltrating T cells and macrophages and
r� esident synovial membrane cells, both of which play
a�  part in the tissue damage9

�
. Stimulated macrophages pro-

d
�
uce inflammatory cytokines and metalloproteinases that

d
�
irectly damage the tissue and, in response to immune

stimulation, synovial fibroblasts undergo profound pheno-
t

�
ypic and functional changes and acquire the ability to
e� rode and invade into cartilage and bone.

The prognosis of patients with RA is determined to

some extent by the aggressiveness of the synovial le-
sion, but more so by the development of extra-articular
rheumatoid disease20, 28, 29. Extra-articular RA can
m� anifest in almost every organ system, emphasizing the
systemic nature of the syndrome. It has been proposed
t

�
hat rheumatoid disease of the joint and of non-articular

o
 rgans represent two, partially independent dimensions
o
 f RA4

�
2, 45. This concept has been suggested by the

o
 bservation that genetic risk factors are particularly im-
p� ortant for just one aspect of RA. The emerging model
p� redicts that a shared risk factor exists that predisposes
a�  person to both articular and extra-articular RA; addi-
t

�
ional risk determinants guide the disease towards one

t
�
hat involves predominantly joint inflammation or one

c
 haracterized by extra-articular manifestations41.
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T
�

he traditional paradigm for the pathogenesis of RA
a� ssumes that the disease process is ultimately driven by
a� ntigen-specific T cells that recognize arthritogenic
a� ntigen and maintain the chronic inflammatory re-
sponse3

�
9. Although simplistic, this model has been very

p� roductive in guiding the investigation of RA. However,
t

�
his paradigm has recently been challenged because it
c
 annot account for many of the findings in affected pa-
t

�
ients. In this review, an attempt has been made to sum-
m� arize recent data on T cell physiology in RA and to
integrate these data into a new model of RA pathogenesis.

Disease-Risk Genes and T Cell Function in RA

Support for a central role of T cells in RA pa-
t

�
hogenesis comes from the demonstration that the

strongest genetic risk for RA is conferred by the HLA
l

�
ocus2

 
7. Indirect evidence from multiple lines of re-

search supports the contention that the HLA-DRB1
l

�
ocus has a direct involvement in the disease process7

!
, 41.

I
�
n most ethnic groups and in most geographic regions

a� round the world, HLA-DRB1 genes are nonrandomly
d

�
istributed in patients with RA. HLA-DRB1*01 and

*04 alleles are consistently over-represented and it has
b

�
een hypothesized that the biologic effect is introduced

b
�
y a defined sequence motif in amino acid positions

7
"
0-7448. The possible involvement of polymorphic sites

o
 n HLA class II molecules has been interpreted as evi-
d

�
ence that antigen selection and presentation are critical

i
�
n RA. Accumulated data, however, question that the

o
 nly function of RA-associated HLA-DRB1 molecules
i

�
s peptide selection. In fact, there is increasing evidence

t
�
hat HLA-DR polymorphisms may not be central in

d
�
isease initiation, considered to be the ultimate event in

a�  pathological T cell response leading to RA. Not pre-
d

�
icted by the peptide selection model, disease-associ-

a� ted HLA-DRB1 alleles differ in their potency to con-
f

#
er risk. HLA-DRB1*0401 has consistently been found

t
�
o confer the highest degree of susceptibility6

$
, 44. Alleles

w� ith a similar yet not identical sequence in the third
hypervariable region of the HLA-DRB1 chain have
b

�
een identified as the primary risk alleles for seronega-

t
�
ive RA, a less aggressive disease variant46. Also,
a�  gene-dose effect for HLA-DR alleles has been dem-
o
 nstrated in RA. Affected patients often inherit not only
o
 ne, but frequently have two RA-risk genes3

�
8, 44. Allelic

c
 ombinations have been associated with variations in
d

�
isease  severity, supporting the conclusion that HLA-

-DRB1 molecules function as progression factors and
d

�
isease modulators instead of being involved in disease

initiation.

T
�

he over-representation of RA-associated HLA-DRB1
a� lleles on both haplotypes has led to the proposal that
MHC class II molecules influence RA pathogenesis pri-
m� arily by selecting the T cell repertoire and not by
p� resenting arthritogenic antigens8, 40, 41. Experimental
d

�
ata confirm that the composition of the T cell receptor

r� epertoire has a disease-specific fingerprint that is al-
t

�
ered in individuals with RA when compared with age-
-matched healthy donors3

�
5.

Studies of HLA class II molecules in RA have been
helpful in dissecting the phenotypic heterogeneity of
t

�
he disease43, 45. Preferential expression of defined

H
�

LA-DR alleles in patient subsets with specific clinical
c
 haracteristics has brought recognition that RA is
a�  heterogeneous syndrome encompassing multiple dif-
f

#
erent subtypes. MHC class II genotypes are currently

b
�
eing studied as biomarkers to separate RA phenotypes.

The association of different HLA-DRB1 genes with
d

�
istinct types of RA indicates that the contribution of

HLA molecules in RA pathogenesis is complex and not
l

�
imited to a single pathway.

T
%

 Cells in the Synovial Lesion

T
�

issue-eroding infiltrates in the synovial membrane
a� re composed of T cells, B cells, macrophages, den-
d

�
ritic cells and synoviocytes. T cell dependence of the

inflammatory reaction has been inferred from experi-
m� ents that suggest antigen-specific activation of lesion
T cells3

�
, 14, including in situ proliferation and clonal

e� xpansion of identical T cell receptors in distinct joints
(Table 1)11, 15, 23. Proof for the ultimate regulatory role
o
 f T cells in synovitis comes from T cell depletion ex-
p� eriments13. T cells were eliminated from the synovial
t

�
issue and the function of surviving cells was evaluated.

These experiments were made possible by a novel “ani-
m� al model”  of RA. Synovial tissue from RA patients
w� as implanted into severe combined immunodeficiency
(SCID) mice to create synovium-SCID mouse chime-
ras. In the grafts, the disease process was well main-
t

�
ained, as determined by the ongoing production of the

Table 1. T cells in the synovial lesions

E
&

vidence for T cell involvement in RA
  Dominant population of tissue-infiltrating cells
  Undergo clonal expansion in the tissue
  Representation of identical T cell clones in different sites
  Provide help in the formation of lymphoid microstructures
  Disruption of synovitis following T cell depletion
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p� roinflammatory cytokines, IL-1, TNF-α, IL-6, IL-2
a� nd IFN-γ' . Also, the metalloproteinases, MMP-1 and
MMP-3, were abundant in the engrafted tissue. Deple-
t

�
ion of synovial T cells by treating the chimeras with
a� nti-CD2 antibodies resulted in a prompt cessation of
t

�
issue IFN-γ'  production, followed by a sharp decline in

t
�
he in situ production of IL-1α, TNF-α, MMP-1, and

MMP-3. Also, the T cell growth factor IL-15, sus-
p� ected to amplify T cell activation in the inflamed joint,
w� as lost after the elimination of T cells. A critical role
o
 f the T cell product IFN-γ'  in regulating synovitis was
d

�
emonstrated by reconstituting the synovium-SCID

m� ouse chimeras with recombinant IFN-γ'  after they had
received the T cell-depleting antibody treatment.
E

(
xogenous IFN-γ'  completely restored the production of

p� roinflammatory monokines and tissue-digesting me-
t

�
alloproteinases.

Additional clues of the involvement of T cells in
r� heumatoid synovitis have come from studies of the
lymphoid microstructures formed by tissue-invading
l

�
ymphocytes (Table 2). Synovial infiltrates display dis-

c
 rete patterns, defining several subtypes of rheumatoid
d

�
isease12: T cells, B cells and macrophages can be dif-

fusely dispersed throughout the synovial membrane;
T

�
 cells and B cells can be arranged in clusters that can

g) enerate fully developed germinal center reactions; or
t

�
he synovitis can be characterized by granuloma forma-

t
�
ion. Germinal centers and granulomas are sophisti-

c
 ated microstructures that depend on T cell help.
A particular CD8 T cell subset expressing CD40-li-
g) and has been implicated in germinal center forma-
t

�
ion3

�
4. A critical issue that remains is to determine

w� hether the distinct types of synovitis reflect different
c
 ausative antigens or derive from differences in the host
response pattern to identical antigens.

T
%

 Cell Abnormalities and Extra-Articular Disease

RA patients have fundamental abnormalities in
T

�
 cell function that are not restricted to the T cells par-

t
�
icipating in the synovial infiltrates. One aberration is

t
�
he expansion of selected CD4 T cells to large clonal

p� opulations2
 

5, 26. CD4 oligoclonality is most predictably
e� ncountered in patients with extra-articular disease18, 32.

Extra-articular manifestations of RA shorten the life
e� xpectancy of the patient, attributable to cardiovascular
c
 omplications. Vasculopathy in RA may take one of
several forms, spanning from frank arteritis to accel-
e� rated atherosclerosis. Available data strongly suggest
t

�
hat vascular injury may be mediated by a unique T cell

subset, the CD4+C
�

D28null T cells. CD28-deficient
T

�
 cells were initially identified when clonally expanded

p� opulations from patients with severe RA were charac-
t

�
erized5

*
. CD4+C

�
D28null T cells are a specialized subset

o
 f T cells, distinct from classical CD4 T cells (Table 3).
C

�
D4+C

�
D28null T cells produce large amounts of IFN-γ' ,

e� ven in the absence of costimulatory signals22. They
p� ersist over many years3

�
2, possibly due to a defect in

c
 lonal down-sizing2
 

4. Molecular characterization of
t

�
hese cells has demonstrated that defective transcription

o
 f the CD28 gene is related to the loss of two nuclear
factors functioning as transcription initiation proteins3

�
0, 31.

W
+

hile deficient for these nuclear factors, CD28null

T cells have gained expression of several other mole-
c
 ules, including perforin and granzyme B2

 
1. As a con-

sequence, their functional profile is changed and they
c
 an function as cytotoxic effector cells3

�
7. It may be this

c
 ytotoxic potential that equips these cells to mediate
e� ndothelial injury and the vascular damage common in
t

�
he extra-articular manifestations of RA. Support for

a�  direct role of CD4+� C
�

D28n� ull T cells in vascular dis-
e� ase has come from studies describing the accumula-
t

�
ion of CD4+� C

�
D28n� ull T cells in patients with acute co-

ronary syndromes17. Clonally expanded CD4+C
�

D28null

T
�

 cells have been isolated from the ruptured atheros-
c
 lerotic plaque of patients with fatal myocardial infarc-
t

�
ion16.

Table 2. Multiple pathways of T cell activity in RA synovitis

T cells in follicular synovitis
  Interact with B cells
  Interact with interdigitating dendritic cells
  Provide help for germinal center reactions
  CD8+C

,
D40-ligand+ T cells surround follicles

T cells in granulomatous synovitis
  Interact with macrophages
  Produce large amounts of IFN-γ-

T cells in diffuse synovitis
  Produce small amounts of IFN-γ-

  Do not form lymphoid microstructures

Table 3. Comparison of CD4+. C
,

D28+.  and CD4+. C
,

D28n/ ull T cell subsets

Activity C
0

D4+C
0

D28+1

T cell
C

0
D4+C

0
D28n2 ull

T cell

Expression of α3 -β
4
 T cell receptor

Utilization of CD80/CD86
Expression of CD40-ligand
Production of large amounts of IFN-γ-

Expression of perforin/granzyme B
Expansion to large clonal populations
Impaired apoptosis/clonal downsizing
Autoreactivity

+
+
+

(
5
+)
–
–
–
–

+
–
–
+
+
+
+
+

C
,
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T
�

he clonal outgrowth of CD4+� C
�

D28n� ull T cells
b

�
reaks a principal rule of T cell physiology and raises

t
�
he question of how selected T cell specificities can
g) ain a survival advantage. Different mechanisms could
a� pply, ranging from antigen-driven proliferation to de-
fects in T cell down-sizing. A recent study of patients
w� ith RA has posed yet another possibility. Using ran-
d

�
om T cell receptor α-chain picking and limiting dilu-

t
�
ion analysis, frequencies for individual CD4 T cells
h

6
ave been estimated in the total T cell compartment.

Frequencies of CD4 T cells using either a BV8 or BV5
g) ene segment for T cell receptor rearrangement were
m� ore  than ten-fold higher in RA patients than in age-
-matched controls3

�
3, suggesting that RA is associated

w� ith a marked contraction of the T cell receptor reper-
t

�
oire. In a contracted repertoire, some T cell speci-
ficities may reach sufficient size to be detected as frank
c
 lonal expansions. The frequency distribution of T cell
r� eceptor α-chains from RA patients, however, has in-
d

�
icated that the vast majority of CD4 T cells must have

u	 ndergone proliferation, in most cases insufficient to
a� ppear as a clonally expanded population. In conclu-
sion, CD4+� C

�
D28n� ull T cells that proliferate into large

c
 lonal populations in RA may represent just the tip of
t

�
he iceberg in a T cell compartment characterized by
o
 ligoclonal T cell proliferation.

O
7

ne of the intriguing questions that has developed
from the data is the relationship between the loss of
T cell diversity and autoimmune inflammatory disease.
It could be argued that T cell repertoire contraction is
a�  consequence of disease. Available data do not support
t

�
his notion. Contraction in T cell diversity was found
i

�
n patients very early in the disease, with no indication

t
�
hat persistent disease was associated with progressive

loss of diversity3
�

3. Also, lessons learned from ex-
p� erimental therapy in RA patients favor a primary defi-
c
 iency in T cell homeostasis. Supported by the idea that
RA is a sequela of antigen-specific T cell activation in
t

�
he joint, therapeutic approaches were developed in the

e� arly 1990’s to eliminate peripheral T cells in patients
t

�
o open a window of opportunity for a repopulating
p� ool with novel, non-disease-involved T cells. Anti-
b

�
ody-mediated T cell depletion was successfully

a� chieved in patients who received the monoclonal anti-
b

�
ody Campath-1H, directed against the T cell and

B cell antigen CD522
 
. Early after treatment, inflamma-

t
�
ory scores dropped, but patients had reactivation of

synovial inflammation while still experiencing pro-
f

#
ound peripheral lymphopenia19, 36. More importantly,

t
�
he peripheral repertoire of CD4 T cells was massively
c
 ontracted and dominant clonal T cell populations were
shared between persistent synovial lesions and the pe-

r� ipheral pool4
�
, 10. Thus, polyarthritis can persist in the

setting of lymphopenia and only a small population of
C

�
D4 T cells is required to sustain synovitis. The most

i
�
mportant information from these trials was that RA

p� atients had marked difficulties in repopulating the
T cell compartment. Peripheral CD4 T cell counts re-
m� ained depressed to lymphopenic levels for an ex-
t

�
ended period, raising the interesting question whether

RA patients have fundamental difficulties in generating
a� nd maintaining a diverse T cell compartment.

A
�

 New Model for RA: Synovitis 
a8 s a Consequence of a Contracted 
a8 nd Autoreactive T Cell Repertoire

The simplicity of the traditional paradigm, which
c
 onsiders RA as a disease caused by the recognition of
a�  self antigen in the joint, has been appealing. The for-
mulation of a new pathogenic model, however, has
b

�
een necessitated by data that challenge such a simplis-

t
�
ic view. Two major developments have shaped the

e� mergence of the new pathogenic model. RA is now
recognized as a heterogeneous syndrome. There is
a�  diversity of disease patterns occurring in different pa-
t

�
ients. Enrichment of certain HLA-DRB1 alleles and

t
�
heir combinations have been associated with defined

v9 ariants of disease. Sex genes have been implicated as
d

�
isease modulators in population-based studies that

have demonstrated male and female disease patterns of
R

:
A1, 47. Involvement of T cells in determining not only

t
�
he onset but, more importantly, the evolution of the

r� heumatoid syndrome is indicated by the formation of
lymphoid microstructures in the inflamed joint. Distinct
T cell functions are relevant in the generation of gra-
nulomas, germinal centers or diffuse dispersed infil-
t

�
rates (Table 2). More than one T cell activation path-
w� ay and more than one functional T cell subset must
b

�
e involved in RA pathogenesis. Considering the hete-

rogeneity of the disease process, it could be proposed
t

�
hat not one but multiple disease-causative antigens are

relevant and that the primary defect leading to disease
l

�
ies in the inability of the host immune system to main-

t
�
ain tolerance, not in the selective expansion of a few
a� ntigen-specific cells.

A novel view of autoimmunity in RA is encouraged
b

�
y the finding that T cell pathology is systemic and is

not limited to the joint (Fig. 1). While the perception
t

�
hat RA is a systemic disease fits well with clinical
e� xperience, it requires a rethinking of the simple model
t

�
hat tolerance is lost towards a small set of joint anti-
g) ens. Rheumatoid arthritis can manifest in the lungs,
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t
�
he peripheral nerves, the heart and the blood vessels,

c
 reating life-threatening complications. Only a subset
o
 f patients will experience extra-articular disease, sug-
g) esting that additional genetic risk factors are necessary
t

�
o superimpose nonarticular disease on synovitis. Re-

c
 ent findings of abnormalities in T cell homeostasis
p� rovide an opportunity to account for system-wide dis-
e� ase (Fig. 1). In patients with RA, the T cell pool is
sharply contracted in diversity, possibly reflecting the
inability to produce sufficient numbers of T cells.
A defect in T cell generation would lead to clonal ex-
p� ansion of peripheral T cells in an attempt to fill the
v9 oid. Because the dilution of autoreactive T cells may
b

�
e one mechanism of maintaining tolerance, the risk of

self-recognition probably increases with increasing size
o
 f individual clones. A shift of a contracted repertoire
t

�
owards autoreactivity may result from other processes

a� s well. Recognition of self-HLA-antigen complexes is
p� ossibly involved in regulating T cell survival and turn-
o
 ver. Replicative stress to maintain the size of the
T cell compartment would increase the likelihood of

a� nti-self-reactive T cells to emerge. Finally, it has to be
c
 onsidered that a higher number of self-reactive T cells
c
 ould escape negative selection as the demand of the
system for replenishment is increased. Experimental
e� vidence indicates that CD4+C

�
D28null T cell clones iso-

l
�
ated from RA patients are responsive to self antigens2

 
5.

Their mere size could amplify their potential to cause
o
 ngoing autoimmune disease. Data have also been pro-
v9 ided that the repertoire of naive, antigen-inexperi-
e� nced T cells is biased in RA patients and that lesional
T cells in the synovial infiltrates derive from T cells
o
 ver-represented in the naive repertoire4

�
9.

W
+

hy would the immune system choose the synovial
m� embrane to display its self-reactive potential? Im-
mune responses are not solely determined by the
p� resence of antigen-specific precursors. Clustering of
c
 ells in time and space, surpassing of a critical mass,
a� nd signals derived from the microenvironment are all
involved in making it possible for multicellular reac-
t

�
ions to occur. Undoubtedly, the synovial microenvi-

ronment is unique and may provide necessary elements

Fig. 1. Hypothetical disease model for rheumatoid arthritis. At the core of rheumatoid arthritis is most likely a defect in the systemic T cell
p; ool that leads to a clonal expansion and functional differentiation of CD4+� C

,
D28n� ull T cells. These cells are then able to act systemically

o< r invade the joint, which leads to rheumatoid organ disease or rheumatoid synovitis, respec= tively

C
,
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f
#
avoring the occurrence of immune reactions. Under-

standing the unique ingredients the joint provides may
let us redirect immune responses away from the syno-
v9 ium. Understanding the diversity of the T cell popu-
lation and stimulation pathways in RA may allow us to
d

�
isrupt the inflammation with approaches that are tai-

l
�
ored to each patient. Understanding the precise rela-

t
�
ionship between T cell homeostasis, T cell repopula-
t

�
ion dynamics and autoreactivity may give insights that

r� each far beyond rheumatoid arthritis.

Acknowledgment. W
>

e thank James W. Fulbright for assistance in
m? anuscript preparation and editing. This work was funded by grants
from the National Institutes of Health (R01 AR42527 and R01
A
�

R41974) and by the Mayo Foundation.

References

 1. BELGHOMARI H., SARAUX A., ALLAIN J., GU
@

EDES C., YO
A

UINOU

P. and LE GO
A

FF P. (1999): Risk factors for radiographic articu-
lar destruction of hands and wrists in rheumatoid arthritis.
J. Rheumatol., 26, 2534–2538.

 2. BRETT S., BAXTER G., CO
A

OPER H., JO
A

HNSTON J. M., TITE J. and
RA

B
PSON N.  (1996):  Repopulation  of  blood  lymphocyte sub-

-populations in rheumatoid arthritis patients treated with the
depleting humanized monoclonal antibody, CAMPATH-1H.
Immunology, 8

C
8, 13–19.

 3. DA
B

VIS L. S. and LI
D
PSKY P. E. (1998): Disordered differentia-

tion of memory T cells in rheumatoid arthritis. Rev. Rhum.
Engl. Ed., 6

E
5, 291–296.

 4. FINNEGAN A. and SC
0

HNITZER T. J. (1997): Persistence of CD4+�

T cells in the arthritic joint after CAMPATH-1H treatment.
J. Rheumatol., 24, 1448–1449.

 5. GO
A

RONZY J. J., BA
B

RTZ-BA
B

ZZANELLA P., HU
@  W., JE

F
NDRO M. C.,

WALSER-KU
@

NTZ D. R. and WEYAND C. M. (1994): Dominant
clonotypes in the repertoire of peripheral CD4+ T cells in rheu-
matoid arthritis. J. Clin. Invest., 94, 2068–2076.

 6. GO
A

RONZY J. J. and WEYAND C. M. (1993): Interplay of T lym-
phocytes and HLA-DR molecules in rheumatoid arthritis. Curr.
Opin. Rheumatol., 5

G
, 169–177.

 7. GO
A

RONZY J. J. and WE
F

YAND C. M. (1995): T cells in rheuma-
toid arthritis. Paradigms and facts. Rheum. Dis. Clin. North
Am., 21,�  655–674.

 8. GO
A

RONZY J. J., ZETTL A. and WEYAND C. M. (1998): T cell
receptor repertoire in rheumatoid arthritis. Int. Rev. Immunol.,
17, 339–363.

 9. HA
B

RRIS E. D. (1997): Rheumatoid arthritis. W. B. Saunders
Co., Philadelphia, 3–212.

10. JENDRO M. C., GANTEN T., MATTESON E. L., WEYAND C. M.
and GO

A
RONZY J. J. (1995): Emergence of oligoclonal T cell

populations following therapeutic T cell depletion in rheuma-
toid arthritis. Arthritis Rheum., 3

H
8,�  1242–1251.

11. KATO T., KU
@

ROKAWA M., MASUKO-HO
A

NGO K., SASAKAWA H.,
SE

F
KINE T., UE

F
DA S., YA

B
MAMOTO K. and NI

D
SHIOKA K. (1997):

T cell clonality in synovial fluid of a patient with rheumatoid
arthritis: persistent but fluctuant oligoclonal T cell expansions.
J. Immunol., 159, 5143–5149.

12. KL
I

IMIUK P. A., GO
A

RONZY J. J., BJ
J
ÖRNSSON J., BE

F
CKENBAUGH

R. D. and WEYAND C. M. (1997): Tissue cytokine patterns dis-
t
K
inguish variants of rheumatoid synovitis. Am. J. Pathol., 151,

1311–1319.
13. KLIMIUK P. A., YANG H., GO

A
RONZY J. J. and WEYAND C. M.

(
5
1999): Production of cytokines and metalloproteinases in rheu-

matoid synovitis is T cell dependent. Clin. Immunol., 9
L

0, 65–
7
M
8.

14. KO
A

HEM C. L., BREZINSCHEK R. I., WISBEY H., TO
A

RTORELLA C.,
L
N

I
D
PSKY P. E. and OP

O
PENHEIMER-MA

B
RKS N. (1996): Enrichment

o< f differentiated CD45RBdim, CD27-memory T cells in the
p; eripheral blood, synovial fluid, and synovial tissue of patients
wP ith rheumatoid arthritis. Arthritis Rheum., 3

H
9, 844–854.

15. KU
@

ROKAWA M., KA
B

TO T., MA
B

SUKO-HO
A

NGO K., UE
F

DA S., KO
A

-

BATA T., OKUBO M., NISHIMAKI T., AKAZA T., YO
A

SHINO S.,
K
Q

A
B

SUKAWA R., NI
D
SHIOKA K. and YA

B
MAMOTO K. (1999): Char-

aR cterisation of T cell clonotypes that accumulated in multiple
j

S
oints of patients with rheumatoid arthritis. Ann. Rheum. Dis.,

5
G

8,�  546–553.
16. LIUZZO G., GO

A
RONZY J. J., YANG H., KO

A
PECKY S. L., HO

A
LMES

D. R., FRYE R. L. and WEYAND C. M. (2000): Monoclonal
T cell prolifertation and plaque instability in acute coronary
sT yndromes. Circulation, 1

U
01, 2883–2888.

17. LIUZZO G., KO
A

PECKY S. L., FRYE R. L., O’FALLON W. M.,
M
V

A
B

SERI A., GO
A

RONZY J. J. and WE
F

YAND C. M. (1999): Pertur-
b
W
ation of the T-cell repertoire in patients with unstable angina.

C
,

irculation, 1
U

00, 2135–2139.
18. MARTENS P. B., GO

A
RONZY J. J., SC

0
HAID D. and WEYAND C. M.

(
5
1997): Expansion of unusual CD4+ T cells in severe rheuma-

t
K
oid arthritis. Arthritis Rheum., 40, 1106–1114.

19. MATTESON E. L., YO
A

CUM D. E., St CLAIR E. W., AC
0

HKAR

A
�

. A., TH
X

AKOR M. S., JA
B

COBS M. R., HA
B

YS A. E., HE
F

ITMAN

C
,

. K. and JO
A

HNSTON J. M. (1995): Treatment of active refrac-
t
K
ory rheumatoid arthritis with humanized monoclonal antibody

C
,

AMPATH-1H administered by daily subcutaneous injection.
A
�

rthritis Rheum., 3
H

8, 1187–1193.
20. MYLLYKANGAS-LU

@
OSUJARVI R. A., AHO K. and ISY OMAKI H. A.

(
5
1995): Mortality in rheumatoid arthritis. Semin. Arthritis

Rheum., 25,�  193–202.
21. NA

B
MEKAWA T., WA

B
GNER U. G., GO

A
RONZY J. J. and WE

F
YAND

C
,

. M. (1998): Functional subsets of CD4 T cells in rheumatoid
sT ynovitis. Arthritis Rheum., 4

�
1, 2108–2116.

22. PARK W., WEYAND C. M., SC
0

HMIDT D. and GO
A

RONZY J. J.
(
5
1997): Co-stimulatory pathways controlling activation and pe-

rZ ipheral tolerance of human CD4+� CD28– T cells. Eur. J. Immu-
n[ ol., 2

\
7,�  1082–1090.

23. RITTNER H. L., ZETTL A., JENDRO M. C., BARTZ-BAZZANELLA P.,
G
]

O
A

RONZY J. J. and WEYAND C. M. (1997): Multiple mechan-
i
^
sms support oligoclonal T cell expansion in rheumatoid syno-

v_ itis. Mol. Med., 3
H
, 452–465.

24. SC
0

HIRMER M., VA
B

LLEJO A. N., WE
F

YAND C. M. and GO
A

RONZY

J
`
. J. (1998): Resistance to apoptosis and elevated expression of

B
a

cl-2 in clonally expanded CD4+� CD28– T cells from rheuma-
t
K
oid arthritis patients. J. Immunol., 161, 1018–1025.

25. SC
0

HMIDT D., GO
A

RONZY J. J. and WE
F

YAND C. M. (1996): CD4+

C
,

D7– CD28– T cells are expanded in rheumatoid arthritis and
aR re characterized by autoreactivity. J. Clin. Invest., 97, 2027–
2
b
037.

26. SC
0

HMIDT D., MA
B

RTENS P. B., WE
F

YAND C. M. and GO
A

RONZY

J
`
. J. (1996): The repertoire of CD4+�  CD28– T cells in rheuma-

t
K
oid arthritis. Mol. Med., 2, 608–618.

434 C. M. Weyand et al.: T Cells in Rheumatoid Arthritis



2
b
7. SE

F
LDIN M. F., AM

c
OS C. I., WA

B
RD R. and GR

d
EGERSEN P. K.

(1999): The genetics revolution and the assault on rheumatoid
arthritis. Arthritis Rheum., 42, 1071–1079.

28. SYMMONS D. P., JO
A

NES M. A., SC
0

OTT D. L. and PRIOR P.
(1998): Longterm mortality outcome in patients with rheuma-
toid arthritis: early presenters continue to do well. J. Rheuma-
tol., 25,�  1072–1077.

29. TU
@

RESSON C., JACOBSSON L. and BERGSTROM U. (1999): Extra-
articular rheumatoid arthritis: prevalence and mortality. Rheu-
matology (Oxford.), 3

H
8,�  668–674.

3
e
0. VALLEJO A. N., BRANDES J. C., WEYAND C. M. and GO

A
RONZY

J. J. (1999): Modulation of CD28 expression: distinct regula-
tory pathways during activation and replicative senescence.
J. Immunol., 1

U
62, 6572–6579.

3
e
1. VALLEJO A. N., NESTEL A. R., SC

0
HIRMER M., WEYAND C. M.

and GO
A

RONZY J. J. (1998): Aging-related deficiency of CD28
expression in CD4+�  T cells is associated with the loss of gene-
-specific nuclear factor binding activity. J. Biol. Chem., 273,�
8119–8129.

3
e
2. WAASE I., KAYSER C., CARLSON P. J., GO

A
RONZY J. J. and WEY-

AND C. M. (1996): Oligoclonal T cell proliferation in patients
with rheumatoid arthritis and their unaffected siblings. Arthritis
Rheum., 39, 904–913.

3
e
3. WAGNER U. G., KO

A
ETZ K., WEYAND C. M. and GO

A
RONZY J. J.

(1998): Perturbation of the T cell repertoire in rheumatoid arth-
ritis. Proc. Natl. Acad. Sci. USA, 95, 14447–14452.

3
e
4. WA

B
GNER U. G., KU

@
RTIN P. J., WA

B
HNER A., BR

d
ACKERTZ M.,

BERRY D. J., GO
A

RONZY J. J. and WEYAND C. M. (1998): The
role of CD8+ CD40L+ T cells in the formation of germinal
centers in rheumatoid synovitis. J. Immunol., 161, 6390–6397.

3
e
5. WALSER-KU

@
NTZ D. R., WEYAND C. M., WEAVER A. J., O’FAL-

L
I

ON W. M. and GO
A

RONZY J. J. (1995): Mechanisms underlying
the formation of the T cell receptor repertoire in rheumatoid
arthritis. Immunity, 2,�  597–605.

3
e
6. WEINBLATT M. E., MADDISON P. J., BU

@
LPITT K. J., HAZLEMAN

B. L., UR
d

OWITZ M. B., ST
f

URROCK R. D., CO
A

BLYN J. S., MA
B

IER

A. L., SPREEN W. R. and MANNA V. K.  (1995):  CAMPATH-
-1H, a humanized monoclonal antibody, in refractory rheuma-
toid arthritis. An intravenous dose-escalation study. Arthritis
Rheum., 38, 1589–1594.

3
e
7. WEYAND C. M., BRANDES J. C., SC

0
HMIDT D., FU

@
LBRIGHT J. W.

aR nd GO
A

RONZY J. J. (1998): Functional properties of CD4+�

C
,

D28– T cells in the aging immune system. Mech. Ageing
D
g

ev., 102,�  131–147.
38. WEYAND C. M. and GO

A
RONZY J. J. (1994): HLA-DRB1 alleles

aR s severity markers in RA. Bull. Rheum. Dis., 43,�  5–8.
39. WE

F
YAND C. M. and GO

A
RONZY J. J. (1997): Pathogenesis of

rheumatoid arthritis. Med. Clin. North Am., 8
C

1,�  29–55.
40. WEYAND C. M. and GO

A
RONZY J. J. (1997): The molecular basis

o< f rheumatoid arthritis. J. Mol. Med., 75, 772–785.
41. WE

F
YAND C. M. and GO

A
RONZY J. J. (1999): HLA polymorph-

isms and T cells in rheumatoid arthritis. Int. Rev. Immunol., 18,
3
e
7–59.

42. WEYAND C. M. and GO
A

RONZY J. J. (1999): T-cell responses in
rZ heumatoid arthritis: systemic abnormalities-local disease. Curr.
O
h

pin. Rheumatol., 11, 210–217.
43. WE

F
YAND C. M. and GO

A
RONZY J. J. (2000): HLA polymorph-

isms in phenotypic variants of rheumatoid arthritis. Arthritis
Res., 2, 212–216.

44. WE
F

YAND C. M., HI
D
COK K. C., CO

A
NN D. L. and GO

A
RONZY J. J.

(
5
1992): The influence of HLA-DRB1 genes on disease severity

in rheumatoid arthritis. Ann. Intern. Med., 117, 801–806.
45. WEYAND C. M., KLIMIUK P. A. and GO

A
RONZY J. J. (1998):

H
i

eterogeneity of rheumatoid arthritis: from phenotypes to
gj enotypes. Springer Semin. Immunopathol., 20,�  5–22.

46. WE
F

YAND C. M., MC
0 C

,
A

B
RTHY T. G. and GO

A
RONZY J. J. (1995):

C
,

orrelation between disease phenotype and genetic heteroge-
n[ eity in rheumatoid arthritis. J. Clin. Invest., 95, 2120–2126.

47. WEYAND C. M., SC
0

HMIDT D., WAGNER U. and GO
A

RONZY J. J.
(
5
1998): The influence of sex on the phenotype of rheumatoid

aR rthritis. Arthritis Rheum., 41, 817–822.
48. WINCHESTER R. J. and GREGERSEN P. K. (1988): The molecu-

l
k
ar basis of susceptibility to rheumatoid arthritis: the conforma-

t
K
ional equivalence hypothesis. Springer Semin. Immunopathol.,

10, 119–139.
49. YANG H., RITTNER H., WEYAND C. M. and GO

A
RONZY J. J.

(
5
1999): Aberrations in the primary T cell receptor repertoire as

aR  predisposition for synovial inflammation in rheumatoid arth-
rZ itis. J. Invest. Med., 47, 236–245.

Received in May 2000
Accepted in June 2000

C
,

. M. Weyand et al.: T Cells in Rheumatoid Arthritis 435


