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Genetics of Rheumatoid Arthritis

Gerald T Nepom
Virginia Mason Research Center, Seattle, Washington, USA

Genetic associations between rheumatoid arthritis and specific
HLA class Il genes provide clues to understanding the
molecular basis for disease susceptibility. There is a remarkable
structural relationship among different rheumatoid arthritis (RA)
susceptibility genes, in which each of the associated class I
alleles encodes a sequence of key amino acids termed the
‘shared epitope.” Mechanistic models to account for the shared
epitope association with RA can be interpreted in the context of
an HLA-directed pathway for the development of disease. We
suggest that altered T cell activation results from recognition of
the shared epitope, providing a potential mechanism by which
the shared epitope may be involved in the generation or
modulation of self-recognition during antigen presentation and
processing. We propose that the shared epitope association
with RA is not solely based on a specific peptide binding motif
and peptide determinant selection but rather is influenced by a
strongly biased direct recognition of shared epitope residues by
direct T cell contact.

1. Nepom GT: Major histocompatibility complex-directed susceptibil-
ity to rheumatoid arthritis. Adv Immunol 1998, 68: 315-332.

Immunogenetic Aspects of Disease Progression in
Rheumatoid Arthritis

Ralf Wassmuth MD1, Sylke Kaltenhduser MD2, UIf Wagner
MD?2, Sybille Arnold MD?, Wolfram Seidel MD2, Michael
Troltsch MD2, Ernst Schuster MD3, Markus L6ffler PhD3,
Joachim R. Kalden MD', Holm Hantzschel, MD?
"University of Erlangen-Niirnberg, Erlangen, Germany,
2University of Leipzig, Leipzig, Germany, SInstitute for Medical
Informatics, Statistics and Epidemiology, University of Leipzig,
Leipzig, Germany

In an ongoing collaborative prospective study aimed at the
identification of prognostic factors for the development of
erosive disease and clinical severity of disease in early
rheumatoid arthritis (RA) [1], 48 patients were followed for more

than 4 years, and 87 patients were seen for 2 years. Significant
associations with progressive joint destruction, measured by the
Larsen index, were observed after 2 and 4 years for three
parameters: 1) the presence of rheumatoid factor IgM; 2) bony
erosions present at study entry, and 3) HLA DRB1 markers.
Patients who expressed the shared epitope on a DR4 allele had
significantly higher Larsen indices after 2 years (0.86 vs 0.12;
P=0.0015) and after 4 years (1.22 vs 0.53; P=0.002) of
disease duration. Similarly, the presence of the epitope
sequence on either DR1 or DR4 also resulted in higher Larsen
indices for epitope-positive patients (0.59 vs 0.06; P=0.006
after 2 years, and 1.0 vs 0.69; P=0.03 after 4 years). A more
severe radiologic outcome after 2 years (Larsen index >0.7)
was detected with a sensitivity of 0.7, 0.61, and 0.58 and a
specificity of 0.42, 0.84 and 0.75 using RF IgM, erosiveness at
initial presentation, and presence of the shared epitope on a
DR4 as prognostic parameters. Most useful, however, was the
combination of DR4 positivity and erosiveness at study entry as
prognostic indicators of a more severe course of joint
destruction (sensitivity 0.68; specificity 0.77).

In summary, seropositivity, early erosiveness, and RA-
associated HLA-DRB1 markers are useful prognostic
indicators of the progression of joint destruction. Moreover, this
influence is sustained during the first four years of the course of
the disease.

1. Wagner U, Kaltenhauser S, Sauer H, et al: HLA markers and predic-
tion of clinical course and outcome in rheumatoid arthritis. Arthritis
Rheum 1997, 40:341-351.

Rheumatoid Arthritis: A Polygenic Disease with Multiple
Phenotypes

Cornelia M Weyand
Mayo Clinic, Rochester, New York, USA

Rheumatoid arthritis (RA) is recognized as a multigene disorder
with a number of genetic polymorphisms contributing to
disease pathogenesis. Here, we propose that the diagnostic
category of RA includes multiple subtypes of disease and that
the different phenotypes of RA correlate to different genotypes.
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Support for this concept has come from a reappraisal of the
clinical heterogeneity of RA and the observation that HLA-
DRB1 polymorphisms are useful in describing genetic
heterogeneity of RA phenotypes. A series of HLA-DRB1 genes
has been identified as RA-associated and, in recent years,
emphasis has been put on the sequence similarities of these
alleles. An alternative view focuses on the amino acid variations
found with different alleles being enriched in distinct subtypes
of RA. Rheumatoid factor positive destructive joint disease is
predominantly associated with the HLA-DRB1*0401 allele
while HLA-DRB1*0404 and B1*0101 predisposes for milder
and often seronegative disease. Expression of disease-
associated alleles on both haplotypes carries a high risk for
extra-articular manifestations. Besides HLA  gene
polymorphisms, emergence of CD28-deficient CD4 T cells
identifies RA patients with extra-articular manifestations. These
cells undergo clonal expansion in vivo, produce high amounts
of IFN-y and exhibit autoreactivity. Concordance of
monozygotic twins for the expression of CD4+*CD28 T cells
suggests a role for genetic factors in the generation of these
unusual T cells. Evidence for heterogeneity of the synovial
component of RA comes from studies describing three distinct
patterns of lymphoid organizations in the synovium. Each

T Cells in Rheumatoid Arthritis

pattern of lymphoid organization correlates with a unique profile
of tissue cytokines, demonstrating that several pathways of
immune deviation modulate disease expression in RA. Defining
RA variants has major implications on how the disease is
studied, treated, and managed. ldentifying combinations of RA
risk genes that correlate with disease variants could become
an important diagnostic tool.

1. Weyand CM, Hicok KC, Conn DL, Goronzy JJ: The influence of HLA-
DRB1 genes on disease severity in rheumatoid arthritis. Ann
Intern Med 1992, 117:801-806.

2. Weyand CM, McCarthy TG, Goronzy JJ: Correlation between
disease phenotype and genetic heterogeneity in rheumatoid
arthritis. J Clin Invest 1995, 95:2120-2126.

3. Klimiuk PA, Goronzy JJ, Bjérnsson J, Beckenbaugh RD, Weyand CM:
Tissue cytokine patterns distinguish variants of rheumatoid syn-
ovitis. Am J Patho/ 1997, 151:1311-1319.
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Unusual CD4+ T Cells in Severe Rheumatoid Arthritis. Arthritis
Rheum 1997, 40:1106-1114.

5.  Weyand CM, Goronzy JJ: Pathogenesis of rheumatoid arthritis.
Med Clin North Amer 1997, 81:29-55.

6. Weyand CM, Klimiuk PA, Goronzy JJ: Heterogeneity of rheumatoid
arthritis: from phenotypes to genotypes. Springer Semin
Immunopathol 1998, 20:5-22.

7.  Weyand CM, Schmidt D, Wagner U, Goronzy JJ: The influence of
sex on the phenotype of rheumatoid arthritis. Arthritis Rheum
1998, 41:817-822.

Redox Balance Alterations and Hyporesponsiveness of
Synovial T Cells in Rheumatoid Arthritis

Ferdinand C Breedveld, Sl Gringhuis, MM Maurice,
CL Verweij
Leiden, The Netherlands

In rheumatoid arthritis (RA), the functional status of T
lymphocytes is incompletely understood. Synovial fluid (SF) T
lymphocytes display phenotypic evidence of former activation,
but there is hardly any production of T cell derived cytokines in
the synovium. Moreover, the in vitro proliferative responsiveness
of SF T lymphocytes is decreased compared with that of
peripheral blood (PB) T lymphocytes.

Previous studies have revealed reduced intracellular Ca2+
responses and a decreased overall tyrosine phosphorylation
pattern in SF T lymphocytes upon TCR/CD3 simulation [1].
Specifically, the tyrosine phosphorylation of the TCR zeta
chain, one of the most proximal events in TCR signaling, was
clearly diminished in RA SF T lymphocytes [2]. Moreover, the
phosphorylation of a 36 kDa protein was virtually absent in RA
SF T lymphocytes. Here we report that the 36 kDa protein is
identified as LAT (linker for activation of T cells). In healthy T
lymphocytes, LAT is heavily phosphorylated on tyrosine
residues by ZAP-70 (zeta-associated protein of 70kDa) upon
TCR engagement, which is required for the activation of
PLCg1 and the subsequent influx of Ca2* [3]. Using FACS

analysis, we show that the expression of LAT is reduced in both
SF and PB T lymphocytes from RA patients compared with T
lymphocytes from healthy controls.

LAT is normally a membrane-bound protein due to the
presence of a short a-helical structure. Using immuno-
fluorescence staining and microscopy, we found that LAT is
displaced from the membrane in SF but not PB T
lymphocytes from RA patients. The synovium provides an
environment of oxidative stress for the SF T lymphocytes,
which are severely depleted in their intracellular levels of the
antioxidant glutathione (GSH). The replenishment of GSH in
SF T lymphocytes by treatment with NAC (N-acetyl-L-
cysteine) restores the membrane localization of LAT, and also
the phosphorylation of LAT and the expression of IL-2 after
TCR stimulation.

Conclusively, it is demonstrated that the hyporesponsiveness
of synovial T lymphocytes in RA is associated with the
membrane-displacement of LAT. The membrane localization of
LAT is sensitive to intracellular GSH alterations [4]. The
displacement of LAT fails to bring ZAP-70 in its proximity after
TCR stimulation, whereby LAT remains unphosphorylated and
the TCR-mediated signaling pathway is abrogated. Hence,
these results suggest a role for the membrane-displacement of
LAT in the hyporesponsiveness of SF T lymphocytes as a
consequence of local oxidative stress.
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T Cell Homeostasis and Repertoire Contraction in
Rheumatoid Arthritis

Jorg J. Goronzy
Mayo Clinic, Rochester, New York, USA

Rheumatoid arthritis (RA) is not limited to chronic articular
inflammation, but patients have alterations in their global
immune system in line with the clinical experience of significant
systemic disease. Specifically, RA patients frequently have
clonal T cell populations in the circulation that characteristically
lack the expression of the CD28 molecule. Here, we propose
that RA patients have a defect in T cell generation that results
in the contraction of the T cell repertoire and eventually in the
emergence of CD28"! clonal T cells. We have determined the
diversity of the peripheral CD4 T cell repertoire by determining
the frequencies of arbitrarily selected T cell receptor (TCR) B-
chain sequences. Healthy individuals displayed a highly diverse
repertoire, with a median frequency of individual TCR (-chain
sequences of 1 in 2.4x 107 CD4 T cells. In RA patients, the
median TCR B-chain frequency was 10-fold increased. The
loss in TCR diversity was not limited to CD4 memory T cells
but also involved naive T cells, suggesting an abnormality in T
cell repertoire formation and not a consequence of antigen
recognition in the synovium. Also, control patients with chronic
inflammatory disease such as hepatitis C expressed a diverse
repertoire. In further support for this concept, telomere length
studies indicated an increased replicative history of peripheral
CD4 T cells in RA patients. Lymphocyte telomeres were age-
inappropriately shortened with almost complete telomere
erosion at an age of less than 40 years. Again, naive T cells
were predominantly affected, and their capacity to undergo
clonal burst after stimulation was about 10-fold reduced. These
data are consistent with a premature exhaustion of
lymphopoiesis in RA that may contribute to the autoimmune
response as well as to the immunodeficiency in these patients
and has important implications for their clinical management.

1. Jendro MC, Ganten T, Matteson EL, Weyand CM, Goronzy JJ: Emer-
gence of oligoclonal T cell populations following therapeutic T cell
depletion in rheumatoid arthritis. Arthritis Rheum 1995, 38:-
1242-1251.

2. Schmidt D, Goronzy JJ, Weyand CM: CD4+ CD7- CD28- T cells are
expanded in rheumatoid arthritis and are characterized by autore-
activity. J Clin Invest 1996, 97:2027-2037.

3. Wagner UG, Koetz K, Weyand CM, Goronzy JJ: Perturbation of the T
cell repertoire in rheumatoid arthritis. Proc Nat/ Acad Sci USA
1998, 95:14447-14452.

http://arthritis-research.com/supplements/1/S1

4.  Walser-Kuntz DR, Weyand CM, Weaver AJ, O'Fallon WM, Goronzy JJ:
Mechanisms underlying the formation of the T cell receptor reper-
toire in rheumatoid arthritis. /mmunity 1995, 2:597-605.

5. Waase |, Kayser C, Carlson PJ, Goronzy JJ, Weyand CM: Oligoclonal
T cell proliferation in patients with rheumatoid arthritis and their
unaffected siblings. Arthritis Rheum 1996, 39:904-913.
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Contribution of T Cell Subsets to Joint Degradation

Pierre Miossec
Hospital E Herriot, Lyon, France

The role of T cells in the pathogenesis of rheumatoid arthritis
(RA) has been and remains a matter of debate. One of the
arguments for discussing such contribution has been the
difficulty to measure the production of cytokines described as
characteristic of T cells such as IFNy. However, when the
technology used to raise antigen specific T cell clones was
applied to T cells from RA synovium, such cells were found to
be fully able to produce IFNy. In addition, RA synovium
immunostaining revealed the presence of IFNy producing cells.
Conversely, the production of IL-4, another T cell cytokine, was
found to be low and, to some extent, defective. Such findings
led to the classification of RA as a Th1-associated disease.
More recently, IL-17 has been described as a proinflammatory
cytokine specifically produced by T cells. Studies with
supernatants of RA synovium explants showed a high
production of bioactive IL-17. Such an effect was linked to a
synergistic interaction between IL-17 and the major monocyte-
derived cytokines IL-1 and TNFa. Similarly, staining of RA
synovium showed the presence of IL-17-producing T cells.
Extension of studies with T cell clones from RA synovium
indicated that a subset of IFNy, but not of IL-4-producing T
cells, was able to produce IL-17, allowing the classification of
IL-17 as a Th1 cytokine.

The addition of blocking anti-IL-17 antibody to culture
supernatants was able to reduce by approximately 50% the
production of IL-6 LIF as well as that of MMP-1. Such an
effect resulted in an important decrease of extracellular
matrix destruction when IL-17 was inhibited. Conversely,
when the anti-inflammatory cytokines IL-4, IL-13, and, to a
lesser extent, IL-10 were added, production of
proinflammatory cytokines was inhibited, including that of IL-
17. Similarly, this resulted in an increase of TIMP production
associated with reduced destruction. In the same conditions,
increased repair as indicated by collagen synthesis was
observed.

Through their production of cytokines, a subset of Th1 T
cells can aggravate the proinflammatory and destructive
pattern associated with monocyte activation. Manipulation of
the cytokine profile of such a subset may control the
destructive pattern, which remains a therapeutic target
difficult to control.
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The p78 Putative Rheumatoid Arthritis T Cell Autoantigen

GS Panayi, M Bodman-Smith, M Fife, V Corrigall,

D Pappin* and J Lanchbury

Guy's, King's, and St. Thomas' School of Medicine, King's
College, Guy's Hospital, and *Imperial Cancer Research
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Altered T Cell Differentiation in Patients with Early
Rheumatoid Arthritis

Alla Skapenko, Jorg Wendler, Peter E Lipsky, Joachim R
Kalden, and Hendrik Schulze-Koops

University of Erlangen-Nuremberg, Erlangen, Germany and
University of Texas Southwestern Medical Center, Dallas,
Texas, USA

Chronic inflammation in rheumatoid arthritis (RA) is likely to
be driven by activated Th1 cells without sufficient Th2 cell
differentiation to down-modulate inflammation [1,2]. To test

B Cells in Rheumatoid Arthritis

whether, in RA, Th cells express an alteration in their ability
to differentiate into effector cells, we investigated Th cell
differentiation in patients with early untreated RA and in age-
and sex-matched controls in vitro. All patients had active RA
with symptoms of the disease for 6 weeks to 12 months. A
cell culture system was used that permitted the
differentiation of Th effectors from resting memory T cells by
short-term priming [3]. No difference in the cytokine
secretion profile of freshly isolated T cells was detected
between patients and controls. However, marked differences
were found in the response to priming. Th2 cells could be
induced in all healthy individuals by priming with anti-CD28
in the absence of TCR ligation. By contrast, priming under
those conditions resulted in Th2 differentiation in only 9/24
RA patients. The addition of exogenous IL-4 could overcome
the apparent Th2 differentiation defect in seven patients but
was without effect in the remaining eight patients. In all
patients, a marked decrease in IL-2 producing cells and a
significant increase in well-differentiated Th1 cells that
produced IFN-y but no IL-2 was evident after priming with
anti-CD3 and anti-CD28 [4]. The data suggest that CD4+
memory T cells from patients with early untreated RA
manifest an intrinsic abnormality in their ability to differentiate
into specific cytokine producing effector cells, which might
contribute to the characteristic Th1 dominated chronic
(auto)immune inflammation in RA.

1. Schulze-Koops H, Lipsky PE, Kavanaugh AF, Davis LS: Elevated Th1-
or ThO-like cytokine mRNA in peripheral circulation of patients
with rheumatoid arthritis: modulation by treatment with Anti-
ICAM-1 correlates with clinical benefit. J /mmunol 1995,
155:5029-5037.

2. Simon AK, Seipelt E, Sieper J: Divergent T-cell cytokine patterns in
inflammatory arthritis. Proc Natl Acad Sci USA 1994,
91:8562-8566.

3. Schulze-Koops H, Lipsky PE, Davis LS: Human memory T cell differ-
entiation into Th2-like effector cells is dependent on IL-4 and
CD28 stimulation and inhibited by TCR ligation. Eur J Immunol
1998, 28:2517-2529.

4. Skapenko A, Wendler J, Lipsky PE, Kalden JR, Schulze-Koops H:
Altered memory T cell differentiation in patients with early
rheumatoid arthritis. J /mmunol 1999, 163:491-499.

Evidence for an antigen-driven immune response in the
chronically inflamed synovium

Claudia Berek and H-J Kim
Deutsches Rheuma ForschungsZentrum, Berlin, Germany

Recently it has been shown that proinflammatory cytokines, like
TNF-alpha and lymphotoxin play a crucial role in the
organogenesis of the lymphoid tissue. Thus, during chronic
inflammation, in the affected tissue, these cytokines may
promote the development of a micro-environment which
supports a local immune response. In patients with rheumatoid
arthritis large lymphocytic infiltrates are often seen in the

synovial tissue. These cell clusters have a characteristic
arrangement of T, B and plasma cells. Proliferating B cells are
found only centrally in a network of follicular dendritic cells.
Using micro-manipulation CD20* B cells and plasma cells
were isolated separately from different parts of single infiltrates.
DNA was extracted and the V. /V| gene repertoires
determined. The data show that within the network of follicular
dendritic cells there is an oligoclonal expansion of B cells.
During proliferation V-gene variants are generated by the
hypermutation mechanism. The pattern of somatic mutations
suggests that both naive and memory B cells become activated
in the synovial tissue. Within single infiltrates we did not find



identical rearrangements between CD20* B and plasma cells.
Nevertheless, the finding of clonally related plasma cells
suggests that these cells underwent terminal differentiation in
the synovial tissue. The analysis of individual B cells recovered
from synovial tissue opens a new way to determine the
specificity of those cells which take part in the local immune
reaction.

1. Berek C, Kim H-J: B-cell activation and development within chroni-
cally inflamed synovium in rheumatoid and reactive arthritis. Sem
Immunol 1997, 9:261-268.

2. Fu Y-X, Chaplin DD: Development and maturation of secondary
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tive arthritis. J /mmunol 1999, 162:3053-3062.

4. Randen |, Mellbye J, Forre O, Natvig JB: The identification of germi-
nal centres and follicular dendritic networks in rheumatoid syn-
ovial tissue. Scand J Immuol 1995, 41:481-486.

5.  Schroder AE, Greiner A, Seyfert C Berek C: Differentiation of B cells
in the nonlymphoid tissue of the synovial membrane of patients
with rheumatoid arthritis. Proc Nat/ Acad Sci USA 1996, 93:
221-225.

Expression of RAG1, RAG2, and TdT in Rheumatoid
Arthritis Synovia: Evidence for Receptor Revision of
Immunoglobulin Light Chains

S Louis Bridges Jr and Zhixin Zhang
University of Alabama at Birmingham and Birmingham VA
Medical Center, USA

Some rheumatoid arthritis (RA) synovia contain structures
similar to germinal centers (GC), the site of affinity maturation
of B lymphocytes [1,2]. Previous analyses of immunoglobulin
(Ig) kappa and lambda light chains expressed in RA synovia
showed clonally related sequences with frequent N region
addition and unusually long CDR3s [3,4]. The presence of
clonally related Ig heavy chain sequences in GC-like
structures from RA synovia suggests in situ antigen-
dependent B cell maturation. RAG1 and 2, enzymes that
mediate V(D)J recombination during B cell development, are
expressed in a subset of GC B cells in normal peripheral
lymphoid organs [5,6]. RAG expression allows secondary Ig
rearrangements, which salvages B cells with undesirable
specificities or low antigen affinity (receptor revision). We
sought to determine whether RAG and TdT (the enzyme
responsible for N region addition) are expressed in RA synovia
and whether secondary Ig rearrangements occur. Using
nested RT-PCR, we detected RAG1, RAG2, and TdT mRNA
in 8, 9, and 6 of 12 synovial samples (11 RA, 1 JRA),
respectively. RAG1 was expressed in B cells (5/8 samples)
and T cells (4/8). RAG2 was expressed in B cells (4/8) more
often than in T cells (1/8). TdT was expressed in B cells only
(2/8). Immunohistochemical staining indicated that RAG
proteins were distributed in lymphoid aggregates. In some
synovia, secondary rearrangement products (ds-DNA breaks
at recombination signal sequences in the Jkappa region) were
detected by ligation-mediated PCR. We speculate that
receptor revision in nonlymphoid tissues such as RA synovia

http://arthritis-research.com/supplements/1/S1

may generate autoreactive antibodies, which has important
implications for chronic inflammatory diseases.
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Role of Rheumatoid Factor B Cells in Normal and
Pathologic Antigen Presentation

Dennis A Carson
University of California at San Diego Medical School, San
Diego, California, USA

The pathogenesis of rheumatoid arthritis (RA) is a major focus
of my research group. We have used molecular and
immunologic techniques to attack three main problems: 1) the
role of anti-lgG autoantibodies (rheumatoid factors) in normal
immune responses to environmental antigens, and in RA, 2) the
mechanism by which HLA-DR4 contributes to the pathogenesis
of RA, and 3) the role of the synovial microenvironment in RA.

The results of our investigations have shown that genes
encoding rheumatoid factor autoantibodies are present in the
germ line of most people. Their immunoglobulin products
greatly potentiate the presentation of tiny amounts of antigen
during secondary immune responses, and also may provide
bystander help for T cell activation. The development of high-
affinity pathogenic 1gG rheumatoid factors is normally
prevented by an antigen-specific deletion mechanism. This
mechanism fails in RA.

HLA-DR4 molecules contain a short peptide sequence, ‘the
shared epitope,’ that is duplicated in the dnal class of heat
shock proteins in bacteria and in the gp 120 capsid protein of
EBV. Patients with early RA, but not normal subjects, have
circulating Thi-type T lymphocytes that respond to these
exogenous antigens but not to autologous HLA-DR4 molecules.

The synovium has a rich blood supply and macrophage lining.
Consequently, exogenous antigens easily become trapped
there. Although rheumatoid factors and HLA-DR4 molecules
normally protect the host from infection, they may promote the


http://arthritis-research.com/supplements/1/S1

Arthritis Research Vol 1 Suppl 1 Abstracts

conversion of a low-grade, nonspecific synovitis into the
chronic granulation tissue characteristic of RA.

Synovial B Cells in Rheumatoid Arthritis: Clonal Expansion,
Diversification, and Persistence

Nicholas Chiorazzi and Keniji Itoh
North Shore University Hospital, Manhasset, New York, USA

The extent of B cell clonal diversity in the blood, synovial fluid
(SF) and synovial tissue (ST) of rheumatoid arthritis (RA)
patients was studied. We measured diversity using an Ig V,
gene fingerprinting assay that identifies B cell clones based on
V,; CDRS3 length. By comparing fingerprints from genomic
(g)DNA vs cDNA, clones that were expanded in number could
be distinguished from those that were activated and contained
increased amounts of Ig VH gene mRNA (but were not
necessarily numerically-expanded). These assays were
performed on total B cells and on naive, germinal center, and
memory B cells and plasma cells. The data were confirmed by
V|, gene sequence analyses.

Comparisons of the gDNA and cDNA assays indicated that
certain clones were expanded at the DNA but not at the RNA
level, suggesting increased numbers of resting memory cell-like
B cells. By contract, some clones were less expanded at the
DNA level and much expanded at the RNA level, indicating
activated B cells.

Studies of paired blood and SF or ST samples identified clones
that were joint-specific, blood-specific and blood-joint common.
When B cell clones in the SF from the same joint of the same
patient were studied over time, most of the B cell clones
changed. However, a few remained constant. The persisting
clones exhibited V|, gene diversification with time. We also
compared the B cell clones present in the ST of two hip joints
surgically removed from the same RA patient at the same time.
These expanded clones also exhibited intraclonal sequence
diversity.

Finally, ST B cells were sorted into memory and plasma cell
subsets and analyzed. Certain B cell clones were unique to the
memory compartment, while others were also expressed as
plasma cells. Some of these B cell clones may play a role in the
synovitis of RA.

Can IgG Rheumatoid Factors Explain Everything?

Jo CW Edwards
University College, London, United Kingdom

The stochastic pattern of onset of rheumatoid arthritis (RA)
suggests that it is initiated not by an external stimulus but by
random genesis of new antibody species by immunoglobulin
gene mutation [1]. Most autoantibody-committed B cells
probably die from a lack of T cell help and from a follicle-centre
suicide signal from uncomplexed self antigen. IgG rheumatoid
factor (RF)-committed B cells may, in contrast, self-perpetuate,
using their antibody product both to obtain nonspecific T cell
help and, as self-associated complexes, to provide a positive
survival signal in follicle centres. They should also facilitate
survival of clones committed to production of RF of other
classes.

Molecular modelling indicates that IgG1 RF-based complexes,
comprising not more than two or three IgG molecules, should
evade complement clearance, cross endothelium, and access
tissue macrophages [2]. Recent work indicates that, of the
three IgG Fc receptors on macrophages only FcyRllla will
induce TNFa release in response to complexes of this size [3].
FcyRllla is expressed at high level only on macrophages in
tissues targeted by rheumatoid arthritis and, in dermis, only at
sites where nodules form [4]. The dominant involvement of
synovium probably reflects the sensitivity of synovial fibroblasts
to TNFa and the resulting tendency to synovial lymphoid
metaplasia with local antibody production [5].

If IgG RFs are responsible both for their own production and
for clinical disease, deletion of IgG RF-committed B cells
should produce long term-remission. Initial results from a
phase-| therapeutic trial of B cell depletion will be presented.

1. Edwards JCW, Cambridge G, Abrahams VM: Do self-perpetuating B
lymphocytes drive human autoimmune disease? /mmunology
1999, 97:1868-1896.
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Overview: Destruction of the Extracellular Matrix in
Rheumatoid Arthritis

Stephen Krane
Harvard Medical School, Boston, Massachusetts, USA

A major cause of morbidity in rheumatoid arthritis (RA) is the
destruction of the extracellular matrix (ECM) of cartilage, bone,
and soft tissues of the joint. Proteolytic enzymes, such as the
matrix ~metalloproteinases (MMPs) and the recently
characterized and cloned aggrecanases with disintegrin
domains, have a role in these destructive processes that result
in loss of fibrillar (collagens) and nonfibrillar components of the
ECM. MMPs, eg collagenases, cannot degrade the ECM of
mineralized bone, but mechanisms require action of specialized
cells (osteoclasts) generated from hemopoietic precursors in
marrow and in the inflammatory cell mass. Ligands, which
increase bone resorption, initiate osteoclast generation by
acting on mesenchymal cells (fibroblasts, stromal cells, and
osteoblasts) to induce cell-bound osteoclast differentiation
factor (ODF). ODF in turn binds to a receptor (RANK) on
osteoclast precursors and, with M-CSF, generates active
osteoclasts. Another factor, osteoprotegerin (OPG), binds to
ODF (also known as OPGL[ligand]) and inhibits osteoclasto-
genesis. A potent inducer of ODF is parathyroid hormone-
related peptide (PTHrP); receptors for PTH/PTHrP are found
on RA synovial fibroblasts, in culture, and by in situ
hybridization, and PTH is produced by RA synovium through
the action of inflammatory cytokines. There is evidence derived
from studies in animal models that the action of collagenase
produced by mesenchymal cells is required for PTH/PTHrP-
induced osteoclast generation. Delineation of the precise
function of the ligands and proteinases described would help in

designing therapy to prevent or retard the focal bone erosions
and more diffuse bone loss of RA.
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Antigen-Presenting Cells, Macrophages, and Mast Cells in Rheumatoid Arthritis

Monocytes and Macrophages in Synovitis: Villains or
Victims?

Gerd R Burmester, Thomas Haupl, and Bruno Stuhlmiiller
Department of Rheumatology, Humboldt University of Berlin,
Germany

Rheumatoid arthritis (RA) is characterized by cartilage and
bone destruction via pannus formation. It is also a systemic
disease, where monocytes are known to play an important role
in the inflammatory processes. To further investigate
mechanisms of monocyte activation, differential gene analysis
appears to be a powerful tool. Thus, we have differentially
analyzed gene expression in activated monocytes from first
(activated) and third (nonactivated) leukapheresis preparations

from an RA patient. Typical genes identified were IL-1a, IL-1(3,
IL-6, and TNF-a. Furthermore, GRO-a/melanoma growth-
stimulatory activity, MIP-2/GRO-3, ferritin, a-1 antitrypsin,
lysozyme, transaldolase, EBER-1/EBER-2 associated protein,
thrombospondin-1, an angiotensin receptor-ll  C-terminal
homologue, RNA polymerase-lll elongation factor (elongin),
three unknown (BSK-66, -80, -89), and homologues of
functionally undefined genes (BSK-67, -83) were differentially
expressed. Overexpression was confirmed for selected genes
by semiquantitative PCR analysis in monocytes from RA
patients versus healthy donors, including IL-1B, the ATR-11
homologue, BSK 66, —67 and —-89. To investigate the
importance of monocytes in the synovial tissue and to take
other cells in the synovial pannus into account, especially
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fibroblasts, which may modulate the destructive process
essentially, a representational difference analysis has been
performed in whole synovial tissue between RA and
osteoarthritis (OA). Furthermore, a modified technique of
semiquantitative PCR was used to verify these data and to
analyze a group of genes possibly involved in the tissue
homeostasis of cartilage. A preliminary analysis of 151 clones
revealed that genes other than regulatory cytokines dominate
the difference. Especially genes of effector functions like
immunoglobulin and collagen type 1 are over-represented.
Furthermore, receptors with immunoregulatory function like
HLA-DR, natural killer cell receptor p58, and a homologue to
the cytokine receptor EB13 as well as genes involved in global
cell activity are upregulated in RA. Many clones with unknown
sequences need further investigation. Using semiquantitative
PCR, a group of genes not yet considered for RA, the bone
morphogenetic proteins (BMP), were differentially studied
between RA, OA, traumatic joint diseases, and normal tissue.
Specific members of this huge family of genes are selectively
down-regulated in synovial inflammation and possibly
differentially regulated depending on the type or stage of
inflammation.

In summary, monocytes are certainly global players in the
inflammatory process in RA. However, in the synovial tissue,
modulating factors from fibroblasts, natural killer cells, or T- and
B-cells play an essential role. Especially in chronic cartilage
degradation, the decrease of differentiation factors most likely
derived from cartilage nursing synovial fibroblasts may
contribute to joint destruction.
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Dendritic Cells: What Is Their True Role in Rheumatoid
Arthritis?

R Thomas, AR Pettit, KPA Macdonald, and M Smith
Centre for Inmunology and Cancer Research, Brisbane and
Repatriation Hospital, Adelaide, Australia

The use of arthroscopic biopsy for examination of rheumatoid
arthritis (RA) synovial tissue (ST) for disease activity and
prognostic indices is of major interest for improving patient
outcome and for assessing clinical trial efficacy. Dendritic cells
(DCs), the professional antigen-presenting cells of the immune
system, have been proposed to play a central role in the
initiation and perpetuation of the immune response in RA. We
have previously demonstrated that differentiated DCs can be
specifically identified in tissues by double immunohisto-
chemical staining, which includes the identification of the NFKB
family member, RelB, in the nucleus. Differentiated DCs were
thus identified in the T cell areas of normal or reactive human
lymph nodes and in a perivascular location in ST from patients
with untreated active RA. Double immunohistochemical
staining on 13 ST biopsies demonstrated that 88% of the
nRelB* cells present are differentiated dendritic cells, the
remaining 12% comprising activated B cells, sub-lining
monocytes, and occasional follicular DCs. To examine the
relationship between the presence of differentiated DCs in the
ST and disease activity, serial ST biopsies from seven patients
with RA were obtained before and after either successful or
unsuccessful therapy, as determined by the ACR response
criteria. RA  treatment-associated clinical improvement
correlated with a reduction in infiltrating differentiated DCs,
infiltrating lymphocytes, tissue vascularity, expression of TNF-a
in the lining and sub-lining layers, and CD68+ lining layer
cellularity. In contrast, IL-13 expression was not correlated.
These data suggest that clinical joint inflammation, tissue
vascularity, local TNF-a production, DC and lymphocyte
infiltration, and lining-layer hypertrophy are interdependent
events. Furthermore, taken together with published data, they
suggest that the synovial immune response and joint
destruction are linked pathogenetic processes.
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Rheumatoid Arthritis is a Lining Cell Disease: An Evolving
Concept

Leo BA van de Putte, PLEM van Lent, RJT Rodenburg, P
Barrera, Walther J van Venrooij, and Wim B van den Berg
University Hospital Nijmegen, The Netherlands

Rheumatoid arthritis (RA) is a chronic inflammatory disease
affecting predominantly lining structures, including synovial
tissue, tendon sheaths, bursae, pleura, and pericardium.
Characteristically, these tissues contain large numbers of
macrophages, suggesting that these cells are crucial in the
pathogenesis of the disease. Data obtained by us and by
others have indicated that phagocytic lining cells are essential
for disease onset and expression. Removal of synovial lining
cells by intra-articular injection of apoptosis-inducing
clodronate liposomes prevents joint inflammation in murine
arthritis models, and pilot data suggest that these liposomes
can be succesfully used in humans. The degree of
monocyte/macrophage (but not of T-cell) infiliration in
rheumatoid joints has been reported to correlate with both
disease activity and progression of joint destruction in
rheumatoid arthritis (RA). Recent studies have shown that
intrinsic macrophage characteristics may determine an
individual's susceptibility to develop arthritis. Murine collagen-
induced arthritis-susceptible mouse strains were shown to
have markedly higher expression of FcK RII/lll by macrophages
than nonsusceptible strains (Blom, 1999). In human RA, we
found that activated monocyte-derived macrophages produce
significantly higher IL-8 mRNA levels than those in controls,
pointing to an innate hyper-responsiveness of these cells in this
disease. The central role of lining macrophages in the
pathogenesis of RA has therapeutic consequences in terms of
targeting these cells and/or their proinflammatory products.
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Mast Cells and the Rheumatoid Lesion

David E Woolley and Lynne C Tetlow
University Department of Medicine, Manchester Royal
Infirmary, M13 9WL, UK

The distribution and activation of mast cells (MCs) in the
rheumatoid lesion has been examined by tryptase
immunolocalisation. MCs were observed in all specimens
examined, but their distribution and local concentrations varied,
both within and between specimens. MC activation was
observed at sites of cartilage erosion and was associated with
localised oedema and matrix disruption [1]. Dual immuno-
localisation studies often demonstrated co-distributions of MCs
with the matrix metalloproteinases (MMPs) collagenase 1 and
stromelysin 1, as well as the proinflammatory cytokines TNFa
and IL-1P [2]. Although IL-15 is purported to induce TNFa and
IL-13 expression by cells in vitro [3,4], its production in situ
was not associated with MC activation, as judged by IHC.

The potent mediators of MCs, especially histamine, heparin, and
TNFa, are all likely to modify the phenotype of both synoviocytes
and chondrocytes. The addition of soluble MC products to
synovial fibroblast cultures was shown not only to stimulate MMP
production but also to activate the MMP precursors via
processing by the MC serine proteinases tryptase and chymase
[5]. Experiments using rheumatoid synovial explants and MC
secretagogue, rabbit antibody to human IgE, have shown that
MC activation induced tryptase release, increased PGE,
production, and brought about changes in both MMP [6] and
cytokine production. Subsequent experiments have assessed the
effects of added histamine or heparin on enzymically dissociated
rheumatoid synovial cell cultures with respect to cytokine
production. Collectively, the data demonstrate that MC activation
in the rheumatoid lesion modulates MMP and proinflammatory
cytokine expression by neighbouring cells, thereby suggesting an
important contributory role in mediating matrix degradation and
oedematous changes within microfoci of the rheumatoid lesion.

Work supported by the Arthritis Research Campaign, United
Kingdom.
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Synoviocytes, Stromal Cells, and Endothelial Cells in Rheumatoid Arthritis

Activation of Synovial Fibroblasts in Rheumatoid Arthritis

Steffen Gay, Thomas Pap, Michael Nawrath,
Juliane K Franz, and Renate E Gay
University Hospital, Ziirich, Switzerland

Activation of synovial fibroblasts (SF) by upregulation of proto-
oncogenes is thought to play a major role in rheumatoid joint
destruction. To explore distinct signaling pathways in this activation
we used retroviral gene transfer in the SCID mouse model.
Specifically, we transferred dominant negative (dn) mutants, such
as dn Raf-1 and dn c-myc to inhibit the Ras-Raf-MAPK cascade as
well as the cascade involving myc. FLAG-tagged constructs used
in this study were cloned into the retroviral vector LXSN. The data
show that both Raf- as well as myc-dependent pathways
contribute to the activation of synovial fibroblasts in RA.

Since mutations in PTEN have been described in cancer and
associated with their invasiveness we studied the expression of
this novel tumor-suppressor in RA. Although, no mutations of
PTEN could be detected in RA synovium, only 40% of cultured
RA-SF expressed PTEN, and a down-regulation was observed
at sites of invasion into cartilage. These findings suggest that
endogenous or autocrine down-regulation of this tumor-
suppressor may contribute to the invasive behavior of RA-SF
by maintaining their aggressive phenotype at sites of cartilage
destruction in RA. Most interestingly, the same SF found at
these sites are also the major producers of interleukin-16, a
strong chemoattractant for CD4+ cells.
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Biologic Aspects of Nurse-Like Cells Found in Bone
Marrow and Synovial Tissue of Rheumatoid Arthritis
Patients

we partially labelled the bone marrow stromal cells (BMSC)
with fluorescent dye or 3H-Tdr,and analyzed the migration of
labelled BMSC after the immunization with collagen. At the
onset of CIA, BMSC migrated through small canals from the
bone marrow into the affected joint cavities and seemed to
contribute to synovial proliferation in joints [4].

Based on the data above, we were interested in establishing
and characterizing the nurse cell-like stromal cells (NCs) in
bone marrow (RA-BMNC) as well as those in synovial tissue of
rheumatoid arthritis (RA) patients (RA-SNC). RA-BMNC
showed the characteristic cell-cell contact with lymphocytes
(pseudoempeliporesis), resulting in mutual biologic activation,
such as maintaining infiltrating lymphocytes and producing
large amount of cytokines. Those were very similar to the
reactions of RA-SNC reported in our latest paper [2].

Another point of interest was whether NCs could invade the
bone, resulting in erosive changes characteristically observed
in RA patients. Although NCs (both RA-SNC and RA-BMNC)
were shown to produce IL-6, IL-8, and other cytokines, these
were not thought to contribute directly to bone erosion. By co-
culturing NCs with lymphocytes, we found activation in the
production of MMP-1 and MMP-3, and in the expression of
mRNA of both MMP-9 and cathepsin-K. Thus, NCs could be
thought to contribute directly to bone erosion in RA patients.
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Effects of 10,25dihydroxyvitamin D; on matrix
metalloproteinase and prostaglandin E, production by cells
of the rheumatoid lesion

Takahiro Ochi
Osaka University Medical School, Osaka, Japan

Using collagen-induced arthritis (CIA) rats, we studied the
origin of synovial stromal cells, which rapidly appeared and
proliferated in joints at the onset of inflammatory polyarthritis,

Lynne C Tetlow and David E Woolley
University Department of Medicine, Manchester Royal
Infirmary, M13 O9WL, UK

10,25dihydroxyvitamin D4 (1a,25D,), the active form of vitamin
Dg, through its interaction with 