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Summary. B-cells of the rheumatoid synovial tissue are
a constant part of and, in some histopathological
subtypes, the dominant population of the inflammatory
infiltrate, located in the region of tissue destruction. The
pattern of B-cell distribution and the relationship to the
corresponding antigen-presenting cells (follicular
dendritic reticulum cells: FDCs) show a great variety. B-
cells may exhibit (i) a follicular organization forming
secondary follicles; (ii) follicle-like patterns with
irregularly formed FDC networks, and (iii) a diffuse
pattern of isolated FDCs. Molecular analysis of
immunoglobulin VH and VL genes from human
synovial B-cell hybridomas and synovial tissue
demonstrates somatic mutations due to antigen
activation. The FDC formations in the synovial tissue
may therefore serve as an environment for B-cell
maturation, which is involved in the generation of
autoantibodies. An autoantibody is defined as
"pathogenic" if it fulfills the Witebsky-Rose-Koch
criteria for classical autoimmune diseases: definition of
the autoantibody; induction of the disease by transfer of
the autoantibody; and isolation of the autoantibody from
the disease-specific lesion. B-cells from rheumatoid
synovial tissue show specificity for FclgG, type II
collagen, COMP, sDNA, tetanus toxoid, mitochondrial
antigens (M2), filaggrin and bacterial HSPs. The
contributions of these antigens to the pathogenesis of RA
are still hypothetical. A possible contribution could
derive from crossreactivity and epitope mimicry: due to
crossreaction, an antibody directed originally against a
foreign infectious agent could react with epitopes from
articular tissues, perpetuating the local inflammatory
process. The characteristic distribution pattern, the
localisation within the area of tissue destruction, the
hypermutated [gVH and IgVL genes, and their exclusive
function to recognize conformation-dependent antigens
suggest a central role for B-cells in the inflammatory

process of rheumatoid arthritis. Therefore, the analysis
of synovial B-cell hybridomas and experimental
expression of synovial IgVH and IgVL genes will help
to characterise the antigens responsible for the
pathogenesis of rheumatoid arthritis.
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Introduction

Intrasynovial B-cells (including B-lymphocytes and
plasma cells) are a constant and dominating component
(Fig. 1a,d) of the inflammatory infiltrate in rheumatoid
arthritis (RA) (Randen et al., 1995; Krenn et al., 1996a;
Stiehl, 1997). Histopathologically, the synovial B-cells
may exhibit a follicular distribution (Fig. 1a,b) and may
be located in the area of bone cartilage destruction (Fig.
le), and finally there is a correlation between the serum
level of rheuma factors (RF) and the follicular
organisation of the synovial B-cells (Randen et al.,
1995). These findings indicate a pathogenic role of
synovial B-cells in RA. Analysis of the pathogenetic
potential of synovial B-cells in RA leads to two
important questions: 1) Does an antigen-activated B-cell
maturation occur in the synovial tissue? 2) Against
which antigens are these B-cells directed?

The first question should provide clarification,
whether the local accumulation of B-cells is antigen-
dependent or antigen-independent. The second question
may lead to the identification of antigens which are
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involved in chronic synovitis (arthritogenic antigens).
The organisation of synovial B-cells

The inflammatory infiltrate of chronic RA
synovialitis is basically constituted by the functional
elements of a secondary lymphatic tissue, including T-
and B-cells, macrophages as well as antigen-presenting
cells (APC). Therefore, the question arises as to whether
these cellular elements represent an appropriate level of
morphological organisation to permit an antigen-
activated B-cell maturation. In specialized structures of
the lymphatic organs (Fi. 2a), the so called germinal
centers (GC) of the secondary follicle, antigen-activated
B-cell affinity maturation takes place (Berek et al.,
1991): unactivated B-cells (naive B-cells) and a
subpopulation of CD4-positive T-lymphocytes (Miller et

a

al., 1995) come into close contact with the network-like
organized cells of the GC, the follicular dendritic
reticular cells (FDC). These cells, together with
accessory receptors (CD40; MHC II; ICAM-1), present
the antigen to the B-cells. This cellular interaction leads
to cell proliferation and immunoglobulin gene
hypermutation (IgVH and IgVL genes), which modifies
the affinity repertoire of the B-cells (affinity maturation)
(Berek et al., 1991; Krenn et al., 1999). Finally, the B-
cells with lower affinity for the presented antigen are
destroyed (ex: via FasL), and the ones with higher
affinity are expanded (affinity selection).

The so-called past-GC B-cells represent antigen-
activated B-cells with a specific set of B-cell-receptors
with either low or highly diversified VH-genes (Berek et
al., 1991; Camacho et al., 1998). This process occurs in
the secondary lymphatic organ B-cells, where high-

Fig. 1. Histopathology and histology of rheumatoid synovial tissue. A. Rheumatoid synovial tissue with villous hypertrophy and lymphofollicular (arrows)
inflammatory infiltration (type |, according to Stiehl (1997)). B. Double staining immunohistochemistry, demonstrating a lymphatic follicle with centrally
located FDCs (Ki-M4+; arrows), and with peripherally located CD20+ B-lymphocytes (intensely blue area). C. Double staining immunohistochemistry,
demonstrating a zonal organization of a germinal center with compartment of proliferating cells (brown area; red arrow), and an area of FDCs (blue
area; black arrow) with a small number of proliferating cells. D. Plasma cells rich synovitis (star is located in the enlarged synovial intima). E. Plasma
cell-rich inflammatory infiltrate in the area of bone/cartilage destruction (arrows). A, x 50; B and E, x 100; C and D, x 250
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affinity (post-GC B-cells) are produced under the control
of FDCs, which represent the antigen-induced and T-
cell-dependent immune response (MacLennan, 1994;
Camacho et al., 1998).

Compared to the secondary lymphatic organs, the
RA synovial tissue often reveals a cellular composition
reminiscent of that seen in the lymphatic tissue of
secondary lymphoid organs (Randen et al., 1995; Krenn
et al., 1996b; Wagner et al., 1998). The pattern of FDC
distribution may be immunohistochemically classified
(Krenn et al., 1996b): 1) GC pattern (Fig. 2b); 2) GC-
like pattern (also called "dysmorphic follicle") (Fig. 2c);
and 3) Diffuse distribution pattern of single FDCs (Fig.
2d). Rheumatoid synovial tissue with immunohisto-
chemically detectable true germinal centers (secondary
follicles) occurs only in a small percentage of cases. In a
morphometric analysis it was shown that the size of
these germinal centers is similar to the size of germinal
centers found in the spleen and ditferent from the ones in
tonsils and lymph nodes (H. Harms and P. Fretter,
unpublished results). Much more common are the small
follicle-like FDC formations (the GC-like pattern).
These are small, irregularly shaped FDC formations
without zonal organisation. Moreover, there exists a

diffuse distribution pattern of single FDCs, which are
partially localized perivascularly, but also close to the
synovial lining cells. Finally, in about 30% of all cases,
it is not possible to detect any FDCs in the synovial
tissue. Through simultaneous detection of the FDC-
specific antigens KIM4 and FasL, it has been shown that
FasL is expressed in FDC formations in synovial tissue,
indicating that FDC formations in the RA synovial tissue
may be involved in negative selection (Krenn et al.,
1996b).

The existence of secondary follicles and follicle-like
structures in the synovial tissue indicates that an
intrasynovial antigen-driven maturation of B-cells may
take place. Using a single cell isolation method, recent
studies (Schroder et al., 1996; Kim et al., 1999) have
proven experimentally that a local maturation of non-
mutated B-cells into highly mutated plasma cells occurs
in the synovial tissue of RA. B- and plasma cells did not
carry identical rearrangements, but were clonally related,
indicating that B-cells underwent a terminal
differentiation in the synovial tissue (Fig. 3).

These somatically hypermutated plasma cells may
even present amino acids deletions in their VH-genes,
which have been described in secondary lymphatic

Fig. 2. Patterns of FDC distribution in: (A) normal lymphatic tissue (tonsil) and rheumatoid synovial tissue exhibiting a germinal center pattern; (B) a
germinal center-like pattern and (C) a diffuse distribution of single FDCs (D). Arrows point at single FDCs. x 100
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Fig. 3. Step-by-step accumulation of somatic mutations. Diversification on Vgenes is shown for a (A) heavy chain (IgVH3-11*03) and a (B) light chain
(IgvVL3-1*01) rearrangement. Numbered boxes indicate isolated sequences; empty boxes indicate hypothetical intermediates. Numbers besides lines
refer to the number of nucleotide exchanges that distinguish one sequence from another. Adapted from Kim et al. (1999).
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Fig. 4. Comparison of IgVH sequence Syn 194/1 obtained from the
synovial tissue of a rheumatoid arthritis patient with its closest germline
counterpart IgHV1-18*01. The crosses (X) indicate the nucleotid
deletions in the patient IgVH-gene. The values of the R/S ratios are 13/2
in CDR and 6/6 in FR.

organs (Wilson et al., 1998). The existence of such
deletions in RA synovialitis (Fig. 4) (Souto-Carneiro et
al., 2000), therefore, stresses the functional homology to
the secondary lymphatic tissue. On the other hand, they

can also be seen as a way of generating new specificities,
such as, for example, autoreactive antibodies that could
contribute to local and systemic tissue destruction.

The findings obtained from synovial tissue are well
in line with the findings obtained from B-cell
hybridomas. Depending on the specificity of the B-cell
hybridomas, unmutated and highly mutated IgVH genes
could be detected. In two of these hybridomas of known
specificity (one to a mitochondrial antibody (Krenn et
al., 1998), and the other to cartilage oligomeric matrix
protein (COMP) (Souto-Carneiro et al., 1999) produced
in our laboratory) the values of the R/S ratios in the
CDR were higher than 2.9, which indicates that these B-
cells belong to the pool of post-GC B-cells (Shlomchick
et al., 1987; Chang et al., 1994; Krenn et al., 1999).

The analysis of synovial B-cell clones from blood,
synovial fluid, and synovial tissue with RF-specificity
(immunoglobulins with specificity for the Fc portion of
immunoglobulins) shows partially unmutated IgVL-gene
sections, so that RF-producing B-cells belong both to the
classes of post-GC and naive B-cells. Thus, the
formation of RF is to be seen in part as antigen-
dependent and in part as antigen-independent.

It may be concluded that B- and plasma cells exhibit
a complex morphological organization in RA synovitis,
which can be compared to the microenvironment of
peripheral lymphatic organs, where antigen-induced
affinity maturation takes place. The characterisation of
synovial B-cell specificities could, therefore, help to
identify antigens which are involved in local B-cell
expansion and immunopathogenesis of RA.

The repertoire of synovial B-cell specificities:

The specificity spectrum of B-cells described in the
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literature is wide and ranges from serum antibodies to
experimentally produced B-cell clones from peripheral
blood, bone marrow, synovial fluid, and synovial tissue
(Burastero et al., 1990; Ezaki et al., 1991; Lu et al.,
1993; Randen et al., 1993; Borretzen et al., 1997; Krenn
et al., 1999). The following specificities have been
defined: specificity from hybridomas; RF (Randen et al.,
1993); ANCAS and ANAS (Mulder et al., 1993);
collagen type II (Emmrich et al., 1995, Rudolphi et al.,
1997); HLA-DR (Marnell et al., 1990); thyreoglobulin,
tetanusoxoid, DNA, and actin (Randen et al., 1989);
human (Krenn et al., 1996a) and bacterial HSP (Krenn et
al., 1996a; Rudolphi et al., 1997), filaggrin (Schelekens,
1998). These specificities can be divided into two
specificity groups: antibodies with specificity against
"self antigens", and antibodies with specificity against
"non-self antigens”.

Synovial B-cells with specificity for "self antigens"

Antibodies which exhibit specificity for a self
antigen are not necessarily pathogenic. These antibodies
may not be the cause, but may also be the consequence
of a disease, since liberated antigens may induce an
immune response during tissue destruction (ex:
antibodies against myocardial components after
myocardial infarct). Most of these autoantibodies
possess a physiological function in binding antigens
which are harmful to the organism (so-called antigen
clearance). The existence of autoantibodies in immune
disease is, consequently, not necessarily connected to a
pathogenic role of the antibody. Many antibodies
possess, due to their direct association with diseases, a
diagnostic importance (anti-M2 antibody in PBC; anti-
dsDNA antibody in SLE), even though the pathogenic
function remains unclear.

An autoantibody may be defined as pathogenic if it
fulfills the Witebsky-Rose-Koch criteria (Shoenfeld,
1994): 1) disease induction with transfer of the
autoantibody; 2) autoantibody isolation from the disease-
specific lesion; and 3) disease induction through
immunisation with the autoantibody (idiotypic
induction). These criteria are only fulfilled by a few
autoantibodies occuring in myasthemia gravis,
pemphigus vulgaris, autoimmune thrombocytopenia, and
Morbus Basedow, which are classed as "classical
autoimmune diseases".

For the antibodies heretofore described, these
criteria have not been totally fulfilled, mainly due to the
lack of a suitable animal model for RA.

Polyreactive antibodies from synovial B-cells:

Antibodies with specificity for several different
antigens are described as polyreactive antibodies.
Polyreactive antibodies are mainly produced by CD5-
positive B-cells and fulfill an important function in the
primary immune phase against bacteria and viruses
through their "polyreactivity". Interestingly enough, in

the synovial membrane the number of CD5+ B-cells is
quite elevated (Hassan et al., 1996). How is an elevated
number of B-cells, producing polyreactive antibodies,
associated with a pathogenic function? Since CD5+ B-
cells are regarded as naive B-cells with germline
configuration of their [gVH genes, the participation of
CDS5* B-cells in synovialitis could reflect the genomic
dependence of this disease (association of RA to certain
groups).

CD5+ synovial B-cells could also contribute to
antigen clearance. Antigens which are liberated during
joint destruction could be recognized by CD5+ synovial
B-cells, focusing the inflammatory reactions on the joint.

Monoreactive antibodies from synovial B-cells:
Rheumafactors

These were the first autoantibodies described in RA
(Waller, 1940). They show a specificity for the constant
region (Fc region) of an immunoglobulin (IgG). The
affinity of the synovial and serum RF diverges among
the different IgG-subclasses (IgG1-1gG4). For example,
RF from synovial B-cells show high affinity for IgG3
(Randen et al., 1995). An immunohistochemical analysis
showed that about 70% of the synovial IgM-producing
B-cells, 50% of the 1gG-producing B-cells, and 20% of
the IgA-producing B-cells are RF-producing cells
(Youinou et al., 1984). Thus RF are mainly produced by
the IgM and IgG subtypes. RF are regarded as
pathogenic mainly due to clinical observations, because
the RF serum level particularly among older patients is
directly correlated to the disease’s activity. RF show
capacity for "self-organisation" by forming rheuma
factor complexes, which have the capacity to activate
complement and are detected at the site of tissue
destruction (Zvaifler, 1973).

RF are also detected in the blood of healthy
individuals. These RF are mainly polyreactive and may
not be pathogenic, due to their low affinity. This implies
that pathogenic RF must have a different origin and
structure. Recently, Sutton et al. (2000) proposed some
answers to the above question based on the crystal
structure of a monoclonal IgM RF bound to its target
IgG. They suggest that pathogenic RF: 1) bind antigen
and IgG Gc simultaneously using the conventional
antigen binding site and an adjacent site; 2) are a
consequence of antibody responses to infectious antigens
or other autoantigens; 3) result from V-gene somatic
mutatin that does not affect the “classical” antigen
binding sites. Furthermore, they suggest that the RF
receptor on B-cells binds both antigen and IgG Gc in a
ternary complex and together with T-cell help lead to a
high level RF production.

Monospecific and high affinity RF may contribute to
the pathogenesis of RA (Olee et al., 1992), but that does
not explain why the disease is primarily restricted to the
joints.

Though this joint restriction could be explained by
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the fact that RF localize in the synovia as complement-
activating ternary complexes, with the RF affinity for
IgF enhanced by the presence of antigens (Sutton et al.,
2000).

Antibodies against type Il collagen

They could be regarded as "organ-specific”
antibodies, hence collagen II is exclusively expressed in
joint cartilage. Collagen-induced arthritis in mice
demonstrates the relevance of B-cells for the
pathogenesis of cartilage destruction: at first,
destruction may be induced by the passive transfer of
collagen type Il-specific antibodies (Terato et al., 1992);
additionally, this disease may be induced through the
immunisation with triplehelical collagen, which is
exclusively recognized by B-cells, but not by T-cells
(Burkhardt et al., 1992). Only B-cells have the
exclusive function to recognize conformation-dependent
antigens.

In RA, it is necessary to establish a subspecification
into pathogenic and non-pathogenic type II collagen
antibodies, since these antibodies are found both in the
blood of RA patients and healthy individuals. A
pathogenic function of antibodies specific for type Il
collagen could be due to a difference in the fine-
specificity between healthy controls and afflicted
patients.

Antibodies against mitochondrial antigens

The analysis of a synovial B-cell clone produced by
electrofusion showed -according to indirect
immunofluorescence technique- a mitochondrial pattern
in the stomach mucosa, which was then confirmed by
immunoelectron microscopy (Krenn et al., 1998).
Western blot analysis of a mitochondrial preparation
showed a specificity for a mitochondrial antigen, which
is related to the M2 antigen. The M2 antigen is an organ-
unspecific ATPase-associated antigen, and antibodies
specific for M2 are 97% associated with primary biliar
cirrhosis (PBC).

The molecular analysis of the IgVH/IgVL genes
demonstrated R/S ratios =2, indicating that the B-cell
had undergone an antigen-induced germinal center
reaction. It may be hyphothesized that mitochondrial
antigens which are locally liberated (probably by joint
destruction) induce a response to the mitochondrial
antigen, perpetuating a local inflammatory reaction.
Autoantibodies with specificity for intracytoplasmatic
antigens could therefore perpetuate the inflammatory
process, but this does not explain the organ specificity of
the disease, since these antigens are expressed
ubiquitously.

Synovial B-cells specific for "non-self antigens":

In recent years, evidence has accumulated that
different forms of bacterial heat shock proteins (HSP)

may play a pathogenic role in RA, by exhibiting an
antigenic mimicry of "non-self" and "self" components
(De Graeff-Meeder et al., 1991). The remarkable
conservation of amino acid sequences between bacterial
and human HSP (Jones et al., 1993) might explain why
immune responses initially directed against HSPs from
an infectious agent would lead to autoimmune diseases.
HSPs, therefore, provide a link between immunity to
bacterial infections and autoimmune diseases. T-cells as
well as B-cells from rheumatoid synovial fluid and
tissue were shown to be specific for bacterial HSPs
and human (De Graeff-Meeder et al., 1990; Krenn
et al., 1996a; Rudolphi et al., 1997). Since HSPs are
expressed in the synovial tissue, a humoral HSP60
response initially directed against an infectious
agent could cause synovialitis by crossreactivity. Here
again, the question is why the crossreactivity is restricted
to synovial tissue, since HSPs show a ubiquitous
expression.

A recent study, performed by Kowal et al. (1999)
with SLE patients, analysed monovalent antigen-
binding fragments reacting with pneumococcal
polysaccharide, DNA, or both, and observed that some
of these fragments reacted with both self and foreign
antigen. They concluded that at the molecular level a
molecular mimicry may exist between bacterial and self
antigens. Perhaps a similar approach for RA patients
could help to clarify the relation between this discase
and bacterial HSPs or other bacterial antigens.

Conclusions and future directions

The relatively high number of B-cells, and the local
antigen-dependent expansion of B-cells in synovial
tissue, indicate an important function of synovial B-cells
in the pathogenesis of RA. The pathogenic relevance of
B-cells in RA is supported by the transgenic KRNxNOD
mouse model (Kouskoff et al., 1996), and by the
exclusive capacity of B-cells to recognise conformation-
dependent antigens, which are arthritogenic in animal
models (type II collagen). The demonstration of
secondary lymphatic follicles and follicle-like structures
containing FDCs (dysmorphic follicles) and the local B-
cell expansion accompanied by differentiation into
plasma cells points towards an antigen-induced process
in the RA-typical tissue lesion. Synovial B-cells from
RA patients exhibit specificity for the Fc region of IgG
(RF), type II collagen, DNA, COMP, actin, bacterial
HSP, and mitochondrial antigen. Antibodies that
simultaneously show specificity for self and non-self
antigens (ex: anti-HSP antibodies) may, due to
crossreaction, represent a connection between "non-self"
and "self" antigens, and help with the characterisation of
exogenous arthritogenic antigens. The further
characterisation of rheumatoid B-cell hybridomas, and
the experimental expression of IgVH and IgVL genes
isolated from rheumatoid synovial tissue will help to
characterise the antigens involved in chronic synovialitis
and pathogenesis of RA.




797

Synovial B-lymphocytes in rheumatoid arthritis

Acknowledgements. This study was supported by the Deutsche
Forschungsgemeinschaft, grant K.O. 1837/1-2. MM Souto-Carneiro was
partially supported by JNICT BD 15766/98.

References

Berek C., Berger A. and Apel M. (1991). Maturation of the immune
response in germinal centers. Cell 67, 1121-1129.

Borretzen M., Chapman C., Natvig J.B. and Thompson K.M. (1997).
Differences in mutational patterns between rheumatoid factors in
health and disease are related to variable heavy chain family and
germ-line gene usage. Eur. J. Immunol. 27, 735-741.

Burastero S.E., Cutolo M., Dessi V. and Celada F. (1990). Monoreactive
and polyreactive rheumatoid factors produced by in vitro EBV
transformed peripheral blood and synovial B-lymphocytes from
rheumatoid patients. Scand. J. Immunol. 32, 347-357.

Burkhardt H., Tan Y., Broker B., Beck-Sickinger A., Holmdahl A., van
der Mark K. and Emmrich F. (1992). Antibody binding to a collagen
type 2 epitope gives rise to an inhibitory peptide for autoreactive T
cells. Eur. J. Immunol. 22, 1063-1067.

Camacho S.A., Kosco-Villbois M.H. and Berek C. {1998). The dynamic
structure of the germinal center. Immunol. Today 19, 511-514.

Chang B. and Casali P. (1994). TheCDR1 sequences of a major
proportion of human germline igvH genes are inherently susceptible
to amino acid replacement. Immunol. Today 15, 367-373.

De Graeff-Meeder E.R., van der Zee R., Rijkers G.T., Schuurman H.J.,
Kuis W., Bijlsma J.W., Zegers B.J. and van Eden W. (1991).
Recognition of human 60 kD heat shock protien by mononuclear
cells from patients with juveniie chronic arthritis. Lancet 337, 1368-
1372.

De Graeff-Meeder E.R., Voorhorst M., van Eden W., Schuurman H.J.,
Huber J., Barkley D., Maini R.N., Kuis W., Rijkers G.T. and Zegers
B.J. (1990). Antibodies to the mycobacterial 65-kD heat shock
protein are reactive with synovial tissue of adjuvant arthritic rats and
patients with rheumatoid arthirits and osteoarthritis. Am. J. Pathol.
137,1013-1017.

Emmrich F. and Wang J. (1995). Frequencies of autoreactive collagen
type Il specific B-cells in rheumatoid arthritis. Scand J. Rheumatol.
Suppl. 101, 39-41.

Ezaki |, Kanda H., Sakai K., Fukui N., Shingu M., Nobunaga M. and
Watanabe T. (1991). Restricted diversity of the variable region
nucleotide sequences of the heavy and light chains of a human
rheumatoid factor. Arthritis Rheum. 34, 343-341.

Hassan J., Yanni G., Hegarty V., Feighery C., Bresinhan B. and Whelan
A. (1996). Increased numbers of CD5* B cells and T cell receptor
(TCR) gamma delta* T cells are associated with younger age of
onset in rheumatoid arthritis (RA). Clin. Exp. Immunol. 103, 353-356.

Jones D.B., Coulson A.F. and Duff G.W. (1993). Sequence homologies
between hsp60 and autoantigens. Immunol. Today 14, 115-118.

Kim H.J., Kreen V., Steinhauser G. and Berek C. (1999). Plasma cell
development in synovial germinal centers in patients with
rheumateid and reactive arthritis. J. Immunol. 162, 3053-3062.

Kouskoff F., Korganow A.S., Duchatell V., Degott C., Benoist C. and
Mathis D. (1996). Organ specific disease provoked by systemic
autoimmunity. Cell 87, 811.

Kowall C., Weinstein A. and Diamond B. (1999). Molecular mimicry
between bacterial and self antigne in a patient with systemic lupus

erythematosus. Eur. J. Immunol. 29, 1901-1911.

Krenn V., Vollmers H.P., von Landenberg P., SchmauBer B., Rupp M.,
Roggenkamp A. and Miller-Hermenlin H.K. (1996a). Immortalized
B-lymphocytes from rheumatoid synovial tissue show specificity for
bacterial HSP 60. Virchows Arch. 427, 511-518.

Krenn V., Schihorn N., Greiner A., Molitoris R., Konig A., Gohlke F. and
Mdaller-Hermlink H.K. (1996b). Immunohistochemical analysis of
proliferating and antigen presenting cells in rheumatoid synovial
tissue. Rheumatol. Int. 15, 239-247.

Krenn V., Molitoris R., Berek C., Sack U., Kénig A., Miller-Deubert S.,
Kempf V., Mosgoeller W,, Kerkau T., Vollmers H.P. and Muller-
Hermelink H.K. (1998). A novel monospecific 1gG2/lambda-
autoantibody with specificity for a mitochondrial antigen: evidence
for an antigen-driven pathogenetic B-cell response in rheumatoid
suynovial tissue, induced by tissue alteration. Lab. Invest. 79, 485-
496.

Krenn V., Konig A., Hensel F., Berek C., Souto-Carneiro M.M.,
Haedicke W., Wang |.K., Vollmers H.P. and Miller-Hermelink H.K.
(1999). Mononuclear analysis of rheuma factor (RF)-negative B-cell
hybridomas from rheumatoid synovial tissue: evidence for an
antigen-induced stimulation with selection of high mutated IgVH and
low mutated IGVL/ygenes. Clin. Exp. Immunol. 115, 168-175.

Lu EW., Deftos M., Olee T., Huang D., Soto-Gil R., Carson D. and
Chen P. (1993). Generation and molecular analyses of two
rheumatoid synovial fluid-derived 1gG rheumatoid factors. Arhthritis
Rheum. 36, 927-937.

MacLennan |.C. (1994). Germinal centers. Annu. Rev. Immunol. 12,
117-139.

Marnell L., Serals R., Savage M., Jaramillo Y. and Sibitt W. (1990). L
anti-class |l B-chain antibodies in the serum of synovial fluid of
rheumatoid arthritis patients. Arthritis Rheum. 36, 229-232.

Miller C., Stedra J., Kelson G. and Cerny J. (1995). Facultative rolesof
germinal centers and T-cells in the somatic diversification of IgVH
genes. J. Exp. Med. 181, 1319-1331.

Mulder A., Horst M., van Leeuwen A., Limburg C. and Kallenberg G.
(1993). Antineutrophil cytoplasmic antibodies in rheumatoid arthtis.
Characterisation and clinical correlations. Arthritis Rheum. 36, 1054-
1062,

Olee T., Lu EW., Huang D.F., Soto-Gil R.W., Deftos M., Kozin F.,
Carson D.A. and Chen P.P. (1992). Genetic analysis of self-
associating immunoglobulin G rheumatoid factors from two
rheumatoid synovia implicates an antigen-driven response. J. Exp.
Med. 175, 831-842.

Randen |., Thompson K.M., Natvig J.B., Forre O. and Waalen K. (1989).
Human monoclonal rheumatoid factors derived from the polyclonal
repertoire of rheumatoid synovial tissue: production and
characterization. Clin. Exp. Immunol. 78, 13-18.

Randen |., Pascual V., Victor K., Thompson K.M., Forre O., Capra J.D.
and Natvig J.B. (1993). Synovial IgG rheumatoid factors show
evidence of an antigen-driven immune response and a shift in the V
gene repertoire compared to IgM rheumatoid factors. Eur. J.
immunol. 23, 1220-1225.

Randen i., Mellbye O.J., Forre O. and Natvig J.B. (1995). The
identification of germinal centers and follicular dendritic cell networks
in rheumatoid synovial tissue. Scand. J. Immunol. 41, 481-486.

Rudolphi U., Rzepka R., Batsford S., Kaufmann S.H., van der Mark K.,
Peter H.H. and Melchers |. (1997). The B-cell repertoirs of patients
with rheumatodi arthritis. |l. Increased frequencies of IgG* and IgA*+
B-cells specific for mycobacterial heat-shock protein 60 or human



798

Synovial B-lymphocytes in rheumnatoid arthritis

type Il collagen in synovial fluid and tissue. Athritis Rheum. 40,
1409-1419.

Schréder A-.E., Greiner A., Seyfert C. and Berek C. (1996).
Differentiation of B cells in the non-lymphoid tissue of the synovial
membrane of patients with rheumatoid arthritis. Proc. Natl. Acad.
Sci. USA 93, 221-225,

Shlomchik M.J., Marshak-Rothstein A., Wolfowicz C.B., Rothstein T.L.
and Weigert M.G. (1987). The role of clonal selection and somatic
mutation in autoimmunity. Nature 328, 805-811.

Shoenfeld Y. (1994). Idiotypic induction of autoimmunity: do we need an
autoantigen? Clin Exp. Rheumatol. 12, 37-40.

Souto-Carneiro M.M., Krenn V., Miller E.C., Hermann R., Otto A.,
Hensel F., Berek C., Koénig A. and Muller-Hermelin H.K. (1999)-
Human synovial B-cell hybridoma from rheumatoid arthritis with
specificity for cartilage oligomeric matrix protein (COMP). Arthritis
Rheuma 42, S178.

Souto-Carneiro M.M., Krenn V., Hermann R., Kénig A. and Miiller-
Hermelink H.K. (2000). IgVH genes from different anatomical
regions -with different histopathological patterns- of a theumatoid
arthritis patient suggest cyclic re-entry of mature synovial B-cells in
the hypermutation process. Arthritis Res. 2, (in press).

Stiehl P. (1997). Histologie der rheumatoid-arthritis. Beitrag zur
diagnostischen und pathogenetischen heterogenitat, zur
Aktivitatsdiagnose und prognose. In: Update. Sack U. (ed). Clin.

Immunol. 5, 188-200.

Sutton B., Corper A., Bonagura V. and Taussig M. (2000). The structure
and origin of rheumatoid factors. Immunol. Today 21, 177-183.

Terato K., Hasty K.A., Reife R.A., Cremer M.A., Kang A.H. and Stuart
J.M. (1992). Induction of arthritis with monoclonal antibodies to
collagen. J. Immunol. 148, 2103-2108.

Wagner U.G., Kurtin P.J., Wahner A., Brackertz M., Berry D.J., Goronzy
J.J. and Weynand C.M. (1998). The role of CD8* CD40L* T-cells in
the formation of germinal centers in rheumatoid synovitis. J.
Immunol. 161, 6390-6397.

Waller E. (1940). On the occurrence of a factor in human serum
activating the specific agglutination of sheep corpuscles. Acta
Pathol. Microbiol. Scand. 17, 172-188.

Wilson P.C., de Bouetiller O., Liu Y.J., Potter K., Banchereau J., Capra
J.D. and Pascual Y. (1998). Somatic hypermutation introduces
insertions and deletions into immunoglobulin V genes. J. Exp. Med.
187, 59-70.

Youinou P.Y., Morrow J.W., Lettin AW.F., Lydyard P.M. and Rioitt |.M.
(1984). Specificity of plasma cells in the rheumatoid synovium.
Scand. J. Immunol. 20, 307-315.

Zvaifler N.J. (1973). The immunopathology of joint inflammation in
rheumatoid arthritis. Adv. Immunol. 13, 265-336.

Accepted January 17, 2000



