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HYPOTHESIS

Is rheumatoid arthritis a failure of B cell death in
synovium?

Jo C W Edwards, Jo Cambridge

Why autoantibodies and joints?
The dominant features of rheumatoid arthritis
(RA) are synovitis of joints, tendon sheaths,
and bursae, and the production of a wide range
of autoantibodies, including rheumatoid
factor.' Any hypothesis for the pathogenesis of
RA must marry these two, apparently un-
related, aspects. This has proved difficult, but
recent studies suggest a model which may
provide a solution.
The only spontaneous animal model

approximating to human RA is the MRIJlpr
mouse, which has a defect in programmed cell
death.2 The MRIlpr mouse phenotype differs
from RA not only in having additional features
of systemic lupus, but in having massive lym-
phadenopathy, with a dominant accumulation
of T cells; in RA, abnormal numbers of
lymphocytes are seen chiefly in synovium.
Moreover, though the synovial T cell infiltrate
is not very different from that seen in mechani-
cally induced synovitis (osteoarthritis), the
presence of B cell germinal centres in a
proportion of cases is almost unique to RA.3

It is proposed that RA is a failure of cell
death, but one which is lineage specific to
B cells and site specific to synovium. The basis
for this lineage and site specificity lies in a
fortuitous similarity between follicular den-
dritic reticulum cells (FDRC) and synovial
intimal cells.
Normal B lymphocytes are believed to die

unless they receive certain signals while in
contact with FDRC. If synovial intimal cells
could act as surrogate FDRC, then B lympho-
cytes that would normally die might survive in
a non-lymphoid environment, beyond the
control of a full complement of regulatory
T cells. This could lead to the production of
a range of inappropriate antibodies, including
autoantibodies. It is suggested that two mole-
cules, vascular cell adhesion molecule-I
(VCAM-1) and complement decay acceler-
ating factor (DAF, CD55), may play a central
role in such a process.
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B lymphocyte survival
B cell survival and proliferation is normally
confined to the germinal centres of lymphoid
tissue.4 Four associated cell types are believed
to have a controlling influence: FDRC carry
antigen on their surface and present it to
B cells; CD4 positive T helper cells assist
the expansion of specific B cell clones;
interdigitating dendritic cels (IDC) present
antigen to the T cells surrounding the germinal

centre; germinal centre macrophages dispose of
B cells undergoing programmed cell death.4
Macrophages, IDC like cells, and T cells

migrate through most normal non-lymphoid
tissues, including synovium, where macro-
phages are numerous, and IDC like cells and
T cells occur in small numbers."7 FDRC are
not present in normal non-lymphoid tissue.
The dendrites of FDRC make intimate

contact with and interact with all germinal
centre lymphocytes, through the expression of
VCAM-1. B cell proliferation is dependent on
VCAM-1 binding to its ligand, a4p11 integrin,
on B cells and probably also on adjacent CD4
T cells.8 9
FDRC encourage B cell proliferation by

presenting antigen in the form of immune
complexes bound to immunoglobulin Fc
receptors (FcR), in particular the low affinity
FcRII, rather than class II.4 They are, in this
and other respects, unrelated to other
'dendritic' cells.
The presence of complement appears to be

essential to FDRC-B cell interaction. How-
ever, in the presence of immune complexes,
complement could pose a threat to the cells of
the germinal centre. The ability ofcomplement
to kill nucleated cells in vivo is a matter of
debate. Nevertheless, there is evidence that
control mechanisms exist which protect cells
by inhibiting the formation of complement
membrane attack complex. Thus the
implication is that complement might be able
to kill FDRC, B cells, or both, in the absence
of these control mechanisms.
Within germinal centres, complement

activity appears to be controlled partly by
the presence of complement receptors
(CR1, CR2) on lymphocytes and FDRC, but
also by high levels of expression on FDRC of
DAF which accelerates complement decay.'0
In vitro studies suggest that DAF is critical to
protection of lymphocytes against complement
attack, and may also protect against natural
killer cell killing. "
B cell survival is also dependent on the

presence on B cells of CD40, and on T cells
of its ligand, CD40L.4 Recent discussion of
B cell survival has focused on this interaction,
but as T cells occur in most tissues, the lack of
CD40-CD40L interactions in non-lymphoid
tissues may relate as much to the absence
of VCAM-1 positive cells capable of bringing
B and T cells together and allowing them to
interact, as to a lack of CD40 or CD40L.

In simple terms, B cell survival appears to be
limited to germinal centres by the need for
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nearby cells carrying antigen presented on

FcRII, VCAM-1 to hold the B cells together
with CD4 T cells, and both complement
receptors and high levels of DAF to control
complement activation. (It may be worth
noting that in gut associated lymphoid tissue,
VCAM-1 positive DAF positive FDRC appear

not to operate.8 12)

Cross talk between adhesion systems
An intriguing feature of cell surface molecules
involved in adhesion and signalling is that their
usage appears to have evolved, as predicted by
Darwinism, on a truly 'free market' basis.
Individual adhesion molecules are used for
multiple unrelated functions in developing and
adult tissues. Thus VCAM-1 is involved in
fusion of myoblasts, B cell proliferation,
leucocyte-endothelial interactions and an

unknown function in synovial intima.'3 14 This
multiple usage raises the possibility of cross

talk between unrelated functions in unrelated
tissues.

Synovial intimal cells

Synovial intimal fibroblasts (SIF) are unusual
amongst fibroblasts in that they express
constitutively, and at high level, a number of
molecules which are normally associated with
other cell types or states of activation.'5 These
include VCAM-1 and DAF. Moreover, the
amounts of VCAM-1 are much greater than
those seen on blood vessels and those of DAF
are much greater than those seen on vessels or

leucocytes.'4 16 1 It would not be unreasonable
to think that, at high dilution, both anti-DAF
and anti-VCAM-l antibodies were virtually
specific to SIF and FDRC (and Bowman's
capsule!) on tissue sections. To our knowlege,
no other fibroblast like cells show similar
coexpression to these molecules.
SIF do not express FcRII or complement

receptors. However, synovial intimal macro-

phages (SIM) do, and in abundance.'8 19

Indeed, in inflamed synovium at least, SIM
express relatively more FcRII than FcRI
when compared with other macrophage sub-
populations.20 Complement can bind to SIM
complement receptors, and large amounts of
complement have been seen to be concentrated
in the intima in osteoarthritic, in addition to
rheumatoid, synovium, in association with
DAF.16 Thus the synovial intima may provide
an environment remarkably similar to that
encountered by B and T lymphocytes in
germinal centres (figure).

Could SIF or SIM act as FDRC?
The fact that molecules expressed on germinal
centre FDRC are shared by two cell types in
synovial intima may limit any functional
similarity between the two environments.
However, there are some further curious simi-
larities between FDRC and intimal cells. Both
have been the subject of longstanding debate
about bone marrow or tissue fixed origin.
FDRC are currently believed to be of local

fibroblast origin,2" while current opinion
favours a local origin for SIF, and a bone
marrow origin for SIM.22 However, many
groups have described intermediate cells. Our
own view is that evidence for intermediate
forms is weak. Nevertheless, at least in
inflamed tissue, fusion polykaryons (giant
cells) are common in synovial intima.23 Most
appear to be either SIF or SIM homopoly-
karyons, but a few could be interpreted as
having the mixed features expected of hetero-
polykaryons (hybrids). FDRC often have two
or three nuclei:2" three nuclei suggests fusion.
It is conceivable that arguments about the
origins and surface molecule status of FDRC
indicate that they too are, at least sometimes,
heteropolykaryons.

Why do we not all have RA?
If synovial intimal cells were truly functionally
equivalent to FDRC, then B cells, in the
presence of attendant T cells, could survive
and proliferate in joints and we should all have
RA. The predominance of T cells in RA
synovium" would be predicted, as proliferating
B cells, whether normal or of a well differ-
entiated malignant phenotype, gather around
them much larger numbers of T cells. That
most of us do not get RA suggests either that
the appropriate mixture of cells does not come
into close contact often enough in normal
synovium, or that the synovial intimal environ-
ment normally falls short ofthe germinal centre
requirements in some other way. Normal syno-
vium contains a very few T cells and scarcely
any B cells,7 but in osteoarthritic joints large
numbers of lymphocytes can be present. It
seems more likely that one or more other
cofactors are missing from synovial intima, and
that RA will only develop if these cofactors are
induced. That they can be induced is demon-
strated by the presence of fully formed
VCAM-1 positive DAF positive FDRC within
germinal centres in a proportion of rheumatoid
synovia. 4 An obvious candidate cofactor is the
surface molecule DRC 1, the function of which
is not yet known and which is present on
normal and ectopic FDRC,14 25 but not on
normal synovial intima. However, it is of note
that B lymphocyte clusters form around
VCAM-1 positive cells in rheumatoid syno-
vium, even in the absence of DRC 1
expression. 14
SIF may be inhibited from acting as FDRC

by associated hyaluronan,26 possibly bound to
the cell via CD44. Both molecules include
charged glycosaminoglycan residues, which
may inhibit lymphocyte-accessory cell inter-

27actions. However, a proportion of SIF
express VCAM-1 while failing to show evi-
dence of hyaluronan secreting capacity,'4 and
perhaps these cells are more likely to interact
with B cells.

Induction ofFDRC associated genes in
synovial cells
Ectopic FDRC in rheumatoid synovia lie
within deep tissue, which normally contains no
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The cellular environments associated with germinal centres, non-lymphoid tissue, and the synovial intima. a4/31 = a4,31
integrin; B = B cell; C = complement activation; CR = complement receptor; FcR = immunoglobulin Fc receptor;
Fib =fibroblast; IDC = interdigitating dendritic ceUl;M = macrophage; SIF= synovial intimalfibroblast; T= Tcell.

VCAM-1 or DAF cells, distant from SIF. This
raises the question of the relationship between
deep and intimal synovial fibroblasts in terms
of their origins and ability to express specific
gene products. SIF interacting with B cells
could be engulfed into the stroma as disease
develops, but deep cells could also take on SIF
features under the appropriate conditions.

In early embryonic development, cells of the
interzone (which is destined to become both
deep and intimal synovium) strongly express
CD44.28 As the interface between interzone
and cartilage becomes clear, cells at the inter-
face begin to express DAF (manuscript
submitted for publication). The same cells
then show an increase in hyaluronan
production and the joint cavity is formed. This
leaves an intimal layer of DAF cells on the
surface of the synovium, which then becomes

distinct from deeper interzone in further
respects.28 CD44 and PI integrin expression
decrease in the deeper layers, but increase on
the intima. Much later, perhaps postnatally,
SIF become VCAM-1 positive.
This sequence of events suggests a complex

cascade of transcriptional control linking the
expression of these molecules. In vitro CD44
expression is maintained on synovial fibro-
blasts,29 but DAF and VCAM-1 are lost,
becoming dissociated in individual cells in the
process. However, synovial fibroblasts will re-
express VCAM-1 more readily than dermal
fibroblasts in response to tumour necrosis
factor t.30 31 Current evidence suggests that if
implants are inserted into connective tissue,
they become surrounded by a membrane of
tissue which will carry DAF and VCAM-1
positive cells if the implant is placed at a

698

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.54.9.696 on 1 S
eptem

ber 1995. D
ow

nloaded from
 

http://ard.bmj.com/


Is rheumatoid arthritis a failure ofB cell death in synovium?

pre-existing synovial site, but not if placed
elsewhere.22 32 3 Thus it appears that synovial
fibroblasts in general may express certain gene
products under conditions which would not
lead to expression in other tissues.
The occurrence ofFDRC in association with

metastatic B follicular lymphoma cells suggests
that FDRC will differentiate from local fibro-
blasts in any tissue if a strong enough signal is
received from lymphoid or other cells. The
suggestion is made that, within synovium, this
differentiation is facilitated for all fibroblasts,
thus making the tissue a locus minores
resistentiae for extralymphoid B cell survival.
This would explain the old immunologists'
adage that the best way to raise an antibody is
to inject antigen into a joint.

A disaster waiting to happen
It is proposed that rheumatoid arthritis is a
'disaster waiting to happen' thus. After a trivial
initial stimulus, a B lymphocyte clone finds
conditions in synovium which allow it to
survive and proliferate. Antibodies of various
specificities may be formed after somatic
mutation without adequate T cell control. The
process may abort, or progress, via the
dissemination of autoantibody based com-
plexes. These may encourage B cell influx into
other joints and may be the basis of compli-
cations such as vasculitis. Once formed, FDRC
are very long lived, with the ability to carry long
term immunological memory in the form of
surface bound antigen,4 providing a basis for
chronicity. The process may only regress if
T cells accumulate in large enough numbers in
synovium to re-establish control. There is no
doubt that large numbers of T cells do
accumulate in rheumatoid joints and at least
one observer has linked their numbers to
remission of tissue destruction.34
Rheumatoid factor may contribute to

immune complex mediated events, but the
model does not require that it should always be
present (and it is not). The association of RA
with major histocompatibility complex (MHC)
class II allotype35 is consistent with the involve-
ment of class II in interactions with 'helper'
CD4 T cells. There are also complex asso-
ciations, in terms of both gene mapping and
coexpression of gene products, between MHC
and complement related genes, suggesting that
the class II association may have a more subtle
basis.36 37 A wide range of defects could
overcome the threshold for B cells survival in
synovium, and it may be that the unaccounted
for genetic component of the condition relates
to multiple variations in regulation of gene
expression. The overlap between RA and
systemic lupus also conjures up tantalising
analogies between possible complement regu-
latory defects in the two conditions.
Many other clinical and laboratory data

would appear to be consistent with the model.
Rheumatoid nodules remain a puzzle, but a
number of possible explanations for them can
be proposed. The validity of the model can be
tested by manipulation of fibroblast gene
expression in vitro to assess the true require-

ments for FDRC formation and interaction of
fibroblast derived cells with immature B
lymphocytes. Therapy could be directed at
ligands involved in B cell-FDRC interactions
or at regulation of DAF. Certainly, there are
new avenues to explore.
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