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Rheumatoid arthritis
affects up to 1 per cent of
the world’s population
and is associated with
significant morbidity and
mortality.This article
discusses possible
mechanisms by which the
disease becomes
established

The aetiology and pathogenesis of 

Rheumatoid arthritis

Special Feature

R
heumatoid arthritis (RA) is
one of the commonest autoim-
mune diseases. It is a chronic,
prog-

ressive, systemic inflammatory disorder
affecting the synovial joints and typically
producing symmetrical arthritis. If left
untreated, it leads to joint destruction,
which is responsible for the deformity and
disability seen in this disease. The conse-
quent morbidity and mortality has a
substantial socio-economic impact.
Research has led to a greater understanding
of the disease, and major therapeutic
advances have been made.

EPIDEMIOLOGY

The prevalence of RA is consistent world-
wide, affecting about 0.5–1 per cent of

the population. Although the disease affects
people all over the world, certain popula-
tions demonstrate particularly low or high

prevalence (inhabitants of sub-Saharan
Africa and native Americans respectively).As
with other autoimmune conditions, women
are affected more than men at a ratio of 3 to
1. The disease occurs at any age, with the
peak age of onset being around the fourth
and fifth decade of life. The prevalence
increases with age but there is a lower differ-
ential between the sexes in older patients.1

High standardised mortality rates have
been observed in the RA population com-
pared with the general population.2–4 In
particular, recent studies suggest that the
increase in life expectancy observed in the
general population is not mirrored in RA
patients.4,5

The increased mortality in RA patients is
mostly associated with cardiovascular dis-
ease.5 Accelerated atherosclerosis is of
growing concern in these patients.6 There is
increasing evidence that atherosclerotic dis-
ease is driven by inflammatory mechanisms
similar to those in RA. Cardiovascular mor-
bidity correlates with inflammatory activity
in RA.6 Oxidised low density lipoprotein is
observed in both atherosclerotic disease and
RA, and alteration in apolipoprotein and
lipoprotein patterns may represent a predis-
posing factor.7,8 In addition, use of certain

drugs in RA, for example, glucocorticoids,
cyclo-oxygenase (COX)-2 inhibitors and
ciclosporin may affect the risk of cardiovas-
cular morbidity and mortality.

AETIOLOGY

The aetiology of RA is not clear. It is pos-
tulated that a genetically susceptible host

is exposed to an unknown pathogen (anti-
gen), and that this interaction gives rise to a
persistent immunological response.

Genetic predisposition Studies in families
show that first-degree relatives of RA
patients develop the disease at a higher rate
than the general population. This implies a
genetic predisposition to RA. Failure to
demonstrate a Mendelian inheritance pat-
tern indicates multiple genetic factors.9

Studies in twins illustrate a higher concor-
dance rate of RA in monozygotic twins
(12–15 per cent) when compared with dizy-
gotic twins (4 per cent),10,11 with genetic
factors accounting for up to 60 per cent of
disease susceptibility.12

The most definite genetic association
with RA is with human leucocyte antigen
(HLA) alleles of the major histocompatibili-
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ty complex (MHC). The MHC is a large
group of genes encoding for MHC class I
and II molecules.HLA is found in the MHC
and is divided into eight main regions or
loci, including “DR”, “DP”, and “DQ”.
These three loci encode class II molecules.
The HLA-DR4 allele, which is found at the
HLA-DRB1 locus is associated with the
development and severity of RA.Analysis of
genetic markers has demonstrated an asso-
ciation between the development of RA
and a number of HLA-DRB1 alleles,
including HLA-DR4.All these alleles share
a highly conserved amino acid sequence in
the third hypervariable region of their
DRB1 chain. This is referred to as the
shared epitope hypothesis. Studies also indi-
cate that certain HLA alleles correlate with
disease severity albeit with a less significant
association.13

Several other genetic factors have been
shown to influence predisposition to RA.
Studies have revealed variation (or polymor-
phisms) of the genes for various proteins (see
“The role of cytokines” below), which are
known to be heavily implicated in driving
the inflammatory process in RA.14–16 These
genetic factors can differ between popula-
tions. It is therefore likely that in addition to
HLA, the development of RA is influenced
by several genetic factors.

Gender The greater prevalence of RA
among women suggests that sex hormones
are implicated in the development of the
disease. This is further endorsed by the
observation that pregnancy has an amelio-
rating effect on RA and patients with RA
are more likely to be nulliparous before dis-
ease onset when compared with controls.17

A possible explanation may be the presence
of alloantibodies in the maternal circulation
developed against paternal HLA.18 Data
have revealed the alloantibodies to be

directed against class II (DR) HLA. Block-
ing the function of the HLA-DR epitopes
associated with RA could downregulate the
disease.19

Another explanation is the change in the
hormonal profile. Placental corticotropin-
releasing hormone directly stimulates the
secretion of dehydroepiandrosterone, the
major androgen in women, by foetal adrenal
cells.20 Androgens exert an immunosuppres-
sive role on both cellular and humoral
immune responses.21 Dehydroepiandro-
sterone is the principal substrate for
placental oestrogen synthesis. Oestrogens
and progesterones have been shown to stim-
ulate humoral immune (Th2) and inhibit
cellular immune (Th1) responses.22 Since
RA is driven predominantly by Th1
responses, oestrogens and progesterones
would be expected to oppose the develop-
ment of RA. It has been reported that oral
contraceptives protect against the develop-
ment of RA or are associated with a
reduction in the incidence of more severe
disease.23,24

Infectious agents Many viruses and bac-
teria have been implicated as causative
agents. These include the Epstein-Barr
virus, parvovirus, lentiviruses and bacterial
organisms such as Mycoplasma, Mycobac-
teria and Yersinia. It has been suggested that
these organisms infect the host cell and
alter the reactivity or responsiveness of the
T-cells of the immune system sufficiently
to trigger the disease. However, no agent
has been conclusively shown to be
causative.

Heat shock proteins Heat shock proteins
(HSPs) are a family of proteins produced by
cells of all species in response to stress.These
proteins have conserved amino acid
sequences, that is, there is a sequence homol-

ogy.Certain human HSPs and Mycobacterium
tuberculosis HSPs have 65 per cent sequence
homology.25 A potential hypothesis is that
antibodies and T-cells exist that recognise
epitopes shared by the HSP of both the
infectious agent and host cells. This would
facilitate cross-reactivity of lymphocytes
with host cells, triggering an immunological
reaction. This is referred to as “molecular
mimicry”.

HISTOLOGICAL CHANGES

R heumatoid arthritis can affect any joint
where cartilage overlies bone and with

a joint cavity lined by synovial membrane
that contains synovial fluid.The changes to
the synovium, the primary site of pathology,
is crucial to the inflammatory process that
occurs in RA.

Normal synovial tissue consists of an inti-
mal lining (comprising one to three cell
layers that are loosely associated without a
definite underlying basement membrane)
and the synovial sublining, which merges
with the joint capsule. The intimal lining
consists of two major cell types:
macrophages and fibroblast-like cells.Usual-
ly, the synovial sublining is relatively
acellular, containing scattered blood vessels,
fat cells and fibroblasts.

In the early stages of the disease, the most
noticeable feature is tissue oedema.Clinical-
ly, this is manifested by joint swelling and
pain.Vessel proliferation and new vessel for-
mation (angiogenesis) is also observed on
arthroscopy. Further, synovial lining hyper-
plasia begins to develop.

As the disease enters a more chronic
phase, synovial lining hyperplasia becomes
more pronounced, sometimes extending to
a depth of over 10 cells.The cells consist of
type A (macrophage-like) and also type B
(fibroblast-like) synoviocytes.The sublining
also evolves with disease progression. Most
noticeably, there is an exuberant infiltration
with mononuclear cells comprising T-cells
(predominantly CD4+ helper T-cells), B-
cells, macrophages and plasma cells. New
blood vessel formation continues and both
the degree and content of the cellular infil-
trate changes. Many of the cell types are
activated, with HLA class II expression con-
sequently increased.

Generally, all inflammatory arthropathies
exhibit infiltration similar to that described
above. Another feature includes the ability
of the hypertrophied synovium of RA to
become locally invasive at the synovial inter-
face with cartilage and bone.This results in
the formation of a mass of tissue called “pan-
nus”. It is this tissue that serves as the origin
of joint erosions. In RA, the intensity of
such changes is characteristic.The histologi-
cal features of pannus are distinct from that
of other areas of the synovium. In particular,
the cells express large amounts of messenger
RNA encoding for destructive proteins
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called matrix metalloproteinases.

CELLULAR INFILTRATION

The cells which infiltrate the synovium in
RA are described below.

Lymphocytes Lymphocytes are the key
cells that control the immune response by
specifically recognising foreign material
and distinguishing it from the body’s own
cells. There are two main types of lym-
phocyte: B-cells, which produce
antibodies, and T-cells, which have a num-
ber of functions.

B-cells and rheumatoid factor B-cells carry
surface immunoglobulin that acts as their
antigen receptor.These cells contribute to a
relatively small fraction of synovial cells
(approximately 1–5 per cent).There is strong
evidence, however, that they make a signifi-
cant contribution to the inflammatory
process.This is by way of the autoantibodies
that they produce, known as rheumatoid
factor, which form immune complexes.
These complexes result in complement fixa-
tion, neutrophil activation and
inflammation.

T-cells There are two subsets of T-cells —
CD8+ cytotoxic lymphocytes and CD4+
helper lymphocytes. Cytotoxic T-cells are
capable of destroying virally infected target
cells. On the other hand,T-helper cells help
B-cells to divide and produce antibodies,
activate phagocytes to destroy pathogens
and control the level and quality of the
immune response.T-cells comprise approxi-
mately 40 per cent of synovial tissue cells.
The predominant T-cell subset in the syn-
ovial sublining in RA is the CD4+ cell.

Phagocytes Phagocytes include blood
monocytes, macrophages and neutrophils.
These cells engulf pathogens, antigens and
cell debris, subsequently destroying them.
Antibodies and complement components
bound to particles facilitate the process of
phagocytosis.

Macrophage-like cells Approximately 20
per cent of rheumatoid synovial cells
express macrophage surface markers,
including macrophage-like type A synovio-
cytes and true macrophages. These cells
express high levels of surface HLA-DR,
which presents antigen to CD4+ T-cells.
Synovial macrophages are also the source of
several cytokines produced by the synovi-
um responsible for the inflammatory
picture.

Neutrophils There is a relative paucity of
neutrophils in the rheumatoid synovium
compared with synovial fluid, .These cells
enter the joint space via the circulation and
migrate into the tissue. Neutrophils in the
synovium may have a role in cartilage dam-

age and synovial inflammation.After inges-
tion of immune complexes, neutrophils can
release lysosomal enzymes and destructive
oxygen free radicals that can damage carti-
lage and supportive joint structures.

Fibroblast-like cells Fibroblast-like cells
are major components of rheumatoid syn-
ovial cells.They are non-phagocytic and do
not express surface HLA-DR.They express
adhesion molecules and secrete growth fac-
tors. It is thought that these type-B
synoviocytes may show loss of growth con-
trol that occurs in normal fibroblasts. This
might contribute to synovial lining hyper-
plasia and the locally invasive properties of
pannus.

THE IMMUNE RESPONSE

T-cells There is substantial evidence indi-
cating that T-cells, particularly CD4+ helper
cells, are crucial in the early immunological
response. For example, the mononuclear
infiltrate described above includes T-cells.
Another feature that adds weight to the sug-
gestion that T-cells are important in the
immune response is the increased presence
of HLA-DR (MHC class II) molecules on
the cell surface, its association with shared
epitope representing the most definite
genetic susceptibility factor. Helper T-cells
recognise antigenic peptides that have
become associated with MHC molecules.
The T-cell antigen receptor recognises anti-
genic peptides and binds to the
antigen-MHC complex, initiating responses
to combat the antigen.The association with
particular HLA-DR molecules in RA
implies a pathogenic role; either at the level
of antigen presentation by the MHC mole-
cule or at the level of MHC plus antigen
recognition by CD4+ T-cell receptor.

Despite the apparently integral role of T-
cells, it is likely that other cells and their
products drive RA synovitis.This is suggest-
ed by the fact that there is little proliferation
of the synovium-infiltrating T-cells, with
evidence of more memory T-cells in RA
synovium suggesting previous exposure of
antigen followed by a post-activation
primed state. In addition, the soluble media-
tors driving the inflammatory process are
mainly non-T-cell in origin. In conclusion,
T-cells are likely to be pivotal in the induc-
tion of the processes leading to RA but have
a less clear role in the mediation of the
inflammatory pathways.

THE ROLE OF CYTOKINES

C ytokines are soluble proteins that serve
as chemical messengers between cells

and are known to be involved in almost all
biological processes, including cell growth
and differentiation, inflammation, tissue
repair and remodelling and regulation of the
immune response. Cytokines determine the

balance between cell-mediated and humoral
(antibody) mediated immune responses.
Broadly, they possess either pro-inflammato-
ry or anti-inflammatory effects.

T-cell products Upon activation, naive T-
cells divide and differentiate into effector
T-cells. This process is driven primarily by
interleukin (IL)-2, which is produced by
activated T-cells.

The differentiation of naive CD4+ cells
into the two major classes of CD4+ effector
T-cells (Th1 or Th2) represents an important
stage in the immune response. A naive
CD4+ T-cell differentiates into either a Th1
or a Th2 cell, influenced primarily by the
cytokines present during the initial prolifer-
ative phase. This differentiation determines
whether the acquired immune response to
the antigen is dominated by macrophage
activation and a cell-mediated response
(Th1) or by a humoral antibody-mediated,
response (Th2).T-cells initially stimulated in
the presence of interferon-gamma and IL-
12 generally develop along a Th1 pathway.
Th2 cell development is promoted by stim-
ulation of naive cells in the presence of IL-4
and IL-10. Each mode of response suppress-
es the other.

The balance between cytokines is a major
determinant of the immune response.
Analysis of T-cell clones in rheumatoid syn-
ovium indicates that the infiltrating T-cells
are biased towards a Th1 phenotype. It is
relevant to note that there are few T-cell
derived cytokines in inflamed rheumatoid
synovium. However, many other cytokines
have been observed at significant levels in
the rheumatoid synovium. It is clear that
the dysregulation of the immune system
and an excess production of pro-inflamma-
tory cytokines, for example, IL-1, IL-6,
TNF-alpha (tumour necrosis factor-alpha),
IL-18 and GM-CSF play a crucial role.26 In
particular,TNF-alpha appears to be a criti-
cal factor in the inflammatory cascade.26

TNF-alpha and IL-1 Both TNF-alpha and
IL-1 are considered to exert pivotal roles in
the pathogenesis of RA. Both are present in
synovial fluid and synovial tissue.TNF-alpha
has been identified in approximately 40 per
cent of lining cells and 5–10 per cent of sub-
lining cells, while IL-1 is found in 20 per
cent of lining cells and 25 per cent of sublin-
ing cells. Double-staining immunochemical
experiments have demonstrated that cells
expressing macrophage surface markers,27,28

in particular, produce these two cytokines.
TNF-alpha and IL-1 stimulate the devel-

opment of a pro-inflammatory phenotype
on responding cells.This gives rise to posi-
tive effects on chemotaxis, angiogenesis,
vessel permeability, matrix metallopro-
teinase production (responsible for matrix
degradation), and T- and B-cell recruitment
and activation.29 IL-1 and TNF-alpha have
been shown to exert a synergistic effect, the
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addition of both factors resulting in even
greater effector stimulus.

A homeostatic effect is considered to be
exerted naturally by the presence of
inhibitors or antagonists.There are two TNF
receptors (p55 and p75) to which TNF binds
and which after cleavage exist in soluble
forms. These soluble receptors can act as
antagonists, binding to soluble TNF, thereby
preventing the latter from binding to cell-
surface TNF receptors.30 The two IL-1
receptors also occur in soluble forms, as does
a naturally occurring IL-1 receptor antago-
nist.31,32

From studies carried out in animal mod-
els, there is general agreement that the two
cytokines IL-1 and TNF-alpha are crucial in
RA pathogenesis. IL-1 is more responsible

for the destructive aspect of the disease,
especially the damage to proteoglycans in
cartilage. TNF-alpha is responsible for the
proliferative and inflammatory aspects (see
the Panel). TNF-alpha perhaps represents a
more critical cytokine, as blocking its effect
results in a dampening of the inflammatory
cascade since IL-1 bioactivity is blocked as
well.33 Anti-TNF treatment was evaluated in
animal models of RA, and this confirmed
the reduction of joint inflammation and
destruction.34,35 Compelling evidence
stemmed from studies where marked clinical
benefit was observed in RA patients treated
with chimeric anti-TNF monoclonal anti-
bodies.36,37 There are also other multiple
confirmatory studies using other antibodies
and soluble TNF-R Fc fusion proteins.38

Double-blind, randomised clinical trials
have confirmed the effectiveness of these
therapies.39,40

Antibodies to IL-1 have also been shown
to ameliorate RA.The imminent availability
of IL-1 blockade, via the use of an IL-1
receptor antagonist (Anakinra)41,42 and the
evidence that combination blockade of both
TNF-alpha and IL-1 is the most effective in
animal models will stimulate further
research in this area.

Persistent overproduction of IL-6 has
been observed in patients with RA, suggest-
ing a strong role for IL-6.43,44 Increase in
platelet counts, C-reactive protein, serum
amyloid A and gamma-globulin may be
explained by the overproduction of IL-6.

Anti-IL-6 receptor antibody has been devel-
oped and tested in animal models with
considerable success.45 This has propelled the
development of IL-6 blocking therapy in
human IL-6 related diseases like RA. Pre-
liminary data indicate that this treatment is
beneficial and well tolerated.46

PATHOGENESIS OF BONE DIS-
EASE

The radiological hallmarks of RA include
periarticular osteoporosis and focal bone

erosions at the joint margins. Studies
attempting to identify the mechanisms
underlying the development of focal bone
erosions have demonstrated that osteoclasts,
predominantly, mediate the bone resorptive
process. Other cell types, such as activated
macrophages and fibroblasts also have the
capacity to degrade mineralised bone, albeit
to a more limited degree. The mechanisms
involved in RA pathogenesis are shown in
the Figure below.

Increasing evidence substantiating the
principal role of osteoclasts is derived from
studies of a potent inhibitor of osteoclast dif-
ferentiation and activity, osteoprotegrin
(OPG). OPG is a member of the TNF
receptor family and acts as a decoy receptor
to bind to a novel factor essential for osteo-
clast differentiation, known as ODF
(osteoclast differentiation factor), RANKL
(receptor activator of NF-kB ligand), or
OPGL (osteoprotegrin ligand). This is a

Figure: mechanisms involved in the pathogenesis of RA *The relative contribution of TNF-alpha and IL-1 to the inflammatory response is open to debate
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member of the TNF ligand family of
cytokines which regulates osteoclast differ-
entiation and activity through the RANK
receptor on osteoclast precursors. Studies in
animal models confirm that treatment of
arthritis with RANKL almost completely
abolishes erosions. Further studies have
shown that human synovial fibroblasts as
well as CD4+ and CD8+ T-lymphocytes
can also express RANKL.

A range of cytokines, IL-1 being the most
potent, can stimulate the production of
RANKL.Although TNF and IL-17 are less
potent as single agents, they show consider-
able synergy when used together. It remains
to be identified whether RANKL is a good
target for prevention of bone erosion.

Cell recruitment The increased cellularity
in the rheumatoid synovium implies that
there are mechanisms for increasing cell
input.The increase in cellularity is accompa-
nied by angiogenesis in the synovial
membrane, thus increasing delivery of cells
and molecules to areas of inflammation.

Neovascularisation involves angiogenic
cytokines such as vascular endothelial
growth factor, which promotes the growth
of new blood vessels47 and also renders them
hyperpermeable.48 Blood-borne cells would
first have to adhere to the endothelium and
then migrate through them to the synovial
tissue.This is augmented by the expression
of adhesion molecules capable of binding
lymphocytes, polymorphs and monocytes.

Adhesion molecules Vascular adhesion
molecules play a critical role in the recruit-
ment of inflammatory cells into the
synovium.These adhesion molecules are lig-
ands for various integrins on leukocytes.
Studies illustrate that the cellular compo-
nents of the rheumatoid synovium can be
regulated by the presence of adhesion mole-
cules. Dysregulation of this process could be
responsible for the pathogenesis of RA.

Leukocyte recruitment into inflammatory
sites is generally thought to occur in the fol-
lowing manner. Selectins, for example,
E-selectin initiates the first interactions
between the circulating cell and the
endothelium.The low-affinity binding caus-
es the cell to slow down and roll along the
blood vessel wall. Endothelial cells then
release activating factors like IL-8 that cause
the cells to stick firmly together. Cells then
migrate through endothelial pores into the
tissue.

The process in which the cells stick
together is mediated through integrins and
intercellular adhesion molecules (ICAMs).
Immunochemical staining shows that
ICAM-I is found in sublining macrophages,
macrophage-like synovial cells and intimal
lining fibroblasts.Vascular cell adhesion mol-
ecules, or VCAM-1, can also mediate such
immobilisation. VCAM-1 is expressed by
RA synovial endothelium. The synovial
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