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ABSTRACT
Rheumatoid arthritis and ankylosing
spondylitis are common and severe
chronic inﬂammatory skeletal diseases.
Recognizing the differences rather than
emphasizing similarities is important
for a better understanding of the disease processes, the identiﬁcation of
speciﬁc therapeutic targets and in the
long-term better treatment options for
the individual patients. We discuss a
number of pathophysiological differences between rheumatoid arthritis and
ankylosing spondylitis by looking at the
anatomical characteristics, differences
and similarities in the autoimmune
and autoinﬂammatory reactions, association with other immune mediated
inﬂammatory diseases, structural outcome, and their potential signiﬁcance
for further therapeutic developments.
Further research into the differences
between these diseases should focus on
the speciﬁc nature of the immune/inﬂammatory components, the role of resident cells in the joint and joint-associated tissues, the types and mechanisms
of tissue remodeling and the characteristics of the articular cartilage. Better
insights into their individual characteristics may lead to better therapeutic
strategies, speciﬁc targets and useful
biomarkers.
Introduction
Rheumatoid arthritis (RA) and ankylosing spondylitis (AS) are common
and severe chronic inﬂammatory skeletal diseases with a high burden on society, in particular since many patients
are affected at a young age and no cure
for the diseases is available. Although
the cardinal signs of inﬂammation in
the joint or spine are similar (rubor,
tumor, calor, dolor et functio laesa),
differences in clinical presentation,
genetic associations and structural outcome clearly indicate that these chronic arthritides are distinct disorders with
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speciﬁc pathophysiological mechanisms. Recognizing the differences
rather than emphasizing similarities is
important for a better understanding of
the disease processes, the identiﬁcation
of speciﬁc therapeutic targets and in
the long-term better treatment options
for the individual patients.
RA typically presents as a symmetric
polyarthritis, affecting more women
than men and is linked with the presence
of autoantibodies in the serum such as
anti-citrullinated protein antibodies
(ACPA) and rheumatoid factor (RF).
HLA-DR genes are strongly associated
with the disease. Axial involvement
is very rare with the exception of the
articulation between the dens and the
atlas. Chronic inﬂammation in RA is
leading to cartilage and bone destruction which is typically recognized as
erosive disease on x-rays. In contrast,
AS is characterized by axial disease
involving the sacroiliac joints and the
spine. Peripheral arthritis is less common and mainly non-symmetrical oligoarticular and typically found in the
lower limbs. AS affects more men than
women and is very strongly associated
with HLA-B27. The long-term outcome is determined by ankylosis in the
spine and sacroiliac joints but also by
joint destruction (e.g. in the hips). AS
is part of the spondyloarthritis (SpA)
concept together with reactive arthritis,
psoriatic arthritis, inﬂammatory bowel
disease-associated arthritis, juvenile
and undifferentiated spondyloarthritis.
All the diseases in the spondyloarthritis concept share clinical, genetic and
pathophysiological characteristics.
This is clearly illustrated by the observation that the much more frequent
appearance of peripheral arthritis in
patients with psoriatic arthritis shows
more genetic, epidemiological, histomorphological and molecular similarities with other spondyloarthritides than
with RA (1-3).
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In this review we discuss a number
of pathophysiological differences between prototype diseases RA and AS
by looking at the anatomical characteristics, differences and similarities in
the autoimmune and autoinﬂammatory
reactions, association with other immune mediated inﬂammatory diseases,
structural outcome, and their potential
signiﬁcance for further therapeutic developments.
Anatomy
Synovitis is the central feature of RA
and its involvement can explain most
features of the disease including the
extensive joint destruction that is commonly seen. Chronic inﬂammation in
the synovium triggers a transformation
of residing or inﬁltrating mesenchymal
cells and macrophages into a so-called
pannus tissue. This tumor-like tissue
produces tissue destructive enzymes
such as matrix metalloproteinases and
stimulates osteoclast formation through
the RANKL-RANK system. Of interest, synovial ﬁbroblasts isolated from
RA patients retain their aggressive
phenotype in experimental systems (4,
5) and changes at the genetic level in
these cells have been suggested (6, 7).
Whereas these data indicate that RA is
primary a synovial disease, a number
of important questions remain to be
solved, including the preferential involvement of metacarpophalangeal
(MCP) and proximal interphalangeal
(PIP) over distal interphalangeal (DIP)
joints and the absence of synovitis in
sacroiliac joints. Moreover, recent
evidence linking smoking to the development of ACPA antibodies has challenged the concept that the disease is
initiated in the joint and emphasized
the systemic nature of RA with potential involvement of lungs, lymph nodes
and other tissues.
The primary target tissue in AS and related spondyloarthritis is more difﬁcult
to identify. AS is typically a disease of
the axial skeleton but can also involve
peripheral joints. Studies of the sacroiliac and zygoapophyseal joints in the
axial skeleton and arthroscopy studies of peripheral joints provided solid
evidence that the synovium is involved
and that synovitis can be responsible
for many symptoms of the disease.

However, many manifestation of AS
in the spine occur in the absence of
synovial joints and suggest that the
synovium is not the default centre of
the pathophysiology. Two other tissues
that are part of the skeletal system have
been associated with AS and related
spondyloarthritides: the enthesis and
the bone.
The enthesis, an anatomical zone in
which the ﬁbers of tendons, ligaments
and capsulae insert into the underlying
bone was proposed as the primarily involved tissue in AS by Ball in his Heberden oratio (8). The relative lack of
anatomy studies in patients with AS,
mainly caused by the difﬁculties faced
when trying to obtain material from the
human spine, resulted in little progress
to further deﬁne the role of the enthesis. The use of new imaging techniques
such as nuclear magnetic resonance
imaging (MRI) resulted in new studies
and hypotheses on enthesitis (9, 10).
Combining these MRI observations
with anatomical studies linking the
enthesis with biomechanical concepts,
the work of McGonagle and Benjamin
supported a model of the so-called enthesis organ as the primary target tissue
in AS and related spondyloarthritides
(11, 12). This enthesis concept explains
many of the disease localizations that
are not characterized by the presence of
a synovial joint.
However, the use of enthesitis within
the joint as a speciﬁc discriminating
factor between AS and RA has been
more controversial. Accordingly, MRI
imaging has also demonstrated synovial and bone marrow involvement in the
disease processes (13, 14). Additional
histomorphological studies also support involvement of bone marrow and
synovium in AS (15-19). Bone marrow
involvement (osteitis) in particular can
be considered as a third primary site of
inﬂammation in AS.
Although the synovium, the enthesis,
and the bone can be inﬂamed in SpA,
the enthesis concept remains very useful to explain a number of speciﬁc
features of the disease. The enthesis
is subject to important biomechanical
forces and prone to microdamage. We
have recently proposed that microdamage could be the triggering factor to
develop entheseal inﬂammation which,
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under speciﬁc circumstances, could
give rise to a typical chronic arthritis
(20). It explains spinal disease, fasciitis plantaris and other extra-articular
manifestation such as achilles’ tendon
insertion involvement. Activation of
progenitor cells in the enthesis may also
be the trigger for the new cartilage and
bone formation that is recognized in
AS and related spondyloarthritides (20,
21). The relative resistance of the enthesis to vascular and cellular invasion
however challenges the central role of
the enthesis in chronic peripheral arthritis. A hypothesis to link the enthesis
with chronic inﬂammation in the synovium and bone marrow was recently
proposed (22). The close anatomic relationship between the latter sites and
the enthesis and the immense potential
for cell accrual in synovium and bone
marrow may explain the development
of chronic synovitis and bone marrow
edema as a secondary phenomenon to
entheseal involvement. However, as
mentioned previously, this hypothesis
is based on cross-sectional imaging
studies and animal models and thus any
statement about primary versus secondary lesions remains highly speculative.
Alternatively, the same biomechanical
stress factors that contribute to disease
at the enthesis may also be crucial determinants of disease at other disease
sites such as synovium and bone. Globally, the enthesitis hypothesis emphasizes the need for longitudinal studies
in early AS and RA patients with combined MRI and histopathological assessment in order to better deﬁne the
exact anatomical site of the original
lesions and its relationship with biomechanical stress.
Synovitis and inﬂammation
Despite the differences in anatomical
localization of the disease, synovial
inﬂammation of large joints such as
knees and ankles is a common feature
shared by RA and AS/SpA. Moreover,
the development of needle arthroscopy
as minimally invasive methodology to
samples synovial biopsies allows to
study clinically relevant samples in early and active disease as well as to perform longitudinal studies during treatment (23). This approach has allowed
a number of systematic comparisons of
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the synovial inﬂammation in SpA and
RA, leading to 3 important concepts.
Firstly, synovial features in RA support
the concept that this disorder is driven
by genuine T and/or B cell autoreactivity. Autoantibodies such as rheumatoid
factor and anti-citrullinated protein antibodies (ACPA) are produced locally
in the joint (24), speciﬁc autoantigens
are present and processed locally in the
inﬂamed tissue (25-28), and synovial
T cells display speciﬁc clonal alterations (29). Whereas these data indicate
that the synovial membrane is an important target tissue of this autoimmune process, the debate remains open
whether it also functions as secondary
lymphoid organ (30). Indeed, synovial
ectopic lymphoid neogenesis occurs as
frequently in seropositve as seronegative disease and appears to be closely
correlated with the degree of inﬂammation rather than with the production
of autoantibodies or clonal T or B cell
alterations (31, 32).
In contrast to RA, speciﬁc adaptive
autoimmune features are not found in
SpA synovitis, where the inﬂammation
seems to be dominated by innate immune cells such as macrophages, polymorphonuclear cells, and mast cells (3,
19, 33, 34). The correlation of the presence of these innate immune cells with
the degree of inﬂammation, the absence
of known autoantibodies in SpA, and
the fact that the disease can be triggered
by microbial and biomechanical stress
suggest an autoinﬂammatory rather
than autoimmune origin.
Secondly, macrophages appear to be the
main downstream effectors of synovial
inﬂammation in both diseases. Accordingly, they are senstitive biomarkers of
response to treatment (35, 36). However, further characterization of these
synovial macrophage populations as
well as of peripheral blood monocytes
suggests the hypothesis that RA may
be characterized by classically (IFN
gamma driven) activated macrophages
in comparison with the predominance
of alternatively activated macrophages
in SpA (37-39). Although this concept
requires further validation, it seems to
correlate with a clearly distinct inﬂammatory milieu in the inﬂamed joint
with lower levels of soluble TNF and
IL-1 in SpA than in RA (2).

Thirdly, beside the immune and inﬂammatory part of the synovial process, there are also clear differences in
the structural, non-immune features of
the synovitis. The most obvious ones
are the strongly increased vascularity
in SpA versus RA and the more pronounced synovial lining layer hyperplasia in RA (19, 33). However, both
the origin of these features and the
consequences for bone and cartilage
destruction and remodeling remain uncertain. Indeed, a number of key mediators of tissue destruction (MMPs,
RANK-RANKL-OPG system, cadherin-11) seems to be equally expressed
in RA and SpA synovitis (40-42). The
phenotype and functional behaviour
of ﬁbroblast-like synoviocytes, which
contribute to cartilage destruction and
promote osteoclast activation, has been
extensively studied in RA but remains
to be compared to SpA.
An important aspect of the interpretation of these data is whether the data
obtained in knee and ankle joints can
be extrapolated to other typical disease manifestations such as the small
ﬁngers joints and wrists in RA and the
axial skeleton in SpA. In RA, one study
systematically comparing the synovial
immunopathology of large and small
joints obtained similar ﬁndings in both
disease sites (43). Moreover, both large
and small joints appear to react similarly to treatment. In contrast, histopathological data on axial disease in SpA are
scarce (15, 16, 18) and have not yet
been systematically compared with peripheral arthritis. Moreover, axial and
peripheral disease in SpA may react differently to speciﬁc drugs, as illustrated
by sulphasalazine.
Another question which has not been
resolved yet is why peripheral synovitis is usually persistent in RA. As discussed, this may relate to the exact nature of the trigger (ongoing autoimmune
process in RA versus more transient
microbial and/or mechanical triggers
in SpA). Alternatively, the feed-back
loops and ampliﬁcation mechanisms
governing the transition from acute to
chronic inﬂammation may differ between the two conditions. Characterization of these mechanisms remains a
major challenge for arthritis as well as
other types of chronic inﬂammation.
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Extra-articular manifestations
Besides the prototypical joint inﬂammation, both RA and SpA can affect other
organs and tissues. The most striking
extra-articular features in RA are rheumatoid nodules, vasculitis, pneumonitis, and scleritis. Interestingly, these
manifestations appear to be correlated
with the presence of HLA-DR4 and
the presence of autoantibodies such as
rheumatoid factor, pointing to the systemic autoimmune origin of these features. Accordingly, there is a prominent
inﬁltration with CD4+ T cells and B
lymphocytes in RA pneumonitis (44).
SpA is frequently associated with inﬂammatory bowel disease (IBD), psoriasis,
and acute anterior uveitis. Aortitis can
also be observed. Although the presence
of axial and peripheral arthritis, colitis,
and skin and nail diseases in the HLAB27 transgenic rat model (45) points
towards a pathogenic relation between
these features, it remains difﬁcult the
ﬁnd the common denominator in human
SpA. Genetically, uveitis is strongly related to HLA-B27, but IBD and psoriasis are not. Genome wide associations
studies have recently revealed the presence of common genetic features such
as SNPs in the IL-23R gene (46-48).
Clinically, gut inﬂammation and peripheral arthritis seems to be associated both
in time and in severity (49). This association is conﬁrmed by histologic observations (37) as well as by the absence
of both features in HLA-B27 transgenic
rats kept in germfree conditions (50). In
contrast, the link between skin psoriasis
and joint inﬂammation in psoriatic arthritis is less obvious. The occurrence of
arthritis is linked neither to the onset nor
to the severity of skin psoriasis. More intriguingly, T cell directed therapies such
as alefacept and efalizumab are very effective for skin disease but have no or
moderate impact on arthritis (51, 52),
suggesting that different cellular and
molecular mechanisms are responsible
for these lesions. In line with the postulated autoinﬂammatory origin of SpA,
all extra-articular disease localization
are highly exposed to microbial and/or
mechanical triggers. Taken together, RA
appears to be a systemic autoimmune
disease whereas the different disease localization in SpA may rather reﬂect the
sensitivity of speciﬁc organs and tissues
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for autoinﬂammatory reactions to microbial and mechanical stress.
Bone and cartilage
Two important features appear to distinguish AS from RA when focusing
on bone and cartilage. The ﬁrst one is
obvious. In RA joint damage is characterized by extensive destruction with
little or now signs of tissue repair. In
contrast, in AS joint and spine damage are mainly characterized by new
cartilage and bone formation leading
to ankylosis of the sacroiliac, zygoapophyseal joints and the spine. Also in patients with peripheral arthritis or extraarticular entheseal involvement, new
cartilage and bone formation mainly
presenting as enthesophytes are often
found but complete joint ankylosis is
much more rare. Another feature that
has been less studied is the observation
that cartilage damage in AS in patients
with peripheral arthritis is much more
limited than in patients with RA.
The remodeling phenotype of AS as
compared to the destructive features
of RA has only recently been studied
at the molecular level. Data obtained in
mouse models suggest that activation
of bone morphogenetic protein and
Wnt signaling pathways are critical in
new cartilage and bone formation leading to ankylosis (20, 21, 53-55). The
intruiging question from the pathophysiological point of view is how
these developmental signaling pathways are activated (in AS) and eventually inhibited. The Leuven group has
recently put forward the hypothesis
that activation of bone morphogenetic
signaling is due to entheseal stress or
microdamage (20). Acute inﬂammation
due to the microdamage can play a role
in this initial activation but the process
itself appears relatively independent
from chronic inﬂammation suggesting that these are uncoupled processes
(56,57). In contrast, high inﬂammation
and in particular the presence of tumor
necrosis factor appears to inhibit Wnt
signaling by upregulating Wnt coreceptor antagonist Dickkopf1 (DKK1).
Antibodies against DKK1 transform
the destructive phenotype of arthritis in
human TNF transgenic mice into a remodeling phenotype with osteophytes
(54, 55).

The speciﬁc nature of new bone formation in AS remains an important issue.
Current data suggest that direct bone
formation by osteoblasts, endochondral
bone formation by progenitor cells and
cartilage metaplasia each have a role.
Speciﬁc targeting of new tissue formation in AS and related spondyloarthritides may therefore need to taken
all these phenomena into account.
Potential differences in cartilage remodeling between RA and SpA have been
less well studied. Clinical and radiological observations suggest that joint space
narrowing due to cartilage loss is less
common in SpA than in RA. This may
be related to the lower levels of soluble
TNF and IL-1 beta in the inﬂamed SpA
joint (3), as these two cytokines do not
only drive cartilage destruction but also
severely impair cartilage anabolism.
Recent biomarker studies support this
concept (58). An important question
is whether the presumed resistance to
damage of articular cartilage in SpA relates to the previously described mechanisms and genetic potential to form new
cartilage and bone in AS.
Conclusions and perspectives
Current concepts of inﬂammation, tissue destruction and remodeling in RA
and AS provide ample support for a
clear distinction between these common forms of inﬂammatory joint and
bone disease. RA is considered an autoimmune disease in which the synovial tissues transforms into a destructive pannus leading to erosion and loss
of joint function. In AS and related
spondyloarthritides, enthesitis, osteitis
and synovitis reﬂect an autoinﬂammatory process that is less likely to cause
classical tissue destruction but that is
strongly associated with new cartilage
and bone formation sometimes leading to ankylosis. Further research into
the differences between these diseases
should focus on the speciﬁc nature of
the immune/inﬂammatory reaction, the
role of resident cells in the joint and
joint-associated tissues, the types and
mechanisms of tissue remodeling and
the characteristics of the articular cartilage. Better insights into the individual
characteristics of AS and RA may lead
to better therapeutic strategies, speciﬁc
targets and useful biomarkers.
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