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New aspects of spondyloarthritis pathogenesis.  
Part III – arthritis, pathological bone remodeling 

Nowe aspekty patogenezy spondyloartropatii zapalnych.  
Część III – zapalenie stawów, patologiczna przebudowa kości
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S t r e s z c z e n i e

Spondyloartropatie (SpA) są formą przetrwałego zapalenia stawów 
obwodowych i kręgosłupa, które może być zapoczątkowane przez 
zapalenie podchrzęstnego szpiku kostnego w stawach albo zapale-
nie przyczepów ścięgnistych. Inwazyjna tkanka włóknista zastępu-
jąca szpik kostny, rezydujące w przyczepach ścięgnistych limfocyty 
T o cechach komórek odporności wrodzonej oraz cytokiny: czynnik 
martwicy nowotworów (tumor necrosis factor – TNF), interleukiny 
23,  17 i 22, biorą udział w tych lokalnych procesach patologicznych. 
Mechanizmy molekularne, które biorą udział w zapaleniu stawów, 
destrukcji chrząstki i kości stawowej, są podobne do tych w reuma-
toidalnym zapaleniu stawów i są zatrzymywane przez skuteczną 
terapię przeciwzapalną, w tym leki biologiczne neutralizujące TNF. 
Terapie anty-TNF jednak nie hamują patologicznego tworzenia  
kości, a to zjawisko jest cechą charakterystyczną SpA. Powoduje 
ono m.in. powstawanie syndesmofitów i ankylozę kręgosłupa. Me-
chanizmy molekularne leżące u podłoża patologicznej przebudowy 
kości w SpA, jak również ich interakcje ze szlakami zapalnymi nie 
są w pełni poznane. Trzy główne omówione w artykule hipotezy są 
próbą wyjaśnienia tego problemu.
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S u m m a r y

Spondyloarthritis (SpA) is a form of chronic inflammatory arthri-
tis affecting axial and peripheral joints, which may be initiated 
by inflammation of joint subchondral bone marrow or enthesitis. 
Invasive fibrous tissue which substitutes bone marrow, entheseal 
innate-like T lymphocytes and proinflammatory cytokines: tumor 
necrosis factor (TNF), interleukins 23, 17 and  22, all contribute to 
these local pathological processes. Joint inflammation, joint carti-
lage and bone destruction are mediated by mechanisms that are 
molecularly similar to rheumatoid arthritis. These pathologic pro-
cesses are halted by effective anti-inflammatory therapy, including 
anti-TNF biological agents. By contrast, anti-TNF therapy fails to 
inhibit pathologic new bone formation, which is a unique hallmark 
of SpA and results, among others things, in syndesmophyte forma-
tion followed by spine ankylosis. The molecular mechanisms driv-
ing pathologic bone remodeling in SpA patients and interaction of 
this process with inflammatory pathways are not fully understood. 
Three hypotheses, discussed in the article, have been proposed to 
explain this issue.

Introduction
Spondyloarthritis (SpA) develops in various joints 

of the body including sacroiliac (sacroiliitis) and spinal 
(spondylitis) joints as well as paraspinal tissues and 
peripheral joints, especially in the lower limbs, where 
the pattern of affected joints is typically asymmetri-
cal [1]. One manifestation, which helps differentiate 
SpA from other rheumatic inflammatory conditions is 
enthesitis – inflammation of the sites where tendons, 

ligaments, or joint capsules insert into bone [2]. Un-
like in rheumatoid arthritis (RA), where inflammation 
is associated with focal bone erosion and diffuse os-
teoporosis with minimal bone regeneration, erosive 
bone damage in SpA is associated with pathological 
bone remodeling. This process manifests via bone spur 
(osteophyte) and bridge (syndesmophyte) formation.
There is also ossification of entheses with entheso-
phyte formation.



Reumatologia 2014; 52/4

248 Ewa Kontny

Patients with ankylosing spondylitis (AS) develop spi-
nal stiffness, or ankyloses, as a result of pathological bone 
remodeling, which together with limb contractures due 
to peripheral joint involvement leads to severe disability 
[3]. Bone changes in the form of structural damage, such 
as in RA, involving peripheral joint destruction are typical 
mainly for psoriatic arthritis (PsA), and are less common-
ly found in other forms of SpA [4]. Nevertheless, erosive 
bone damage and pathological bone apposition may take 
place in the same joints, e.g. sacroiliac joints in AS or small 
joints of the hands in PsA. Common complications of AS 
are osteopenia, osteoporosis, and vertebral fractures, the 
latter often undiagnosed [5–7]. Low bone mineral den-
sity and osteoporosis can be detectable already within 
the first decade of the disease (in 51–54% and 13–16% of 
patients, respectively) [5]. Recent findings suggest a very 
early manifestation of a significant loss of bone mass in 
the lumbar segment of the spine in patients with axial 
SpA – as soon as in the first year of the disease [8].

The molecular mechanisms underlying destructive 
processes (cartilage degradation, bone resorption) in 
RA and AS are similar [9], and are associated with in-
flammation. Biological medications that neutralize the 
tumor necrosis factor (TNF) inhibit the inflammatory 
response, reduce the rate of bone destruction, and sig-
nificantly increase bone mass [8–12]. The mechanisms 
responsible for pathological bone remodeling in AS are 
not fully understood. Moreover, there is no consensus as 
to whether this process is dependent on and/or associ-
ated with inflammatory response. This issue is currently 
under discussion (see below). Resolving this controver-
sial issue is significant not only from an exploratory but 
also from a practical point of view, as it should facilitate 
the selection of a suitable therapeutic option.

Where does arthritis begin?

Patients with SpA develop synovitis, subchondral 
bone marrow inflammatory infiltrates, chondroid meta-
plasia, cartilage destruction, as well as calcifying tendi-
nitis. Many reports suggest that, unlike in RA, synovitis 
in SpA is a  secondary and not primary phenomenon. 
There have been reports suggesting that subchondral 
bone marrow and/or entheses are the primary sites af-
fected by inflammation. From there, the inflammatory 
infiltrate spreads onto the synovial membrane.

Inflammatory infiltrates in the joints

Previous studies evaluating peripheral joint abnor-
malities revealed that in patients with SpA as well as in 
those with RA cells belonging to both the innate (neu-
trophils, macrophages, mast cells, and dendritic cells) 
and adaptive (T cells and B cells) immune systems accu-

mulate in the synovial membrane. However, significant 
quantitative differences were observed: namely synovial 
vascularization, neutrophil count, and the so-called alter-
natively activated macrophages (CD163+) involved in rep-
aratory processes were higher in SpA, whereas synovial 
lining hyperplasia and T cell count, with predominantly 
cytotoxic T cells (CD8+) were lower than in RA [13]. Similar 
differences were observed in peripheral joints of patients 
with PsA. These patients also demonstrated memory  
T cells that migrated from the skin to joints, and ectopic 
lymphoid aggregates, including T cells and B cells, that 
formed in the synovial membrane; however, unlike in RA, 
no local antibody synthesis was detected [14].

Cellular infiltrates found in sacroiliac joints of pa-
tients with early and active form of SpA are located 
both in the synovial membrane and in subchondral 
bone marrow, and are composed mainly of T CD4+ cells,  
CD8+ cells and macrophages. What is also characteris-
tic is hypervascularization and high resorptive activity 
of osteoclasts, which form aggregates in subchondral 
bone marrow [15, 16]. In the late phase of disease, with 
complete destruction of joint cartilage, the number of 
infiltrating cells becomes smaller, the bone marrow un-
dergoes fibrosis, and a number of bone-forming cells 
(osteoblasts) create a dense layer surrounding trabecu-
lar bone, which indicates an ongoing remodeling process 
[16]. These findings suggest that inflammation in SpA 
begins in the subchondral bone marrow, and it may be 
caused by antigens released from the damage cartilage.

Enthesitis

A comparative anatomical study, histopathological 
analysis, and imaging studies conducted several years 
ago, yielded a supposition that entheses may also be 
the primary site of musculoskeletal inflammation in SpA 
[2, 8, 17, 18]. Studies with magnetic resonance imaging 
(MRI) helped to identify 2 types of arthritis: 1) associated 
with RA, with the first pathological manifestation in the 
form of synovitis, 2) associated with SpA, with primary 
development of enthesitis, often associated with bone 
edema indicating osteitis, and synovitis developing lat-
er. Nonetheless, we would like to emphasize that more 
recent reports have indicated that peripheral arthritis in 
treatment-naïve patients with early SpA is not specif-
ically associated with enthesitis, as incidence rates of 
enthesitis and synovitis are similar to those in RA [19].

Entheses are composed of fibers forming tendons/
ligaments, uncalcified fibrocartilage, and mineralized  
fibrocartilage directly adjacent to bone. These, together 
with adjacent tissues form a functionally distinct “or-
gan” that transfers and distributes forces generated by 
muscle onto the bone. The fibrocartilage provides a cer-
tain degree of stiffness and ensures better distribution 
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of the mechanical strain between soft and hard tissues, 
whereas the tendons/ligaments smoothly glide over the 
surface of the bone [18]. Entheses are constantly ex-
posed to mechanical strain, which results in microinju-
ries. Due to the proximity of fibrocartilage of periarticular 
entheses to the synovial membrane microinjuries were 
believed to possibly induce local inflammatory response 
spreading onto the synovial membrane. However, this 
has been difficult to prove due to limited accessibility 
of tissues from SpA patients. Supportive evidence was 
provided by recent studies in animals with the disease 
induced experimentally via introduction of the interleu-
kin 23 encoding gene (tgIL-23 mice) [20]. One important 
finding in these mice was identification of atypical en-
theseal resident T cells (CD3+CD4–CD8– ROR-gt+ IL-23R+). 
Induced by IL-23, these cells were shown to produce 
other cytokines (IL-17, IL-22) and those cytokines were 
shown to mediate the initiation of enthesitis and local 
bone remodeling. Entheseal resident T cells resemble 
cells of the innate immune system – as they are ready to 
launch an immediate inflammatory response and bone 
regeneration at an anatomical site particularly prone 
to microinjuries. In this SpA model, a later stage of the 
disease sees macrophages and neutrophils infiltrating 
entheses. Inflammation also involves the synovial mem-
brane of joints, and anabolic processes take place con-
comitantly with catabolic ones (cortical bone erosion by 
osteoclasts, joint surface destruction).

Cytokine involvement in arthritis

Involvement of cytokines in joint inflammation in pa-
tients with SpA is supported by increased in situ expres-
sion of cytokines, effectiveness of therapies neutralizing 
selected cytokines, and animal studies. The expression of 
pro-inflammatory cytokines, especially TNF, in peripheral 
joints of patients with SpA is similar to, or lower than, 
that in RA [13]. Peripheral and sacroiliac joints also exhibit  
IL-17 expression [21, 22]. Synovial fluid in patients with 
SpA shows elevated concentration of IL-23 [23]. High  
expression of this cytokine has also been found in ver-
tebral facet joints, where the cytokine is produced by 
macrophages residing in fibrous tissue and neutrophils, 
macrophages, and dendritic cells found in subchondral 
bone marrow [24].

TNF-neutralizing biologics cause a rapid reduction of 
inflammation in patients with axial and peripheral SpA, 
and reduce synovial membrane vascularization and its 
infiltration by neutrophils, macrophages, and T cells. 
These medications also inhibit joint destruction, while 
they do not stop abnormal bone formation in axial SpA 
or peripheral PsA, and the disease typically relapses 
after treatment is discontinued [25, 26]. TNF occurs in 

its soluble (sTNF) and transmembrane (tmTNF) form. 
The extent to which these TNF forms play a role in SpA 
pathogenesis in humans is currently unknown. Animal 
studies indicate that it is varied [27]. In mice with the 
disease induced by introducing a human gene encoding 
TNF while simultaneously blocking an osteoblastogene-
sis inhibitor (Dickkopf-1 protein – DKK-1), sTNF induces 
a generalized, debilitating inflammatory response with 
peripheral and sacroiliac arthritis, whereas transgenic 
mice with introduced tmTNF do not develop systemic 
inflammation but pathological bone remodeling in axi-
al and peripheral joints which leads to ankylosis. In this 
model, tmTNF acts locally resulting in synovitis, osteitis, 
and spondylitis. The molecular mechanism responsible 
for these tmTNF effects is still unknown.

A number of observations indicate that IL-23 and the 
cytokines it induces (IL-17, IL-22) play a key role in SpA 
pathogenesis. A systemic increase in IL-23 expression in 
tgIL-23 mice induces a disease of typical SpA symptoms: 
axial and peripheral joint enthesitis, bone remodeling at 
the site of these entheses, and aortic inflammation [20]. 
In this SpA model, IL-22 plays a more important role than 
IL-17, as it is responsible for bone renewal by inducing its 
regulatory genes, e.g. genes encoding Wnt-family pro-
teins and bone morphogenic proteins (BMP). Patients 
with SpA typically exhibit elevated IL-23 at the affected 
sites, in the gut and joints, although there are also re-
ports of elevated serum IL-23 levels [23, 27, 28]. Inter-
leukin 23 maintains a pool of Th17 cells in the body, as it 
stimulates these cells to proliferate. The Th17 cell count 
in peripheral blood of AS patients is often elevated, but 
so is the proportion of other IL-17-producing cells: Tg/d  
IL-23R(+) and Th17KIR3DL2(+) cells [29, 30]. The propor-
tion of IL-22-producing Th22 cells in peripheral blood 
is also elevated, but it does not correlate with disease 
activity [31]. Contrary to their peripheral blood counts, 
the number of Th17 cells in the affected peripheral and 
vertebral facet joints is negligible, with innate immunity 
system cells (neutrophils, mast cells, Tg/d lymphocytes) 
being the source of IL-17 [21, 22]. These findings suggest 
that IL-23, IL-22, and IL-17 take part mainly in local patho-
genic processes in SpA. Little is known about the effects 
of these cytokines on affected tissues in patients with 
SpA. Animal studies indicate a contribution of IL-17 and 
IL-22 to arthritis [20, 27]. However, these cytokines play 
a protective role in the gut [32]. An IL-23/IL-12-neutral-
izing medication (ustekinumab – an anti-IL-12/23 p40 
monoclonal antibody) was shown to be highly effective 
in psoriasis and PsA, with ongoing clinical studies on 
AS. Similarly, the IL-17-neutralizing biological drugs have 
good therapeutic effects in psoriasis, and clinical studies 
indicate efficacy of the anti-IL-17A antibody, secukinum-
ab in AS and PsA [27].
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Pathological bone remodeling  
in spondyloarthritis

The bone that forms the articular surface includes 
a subchondral osseous plate composed of compact cor-
tical bone and deeper trabecular bone encased within 
bone marrow. The bone forming the joint margins and 
extending distally beyond the joint is compact and cov-
ered with a periosteal layer. Biological and biomechani-
cal signals derived from the articular environment cause 
significant changes in periarticular bone at all of these 
sites [9]. These changes take place via bone remodeling, 
which involves three types of cells: bone-forming os-
teoblasts of mesenchymal origin stem cells, osteoclasts 
derived from a myeloid lineage, and osteocytes that 
regulate this process. Bone remodeling begins with the 
osteoclast-driven resorption phase, followed by bone for-
mation by osteoblasts, which produce bone matrix and 
cause its mineralization. Bone formation may occur in 
two ways: either directly, with mesenchymal stem cells 
(MSCs) immediately differentiating into osteoblasts, or 
via endochondral ossification, with MSCs first differenti-
ating into chondrocytes, forming a cartilage scaffold, and 
then dying via apoptosis, while subsequent MSCs resid-
ing in this scaffold differentiate into osteoblasts [33].

In normal conditions, bone resorption and formation 
are quantitatively balanced and precisely regulated by 
various factors. These factors include: receptor activator 
of NFkB ligand (RANKL), which is essential for osteoclast 
formation and activation of their bone resorptive activity, 
growth factors that stimulate bone formation [e.g. trans-
forming growth factor b (TGFb), BMP, parathormone, in-
sulin-like growth factor] and endogenous proteins (scle-
rostin, DKK-1, noggin) that inhibit the signaling pathways 
regulating osteoblast formation from MSCs. Osteocytes, 
the most prevalent bone cells, derived from mature os-
teoblasts, are situated deep within the bone matrix, and 
form a network of cells, communicating with one anoth-
er and with cells on the bone surface. Due to the factors 
produced (such as RANKL and sclerostin) osteocytes reg-
ulate physiological bone remodeling [9, 34].

Spondyloarthritis involves a disruption of the bal-
ance between bone resorption and formation, which 
leads to pathological bone remodeling. The expression 
of proteins associated with bone homeostasis indicates 
that the affected joints undergo bone formation – in 
sacroiliac joints, TGFb is expressed near the sites of new 
bone tissue formation, and osteocytes almost complete-
ly lack sclerostin [35, 36]. Similarly, synovial fibroblasts 
and macrophages of peripheral joints demonstrate high 
expression of bone morphogenic proteins (BMP-2 and 
BMP-6) [37]. Interestingly, resorption and rebuilding of 
bone may develop independently, as in SpA patients with 

Achilles tendonitis local bone loss and excessive bone 
formation occur in different sites – exposed to compres-
sion forces or to mechanical strains, respectively [38].

Recent studies have provided information on the 
sequence of events occurring during pathological bone 
remodeling in vertebral facet joints in patients with AS 
[39]. Based on histomorphological and histomorpho-
metric assessments conducted in patients undergoing 
corrective spinal surgery, three groups of joints with var-
ious abnormalities have been identified: 1) joints with 
a preserved articular space, 2) with partial cartilaginous 
fusion of articular surfaces, and 3) complete osseous fu-
sion. Groups I to III showed progressive reduction of ar-
ticular cartilage and subchondral bone plate thickness. 
In groups I and II reduction of cartilage thickness was 
caused by chondrocyte apoptosis, while group III, with 
only remnant cartilage “islands”, showed proteoglycan 
loss, which indicates defective cartilage matrix produc-
tion by chondrocytes and/or its progressive ossification 
or mineralization. All of these phenomena indicate pro-
gressive degeneration of articular cartilage. At the same 
time, group II and III joints demonstrated formation of 
fibrous tissue which replaces subchondral bone marrow. 
Importantly, in groups I and II fibrous tissue penetrated 
into the joint, invaded the subchondral bone plate and 
reached articular cartilage. This invasive fibrous tissue 
resembled rheumatoid pannus and was responsible for 
erosion of the subchondral bone plate. These findings 
support the view that arthritis in AS begins with sub-
chondral bone marrow inflammation [15, 16]. They also 
suggest that the invasive bone marrow-derived fibrous 
tissue not only causes erosion of the subchondral bone 
plate but may also provide MSCs capable of differenti-
ating into osteoblasts or chondrocytes, which initiates 
ossification via the direct or endochondral route.

Studies in vitro and animal studies have provided 
information explaining the molecular mechanisms in-
volved in pathological bone remodeling in SpA [33, 40, 
41]. These studies demonstrated that bone defects are 
first filled with fibrous tissue, and later the bone is re-
built, typically via endochondral ossification, but some-
times directly. In the case of entheses, ossification pro-
gresses towards the damaged insertion site, with new 
fibrous tissue forming above it. At the molecular level, 
bone remodeling occurs via 2 pathways: a BMP-depen-
dent pathway, which functions in an early phase of the 
process when progenitor cells undergo chondrogenesis 
and form a cartilaginous scaffold, as well as a Wnt-de-
pendent pathway, which is initiated later, during endo-
chondral ossification. Both of these pathways are regu-
lated by physiological protein inhibitors: noggin (a BMP 
inhibitor), DKK-1 (a Wnt inhibitor), and sclerostin (an in-
hibitor of both pathways). BMP expression is induced 
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by pro-inflammatory cytokines (TNF, IL-1, IL-22). The ef-
fects of cytokines on the Wnt-dependent pathway are 
complex, as TNF exhibits its inhibitory effect (increasing 
production of inhibitors of this pathway), whereas IL-22 
exhibits an activating effect. Mechanical loading is also 
responsible for bone formation, as it stimulates osteo-
cytes to produce BMPs, activates the Wnt pathway, and 
inhibits the production of DKK-1 and sclerostin [42, 43]. 
Also in vivo, a murine SpA model shows that mechanical 
strains cause enthesitis and bone remodeling, and these 
processes involve stromal cells [44].

Growing on vertebral bodies, syndesmophytes form 
bone bridges and result in vertebral stiffness (ankylo-
sis), which is the main cause of disability in SpA pa-
tients. Thus, a number of clinical observations are be-
ing conducted aiming to identify predictive factors, to 
assess syndesmophyte formation dynamics and the 
effects of therapy on progression of these structural ab-
normalities. To date, there has not been a clear opinion 
on this issue. Some observations indicate that syndes-
mophytes form when advanced inflammatory lesions 
assessed via MRI are replaced by adipose tissue – this 
sequence of phenomena occurs in corners of the verte-
brae, which correspond to the location of entheses [45]. 
Other authors indicated that after a 5-year follow-up, 
most (57.4%) of new syndesmophytes are formed on the 
edge of vertebral bodies, with no previous pathological 
lesions [46]. Nevertheless, these authors also confirm 
that the highest risk of developing syndesmophytes after 
5 years resulted from simultaneous presence of inflam-
matory lesions and fatty degeneration at the beginning 
of the follow-up period [relative risk (RR) = 3.3], with ad-
ipose abnormalities alone posing a lower risk (RR = 2.3),  
and the inflammatory lesions alone had very limited 
predictive value (RR = 0.8), and most of them (> 70%) 
resolved with time. These assessment differences may 
be due to a number of reasons, including various demo-
graphic and clinical characteristics of the study group 
and treatment differences. Despite these discrepancies, 
most authors agree that syndesmophytes may form at 
any stage of the disease, and several markers, e.g. the 
presence of syndesmophytes at disease onset, male gen-
der, elevated ESR value, elevated serum concentration of 
C-reactive protein (CRP) and low serum levels of bone 
formation inhibitors (DKK-1, sclerostin), are considered 
to be predictors of radiographic progression [36, 47-49].

Hypotheses on the associations between  
an inflammatory response  
and pathological bone remodeling

Along with the progress of studies on SpA pathogen-
esis, various hypotheses on the link between the inflam-

matory process and pathological bone remodeling have 
been suggested. Understanding these relationships is 
important when making therapeutic decisions. Three 
main and noteworthy hypotheses have been presented 
below.

The “TNF brake” hypothesis is based on biological 
properties of TNF. This cytokine affects bone tissue in 
two different ways. On the one hand, it sustains bone 
inflammation and destruction, while on the other hand, 
it increases the production of an osteoblastogenesis  
inhibitor (DKK-1), which also inhibits bone formation.  
According to this hypothesis, the inflammatory response 
found in SpA patients resolves in time, which results in 
lower DKK-1 production and “unblocks” reparative bone 
formation. Therefore, inhibition of the TNF-mediated in-
flammatory response may have side effects – by enhanc-
ing pathological bone remodeling [50–52]. This hypo thesis 
is supported by the fact that in patients with AS, bone for-
mation is inversely correlated with the levels of DKK-1 and 
sclerostin [36, 49]. However, long-term follow-up studies 
of patients with AS receiving biological TNF-neutraliz-
ing agents, indicate that this therapy does not increase 
syndesmophyte formation, and may even slow it down 
somewhat, which contradicts the “TNF brake” hypothesis 
[53–56].

The entheseal stress hypothesis posits that the dis-
ease-inducing factor (e.g. cell stress, mechanical strains, 
infections) at the site of tendon/ligament insertion into 
bones results in simultaneous inflammation and patho-
logical bone rebuilding [17, 18, 20, 33, 44]. Bone forma-
tion is possible due to osteogenic pathway activation 
in MSCs. Once initiated, both processes become inde-
pendent from each other, which has been supported by 
some animal studies [33, 57]. According to this hypothe-
sis, therapeutic inhibition of an inflammatory response, 
even at an early stage of the disease would have no ef-
fect on bone rebuilding. One limitation of this hypothe-
sis is the fact that it fails to explain why both local and 
systemic inflammation in patients with SpA is associat-
ed with progressive syndesmophyte formation [45, 48].

A recently proposed hypothesis posits that patholog-
ical bone formation in SpA is independent of sTNF-medi-
ated inflammatory response, but depends on pathways 
involving other pro-inflammatory factors and cytokines 
[27]. These may include IL-1, which stimulates MSC dif-
ferentiation into osteoblasts, IL-22 and tmTNF, which 
cause osteoproliferation in animal SpA models, and 
prostaglandin E2 (PGE2), which has an anabolic effect 
on the bone tissue. Potential PGE2 involvement is also 
supported by SpA findings which indicate that patholog-
ical bone formation is inhibited by long-term blocking of 
prostaglandin synthesis with non-steroidal anti-inflam-
matory drugs (NSAIDs) [58]. The fact that this therapeu-
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tic effect is more pronounced in patients with high CRP 
levels additionally supports the belief that bone rebuild-
ing can be initiated by sTNF-independent inflammatory 
pathways [59].

Conclusions

The musculoskeletal involvement in SpA may begin 
with enthesitis or subchondral bone marrow inflamma-
tion in joints. There are reports suggesting that invasive 
fibrous tissue replacing the bone marrow penetrates into 
the joint, causing subchondral bone plate damage, car-
tilage degradation, and synovitis, and may also provide 
precursor cells initiating pathological bone remodeling. 
Entheseal resident and IL-23-sensitive T cells may also 
initiate a local inflammatory response and bone remod-
eling, by producing cytokines (IL-22, IL-17). In SpA, sTNF 
is responsible for the systemic inflammation response 
– and its neutralization results in clinical improvement, 
but does not inhibit pathological bone formation. Syn-
desmophyte formation may depend on pro-inflamma-
tory factors other than sTNF, such as IL-1, IL-22, tmTNF, 
PGE2. To date, only chronic use of NSAIDs has been 
shown to limit this process in patients with SpA, which 
emphasizes the role of PGE2. A better understanding of 
the effects of these and other factors on pathological 
bone rebuilding should be the basis for developing novel 
therapeutic options for SpA patients.
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