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Abstract

Purpose This review aims at investigating pathophysiological mechanisms in spondyloarthritis (SpA). Analysis of genetic
factors, immunological pathways, and abnormalities of bone metabolism lay the foundations for a better understanding of
development of the axial clinical manifestations in patients, allowing physician to choose the most appropriate therapeutic
strategy in a more targeted manner.

Recent Findings In addition to the contribution of MHC system, findings emerged about the role of non-HLA genes (as
ERAPI and 2, whose inhibition could represent a new therapeutic approach) and of epigenetic mechanisms that regulate the
expression of genes involved in SpA pathogenesis. Increasing evidence of bone metabolism abnormalities secondary to the
activation of immunological pathways suggests the development of various bone anomalies that are present in axSpA patients.
Summary SpA are a group of inflammatory diseases with a multifactorial origin, whose pathogenesis is linked to the genetic
predisposition, the action of environmental risk factors, and the activation of immune response. It is now well known how
bone metabolism leads to long-term structural damage via increased bone turnover, bone loss and osteoporosis, osteitis,
erosions, osteosclerosis, and osteoproliferation. These effects can exist in the same patient over time or even simultaneously.
Evidence suggests a cross relationship among innate immunity, autoimmunity, and bone remodeling in SpA, making
treatment approach a challenge for rheumatologists. Specifically, treatment targets are consistently increasing as new drugs
are upcoming. Both biological and targeted synthetic drugs are promising in terms of their efficacy and safety profile in
patients affected by SpA.
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Introduction

Spondyloarthritis (SpA) encompasses a group of inflam-
matory diseases with a multifactorial origin, whose patho-
genesis is linked to the genetic predisposition, the action of
environmental risk factors, and the activation of immune
response. Ankylosing spondylitis (AS) is certainly the most
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is characterized by the presence of typical radiological signs,
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inflammation cells with the release of a series of proinflam-
matory cytokines that lead to the development of various
clinical manifestations [4]. After the discovery of HLA-
B27, research has focused on other genetic factors, as well
as immunological mechanism, recognizing a crucial involve-
ment of innate and adaptive immune systems and a dys-
function of immune cells. The immune system, composed
by various cells and released mediators, controls immune
response and inflammation and chronic inflammation when
its regulation and homeostasis are disrupted [5]. It has been
known for years that in SpA, there is an alteration of bone
metabolism which leads to long-term structural damage due
to increased bone turnover, bone loss and osteoporosis, oste-
itis, erosions, osteosclerosis, and osteoproliferation. These
effects can exist in the same patient over time or even simul-
taneously [6]. The pathogenesis of axSpA is summarized
in Fig. 1. In this narrative review, we aim at assessing the
effect of the most relevant pathogenetic pathways related to
inflammation and bone metabolism and remodeling in SpA
and summarize the effects of old and new drugs on the most
relevant pathogenetic pathways.

Genetics in ax-SpA

Genetic susceptibility to axSpA is highly complex, as
demonstrated by several genome-wide association studies
(GWAs) [7]. Hundreds of genes, mostly immune related,
have been identified to be associated with the axSpA spec-
trum [8], which encompasses a heterogeneous group of
diseases (i.e., AS, enteropathic axSpA, and axial psori-
atic arthritis) [9]. The different clinical subtypes of axSpA
share a certain degree of genetics overlapping. However,
significant differences do exist, suggesting a different genetic
origin [10°°]. Moreover, there is a high-shared heritability
between axSpA and other often coexisting, inflammatory
diseases, like psoriasis and inflammatory bowel diseases
(IBDs). On the contrary, a very low degree of genetic over-
lapping exists between SpA and other forms of arthritis,
such as rheumatoid arthritis (RA) [11]. Genetic data, in fact,
indicate that nr-axSpA is etiopathogenetically more hetero-
geneous than AS; thus, it is possible that some nr-axSpA
patients have a form of axSpA that is genetically distinct
from AS [10°°]. In this multifaceted scenario, sex-related
genes and epigenetics factors also play a role in the suscep-
tibility as well as in the clinical phenotype of axSpA and in
its response to treatment [12].

The MHC system plays a fundamental role in axSpA
pathogenesis, with the HLA-B27 being the strongest genetic
factor of this group associated with disease susceptibility
[13]. Different hypotheses have been developed to explain
the role of this association in SpA pathogenesis, e.g., molec-
ular mimicry phenomena and misfolding of the HLA-B27

heavy chain with a direct proinflammatory action through
stimulation of Th17 cells [14, 15]. Recently, it has also
been described that HLA-B27 could alter gut microbiota
leading to an aberrant inflammatory response. Moreover,
HLA-B27-positive SpA patients have a microbiota compo-
sition similar to patients with IBDs [16]. There is a higher
prevalence of HLA-B27 in males compared to females, and
an association between testosterone levels and HLA-B27
presence has been reported [17]. HLA-B27 contributes by
20.44% to axSpA heritability, 7.38% is due to other genes,
and the rest is unexplained [9]. Studies using immunochip
microarrays have identified several associations with other
HLA-B alleles (e.g., HLA-B51, which is mostly associated
with Behcet’s disease), while other variants have been iden-
tified in the HLA-A, HLA-DPB1, and HLA-DRB1 loci [18].
Involvement of other non-HLA MHC genes, such as MICA,
TNF, TAP1, TAP2, and LMP2, has also been suggested but
not confirmed because of the linkage disequilibrium with
HLA-B27 [19].

More recently, the development of GWAS has resulted
in the identification of additional non-MHC susceptibil-
ity loci for axSpA. Two of these loci (ERAPI1 and IL23R)
are of particular interest because they put under spotlight
the important biological pathways involved in SpA patho-
genesis that may have a potential therapeutic impact [20].
ERAPI1 and ERAP2 code for enzymes that cut peptides to
the ideal size for binding to MHC class 1 molecules [21].
Moreover, ERAPI1 variants genetically interact with HLA-
B27, being involved in the altered antigen presentation of
the SpA pathogenetic model. Thus, inhibiting ERAP1 and/
or ERAP2 functions could represent a novel therapeutic
approach for SpA. Indeed, preliminary data showed that
targeting ERAPI by silencing it in antigen presenting cells
suppressed Th17-mediated response [22°]. IL-23 is a proin-
flammatory cytokine necessary for Th17 differentiation and
thus IL-17 production [23]. Several studies demonstrated the
involvement of the IL23/Th17 pathway in SpA, and actually,
therapies targeting IL-17 in this disease have been developed
and currently successfully used [24]. On the contrary, thera-
peutics targeting IL.-23 unexpectedly failed to demonstrate
efficacy in AS [25].

Further axSpA-associated genetic pathways include other
cytokines, kinases, and transcriptor factors with a key role in
inflammation, such as STAT3, TYK?2, JAK2, TNF, IL-1, and
CARDO [26], but additional functional studies are necessary
to better elucidate how these variants contribute to suscep-
tibility and phenotypic expression of axSpA. In the case of
complex multifactorial diseases like axSpA, most DNA sin-
gle-nucleotide polymorphisms (SNPs) do not cause protein
coding changes, but most of these are in noncoding regions
where they have epigenetic regulatory effects [8]. This could
be the case for RUNX3 which encodes a transcriptor factor
fundamental for CD8 lymphocyte differentiation [27]. SNPs
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in the region upstream the promoter of RUNX3 are strongly ~ of RUNX3, one affecting RUNX3 gene expression in CD8+
associated with AS, and these SNPs also showed an associa- T cells and the other with potential regulatory functions in
tion with CD8+ T-cell count [28]. Moreover, Vecellio etal.  monocytes, suggesting that RUNX3 role in axSpA might be
identified two SNPs located upstream the promoter region ~ more complex than simply being related to reduced CD8+
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T-cell count [8]. Another transcriptor factor gene associated
with axSpA is TBX21, which encodes for T-bet [27]. This
transcriptor factor is widely expressed in immune cells being
involved in differentiation and function of CD4+ and CD8+
T cells, NK cells, and B cells. Enhanced T-bet expression in
AS has been reported in both CD8+ T cells and NK cells,
promoting their proinflammatory features [29].

GWAS had the potential to identify key susceptibility
genes in a polygenic complex disorder like axSpA; how-
ever, since we are now approaching the post-GWAS era,
the new challenge is to perform functional studies with the
aim to identify the biological mechanisms behind specific
genetics associations and their interplay. An integrative
approach is needed to apply a real bench to bedside strategy
in order to develop new therapeutics with an acceptable ben-
efit/risk profile [8, 9]. Finally, not only genetic variants but
also epigenetic mechanisms, such as DNA methylation, his-
tone modification, and noncoding RNAs, have been shown
to play an important role in axSpA scenario. For instance,
alterations of histone H3 (H3K27ac and H3K4mel) seem
to be correlated with RUNX3 expression [30]. Among epi-
genetic mechanisms, microRNAs (miRNAs) are certainly
the most intriguing. They are small noncoding RNAs which
can regulate gene expression. There are 14 miRNAs that are
less expressed in axSpA patients compared to healthy con-
trols, and interestingly, most of them play a role in osteoblast
differentiation [31]. Finally, it has to be kept in mind that
sex hormones can also influence epigenetic modulation and
expression of miRNAs involved in theumatic diseases [32].

Innate and Acquired Immune Response
in axSpA

Innate Immune System

Evidence supports the role of innate immune system in AS
pathogenesis due to its link with many AS susceptibility
genes, as well as with bacteria and mechanical stress [33].
Immune system cells regulate the expression of various
cytokines involved in AS pathogenesis, such as IL-1, TNF-
o, IFNs, IL-17, and IL-23. TNF-a (now renamed TNF) was
the first cytokine explored, and several studies underlined
its role in the pathogenesis of SpA diseases [34°]. It is a
pleiotropic cytokine produced by many cells, particularly T
cells and macrophages. Evidences support the central role
of TNF in AS pathogenesis. In fact, raised levels of TNF
in sacroiliac joints with erosion, and high rate of the cir-
culating soluble TNF receptors (sTNF-R1 and sTNF-R2),
have been documented in AS patients, and their level cor-
related with disease activity. Moreover, mice which over-
expressed TNF develop spinal changes, such as new bone
formation [35-38]. Several investigations have shown that

TNF-blocking agents are highly efficacious in controlling
inflammation, improving clinical outcome and bone min-
eral density of AS patients, and reducing radiographic pro-
gression [39]. It is known that TNF initiates and regulates
the cytokine cascade during the inflammatory response by
inducing other cytokines, such as IL-1 and IL-6, which in
turn recruit immune and inflammatory cells [40]. IL-1,
including IL-1a and IL-1f, through their binding with
its activator receptor IL-1R1, act as potent inflammatory
cytokines. In animal models of arthritis, IL-1a and IL-1p
seem to activate osteoclast and cause bone resorption, in
addition to stimulating production of other enzymes involved
in joint destruction. Further studies and genomic analysis
confirmed the role of IL-1 in AS pathogenesis, although
treatment with IL-1 antagonists has generally failed in AS
patients [33, 41, 42].

In the last few years, IL-23/IL-17 axis has been associated
with the pathogenesis of axSpA. IL-17 is a proinflammatory
cytokine with many isoforms (named IL-17A, IL-17B, IL-
17C, IL-17D, IL-17E, IL-17F), whereas IL-23 is a heterodi-
mer, consisting of a p40 (shared with IL-12) and p19 chains.
It has been reported that mice overexpressing IL-23 devel-
oped enthesitis and peripheral arthritis, through T-helper 17
(Th17) cells activation and production of IL-17A, IL-22,
and IL-17F [43]. IL-17 has a role in inflammation and bone
homeostasis and causes both synovial inflammation and joint
destruction, boosting activation of NF-kB ligand (RANKL)
in osteoclasts and inducing fibroblasts, osteoblasts, and
chondrocytes [34°]. Genetic studies indicate that some loci
involved in NFkB signaling, as well CARDO9, can promote
secretion of IL-17 and IL-23 and influence bone ossification
and radiographic progression observed in AS [42]. Of note,
emerging findings suggest an uncoupled action of IL-23 and
IL-17 in axSpA and hypothesize a pathogenic role of IL-23
in the initiation of AS but not in maintaining established
disease [44]. This theory provides a possible explanation for
the negative results of trials evaluating the therapeutic role
of IL-23 inhibitors in AS.

Among innate immune cells, macrophages play an
important role in the AS pathogenesis by inducing produc-
tion of inflammatory cytokines. Macrophages have been
classified into two subpopulations: M1 (classically acti-
vated) and M2 (alternatively activated). M1 macrophages,
when exposed to interferon (IFN)-y and TNF, produce pro-
inflammatory cytokines, such as IL-1f, TNF, IL-12, and
IL-18 [45]. On the contrary, CSF-1, IL-4, IL-10, TGF-
B, IL-13, fungal and helminth infections, immune com-
plexes, and complement system favor M2 subpopulation
polarization. They are involved, among others, in tissue
remodeling [46]. In addition, macrophages play a role in
osteoclastogenesis: CD68 macrophages have been shown
in sacroiliac tissue sample of AS patients, contributing to
bone resorption [35]. Moreover, misfolding of HLA-B27

@ Springer



16

Curr Rheumatol Rep (2023) 25:12-33

induces endoplasmic reticulum (ER) stress, IL-23 produc-
tion in macrophages, and immune dysregulation [47].

Histological findings from synovial biopsies of inflamed
peripheral joints in SpA patients have revealed infiltration of
innate immune cells, especially the CD163+4 macrophages.
This CD163 glycoprotein is suggested as a biologic marker
for M2 macrophages and polymorphonuclear leucocytes
(PMNs). Moreover, there is a positive correlation between
these cells and disease activity [48]. Along with the over-
expression of CD163+ cells, a decrease of M1-related
cytokines was observed, indicating that M2 macrophages
are the main driver of AS inflammation [49]. Of interest, a
lower activation and differentiation of osteoclast, and thus a
decrease of bone destruction, were detected in a study from
an in vivo mouse model [50]. In this model, treatment with
inhibitor of IL-4, which is the main inductor of M2 produc-
tion, reduced the severity and incidence of arthritis, as well
as the expression of RANK-L in macrophages [50]. It is also
suggested that there is a lower expression of IFN-y by mac-
rophages from AS patients. This, in turn, leads to a greater
Th17 response that contributes to inflammation and resultant
damage in SpA [51]. Local production of IL-23 at entheseal
level by HLA-B27+4+ macrophages has been demonstrated
[52], pointing out the role of macrophages in IL-23/17 axis
in pathogenesis of AS. Among the cells involved in this axis
are dendritic cells (DC) that have the role in the initiation
of the immune responses. A reduction in CD1c+ subset in
AS patients leading to a higher expression of mononuclear
cells able to induce the secretion of IL-1p and IL-6 from
T cells, accompanied by Th17 immune response, has been
reported [53]. Of note, DCs have been found in affected tis-
sues of axSpA patients, implicating an immune-regulating
role of these cells not only in inflammation but also in bone
formation [54]. Indeed, an overexpression of ADAMTSIS,
which encodes for metallopeptidase and a transcription of
other genes associated with WNT signaling pathway of bone
formation in axSpA subjects, has been reported [55]. Other
studies suggest an interaction between DC-T cell and osteo-
clast activation regulated by rs8092336 SNP within RANK
in AS patients [56].

Natural killer (NK) cells also form a critical component
of innate immunity, and they have a recognized role in AS
pathogenesis. In fact, the genetic susceptibility as well as
the altered expression of NK receptors (KIRs)n and HLA
alleles determinate predisposition to autoimmune disorders
[33]. Many studies suggested a higher level of circulating
NK cells in SpA patients compared to healthy controls, as
well as an increased expression of activating KIR receptors,
allowing the recruitment of other immune cells [57, 58].
Accordingly, levels of NK cells are correlated with Bath AS
disease activity index (BASDAI) score [59]. Furthermore,
there is an increased KIR3DL2 expression on NK and T
CD4+ cells in the blood and synovial mononuclear cells

@ Springer

of SpA patients [60]. Likewise, a binding from HLA-B27
dimers and KIR3DL on cell surface has been reported [61].
These events warranted the differentiation and the expres-
sion of Th17 cells [62].

Beyond innate immune cells, other subtypes of cells par-
ticipate in AS pathogenesis due to their ability to stimulate
the production of IL-17, such as invariant NK T (iNKT)
cells, mast cells, resident RORyt+CD3+CD4-CDS-
lymphoid cells, and innate-like lymphocyte (ILC) 3 cells.
iNKT cells are a specialized T-cell population that recog-
nizes lipid antigens that are presented by CD1d, a cell-sur-
face molecule. They have shown to have an important role
in immune response, and their production is regulated by
antigen-presenting cells (APCs). In mice, a small subpopula-
tion of IL-17A-producing iNKTs which express the RORyT
transcription factor IL-23R have been reported, and these
cells have also been detected in humans and are involved in
IL-17A and IL-22 production [63°°]. Gamma delta (y8) T
cells are unconventional T cells, distinguish in four popu-
lations according to their function (IL-17 producers, IFNy
producers, innate-like T yd, and yd T regulatory cells)
[63°°]. So, these cells could produce IL-17, and they are
found in large number in peripheral blood mononuclear cells
(PBMCs) from AS patients, as well as in inflamed entheses
where they induce IL17 production [64]. In addition, some
evidence reported a maintenance of IL-17A producing cells
by IL-2 [65].

ILC are tissue-resident innate immune cells involved in
host defense and in tissue remodeling [63°*]. Among ILC,
the subtype 3 seems to be critical for gut permeability and
interactions between microbiota and CD4+ T cells, sup-
porting the linkage between gut inflammation and SpA
pathogenesis [66]. In the last few years, researchers have
focused on mucosal-associated invariant T (MAIT) cells,
which express cytokines, such as IFNy and IL-17, and whose
expression is reduced in AS patients [67]. Nevertheless, their
exact role in AS is still not clear. Studies suggest that stromal
cells are the major effectors of the structural damage in SpA.

Stem cells are multipotent cells that include numerous
cell types with various functions, like immunomodula-
tion, differentiation in osteoblast, adipocytes, and chon-
droblast [68]. It is previously reported that mesenchymal
stromal cells (MSCs) could inhibit T-cell proliferation, but
this action in AS patients is still under investigation [69].
Some studies indicated a higher capacity of bone marrow
mesenchymal stromal cells (BM-MSCs) from AS patients
(AS-MSCs) to become osteoblasts through the overexpres-
sion of ERK signaling pathway and downregulation of Nog-
gin, resulting in new bone formation [70]. Moreover, some
cytokines regulate AS-MSC proliferation, migration, and
function. In particular, production of IL-23 after a biome-
chanical stress and, consequently, IL-22 expression induced
MSC:s proliferation and osteogenetic differentiation, whereas
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FN-y and TNFa suppressed MSCs osteogenesis [71]. It was
also demonstrated that AS-MSCs produced CCL2 during
osteogenesis, causing monocyte migration, macrophage
polarization in proinflammatory type, and increased TNFa
secretion in the enthesis [72]. MSCs from inflamed enthe-
sis as well as from spinal ankylosing site of AS patients
improved mineralization via HLA-B27-dependent activation
of sXBP1/RARB axis/TNAP. In keeping with this, experi-
ments in vitro and in vivo have shown that TNAP inhibi-
tors blocked mineralization of MSCs and a stopped bony
ankylosis. These findings further point out the importance of
HLA-B27 in AS pathogenesis [73]. The pleiotropic effects
of MSCs are underlined also by their capacity to regulate
osteoclastogenesis. A recent study has proven a greater abil-
ity of AS-MSCs to inhibit osteoclastogenesis that seems to
be mediated by an overexpression of CXCLS5, which inhib-
its osteoclastogenesis, and it is not observed in MSCs from
healthy donators [74].

Adaptive Inmune System

The role of acquired immune system in AS pathogenesis
is supported by many studies. It was documented that the
presence of antibodies directed against synthetic peptides
from enteric bacteria that have homology sequence with
HLA-B27 [75] (Note: the Ref. no. 75 is titled “Molecular
mimicry of an HLA-B27-derived ligand of arthritis-linked
subtypes with chlamydial proteins”; chlamydia do not fall
in the category of enteric bacteria). Histological data on
synovial biopsies of AS patients has provided evidence of
B-cell-rich follicles, as well as aggregates of T cells and B
cells in germinal center-like structure [76]. Moreover, the
pathogenic role of IL-17 and IL-23 corroborate the involve-
ment of T cells and adaptative immune system in AS [77].
T cells can divide in two major subtypes, CD8+ and CD4+
(also named “helper”), beyond another distinct population
of T cells called “regulatory T cells” (Treg). Alteration of T
lymphocytes has been found in AS, including increased per-
centages of T helper (Th)-1 and Th17, which also result in
an imbalance of Th1/Th2 and Th17/Treg [78]. Thl cells are
a subset of CD4+ cells implicated in defense against intra-
cellular pathogens by production of IFNy, which acts as a
macrophage-activating factor. In addition, they secrete other
cytokines like TNF, IL-2, and IL-10, which are involved
in inflammatory response. Conversely, Th2 cells have anti-
inflammatory actions and are associated with allergic dis-
eases, through production of IL-4, IL-5, and IL-13 [79°].
A skewness of Th1/Th2 was observed in AS. Th1 cells
were founded in greater number in AS subject compared
to healthy controls [5]. As proof, IFNy and TNFa were
higher in AS population and worse inflammatory condi-
tions in these patients [80]. Moreover, treatment with TNF
inhibitor (TNFi) drugs reduces IFNy serum levels and the

percentage of Thl cells and is suggested to block migration
of immune cells from lymph nodes to peripheral tissues
[81]. Th17 cells have a key part in AS pathogenesis, being
the main source of IL-17 production. Th17 differentiation
is controlled by STAT-3 and STAT-5 signaling, through
cytokines that could operate as activator or inhibitor fac-
tors. IL-6 and TGF-f upregulate STAT-3, leading to activa-
tion of IL-17 promoter, and on the other hand, IL-2 induces
STAT-5, causing inhibition of Th17 differentiation [5].
Th17 cells were found to be increased in peripheral blood
and synovium of AS patients [82]. Imbalance in IL-7 pro-
duction prompts activation of fibroblasts, endothelial cells,
dendritic cells, and macrophages, resulting in an inflamma-
tory state and joint destruction [83]. Also, IL-23 play a piv-
otal role on expansion and maintenance of Th17 cells, and
the presence of IL-23 expressing cells in human enthesis
underlines a T-cell polarization at local sites [84]. Never-
theless, some recent studies have revealed that IL-17 could
be produced in an IL-23-independent way. To support this
hypothesis, anti-IL-23 drugs have failed in patients with
axSpA, while therapies with IL-17 inhibitor improved
symptoms and radiographic progression in these patients [
63]. Moreover, Th17 cells produce IL-22, whose level has
been expanded in both axial and peripheral joint tissues,
as well as in mesenchymal stem cell (MSC) involved in
osteogenesis. It suggests, once more, the important role of
this cytokine in SpA and in new bone formation observed
in this disease [71].

Treg cells are a subpopulation of T cells involved in
maintenance of immune homeostasis, suppressing an exces-
sive inflammation and autoimmune disease. Treg cells can
secrete immunosuppressive cytokines such as TGF-f and
IL-10, which in turn downregulates the immune response.
In fact, IL-10 prevented expansion of Th17 cells and inhib-
ited the antigen presentation [85]. Albeit their role in AS
remains still controversial, findings showed an increased
number of Tregs in synovial fluid of AS patients [86]. Also,
it was reported an upregulation of Treg cells in PBMCs of
AS patients with higher levels of ESR, CRP, and HLAB27
positivity [87]. Moreover, a Tregs convertion into Th17 cells
with the above effects has also been suggested [88]. Finally,
a CD56+ T-cell type with the same features of NK cells,
named NKT-like cells, was uncovered. These cells seem to
have both cytotoxic action and regulatory function. Some
investigations reported a reduced level of NKT-like cells
after IL-17A inhibition, but further studies are required to
illuminate their potential pathogenic role in SpA [89°°].

A pathogenic role of CD8+ T cells in AS has been pos-
tulated despite the evidence that HLA-B27 transgenic rats
developed the disease in the absence of CD8+ cells [90].
Naive T CD8+ cell can differentiate into effector and cyto-
toxic T lymphocytes (CTL) after the interaction with T-cell
receptor (TCR) and mediate their pathogenic role through
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several different mechanisms. CD8+ effector T cells pro-
duce IFN-y, IL-17, and TNF-a, encouraging an inflamma-
tory milieu, while CTLs cause lysing of cells by activation
of Fas/FasL pathway or secretion of perforin/granzyme. Of
interest, it was demonstrated that presentation of cartilage
antigens by chondrocytes to CD8+ T cells in AS subject
results in cartilage destruction. In addition, CTLs could be
involved in AS progression, but their exact role remains
unclear and warrants further investigations [5].

Recently identified and worthy of interest, the tissue-resi-
dent memory (TRM) cells are characterized by expression of
integrins and transmembrane receptors at barrier sites. After
their detection in gut of patients with Crohn disease, TRM-
like cells were also found in AS synovial fluid [91, 92].
Similar cells were also shown in gut, serum, and synovia of
AS patients, providing an indirect support for the existence
of a gut-joint axis [93]. B lymphocytes exert different roles
in immune system. Besides the antibody production, these
cells interact with T cells, APC, macrophages, and dendritic
cells that result in production of various cytokines. Despite
the little attention given to B cells over the past decades,
recent investigations provide their involvement in the patho-
genesis of AS [94]. Early research is shown greater levels
of B cells in the serum of AS subjects compared to healthy
controls and are associated with BASDAI and back pain
[95]. T follicular helper (Tfh) cells can support effector B
cells and induce naive B cells to produce immunoglobulins
through IL-21, an essential cytokine for B-cell proliferation
and differentiation [96]. In AS patients, increased of Tth17
cells and classic switched B cells were found, as well as their
reduction after IL-17A inhibition, suggesting that B cells
might take part in the pathogenesis of AS [89°°]. Further-
more, Tth cells may interact with B cells and facilitate the
formation of germinal center and differentiation of B cells
and finally the production of antibodies [79°].

Secretion of antibodies is boosted also by some genetic
variants associated with B-cell functions, which once again
emphasize the involvement of B cells in AS pathogenesis.
Of these, TBX21, encoding T-bet, has been identified as a
susceptibility gene for development of AS. In fact, T-bet
promote Th1 differentiation and Th1 cytokine production,
as well as IgM switching into IgG [27, 97, 98]. It was also
suggested that T-bet+ B cells represent the germinal center-
derived B cells set to become antibody-secreting cells [99].
Autoantibodies as well as the presence of B-cell infiltrates
are detected in AS-affected inflammatory sites [100]. Among
autoantibodies, IgG against the intracellular protein prefoldin
subunit 5 (PFDNS), which is a protein with a protective role
in the apoptosis of retinal cells, are recently observed in AS
patients, especially in those with uveitis [101]. Besides this,
antibodies directed against intracellular molecules involved
in antigen presentation, like beta-2 microglobulin, have also
been found in AS patients [102].
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One of the most intriguing autoantibodies discovered in
AS is those directed against CD74, the invariant chain of
MHC class 2 that has a high affinity for the proinflammatory
cytokine macrophage migration inhibitory factor (MIF). MIF,
being involved in osteoclastic and osteoblastic activation, is
important in radiographic progression of AS [103, 104]. As
regard to bone metabolism, antibodies directed to osteopro-
tegerin were shown in axSpA individuals. The presence of
these antibodies causes a greater expression of RANKL, lead-
ing to sustained osteoclastogenesis and, thus, bone loss [105].
Other autoantibodies against proteins that are important in
the regulation of bone homeostasis, such as NAD-dependent
protein deacetylase sirtuin-1 (SIRT1), sclerostin, and noggin,
have been reported. SIRT1 is an intracellular enzyme that pro-
motes osteogenesis and blocks sclerostin, an inhibitor of bone
formation. The absence of SIRT1 provokes a high level of
sclerostin, which means bone loss [106]. Serum IgG antibodies
to SIRT1 were found mostly in early disease and in females
[107]. Moreover, IgG antibodies against sclerostin and noggin,
which induce bone formation, were detected in serum sera of
AS patients, [108]. In AS, low serum levels of sclerostin have
been correlated with formation of syndesmophytes and radio-
graphic progression, as well as with a susceptibility to develop
axSpA in patients with IBDs [109, 110]. Typically, chronic
inflammation is associated with infiltration of lymphocytes,
including B cells. Several studies reported an infiltration of
B cells and the presence of ectopic lymphoid tissue at spine
and sacroiliac joints of AS and nr-axSpA patients. Study of
inflamed synovial membrane has suggested the presence of
antigen-specific B memory cells that could contribute to local
immune reaction. Of note, treatment with TNFi results in a
reduction of neutrophils, macrophages, and T cells, but not of
B cells and plasma cells. As flaring may occur shortly after the
discontinuation of TNFi, it was suggested that residing B cells
could be responsible for inciting relapses in AS [100]. Immune
pathways and therapeutical targets are summarized in Table 1.

Bone Tissue

On microscopic observation, bone tissue is made up of
extracellular matrix and cells. The extracellular matrix is
in turn formed by an organic component consisting of type
1 collagen fibers, osteocalcin, osteonectin, glycoproteins
(fibronectin, osteopontin, bone sialoprotein), proteoglycans
(decorin, biglycan), an inorganic component consisting of
submicroscopic of hydroxyapatite-like crystals, and calcium
salts [111]. Osteoprogenitor cells (preosteoblasts) are the
stem cells of bone tissue and are found on the surface of the
bone trabeculae, in the connective tissue of the bone mar-
row cavities, and they also line the Havers and Volkmann
canals. They differentiate from pluripotent mesenchymal
cells and give rise to osteoblasts and other osteoprogenitor
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Table 1 Immune pathways and therapeutic targets

Drugs Target FDA-approved EMA-approved Clinical trials in axSpA  Ongoing trials in axSpA Ref.
therapeutic indication  therapeutic indications
Etanercept TNFa AS AS ASCEND [186, 187]
PsA nr-axSpA ESTHER
RA PsA
PsO RA
PsO
Adalimumab TNFa AS AS ABILITY-1 [188, 189]
PsA nr-axSpA ABILITY-3
RA PsA
PsO RA
ucC PsO
CD
Infliximab TNFa AS AS ASSERT [190]
PsA PsA
RA RA
PsO PsO
ucC ucC
CD CD
Golimumab TNFa AS AS GO-RAISE [191-193]
PsA nr-axSpAPSA
RA RA
uc ucC
Certolizumab pegol TNF« AS AS RAPID-axSpA [194, 195]
nr-axSpA nr-axSpA ATLAS
PsA PsA
RA RA
PsO PsO
CD CD
Secukinumab IL-17A AS AS MAXIMISE [196-200]
nr-axSpA nr-axSpA MEASURE 1
PsA PsA-axPsA MEASURE 2
PsO PsO MEASURE 3
PREVENT
Ixekizumab IL-17A AS AS COAST-V [201-204]
nr-axSpA nr-axSpA COAST-W
PsA PsA COAST-X
PsO PsO
Brodalumab IL-17R PsO PsO Phase IIT axSpA [205]
Bimekizumab IL-17A, Not approved PsO Phase III AS [206-209]
IL-F Phase III nr-axSpA
Netakimab/BCD-085 IL-17R Not approved Not approved Phase IIT AS [210, 211]
Ustekinumab IL-12/23 PsA PsA Phase IIT AS [212-214]
PsO PsO Phase III nr-axSpA
CD CD
uc ucC
Tildrakizumab 1L-23 PsO PsO Phase II AS and nr-axSpA [215]
Tofacitinib JAKI/JAK3 AS AS - Phase IIT AS [216,217]
PsA PsA
RA RA
ucC ucC
Upadacitinib JAK1 PsA AS - Phase III AS and nr-axSpA [218, 219]
RA PsA
uc RA
Filgotinib JAK1 Not approved RA - Phase II AS and nr-axSpA [220, 221]
ucC
Namilumab GM-CSF Not approved Not approved - Phase I axSpA [222]

FDA, Food and Drug Administration; EMA, European Medicines Agency; TNF, tumor necrosis factor; /L, interleukin; /L-17RA, IL-17 receptor
A; JAK, Janus kinase; GM-CSF, granulocyte-macrophage colony-stimulating factor; AS, ankylosing spondylitis; SpA, spondyloarthritis; ax,
axial; nr-ax, non-radiographic; PsO, psoriasis; PsA, psoriatic arthritis; RA, rheumatoid arthritis; CD, Crohn’s diseases; UC, ulcerative colitis
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cells [112]. Osteoblasts derive from osteoprogenitor cells,
and they actively participate in the formation of bone tis-
sue by secreting the main organic components of the matrix
and regulating the deposition of mineral salts. In the synthe-
sis phase, they appear as rather large cells with a spherical
nucleus, abundant basophilic cytoplasm, and alkaline phos-
phatase activity of its membrane [113]. Osteocytes are the
most numerous cells in mature bone. They are essentially
quiescent osteoblasts which, after producing bone substance,
remain trapped in the calcified matrix within bone gaps.
They are microscopically distinguished from osteoblasts by
their flattened shape and by the numerous filiform extensions
of the cytoplasm. Despite this, osteocytes are not inert cells
but participate, albeit to a lesser extent than osteoblasts, in
bone metabolism [114]. Osteoclasts are polynuclear giant
cells with a ruffled border and a slightly acidophilic cyto-
plasm. They are located along the bone trabeculae within
the dimples called Howship lacunae produced by their own
erosive action. They are cells of monocyto-macrophage deri-
vation; more precisely, they are syncytium derived from the
fusion of these cells. They are responsible for bone resorp-
tion by mediating the acid dissolution of the inorganic
extracellular matrix and enzymatically digesting the organic
matrix [115°].

Osteogenesis begins in the embryo when clusters of
embryonic connective tissue cells become more condensed
and begin to express a set of genes, including Sox9 and
subsequently Runx2 that encode regulatory proteins
critical for the development of cartilage and bone tissue,
respectively [116]. Immediately after Sox9 expression,
these cells begin to proliferate and produce the cartilage
matrix. They subsequently stop dividing and begin secreting
Indian hedgehog (IHH) protein which causes an increase
in the production of certain Wnt proteins, which activate
the Wnt pathway in these cells. As a result, they deactivate
Sox9 expression, retain Runx2 expression, and begin to
differentiate as osteoblasts, creating a bony collar around
the stem of the cartilage model [117]. Cartilage cells
undergo apoptosis, leaving large cavities in the matrix, and
the matrix itself becomes mineralized by the deposition of
calcium phosphate crystals by osteoblasts. Osteoclasts and
blood vessels invade the cavities and erode the remaining
cartilage matrix, creating a space for the bone marrow, while
the osteoblasts deposit trabecular bone in some parts of the
cavities where fragments of cartilage matrix remain [118].

Physiological Bone Metabolism
Contrary to what one might think, bone tissue is not per-
manent and immutable. Through the extracellular matrix,

there are channels and cavities occupied by cells, which
account for about 15% of the weight of the compact bone.
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These cells are engaged in a constant remodeling process,
while the osteoblasts deposit new bone matrix, the osteo-
clasts demolish the old bone matrix, constantly renewing the
bone tissue. Osteoclasts are large multinucleated cells that
originate, like macrophages, from hematopoietic stem cells
in the bone marrow [115°]. The precursor cells are released
as monocytes into the bloodstream and collect at the sites
of bone resorption, where they fuse to form multinucleated
osteoclasts, which cling to the surfaces of the bone matrix
and eat it away. Osteoclasts are able to dig deep into the sub-
stance of the compact bone, forming cavities which are then
invaded by endothelial cells that form capillary structures
inside [119]. The walls of the cavities formed are covered
with a layer of osteoblasts that lay concentric layers of new
matrix inside the cavity. Many of the osteoblasts become
trapped in the bone matrix and survive by differentiating
into osteocytes. The osteoblasts that make up the matrix
also produce the signals that recruit and activate osteoclasts:
macrophage CSF (MCSF) and TNFRSF11B (also called
receptor activator of NF-kB ligand or simply RANKL).
To prevent excessive matrix degradation, osteoblasts also
secrete osteoprotegerin (OPG), which blocks the action of
RANKL [120]. RANKL is expressed by osteoblasts, T cells,
NK cells, and fibroblasts. Consequently, inflammatory cell
infiltration makes a significant contribution to osteoclast for-
mation and bone turnover [121]. The RANKL:OPG ratio
determines the extent of osteoclastogenesis and is subject
to various influences such as hormones, proinflammatory
cytokines, biomechanical stress, and aging [122]. Several
drugs can prevent osteoclastic bone loss, from estrogens to
bisphosphonates to denosumab (anti-RANKL monoclonal
antibodies). However, it has been noted that only few cells
in vertebrae affected by AS express RANKL [123], and few
SpA patients have circulating OPG antibodies [105]. The
higher the level of activation of Wnt in osteoblasts, the more
osteoprotegerin they secrete, and, consequently, the lower
the level of activation of the osteoclasts and the lower the
rate of degradation of the bone matrix. Therefore, the Wnt
signaling pathway appears to have two distinct functions
in bone formation; in the early stages, it controls the initial
engagement of cells in the fate of osteoblasts; subsequently,
it acts in the differentiated osteoblasts to help govern the
balance between matrix deposition and erosion [124].

Bone Metabolism in SpA

Similar to other chronic inflammatory diseases, including
RA and IBDs, SpA is associated with systemic bone loss up
to the development of osteopenia and/or osteoporosis [125].
Bone loss in SpA appears to be less pronounced than that
observed in RA, also because anti-citrullinated antibodies
(ACPA) induce osteoclastogenesis even in the absence of



Curr Rheumatol Rep (2023) 25:12-33

21

inflammation and are associated with systemic bone loss in
RA before the onset of clinical disease [126]. Conversely,
focal bone formation occurs in SpA and appears to be sec-
ondary to entheseal inflammation, resembling a damage
response process, driven by IL-23 and IL-17. Therefore, the
activation of the IL-23-IL-17 axis is associated with both
catabolic and anabolic effects on bone metabolism [127°].

Effects of IL-17 on Bone

IL-17 is able to regulate the activity of osteoclasts and osteo-
blasts. The development of bone erosions is due to the induc-
tion of osteoclastogenesis. Indeed, IL-17 directly stimulates
osteoclasts by upregulating RANK (receptor for RANKL)
[128] and promotes osteoclastogenesis also indirectly by
inducing expression of RANKL on osteoblasts and and
mesenchymal stem cells [129°°]. In support of this concept,
blockade of IL-17A by the neutralizing antibodies ixeki-
zumab and secukinumab delayed the progression of bone
erosions in patients with PsA [130]. The new entheseal bone
formation results from promoting osteoblast differentiation;
however, the role of IL-17 is still a matter of debate. While
IL-17A is known to induce osteoblast differentiation from
human mesenchymal stem cells (MSCs) [131], other stud-
ies have shown that IL-17A inhibits the differentiation of
osteoblasts in mouse models, so much that using an IL-17A
blocking antibody reduced bone loss [132]. Although these
data are apparently contradictory, the osteoblast precursor
cells that were examined in vitro in these studies were dif-
ferent, suggesting that the effect of IL-17A on osteoblast dif-
ferentiation probably depends on the type of the cell exposed
to IL-17A, the phase differentiation of that cell, and perhaps
also the timing and duration of exposure to cytokines [26].

Effects of IL-23 on Bone

Osteoblasts do not express IL-23 receptor, so IL-23 does
not have any effects on the differentiation and prolifera-
tion of osteoblasts, in contrast to IL-17 [133]. On the other
hand, IL-23 polarizes differentiation of the helper T (Th)
cell towards Th17 cells and consequently induces IL-17
production and stimulates osteoclastogenesis [129°°]. The
direct effects of IL-23 on osteoclastogenesis are less well
understood, although the induction of RANK expression has
been detected on osteoclast precursor cells upon stimulation
by IL-23 [134]. IL-23 could also promote osteoclastogenesis
simply in the context of inflammation, and this concept is
supported by limitation of progression of bone erosions in
PsA patients by ustekinumab [135]. Anyway, clinical evi-
dence shows that IL-23 blockade is less effective than inhibi-
tion of IL-17A on improving disease symptoms in the spine,
suggesting potential differences between the role of IL-23 in
spinal versus peripheral enthesitis [136].

Effects of TNF on Bone

Various experimental studies evidence a link between TNF
and osteoclast development; however, a direct role on osteo-
blast formation is currently debated [137]. Thus, clinical
observations that TNFi are effective on inflammation but
less so on radiological changes may be attributed to different
effects on osteoclasts and osteoblasts [138]. It has been dem-
onstrated that TNF upregulates the Wnt antagonist Dkk-1
and thereby inhibits new bone formation [139], while the
blocking of Dkk-1 in experimental arthritis reversed the
destructive phenotype in a remodeling pattern of periph-
eral and axial structural joint damage determining fusion
of sacroiliac joints [140]. The potential relevance of Dkk-1
to the structural phenotype of human arthritis is indicated
by low serum Dkk-1 levels in SpA [141] and the associa-
tion between serum Dkk-1 levels and new bone formation
in axSpA [142]. Briot and colleagues demonstrated that
SpA patients receiving TNFi therapy showed a significant
increase in bone mass density (BMD) in the lumbar spine
over 2 years of follow-up in comparison with patients not
receiving TNFi, who showed a decrease in hip BMD [143].

Effects of IL-6 on Bone

IL-6 promotes osteoclastogenesis by inducing RANKL
expression [144], while, on the other hand, IL-6 stimulates
periosteal bone formation by releasing osteotransmitters
from activated osteoclasts [145]. However, inhibition of
IL-6 by tocilizumab and sarilumab failed to demonstrate any
difference in ASAS20 response at week 12 in randomized
clinical trials [146].

Effects of GM-CSF on Bone

In 2017, Al-Mossawi and colleagues observed a significant
prevalence of GM-CSF + Th17 cells in patients with SpA
compared to healthy donors and RA controls and also a high
percentage of cells producing GM-CSF independently of
IL-17A (GM-CSF + IL-17A — cells in both CD4 and CD8
cells) [147]. The potential link between GM-CSF and bone
lesions was explored in an experimental study which demon-
strated that blocking GM-CSF in the SKG murine model of
AS resulted in complete ablation of bone lesions, bone ero-
sions at peripheral joints, and periosteal bone formation [148].

Bone Metabolism Beyond SpA and Its
Therapeutic Target
In SpA, there is an increased risk of clinical vertebral and

nonvertebral fractures compared with healthy controls.
AS was associated with an almost doubled risk of clinical
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vertebral fractures and a 20% increased risk of clinical non-
vertebral fractures, independently of tobacco smoking, alco-
hol consumption, body mass index, and use of oral corticos-
teroids, while regular use of NSAIDs appears to eliminate
the excess fracture risk related to AS, but the mechanisms
involved are unknown [149]. Neumann and colleagues inves-
tigated bone geometry, microstructure, and volumetric bone
mineral density (vBMD) in a cohort of patients with nr-
axSpA in order to define the early bone changes occurring
in axSpA and to define potential factors for deterioration
of bone microstructure by using high-resolution periph-
eral quantitative computed tomography (HR-pQCT) at the
radius. The analysis revealed, even within the first 2 years of
the disease, a significantly reduced cortical area and cortical
thickness in patients with nr-axSpA compared with control
subjects, and moreover, total and cortical vBMD were sig-
nificantly reduced in nr-axSpA patients, whereas there was
no difference in trabecular vBMD [150]. The standardized
method for evaluating low BMD is by dual-energy X-ray
absorptiometry (DXA) which reports the standard deviation
from peak bone mass (T-score) and age-matched normal val-
ues (Z-score). The World Health Organization classifies low
BMD into the two categories of osteopenia and osteoporo-
sis. Specifically, osteopenia is defined as a T-score between
—1 and —2.4, and osteoporosis is defined as a T-score of
less than or equal to —2.5 on DXA. The Z-scores indicate
the standard deviation above or below the population nor-
mal by age, sex, weight, and ethnicity and should be used
to interpret BMD in pre-menopausal women and men less
than age 50. Two standard deviations below the mean are
considered below the expected range [151]. Peak fracture
risk has been shown to occur as early as 2.5 years after AS
diagnosis, which underscores the importance of detecting
and treating low BMD early in the disease course to reduce
risk factors for vertebral fractures [152]. Bone metabolism
mediators and effectors and therapeutic targets are summa-
rized in Table 2.

Biphosphonates

Biphosphonates (BPs) are chemically stable derivatives of
inorganic pyrophosphate (PPi), in which the central core
P-O-P has been replaced by a non-hydrolysable P-C-P struc-
ture [153]. Since the 1960s, it is known that PPi is capable of
inhibiting calcification by binding to hydroxyapatite crystals,
leading to the hypothesis that regulation of PPi levels could
be the mechanism by which bone mineralization is regulated
[154]. Like PPi, BPs bind to hydroxyapatite crystals, and
they are preferentially incorporated into sites of active bone
remodeling, as commonly occurs in conditions character-
ized by accelerated skeletal turnover. Accordingly, BPs have
become the primary therapy for skeletal disorders character-
ized by excessive or imbalanced skeletal remodeling, in which
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osteoclast and osteoblast activities are not tightly coupled,
leading to excessive osteoclast-mediated bone resorption
[155]. BPs used in clinical practice also have a hydroxyl group
attached to the central carbon (termed the R1 position). The
flanking phosphate groups provide BPs with a strong affin-
ity for hydroxyapatite crystals in bone, whereas the hydroxyl
groups further increase their ability to bind calcium, giving
them their remarkable specificity for bone [156]. The pres-
ence of a nitrogen or amino group in the R2 position bound
to the central carbon increases BPs antiresorptive potency
by 10 to 10,000 times relative to non-nitrogen-containing
BPs (NNBPs) [157]. NNBPS (etidronate, clodronate) act
directly on the osteoclastic activity; in fact, they are internal-
ized by osteoclasts and metabolized into non-hydrolyzable
analogues of ATP, inhibiting the action of ATP-dependent
enzymes and a cytotoxic effect with consequent cell death
[158]. On the other hand, the nitrogen-containing BPs (NBPs)
(pamidronate, alendronate, risedronate, zoledronate, iban-
dronate, neridronate) have no direct cytotoxic action, but they
inhibit the enzyme farnesyl diphosphonate synthetase in the
mevalonate pathway, which is necessary for the prenylation of
GTP-binding proteins. This impacts on cytoskeletal proteins
and intracellular trafficking, inhibiting osteoclasts actions and
leading to apoptosis [159]. BPs have also anti-inflammatory
or immune-modifying effects. Pamidronate, alendronate, and
clodronate have been shown to inhibit the growth and differ-
entiation of cells from bone marrow towards the monocyte/
macrophage lineage [160]. The effects of BPs on cytokine
generation are complex and depend on several factors, such as
the cellular type, the culture assays, and the BPs class [161].
For instance, the amino BP pamidronate was shown to inhibit
the production of proinflammatory cytokines in a macrophage
culture system [162], and, in a model of macrophage cell-like
culture, clodronate and pamidronate were shown to inhibit
lipopolysaccharide-stimulated secretion of IL-1p , IL-6, and
TNF [163]. In SpA, the inflammatory process is mainly local-
ized within the subchondral bone region. In fact, a study dem-
onstrated a high number of CD68+ macrophage and a huge
expression of cathepsin K and osteoclast enzymatic activity
in subchondral biopsies of AS patients compared to healthy
controls [164]. Moreover, osteoporosis is a well-documented
feature of SpA and can occur early [165].

All these data emerging from the early 2000s gave the
rationale for the use of BPs (and especially pamidronate) in
clinical trials with SpA patients. For example, Maksymow-
ych and colleagues randomized 16 long-standing AS patients
to receive treatment with pamidronate 30 mg monthly for 3
months followed by 60 mg for 3 additional months or with
pamidronate 60 mg monthly for 3 months. The results showed
improvement in BASDALI, bath ankylosing spondylitis func-
tional index (BASFI), bath ankylosing spondylitis metrology
index (BASMI), and erythrocyte sedimentation rate (ESR)
in the group treated for 6 months [166]. Nevertheless, in
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other clinical trials, the same protocol regimen showed only
a mild clinical improvement at month 3, with a decrease in
BASDALI, but other parameters such as (BASFI, BASMI and
C-reactive protein or ESR) did not change and there was a
small number of ASAS 20 responders [167, 168]. Further-
more, no demographic, clinical or radiological variable pre-
dictive of response has been identified. BPs accumulate at
sites of active bone turnover, and thus patients with active
subchondral bone marrow inflammation in sacroiliac joints or
enthesal structures evidenced by MRI may benefit from this
treatment [169]. As previously mentioned, most studies with
BPs in AS were carried out with pamidronate, with favorable
results on symptoms and a reduction of bone marrow oedema,
as detected by fat-suppressed MRI, which is considered pre-
dictive of the development of syndesmophytes in affected
joints [170]. In 2014, Viapiana and colleagues compared
the effect of infliximab and neridronate, a NBPS similar to
pamidronate (it has been estimated that 100 mg neridronate
is equivalent to 90 mg pamidronate) [171], and infliximab in
patients with AS. The authors showed that neridronate was
as effective as infliximab in controlling the main symptoms
of AS even though, ESR and CRP remained unchanged. This
might suggest that a large proportion of the symptoms in AS
are unrelated to the inflammatory process per se and more
likely are related to increased bone turnover at the levels of
the entheses. In patients treated with neridronate a significant
increase in lumbar spine BMD was observed after 6 months
of therapy, while no significant changes were seen on hip sites
and in patients treated with infliximab [172]. Together these
observations might provide a rational for the combination of
TNFi and bisphosphonates, considering the reasonable safety
profile, at least over the first 5 years of treatment, and the low
cost of bisphosphonates [173].

Denosumab

RANKL is essential for osteoclast formation, function, and
survival, and it is a key mediator of increased osteoclast
activity in inflammatory arthritis [174]. Denosumab is a
fully human monoclonal IgG2 antibody that binds and inhib-
its RANKL, resulting in suppression of bone resorption.
Clinical studies have demonstrated that when administered
subcutaneously once every 6 months, denosumab decreases
bone turnover and increases bone mineral density (BMD) in
postmenopausal women with low BMD [175]. Denosumab
has been approved by the United States FDA for the treat-
ment of postmenopausal women with osteoporosis at high
risk for fracture, defined as a history of osteoporotic fracture,
or multiple risk factors for fracture or patients who have
failed or are intolerant to other available osteoporosis ther-
apy [176]. Denosumab has also been approved for the treat-
ment of bone loss in men receiving androgen deprivation
therapy for nonmetastatic prostate cancer, for the treatment
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of bone loss in women receiving adjuvant aromatase inhibi-
tor therapy for breast cancer, and for the treatment of oste-
oporosis due to decreased bone turnover in patients with
multiple myeloma and bone metastases from breast cancer
[177]. In 2008, a multicenter, randomized, double-blind,
placebo-controlled, phase II study evaluated the ability of
denosumab to decrease the progression of structural dam-
age in patients with RA who were receiving methotrexate
treatment. Two-hundred eighteen patients were randomized
to receive denosumab 60 mg every 6 months or denosumab
180 mg every 6 months or placebo. After 12 months, the
change in the MRI erosion score from baseline to 6 months
was lower in the denosumab groups, and the modified Sharp
erosion scores increased more with placebo treatment than
with denosumab treatment [178]. This provides some evi-
dence to support the use of denosumab to treat low BMD in
AS; however, there are no studies at present of denosumab
in the treatment of low BMD in AS, and thus, any potential
benefit is unknown.

Other drugs

Teriparatide is a recombinant form of human PTH, con-
sisting of the first 34 N-terminal amino acids. Teriparatide
stimulates bone formation that occurs within active remod-
eling sites and on surfaces of bone previously inactive.
Treatment with teriparatide reduces radiographic verte-
bral and non-vertebral fractures compared with placebo
in postmenopausal osteoporotic women [179]. Strontium
ranelate inhibits osteoclast differentiation, promotes osteo-
clast apoptosis, activates preosteoblasts, and replaces cal-
cium with strontium, which leads to an increase in BMD
[180]. Romosozumab is a monoclonal antibody directed
against sclerostin and the only available therapeutic option
targeting Wnt signaling, as both bone-forming and anti-
resorptive intervention to treat osteoporosis and fragility
fractures [181]. Raloxifene is the only selective estrogen
receptor modulator approved for long-term treatment in
the prevention of osteoporotic fractures and for the reduc-
tion of invasive breast cancer risk in postmenopausal
women [182]. Although these drugs may have anabolic
effects on bone metabolism, there are no studies regarding
their use in low BMD in SpA patients.

bDMARDs and tsDMARDs

Better bone microstructure (higher total vBMD and tra-
becular vBMD, lower trabecular separation, and higher
cortical thickness) and biomechanical properties (higher
stiffness and failure load) were found in DM ARD-treated
PsA patients when compared to the no-DMARD control
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group. The use of bDMARD treatment was associated with
better bone density and higher stiffness and failure load
estimates, while no such association was observed with
the use of methotrexate [183]. These observations may
be explained by previous functional data showing that the
two central proinflammatory mediators in PsA, IL-17, and
TNF trigger an imbalance in bone homeostasis, increasing
osteoclast mediated bone resorption and inhibiting osteo-
blast-mediated bone formation [184]. JAK inhibitors have
been recently approved for the treatment of SpA. While a
reduction in joint bone erosion in RA and PsA patients has
been shown during treatment with tofacitinib, there are no
data on BMD or osteoporosis [185].

Conclusions

The pathogenesis of SpA is strictly related to an interplay
among genetic predisposition and innate and acquired
immune responses with resultant enthesitis as the primum
movens of the disease, at both peripheral and axial levels.
Furthermore, mechanical stress and mesenchymal tissue
remodeling are hallmarks of SpA. Here, we reviewed the
interplay of inflammatory mediators and bone metabolism.
With the current knowledge of the role of bone mediators
as treatment targets, making treatment approach is still
a challenge in SpA management. However, encouraging
findings and novelties in terms of pathogenetic mecha-
nisms and therapeutic targets have been developed, using
old and new pharmacological drugs that have a relevant
impact on inflammation and bone mediators.
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