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Loss and gain of bone in spondyloarthritis:
what drives these opposing clinical features?

Gavin Clunie"™ and Nicole Horwood

Abstract: The breadth of bone lesion types seen in spondyloarthritis is unprecedented in
medicine and includes increased bone turnover, bone loss and fragility, osteitis, osteolysis
and erosion, osteosclerosis, osteoproliferation of soft tissues adjacent to bone and spinal
skeletal structure weakness. Remarkably, these effects can be present simultaneously

in the same patient. The search for a potential unifying cause of effects on the skeleton
necessarily focuses on inflammation arising from the dysregulation of immune response
to microorganisms, particularly dysregulation of T;17 lymphocytes, and the dysbiosis of
established gut and other microbiota. The compelling notion that a common antecedent
pathological mechanism affects existing bone and tissues with bone-forming potential
(entheses), simultaneously with variable effect in the former but bone-forming in the latter,
drives basic research forward and focuses our awareness on the effects on these bone
mechanisms of the increasing portfolio of targeted immunotherapies used in the clinic.
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Introduction

Bone pathophysiology is an integral part of all the
spondyloarthritis (SpA) conditions and is intrigu-
ing given the complexity of mechanisms that
result in either net loss of bone mass, increased
general bone turnover, or bone gain.! The range
of skeletal effects that occur in SpAs, including
ankylosing spondylitis (AS; Table 1), include:
generalised bone loss (osteoporosis), fragility
fractures, focal and sub-entheseal osteitis and
erosion, osteoproliferation, either at peripheral
(enthesophytes) or axial (syndesmophytes) skele-
tal ligament or tendon entheses and osteosclerosis
(Figure 1). This range of skeletal effects reflects
the potential of disease pathophysiology to affect
different bone and non-bone (potentially ‘bone-
forming”) cells, at either a focal or more general
scale. Remarkably, these effects can exist in the
same patient over time or even simultaneously.
SpA is one of a few conditions where osteoprolif-
eration at entheses is a key part of the pathophysi-
ology, a feature which has been recognised for

over 300years® and highlighted in the medical
imaging literature for many years.>* Both diffuse
idiopathic skeletal hyperostosis (DISH)> and
X-linked hypophosphatemic rickets (XLH)® are
also conditions where osteoproliferation at enthe-
ses occur and may offer insights into the general
and specific causes of entheseal osteoproliferation
in SpA. Elucidating causative mechanisms of the
various bone changes in SpA will be an important
contribution to the design and use of effective
long-term therapies. Here we review the clinical
features, causes and consequences of bone pathol-
ogy in SpA, and discuss advances in the osteoim-
munology of these disease features.

The clinical relevance of bone
pathophysiology in SpA

Osteoporosis and fragility fracture

Ankylosing spondylitis. Most data on fragility

fracture risk and osteoporosis relate to a diagnosis
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Table 1. The spectrum of bone effects (‘lesions’] in spondyloarthritis.

Bone lesion

Example

Generalised low bone mass
Osteitis
Osteoproliferation (new bone

forming in bone-adjacent soft
tissues)

Vertebral body osteoporosis

Sub-enthesial and isolated ‘MRI defined bone edema’ (MRE) lesions;
bone erosions

Periosteal irregularities/whiskering at fibrous entheses, typically
pelvi-ileal or ischial

Syndesmophytes

Enthesophytes at ligament and tendon insertions (e.g. plantar fascia
origin/Achilles’ tendon insertion, at greater and lesser trochanters)

Osteosclerosis

Vertebral corner Romanus lesions subsequent to osteitis; or

periosteal proliferation at the interface of anterior vertebral body
margin and anterior longitudinal ligament

MRI: magnetic resonance imaging.

of AS rather than the broader SpA or axial-SpA
(axSpA) definition.” Osteoporosis in AS was rec-
ognised over 50years ago8 but in AS, osteoporo-
sis, conventionally defined as ‘low bone mass,
structural weakness and increased fracture risk’,

Figure 1. Osteoproliferative lesions in
spondyloarthritis.

a. Romanus lesions (long arrows): osteosclerosis at

the vertebral enthesis attachment of both the anterior
longitudinal ligament and anterior intervertebral disc
annulus. There is a syndesmophyte (arrowhead) arising
from a previously fractured vertebra (short arrow). b.
Erosion and osteosclerosis at the Achilles’ tendon insertion
(thin arrow), osteoproliferation (enthesophyte) at the plantar
fascia origin (wide arrow) and osteoproliferation (periosteal
irregularity) of the os peroneum (arrowhead), which is a
sesamoid bone in the peroneus longus tendon attached

to the tendon on all its sides by entheses. We gratefully
acknowledge Professor Andrew Grainger for the images.

requires some clarification given that there are
some unique AS-specific effects on the skeleton.
The likelihood of a vertebral fracture occurring in
AS is up to four times the risk compared with
control groups.® 19 However, evidence on the risk
of hip fractures in patients with AS is inconsis-
tent® and fragility fracture incidence at other sites
is not well known.

Major risk factors for vertebral fractures in AS
include low bone mineral density (BMD) at the
femoral neck and total hip (but not lumbar spine),
male sex, longer disease duration, higher disease
symptoms scores, inflammatory bowel disease,’
and the duration and structural severity of the
disease.!! Two notable issues arise from these
data. Firstly, there is a need to understand the
relative effects of vertebral body bone loss and of
disease-specific-related changes in spinal struc-
ture in contributing risk to fracture; and secondly
it is important to understand that dual X-ray
absorptiometry (DXA) derived lumbar spine
BMD does not predict vertebral fractures.

Consequences of vertebral body and spinal frac-
tures in AS. The surgical literature is rich with
case reports (summarised elsewhere!?) highlight-
ing the consequences of sustaining spinal, not just
vertebral body, fragility fractures in AS. Serious
complication risk is high, and effects can be cata-
strophic (67% of patients with neurological com-
plications; 3% mortality within 3 months). Such
consequences probably relate to the mechanical
effects of fracture through a rigid, or semi-rigid,
spine where extra-skeletal new bone formation
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(e.g. syndesmophytes, posterior vertebral element
ankylosis) results in reduced dissipation of load-
ing forces at the time of fracture and displace-
ment of large, rather than small, segments of bone
tissue. A large number of the 345 patients with AS
in the literature have had cervical spine fractures,
not an area in the spine typically associated with
vertebral osteoporosis in the general population.12
This suggests that cervical spine fractures, and by
logical extension all spinal fractures in AS, may
relate critically to skeletal fragility from compro-
mised vertebral structure and strength as well as
low vertebral body bone mass.

Patients defined as having axSpA. In patients
diagnosed with axSpA (including nonradiograph-
ical SpA) data on osteoporosis, risk of fractures
and fracture incidence are less well understood
compared with data from earlier AS-defined
cohorts. However, between, 2006 and 2016 there
were 21 studies comparing either osteoporosis or
fracture rates in ‘axSpA’ patients with control
groups.!?> Osteoporosis prevalence varied from
12% to 34% whilst fracture prevalence was
between 11% and 24%. However, as the continu-
ing debate regarding the definition of axSpA has
evolved over the last 10years, so the data on frac-
ture incidence and risk will need to be refined.
Notably, recent reviews have focussed on an AS
definition rather than a wider axSpA disease
definition.!%15

Predicting osteoporosis and fracture risk in SpA.
Osteoporosis and fracture risk will be a function
of both nonspecific and SpA disease-specific fac-
tors. There are some data showing that general
fracture risk assessment tools that compute frac-
ture risk using data like age, body mass index and
history of previous fracture, smoking and parental
hip fracture (e.g. FRAX® or Q-Fracture) can be
legitimately applied for SpA patients. FRAX®
predicts a higher 10-year risk of fracture in axSpA
compared with controls,’® but FRAX® fracture
prediction has not been widely examined across
different SpA populations, nor either in SpA
patients stratified for spinal structural changes,
with or without DXA-derived bone mass data in
the algorithm.

Hip BMD measurement assessed by DXA predicts
vertebral fracture in AS but anteroposterior (AP)
lumbar spine BMD measurement does not;® a
likely result of ‘nonqualifying’ calcified tissue (e.g.
syndesmophytes, calcification of ligaments and
posterior element entheseal osteo-proliferation)

being captured within the AP lumbar spine scan-
ning field of view. Accordingly, measuring lat-
eral and volumetric vertebral body BMD is more
sensitive than AP BMD in detecting osteoporo-
sis and is less affected by syndesmophyte forma-
tion.!” In addition, using a (DXA-derived)
trabecular bone score (TBS) that assesses mean
thickness and volume fraction of trabecular bone
microarchitecture, can complement vertebral
body BMD evaluation of osteoporosis.!® TBS is
not influenced by syndesmophyte formation,!®
negatively correlates with systemic inflammatory
markers,?° and is a promising technique for moni-
toring vertebral body osteoporosis, specifically in
axSpA. Quantitative computerised tomography
(QCT)?2! can also estimate BMD in vertebral
bodies avoiding bone-adjacent osteoproliferative
changes. QCT can detect early vertebral bone
loss in AS and shows deterioration of vertebral
body bone loss with progressive spinal disease,??
where AP lumbar spine BMD, assessed by DXA,
shows increased bone mass.?3 Korkosz’s study?3
neatly illustrates the osteolytic effect of progres-
sive axSpA on trabecular rich vertebral body bone
and simultaneously the osteoproliferative effect at
the periosteal envelope and at entheses, in the
same patients.?> Such an inverse relationship
between osteoproliferation and osteopenia had
been predicted by earlier studies.?4%25 Both pro-
cesses, osteoproliferation and bone loss, are likely
to have a common association with disease sever-
ity, with bone loss being evident chiefly at trabec-
ular bone rich sites throughout the skeleton.!?

Early studies suggested that peripheral BMD may
be normal in AS.26 However, using high-resolu-
tion peripheral QCT and careful comparative
analysis, there can be significant and unexplained
decreases in peripheral BMD in patients with AS
compared with controls; more marked in human
leukocyte antigen (HLLA) B27-negative patients.
Whether this relationship is predictive of the
degree of enteropathic pathophysiology, local
osteoproliferation or an effect of metabolic or
hormonal comorbidity is unknown.

Osteitis

Osteitis and magnetic resonance imaging bone mar-
row ‘edema’.. The earliest references of ‘osteitis’ in
SpA were in relation to either radiographically
described osteitis pubis,?’ erosion,? or as a bone
scintigraphy abnormality?® perhaps best refer-
enced to SAPHO syndrome,29:30 with abnormally
increased localisation of technetium-99m-labelled

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

Therapeutic Advances in Musculoskeletal Disease 12

diphosphonate. This radionuclide locates abnor-
mally according to increased blood delivery,
accessing bone tissue through changes in the vas-
cular endothelium and binding to hydroxyapatite,
which in turn correlates with bone turnover and
reflects the rate of new bone formation.?° More
direct evidence of the nature of osteitis in axSpA
was disclosed by peri-sacroiliac bone biopsy?!,
which correlated with abnormally increased signal
on fat-suppressed magnetic resonance imaging
(MRI) sequences, a feature originally described in
2004.32 The features of CD45%/CD68% macro-
phages, CD68" osteoclast staining and bone tissue
replacement suggested bone inflammation and
alluded to increased bone resorption.3!

Osteitis is broadly accepted to be synonymous
with bone erosion in SpA; however, latterly the
term osteitis in SpA has been associated with
MRI high signal on fat-suppressed sequences,
termed bone marrow edema (BME). However,
there are some constraints in using these terms
interchangeably that are worth noting in inter-
preting studies. First, BME 1is not specific to
axSpA and exists in many diverse clinical situa-
tions with potentially different pathophysiology.33
Second, there is a lack of correlative histological
data for BME both in axSpA spine lesions and for
BME in other conditions; and thirdly, using MRI
BME to define axSpA disease has limitations of
sensitivity and specificity, which is partly a conse-
quence of iterative analyses applying MRI diag-
nostically in filtered groups based on clinical
likelihood of disease.3*

Osteitis, MRI BME and pain. The contributors to
pain and pain experience in SpA are not well
understood. In general, peripheral triggering of
pain is through stimulation of sensory Ad and
unmyelinated C nerve fibres (nociceptors), from
tissue inflammation and damage.3> In axSpA can-
didate tissues include entheses, perisotea and
bone marrow, in sacroiliac joints and synovium
(facet or sacroiliac joints). In support of a direct
link between MRI BME and pain, symptomatic
indices of pain appear to correlate well MRI BME
in axSpA.3%:37 However, MRI BME in axSpA3$
and enthesitis, can occur without any symptoms.3°
Indeed, clinicians will likely recognise (both ways)
a disconnection between imaging and symptoms,
but whether there is poor sensitivity of MRI BME
lesion detection, ‘unimageable’ pain-generating
lesions, or contributory effects of central abnormal
pain processing, or all three factors, remains to be
shown.

Osteitis, MRI BME, bone turnover and bone loss or
gain. In bone, where there is coupled bone
turover,?0 abnormally increased or decreased
bone turnover does not necessarily lead to bone
loss (erosion/osteolysis) or gain (osteosclerosis),
though it can under conditions where the domi-
nant pathophysiology drives oscteoclastic resorp-
tion (e.g. pre-osteoclast migration to bone) or
osteoblastic bone formation (e.g. switching pluri-
potential MSC cells to osteoblast lineage) respec-
tively. In axSpA, osteitisy MRI BME may indicate
increased bone turnover, though direct evidence
is weak underscored by few bone biopsy or serial
site-specific bone mass data. Inflammation (see
later) and ischaemia (noted as a cause of osteitis
in other conditions)33 are plausible candidate trig-
gers of increased bone turnover. In typical AS
bone lesions, classical analysis of radiographs and
post mortem material® broadly suggests a sequence
of osteitis/erosion (caused by inflammation) fol-
lowed by osteosclerosis. However, to what degree
osteosclerosis arises from (or follows cessation of)
inflammation-driven bone resorption, or is trig-
gered independently, is not clear (Figure 2).

Finally, when using blood-derived bone biomark-
ers as surrogate measures of bone turnover, or
indeed bone phenotype, caution is needed.
Biomarkers will be poorly specific given the meta-
bolic implications of potentially synchronously
occurring osteitis, osteolytic, osteosclerotic and
osteoproliferative bone lesions of unknown inter-
dependence in any given patient with SpA.%0
Biomarkers potentially affected will include bone
alkaline phosphatase, procollagen peptides (e.g.
PINP), 1,25 dihydroxy vitamin D3 (and its effect
on parathyroid hormone; PTH), Dickkopf
(DKK)-1, sclerostin (SOST), and fibroblast
growth factor (FGF)23. Assuming that a single
over-arching bone phenotype for an individual
patient from any given biomarker profile will be
difficult.

Osteoproliferation

Osteoproliferation at entheses is a defined conse-
quence of progressive axSpA (i.e. AS), but is not an
ubiquitous finding in axSpA. It would seem likely
that bone formation at entheses in axSpA is not a
pain-triggering process, similarly thought to be the
case in DISH enthesopathy.! Enthesopathy pain
may relate more to inflammation and neuropeptide
elaboration in surrounding ‘enthesis organ’
tissues.3%41 Notably, in XILH as far as we know,
and in mice lacking equilibrative nucleoside
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transporter 1 (ENT-1; a murine phenotype
resembling human DISH) inflammation at enthe-
ses neither precedes nor associates with osteopro-
liferation,*243 but with all three conditions there
is undoubtedly a lot to learn in regard to how pain
is generated from enthesis pathology. Of signifi-
cant consequence clinically is how osteoprolifera-
tion in entheses, which are soft tissues designed to
respond and adapt to mechanical stress, will affect
the mechanical properties of entheses and their
attached tendons and ligaments. Progressive
entheseal osteoproliferation is well recognised to
be a profound indicator of long-term disability in
SpA,** partly due to morbidity arising from the
biomechanics of skeletal stiffness*> and of course
fracture.1? Accordingly, prevention of osteoprolif-
eration at entheses in SpA is an extremely worth-
while goal of disease treatment.

Mechanisms of bone pathophysiology in SpA

Bone turnover determines net gain or loss of
bone: general considerations

In SpA, competing inflammatory and mechanical
effects on regular bone physiology contribute to
alterations causing site-specific net gains or loss of
bone. Bone loss, within the vertebrae is perhaps
most easily explained. The inappropriate new bone
formation seen in axSpA though remains a puzzle.
Is it an exacerbated repair process, an adaptation to
altered mechanical load, a response to inflamma-
tory cells and the factors they produce, or an altera-
tion in Wnt signalling (for example), or some or all
of the above? There are of course a number of can-
didate effects to consider. For example, experimen-
tally, gp-130 receptor family members such as
oncostatin M; transforming growth factor (TGF)-3
family members; bone morphogenetic proteins
(BMPs); Ephs/Ephrins; and PTH (1-34) have all
been shown to enhance bone formation.*6-%7 Also,
Wnt family members play an integral role in the
formation and activity of osteoblasts as evidenced
by mutations in low-density lipoprotein receptor-
related protein (LRP)5, resulting in either high or
low bone mass depending on the mutation.8:4°
LRP5/6 was subsequently shown to be the receptor
for SOST, an inhibitor of Wnt signalling produced
by osteocytes that limits osteoblast formation to
tether the bone formation process.>%:51

Genetic determinants of bone pathophysiology
In SpA, genetic factors play an important role in
defining disease susceptibility and have been

Disease onset | Early axSpA

AS

Osteopenia/Osteitis
HLA-B27/ERAP1

IL-17/23 P
TNF superfamily | > @ _{9
GM-CSF/ & 2
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Osteoproliferation

Osteosclerosis
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Inflammation
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Figure 2. Effects of inflammation and stress loading on bone and enthesis

tissue in spondyloarthritis.

Direct effects of inflammation lead to bone loss (osteopaenia/osteoporosis and
bone erosion) due to increased osteoclast activity. Inflammation further influences
bone sclerosis and osteoproliferation both directly and indirectly. The stress-loading

component influences entheseal pathophysiology, which can

amplify the effects of

inflammation in enthesial and ligament tissue to cause osteoproliferation.

examined extensively in genome-wide association
studies (GWAS). A genetic component of AS is
seen in ~90% of patients who have specific variants
of the major histocompatibility complex gene
HILA-B27. In terms of heritability though, only
~20% is explained by HLLA-B27 with 113 identi-
fied AS-associated single-nucleotide polymor-
phisms (SNPs) accounting for an additional ~7.4%
heritability.52 Despite being identified as a risk fac-
tor several decades ago, the precise role of HLLA-
B27 remains unclear.5® GWAS revealed common
genes, including IL-23R, IL-12B, STAT?3, and
CARDO9, to be associated with AS, psoriasis, and
inflammatory bowel disease (IBD), but not rheu-
matoid arthritis.>%55 Endoplasmic reticulum amin-
opeptidase (ERAP)-1 and ERAP-2 trim
endogenous peptides for HLLA-mediated presenta-
tion to the immune system. SNPs in these genes
are strongly associated with AS.5¢ ERAP-1 defi-
cient mice exhibit spinal ankylosis, osteoporosis,
spinal inflammation by micro CT and
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spontaneous intestinal dysbiosis.5” However, these
genetic determinants are primarily linked to inflam-
mation, as opposed to a direct effect on bone for-
mation per se.

New bone formation is a delicate balance between
activating Wnt signalling and inhibitors such as
secreted frizzled related protein (sFRP)1, DKK-1
and SOST, as well as contributions from factors
such as BMPs.5® However, in a mouse model of
AS, SOST was unable to prevent peripheral or
axial disease development, or affect bone density
or disease severity.’® In humans, there are no
reported genetic links from GWAS studies to sug-
gest a role for the Wnt family members in SpA.
So, although SOST levels have been suggested as
a biomarker in SpA, there is considerable contro-
versy in this area and changes in SOST and
DKKI1 appear to be consequential, rather than
causative, of bone changes.

BMPs are growth and differentiation factors that
are part of the TGF-f superfamily. At the peri-
osteal surface BMPs are able to upregulate the
expression of Id genes in surrounding muscles
leading to endochondral bone formation spread-
ing from the bone surface into the medullary
canal. They also stimulate the differentiation of
periosteum progenitor cells into osteoblasts.?0 We,
and others, have previously demonstrated the
importance of muscle precursor cells,:52 and the
periosteum in fracture repair.3:%¢ Polymorphisms
in BMP6 have been linked to the severity of radio-
logical progression in AS. Two SNPs in BMP6
(rs270378 and rs1235192) have been associated
with increased risk of syndesmophyte formation
with a stronger effect in patients with both SNPs
suggesting that they confer the risk for syndesmo-
phytes independently.55

Alterations in mechanical load

Osteocytes are the main mechanosensitive cells in
bone. The ability of osteocytes to sense and
respond to mechanical stimuli depends on many
factors, such as the shape of the osteocyte cell
bodies, number and length of the cell processes,
structure of the cytoskeleton, and presence of pri-
mary cilia.?¢ Osteocytes reduce their release of
sclerostin in response to mechanical stimuli acting
on bone, and thus promote the activation of osteo-
genic pathway Wnt/B-catenin in osteoblasts.57:68

The most prominent osteoproliferative feature in
axSpA is syndesmophyte formation.®® In a recent

study, it was shown that syndesmophytes were
non-randomly distributed around the vertebral
rim. Posterolateral regions of the rim were more
commonly affected by the tallest syndesmophytes
and had most bridging, followed by the antero-
lateral regions. The anterior and posterior rims
were least affected by syndesmophytes.”® As the
posterior half of vertebrae along with the pedicles
and facet joints bear a large amount of mechani-
cal stress, then the localisation of syndesmo-
phytes fits the persuasive explanation of how
local tissue mechanical stress influences new
bone formation in SpA.71:72 Such site-specific
mechanical stress probably also directs the site of
inflammation (at least as defined above by ostei-
tissBME on MRI) in the spine, as stress can
direct osteitis elsewhere, both in SpA and gener-
ally in people prone to skeletal trauma.”? Indeed,
in SpA, prospective analyses suggest syndesmo-
phytes can form at sites of previous adjacent
osteitis though it is difficult to know precisely
whether MRI studies are telling us there is a nec-
essary progression of osteitis/BME to intraosse-
ous fat metaplasia/degeneration and then to
adjacent syndesmophyte formation in all lesions
and in all patients.”%7>

Earlier studies showed that AS patients had
reduced SOST expression linked to radiological
progression’® however the weight of literature
over the following decade makes a definitive con-
clusion elusive. Osteoblasts are known to react to
mechanical forces resulting in increased bone for-
mation. Furthermore studies have shown that
cells derived from the facet joints of AS patients,
as opposed to cells from spinal injury due to
trauma, have an increased osteogenic capacity.””
Thus, the combination of reduced Wnt inhibi-
tion, altered mechanical strain, and an increased
propensity to form osteoblasts could all contrib-
ute to syndesmophytes formation in axSpA.

Osteoimmunology of SpA

The complex relationship between bone and the
immune system is never more apparent than
when studying the underlying causes of bone
changes in SpA/AS and arthritis associated with
IBD. In SpA/AS, in understanding how both sys-
temic bone loss and localised osteitis occurs with
significant abnormal bone formation (syndesmo-
phytes and enthesophytes) in areas associated
with prior inflammation,’® some important ques-
tions arise. For example, are the mechanisms that
direct bone erosion at entheses and around
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peripheral joints, and those that direct bone for-
mation leading to syndesmophytes in the spine,
occurring due to the same type of inflammation?
Does the duration and magnitude of inflamma-
tion affect the final outcome? And what are the
cytokines and growth factors driving these
changes?

Interleukin-17/23. The interleukin (IL)-17-1L-23
axis is central to the pathogenesis with the anti-
IL-17 monoclonal antibody, secukinumab, prov-
ing to be a highly efficacious therapeutic
option.”%80 In patients with AS there is a skewing
of the helper T (Ty) cell profile towards Ty17
cells in the peripheral blood compared with
healthy controls. IL-17 released by Tyz17 and
other cells is highly proinflammatory. In the con-
text of bone, IL-17 was thought to primarily
induce osteoclastogenesis;8! however, recent
reports show that IL-17 has direct bone-promot-
ing effects on osteoblasts and their mesenchymal
precursors.82:83 Inhibition of IL-17A reduced
inflammation and bone formation in the HLA-
B27 rat model of AS in vivo providing further
proof of the importance of this cytokine in the
bony manifestations.84

Type 3 immunity is characterized by the produc-
tion of IL-17A, IL-17F, IL-22, and IL-26 by neu-
trophils, mast cells, group 3 innate lymphoid cells
[ILC3; RAR-related orphan receptor yt (ROR-
v '], v0 T cells, invariant natural killer (INK) T
cells, and Tyl7 and Ty22 cells.80:8%86 Gut-
derived IL-17*, IL-22* ILC3 are expanded in the
peripheral blood, synovial fluid and bone marrow
of AS patients, suggesting the presence of an
active homing axis between the gut and inflamed
sacroiliac joints.87 Using overexpression of I1.-23,
Sherlock et al. showed that IL-23 was essential in
enthesitis by inducing entheseal resident T cells
[IL-23R*, ROR~yt*, CD3*, CD4-, CD8", stem
cell antigen 1 (Scal™)] to produce I1.-22.88 The
I1.-22 expression then activates signal transducer
and activator of transcription 3 (STAT3), a
known mediator of osteoblastic bone formation,*¢
resulting in aberrant bone changes at the enthesis.
In vitro investigation of the effects of IL-17, IL-22
and IL-23 suggested that IL.-17 inhibits osteo-
blast differentiation by blocking BMP2 signal-
ling;8° however, this work was primarily done in
cell lines. Other investigators have described a
role for yd T cells that produce IL-17A, in bone
formation and fracture repair due to the cytokines
ability to stimulate proliferation and differentia-
tion of mesenchymal progenitor cells.%°

More recently, the dependence of bone changes
on IL-23 has come into question. Whilst IL.-23
clearly induces IL-17 production and many of the
murine models show a strong IL.-23-depenence,®!
clinical trials evidence shows that IL-23 blockade
is less effective that IL.-17A inhibition on disease
progression in the spine suggesting potential dif-
ferences between the role of IL-23 in spinal versus
peripheral skeleton enthesitis.?2 The weight of
evidence is strongly in favour of the IL-17-11-23
axis as a central component affecting bone in SpA
but as evidence evolves it may become clear that
effects on bone loss or formation may vary at dif-
ferent bone sites.

Tumour necrosis factor superfamily. Following its
success in rheumatoid arthritis,®3 tumour necrosis
factor (TNF)-a blockade was one of the first bio-
logical therapies tested in axSpA. There is exten-
sive experimental and clinical evidence linking
TNF-a to osteoclast development however a
direct role on osteoblast formation has remained
somewhat controversial;61:9495 on balance most
studies report that TNF-a inhibits osteoblast dif-
ferentiation. Thus, initial clinical observations
that anti-TNF-o was effective on inflammation
but less so on radiological changes may be attrib-
uted, in part, to different effects on osteoclasts
and osteoblasts.%®

The TNF superfamily includes the osteoclast dif-
ferentiation factor, receptor activator of NF-«xB
ligand (RANKL), and its decoy receptor, osteo-
protegerin (OPG). RANKL was initially shown to
be expressed by osteoblasts, but its expression was
then also shown on T cells, NK cells, and fibro-
blasts to name but a few. Consequently, general
inflammatory cell infiltration makes a significant
contribution to osteoclast formation and bone
turnover.*+%7 The RANKL:OPG ratio determines
the extent of osteoclastogenesis and is subject to a
myriad of external influences such as osteotropic
agents, inflammation and ageing.®”-% There are a
number of clinical interventions to prevent osteo-
clastic bone loss, from oestrogens to bisphospho-
nates to denosumab (anti-RANKIL monoclonal
antibodies). However, it has been noted that few
cellsin vertebrae affected by AS express RANKIL,100
suggesting these cells may not augment osteoclast
differentiation or function. Small numbers of
patients with SpA have been noted with circulating
OPG antibodies.1%1 OPG has been shown to pre-
vent osteoclast apoptosis by blocking another
TNF superfamily member, TNF-related apopto-
sis-inducing ligand (TRAIL).192 A recent study
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showed elevated serum TRAIL receptor 1 concen-
trations in AS however this did not correlate with
disease activity scores.193

Interleukin-6. TL-6 promotes both osteoclasto-
genesis (by inducing RANKL expression) and
bone formation. Increased bone formation occurs
via the release of ‘osteotransmitters’ from osteo-
clasts that act through the cortical osteocyte net-
work to stimulate periosteal bone formation.104:105
Furthermore, it has been reported that IL-6
shows an inverse correlation to the Wnt inhibitor,
DKK1, in the synovial fluid of patients with SpA
and that IL.-6 can suppress TNF-induced expres-
sion of DKK1.19 As such, the involvement of
IL-6 in inflammation and in bone changes would
intuitively make it an ideal target for the treat-
ment of SpA. However, although biological thera-
pies targeting IL-6 have proven efficacious in
rheumatoid arthritis, the same cannot be said for
SpA. Randomised placebo-controlled clinical tri-
als using tocilizumab (anti-human IL-6R) or sari-
lumab (anti-human IL-6Ra) in patients with AS
showed a reduction in C-reactive protein levels
yet failed to demonstrate any difference in Anky-
losing Spondylitis Response Criteria (ASAS20) at
week 12 between the biological therapy and pla-
cebo control arms of the study leading to the early
termination of these trials.107-108

Other cytokines and growth factors modifying bone
in SpA. It appears that inflammation intensity-
dependent expression of osteoinductive Wnt pro-
teins may be a key link between inflammation
and ectopic new bone formation in AS. Activa-
tion of both the canonical Wnt/pB-catenin and
noncanonical Wnt/PKCd pathways is required
for inflammation-induced new bone formation in
murine models and in patient tissues.!%® Experi-
mentally, constitutive low intensity TNF-a
expression, as opposed to short bursts or high
TNF-a levels, resulted in bone formation via
persistent expression of osteoinductive Wnt pro-
teins and subsequent bone formation through
NF-«B and JNK/activator protein 1 (c-Jun) sig-
nalling pathways.109

Granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) may play an important role.
Increased numbers of GM-CSF-producing CD4*
and CD8" lymphocytes and increased numbers
of IL-17A", GM-CSF* double-producing CD4",
CD8*, 0 T cells and NK cells'!? have been dem-
onstrated in the blood and joints of patients with
SpA. Experimentally, blocking GM-CSF in the

SKG model of AS resulted in complete ablation
of bone lesions, both erosions at peripheral joints
and periosteal bone formation.!1!

There has also been close scrutiny of the role of
BMPs. Meta-analysis of serum BMP-2, but not
SOST, showed a positive correlation with the
development of AS.!12 Serum BMP-7 levels and
the BMP-7/DKK-1 ratio have been reported to
correlate significantly with sacroiliitis severity,
‘osteoproliferation-weighted’ radiographic indi-
ces and disease duration in AS.!!3 The authors
also found a significant correlation between
BMP-2, BMP-4 and BMP-6 and BASRI-total
and disease duration. Thus, there are both genetic
and correlative serum data for a role of BMPs in
the formation of bone in AS. Furthermore, in
support of a general osteoproliferative role of
BMPs, enhanced BMP and Indian Hedgehog
Homolog signalling in the development of
enthesopathy has been described in XILH.!14

Osteomicrobiology of axSpA

AS has been linked to IBD (then termed regional
enteritis) for 60years.!15:116 In a landmark study
over 30years ago, inflammatory gut lesions were
found in a majority of patients with AS regardless
of gut symptomology.!!7 The role of the ileum and
loss of ileocecal integrity in predicting SpA pheno-
type in patients with Crohn’s disease then brought
greater focus on the need to study the role of gut
microbiota (GM) and local gut wall T-cell dysreg-
ulation in AS and SpA aetiopathogenesis.86:118:119

Alterations in the human microbiome are associ-
ated with various disease states; but are there
direct roles on bone loss and/or formation?
Osteomicrobiology refers to the role of microbi-
ota in bone health and how the microbiota regu-
late postnatal skeletal development, bone ageing,
and pathologic bone loss.!2%:121 In rodent models
of AS, namely curdlan-treated SKG mice or
HILA-B27 transgenic rats, treatment with broad
spectrum antibiotics or rearing under germ-free
conditions prevents inflammation and associ-
ated bone changes.!?2:123 In patients with SpA, it
is unclear whether enteral dysbiosis and gut
immunopathobiology are direct contributors to
bone changes but a growing body of literature
shows that there are links between the gut and
bone that may go beyond inflammation alone.120:124
Addressing dysbiosis may be fruitful: the probi-
otic Lactobacillus reuteri reduces intestinal dysbio-
sis, prevents intestinal barrier dysfunction and
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suppresses osteoclast differentiation;!2%126 and we
await the results of how the SpA inflammasome
and AS pathogenesis might be influenced by fae-
cal microbiota transplantation, with interest
[ClinicalTrials.gov identifier: NCT03726645].

Therapeutic measures to address bone
pathophysiology in SpA

Therapeutically addressing bone pathophysiology
in SpA is a challenge. Therapies will need scrutiny
fortheirsuccess atreducing and notworsening:osteitis/
BME, bone erosion, osteosclerosis, osteoprolifera-
tion and importantly, fracture risk (osteoporosis).

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are the initial treatment in SpA, and clearly work
well in reducing symptoms; however, whether
NSAIDs reduce osteitis/BME is unknown but is
the focus of an ongoing study (https://w3.abdn.
ac.uk/hsru/DyNAMISM). Whether, and some-
what implausibly, NSAIDs might reduce osteo-
sclerosis, osteoproliferation or fracture risk, is
unknown. Sulfasalazine, a conventional synthetic
disease-modifying anti-rheumatic drug (csD-
MARD), has modest effects on reducing axial
skeletal pain and stiffness in axSpA at clinically
safe doses.!?” There are no other data showing
efficacy of other csDMARDSs (reviewed else-
where!28). Accordingly, c¢sDMARDs have not
been studied for their effect on vertebral osteitis/
BME, vertebral or spinal fracture risk or osteo-
proliferation otherwise.

Directly inhibiting osteoclast function with
intravenous bisphosphonate reduces osteitis/
BME in SpA including AS,!2%130 and increases
lumbar spine bone mass in the short term.!3!
Pamidronate specifically may also reduce AS
spinal pain.!32 However, the effect of bisphos-
phonates on progressive osteoproliferation, oste-
osclerosis and vertebral or spinal fracture risk, is
unknown. The need to know how bisphospho-
nates (and by extension, denosumab, a RANK
ligand inhibitor) might affect all axSpA-related
bone lesions in the spine over the short and long
term, has been emphasised by data suggesting
that by reducing bone turnover, bisphospho-
nates might promote osteoproliferation;!33 a
worry given that progressive ankylosis may be
the most important change in the spine dictating
spinal fracture risk.!3* An additional theoretical
concern would be if bisphosphonates were to be
given at the time of development of osteoprolif-
eration. We know nothing of the structural

integrity of ossified spinal entheses and syn-
desmophytes that have incorporated bisphospho-
nate into their structure. Would bisphosphonate
incorporation lead to even less strength than
might be present otherwise in the spinal structure
overall?

Inhibiting TNF-a reduces vertebral osteitiss/BME
in axSpA including AS,!35 and is associated with
increases in spinal bone mass in the short term.133:136
There was concern that the increased bone mass
may have been - at least partly - due to increased
syndesmophyte formation, which, as outlined
above, might be counterproductive if aiming to
reduce fracture risk overall with anti-TNF-a treat-
ment. Notably however, two recent comprehensive
overviews of published studies (~20 studies each)
suggest that inhibiting TNF-a probably slows ‘pro-
gressive structural change’ in AS.137:138 The defini-
tion of ‘progressive structural change’ in most of
the reviewed studies is dependent on scoring radio-
graphical changes heavily weighted towards syn-
desmophyte development. However, as TNF-a
inhibition does not abolish new bone formation
and other structural changes in spinal bone,137:138 it
will be important to know where exactly and how
bone is gained at a tissue level and how that affects
fracture risk. For example, there may be in theory:
regain of previously lost bone within existing bone
(primarily the vertebral body), osteosclerosis within
existing bone (e.g. in the vertebral body), or as was
originally considered, facilitation of osteoprolifera-
tion (at one or more sites such as the longitudinal
ligament entheses [syndesmophytes], at the ante-
rior vertebral body border, or posterior elements of
vertebral segments such as at facet joints and spinal
processes). Osteoproliferation at each of these sites
may have different effects on fracture risk ultimately
once bone mass, skeletal strength and force dissipa-
tion, is considered.

By extension then, it is of additional importance
to understand how our clinical measurement
tools (anteroposterior or lateral DXA, DXA-
TBS, QCT, composite radiographical structural
progression analysis) might capture some but not
all of the effects of inhibiting TNF-o on bone
pathophysiology.!3° It may be that no one-single
measure will be predictive of the fracture risk
affected by inhibiting TNF-a.

Inhibiting IL.-17A resolves osteitis/BME in AS!40
and appears to slow osteoproliferation in AS, as
measured by 2 vivo composite radiographical dam-
age indices heavily weighted for syndesmophyte
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formation,!4:142 (an effect which may surpass
the anti-osteoproliferative effect of inhibiting
TNF-a).143 Inhibiting I1.-23, a potential trigger
of entheseal resident yd*/IL-23R* T cells has
modest anti-symptom activity in axSpA, a disease
in which its use has therefore been limited; nota-
bly however ustekinumab (IL-12/IL-23 p40
inhibitory) reduces osteoproliferation in psoriatic
arthritis. 144

Future directions

Despite extensive research and decades of clinical
data elucidating the contributions from genetics,
mechanical forces, inflammation, and the micro-
biome, in explaining fully the bone disease of
SpA, there are still many unanswered questions.

Genetic Influences

If and how genotype predicts relevant, and ulti-
mately modifiable, therapy goals in SpA is of key
interest. For example, can we predict bone phe-
notypes from relevant gene haplotype profiles?
Direct effects of HLLA-B27 on bone in SpA remain
unclear. Recent work suggests that HLA-B27
antagonises the inhibitory effect of ALK2 on
TGF-B/BMP signalling thus releasing the brakes
holding the action of these bone-forming factors
in check.1¥5 Insight may also come from interro-
gation of genetic influences on osteoproliferation
elsewhere, for example from DISH and in
XLH.!4 Future genotype—phenotype correlative
studies will be useful.

Spinal and vertebral fractures

Evidence on vertebral and spinal fracture inci-
dence and their predictors might suggest that
applying conventional anti-resorption bone thera-
pies (e.g. bisphosphonates, anti-RANKL) with-
out addressing the evolving osteoproliferation
may not meaningfully reduce the risk of fracture.
As such therapeutic strategies to reduce osteopro-
liferation need evaluation for effects on fracture
incidence both with and without simultaneous
anti-resorption therapy. Monitoring patient
cohorts and treatment effects will need to be cog-
nisant of age and SpA disease duration and thus
able to capture the relative effects of non-SpA
comorbidities and osteoporosis risks, and strati-
fied for the burden of baseline SpA-related verte-
bral body bone loss and osteoproliferation. Key to
this is defining how to make accurate, well-
tolerated and precise serial measurements of

site-specific spinal osteoproliferation and verte-
bral body bone loss, independently.

A key question pertinent to understanding the
potential of oral and intravenous bisphosphonate
either in early axSpA or (the ‘osteoproliferation-
established”) AS is whether syndesmophytes incor-
porate bisphosphonate and if so, how that affects
the structural properties of formed bone and spinal
resilience to force. There is evidence from studies
in male DBA1 mice prone to arthritis and enthe-
seal bone formation that zoledronic acid does not
affect ankylosis originating from entheses.!46
However, under normal bone homeostatic condi-
tions, therapies that prevent osteoclast activity ulti-
mately lead to a reduction in bone formation due
to ‘coupling’.4’” Further modelling of syndesmo-
phyte and enthesophyte formation in rodents
would be warranted to explore these questions.

Osteitis and bone loss

Key to understanding the potential of SpA immu-
notherapies and bisphosphonates, and optimum
timing of different therapeutics, will be knowl-
edge of the presence and nature of inflammation
within bone wversus systemic triggers for general
bone turnover that are derived systemically. We
are still relatively ignorant of the prevalence and
influence of high bone turnover in SpA.

Alterations in GM composition and host
responses to the microbiota contribute to patho-
logical bone loss for a variety of reasons including
the disruption of metabolites, such as short chain
fatty acids, that diffuse from the gut into the sys-
temic circulation, altered inflammatory status,
and hormonal changes.!47-14¢ We would antici-
pate that delineating the details of enteral dysbio-
sis and associated changes in bowel wall regulatory
mechanisms are key to understanding the patho-
genesis of bone changes in SpA.

Osteoproliferation

Mechanistic studies in animals together with tissue
biopsy analysis in treatment-naive and (various) bio-
logic-treated patients should help our understanding
of how tissue-resident T cells are relevant to osteopro-
liferation at entheses, and telling what links Ty;17
cells, innate lymphoid cells and their activating
cytokines with BMP activation and bone formation at
entheses - and how this process might interplay with
mechanical stress. We think there are many other key
questions though, for example, including:

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

G Clunie and N Horwood

e Is the inhibition of osteoproliferation medi-
ated by TNF-o inhibition contingent on
other signals affecting bone formation at
entheses?

e Are there measurable bone formation bio-
markers that predict osteoproliferation?

e Doesischaemia or mast cell (another enthe-
sis resident cell) activation play a role?

e Are the triggers for intra-bone osteosclero-
sis the same as those for osteoproliferation
or is osteosclerosis just a consequence of an
outcome of osteitis at the same site?

e How does HLA-B27 specifically influence
or signpost osteoproliferation? Is it ampli-
fied bacterial antigen presentation as part of
enteral dysbiosis or something more
nuanced in causing immune cell activation
and/or BMP effects in enthesis tissue?

Conclusion

In SpA, loss of existing bone and osteoprolifera-
tion (specifically, new bone formation in entheseal
tissues) are highly relevant to clinical symptomol-
ogy, disability and long-term outcome, including
spinal fracture. In addressing bone pathophysiol-
ogy, we need robust clinical measures of both
bone loss in vertebrae (including knowing predic-
tors of osteitis and bone turnover) and of the driv-
ers of osteoproliferation. Ultimately, we need
therapies that reduce osteitis/erosion, bone turno-
ver and osteoproliferation to fully enable improved
long-term skeletal outcomes.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

ORCIDIiD
Gavin Clunie
8411-0685

https://orcid.org/0000-0001-

References
1. Colbert RA, Deodhar AA, Fox D, et al.
Entheses and bones in spondyloarthritis: 2008
Annual Research and Education Meeting of
the Spondyloarthritis Research and Therapy

10.

11.

12.

13.

Network (SPARTAN). ¥ Rheumatol 2009; 36:
1527-1531.

. Blumberg BS and Blumberg JL.. Bernard

Connor (1666-1698) and his contribution to the
pathology of ankylosing spondylitis. ¥ Hist Med
Allied Sci 1958; 13: 349-366.

. Ostergaard M and Lambert RG. Imaging in

ankylosing spondylitis. Ther Adv Musculoskelet
Dis 20123 4: 301-311.

. Resnick D and Niwayama G. Ankylosing

spondylitis. In: Niwayama RA (ed.) Diagnosis of
bone and joint disorders. Vol. 2. Philadelphia: WB
Saunders Co., 1981, pp.1040-1102.

. Mader R, Verlaan J-J, Eshed I, ez al. Diffuse

idiopathic skeletal hyperostosis (DISH): where
we are now and where to go next. RMD Open
2017; 3: e000472.

. Polisson RP, Martinez S, Khoury M, et al.

Calcification of entheses associated with
X-linked hypophosphatemic osteomalacia. N
Engl ¥ Med 19855 313: 1-6.

. Rudwaleit M, van der Heijde D, Landew¢é R,

et al. The Assessment of SpondyloArthritis
International Society classification criteria
for peripheral spondyloarthritis and for
spondyloarthritis in general. Ann Rheum Dis
2011; 70: 25-31.

. Hanson CA, Shagrin JW and Duncan H.

Vertebral osteoporosis in ankylosing spondylitis.
Clin Orthop Relat Res 1971; 74: 59—64.

. Pray C, Feroz NI and Nigil Haroon N. Bone

mineral density and fracture risk in ankylosing
spondylitis: a meta-analysis. Calcif Tissue Int
2017; 101: 182-192.

Zhang M, Li XM, Wang GS, et al. The
association between ankylosing spondylitis and
the risk of any, hip, or vertebral fracture: a meta-
analysis. Medicine (Baltimore) 2017; 96: e8458.

Ghozlani I, Ghazi M, Nouijai A, et al.
Prevalence and risk factors of osteoporosis and
vertebral fractures in patients with ankylosing
spondylitis. Bone 2009; 44: 772-776.

Westerveld LA, Verlaan J] and Oner FC.
Spinal fractures in patients with ankylosing
spinal disorders: a systematic review of the
literature on treatment, neurological status and
complications. Eur Spine ¥ 2009; 18: 145-156.

Ramirez ], Nieto-Gonzalez JC, Curbelo
Rodriguez R, et al. Prevalence and risk

factors for osteoporosis and fractures in axial
spondyloarthritis: a systematic review and meta-
analysis. Semin Arthritis Rheum 2018; 48: 44-52.

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab
https://orcid.org/0000-0001-

Therapeutic Advances in Musculoskeletal Disease 12

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Leone A, Marino M, Dell’Atti C, ez al. Spinal
fractures in patients with ankylosing spondylitis.
Rheumatol Int 2016; 36: 1335-1346.

Sambrook PN and Geusens P. The
epidemiology of osteoporosis and fractures in
ankylosing spondylitis. Ther Adv Musculoskelet
Dis 2012; 4: 287-292.

Kang KY, Kwok SK, Ju JH, ez al. Assessment
of fracture risk in patients with axial
spondyloarthritis: a case-control study using
the fifth Korean National Health and Nutrition
Examination Survey (KNHANES V). Scand ¥
Rheumatol 20165 45: 23-31.

Klingberg E, Lorentzon M, Mellstrom D,

et al. Osteoporosis in ankylosing spondylitis

- prevalence, risk factors and methods of
assessment. Arthritis Res Ther 2012; 14: R108.

Pothuaud L, Barthe N, Krieg MA, er al.
Evaluation of the potential use of trabecular
bone score to complement bone mineral density
in the diagnosis of osteoporosis: a preliminary
spine BMD-matched, case-control study. ¥ Clin
Densitom 2009; 12: 170-176.

Wildberger L, Boyadzhieva V, Hans D, ez al.
Impact of lumbar syndesmophyte on bone health
as assessed by bone density (BMD) and bone

texture (TBS) in men with axial spondyloarthritis.

Joint Bone Spine 2017; 84: 463-466.

Kang KY, Goo HY, Park SH, ez al. Trabecular
bone score as an assessment tool to identify the
risk of osteoporosis in axial spondyloarthritis: a
case-control study. Rheumatology (Oxford) 2018;
57: 462-469.

Genant HK, Block JE, Steiger P, ez al.
Quantitative computed tomography in
assessment of osteoporosis. Semin Nucl Med
1987; 17: 316-333.

Lange U, Kluge A, Strunk ], er al. Ankylosing
spondylitis and bone mineral density—what is
the ideal tool for measurement? Rheumatol Int
2005; 26: 115-120.

Korkosz M, Gasowski J, Grzanka P, er al.
Baseline new bone formation does not predict
bone loss in ankylosing spondylitis as assessed
by quantitative computed tomography (QCT):
10-year follow-up. BMC Musculoskelet Disord
20115 12: 121.

Karberg K, Zochling ], Sieper ], ez al. Bone loss
is detected more frequently in patients with
ankylosing spondylitis with syndesmophytes.

F Rheumatol 2005; 32: 1290-1298.

Lee YS, Schlotzhauer T, Ott SM, et al. Skeletal
status of men with early and late ankylosing
spondylitis. Am F Med 1997; 103: 233-241.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Devogelaer JP, Maldague B, Malghem ],

et al. Appendicular and vertebral bone mass
in ankylosing spondylitis. A comparison of
plain radiographs with single- and dual-
photon absorptiometry and with quantitative
computed tomography. Arthritis Rheum 1992;
35:1062-1067.

Scott DL, Eastmond CJ and Wright V. A
comparative radiological study of the pubic
symphysis in rheumatic disorders. Ann Rheum
Dis 1979; 38: 529-534.

Stebbings S, Highton J, Doyle TC, ez al.
Osteitis—an under-recognised association with
seronegative spondyloarthropathy? N Z Med ¥
1997; 110: 455-459.

Genant HK, Bautovich GJ, Singh M, er al.
Bone-seeking radionuclides: an in vivo study of
factors affecting skeletal uptake. Radiology 1974;
113: 373-382.

Kahn MF and Chamot AM. SAPHO syndrome.
Rheum Dis Clin North Am 1992; 18: 225-246.

Marzo-Ortega H, O’Connor P, Emery P, er al.
Sacroiliac joint biopsies in early sacroiliitis.
Rheumatology (Oxford) 2007; 46: 1210-1211.

Hermann KG, Braun J, Fischer T, ez al. [Magnetic
resonance tomography of sacroiliitis: anatomy,
histological pathology, MR-morphology, and
grading]. Radiologe 2004; 44: 217-228.

Patel S. Primary bone marrow oedema
syndromes. Rheumatology (Oxford) 2014; 53:
785-792.

Lukas C, Cyteval C, Dougados M, ez al. MRI
for diagnosis of axial spondyloarthritis: major
advance with critical limitations ‘Not everything
that glisters is gold (standard)’. RMD Open
2018; 4: e000586.

Yam MF, Loh YC, Tan CS, ez al. General
pathways of pain sensation and the major
neurotransmitters involved in pain regulation.
Int ¥ Mol Sci 2018; 19: 2164.

Chung HY, Chui ETF, Lee KH, ez al. ASDAS
is associated with both the extent and intensity
of DW-MRI spinal inflammation in active axial
spondyloarthritis. RMD Open 2019; 5: e001008.

Lorenzin M, Ortolan A, Frallonardo P,

et al. Spine and sacroiliac joints on magnetic
resonance imaging in patients with early axial
spondyloarthritis: prevalence of lesions and
association with clinical and disease activity
indices from the Italian group of the SPACE
study. Reumatismo 2016; 68: 72—-82.

Oliveira TL, Maksymowych WP, Lambert
RGW, ez al. Sacroiliac joint magnetic resonance

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

G Clunie and N Horwood

imaging in asymptomatic patients with recurrent
acute anterior uveitis: a proof-of-concept study.
F Rheumatol 2017; 44: 1833—-1840.

39. Poggenborg RP, Eshed I, Ostergaard M, et al.
Enthesitis in patients with psoriatic arthritis, axial
spondyloarthritis and healthy subjects assessed
by ‘head-to-toe’ whole-body MRI and clinical
examination. Ann Rheum Dis 2015; 74: 823-829.

40. Kim JW, Chung MK, Lee ], er al. Low bone
mineral density of vertebral lateral projections
can predict spinal radiographic damage in
patients with ankylosing spondylitis. Clin
Rheumatol 2019; 38: 3567-3574.

41. Shaw HM, Santer RM, Watson AH, ez al.
Adipose tissue at entheses: the innervation and
cell composition of the retromalleolar fat pad
associated with the rat Achilles tendon. ¥ Anat
2007; 211: 436-443.

42. Las Heras F, DaCosta RS, Pritzker KP, ez al.
Aberrant axial mineralization precedes spinal
ankylosis: a molecular imaging study in ank/ank
mice. Arthritis Res Ther 20115 13: R163.

43. Warraich S, Bone DB, Quinonez D, ez al. Loss
of equilibrative nucleoside transporter 1 in
mice leads to progressive ectopic mineralization
of spinal tissues resembling diffuse idiopathic
skeletal hyperostosis in humans. ¥ Bone Miner
Res 20135 28: 1135-1149.

44. Aouad K, Ziade N and Baraliakos X. Structural
progression in axial spondyloarthritis. Foinr Bone
Spine 2020; 87: 131-136.

45. Shin JK, Lee JS, Goh TS, ez al. Correlation
between clinical outcome and spinopelvic
parameters in ankylosing spondylitis. Eur Spine ¥
2014; 23: 242-247.

46. Nicolaidou V, Wong MM, Redpath AN, ez al.
Monocytes induce STAT?3 activation in human
mesenchymal stem cells to promote osteoblast
formation. PLoS One 2012; 7: €39871.

47. Sims NA and Martin TJ. Osteoclasts provide
coupling signals to osteoblast lineage cells
through multiple mechanisms. Annu Rev Physiol
2020; 82: 507-529.

48. Babij P, Zhao W, Small C, er al. High bone mass
in mice expressing a mutant LRP5 gene. ¥ Bone
Miner Res 2003; 18: 960-974.

49. Van Wesenbeeck L, Cleiren E, Gram ], ez al. Six
novel missense mutations in the LDL receptor-
related protein 5 (LRP5) gene in different
conditions with an increased bone density. Am ¥
Hum Gener 20035 72: 763-771.

50. Li X, Zhang Y, Kang H, ez al. Sclerostin binds
to LRP5/6 and antagonizes canonical Wnt
signaling. ¥ Biol Chem 2005; 280: 19883-19887.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Sims NA. Overcoming natural Wnt inhibition to
optimize therapy. Nat Rev Rheumatol 2019; 15:
67-68.

Rostami S, Hoff M, Brown MA, ez al. Prediction
of ankylosing spondylitis in the HUN'T study

by a genetic risk score combining 110 single-
nucleotide polymorphisms of genome-wide
significance. ¥ Rheumatol 2020; 47: 204-210.

Sieper ] and Poddubnyy D. Axial
spondyloarthritis. Lancet 2017; 390: 73-84.

Australo-Anglo-American Spondyloarthritis
Consortium (TASC), Reveille JD, Sims

A-M, et al. Genome-wide association study

of ankylosing spondylitis identifies non-MHC
susceptibility loci. Natr Gener 2010; 42: 123-127.

Ellinghaus D, Jostins L, Spain SL,, ez al.
Analysis of five chronic inflammatory diseases
identifies 27 new associations and highlights
disease-specific patterns at shared loci. Nar
Genet 2016; 48: 510-518.

Hanson AL, Cuddihy T, Haynes K, ez al.
Genetic variants in ERAP1 and ERAP2
associated with immune-mediated diseases
influence protein expression and the isoform
profile. Arthritis Rheumatrol 2018; 70: 255-265.

Pepelyayeva Y, Rastall DPW, Aldhamen YA,
et al. ERAP1 deficient mice have reduced type
1 regulatory T cells and develop skeletal and
intestinal features of ankylosing spondylitis. Sci
Rep 2018; 8: 12464.

Baum R and Gravallese EM. Bone as a
target organ in rheumatic disease: impact on
osteoclasts and osteoblasts. Clin Rev Allergy
Immunol 20165 51: 1-15.

Haynes KR, Tseng HW, Kneissel M, et al.
Treatment of a mouse model of ankylosing
spondylitis with exogenous sclerostin has no
effect on disease progression. BMC Musculoskelet
Disord 2015; 16: 368.

Dumic-Cule I, Peric M, Kucko L, ez al. Bone
morphogenetic proteins in fracture repair. Int
Orthop 2018; 42: 2619-2626.

Glass GE, Chan JK, Freidin A, ez al. TNF-a
promotes fracture repair by augmenting the
recruitment and differentiation of muscle-
derived stromal cells. Proc Natl Acad Sci U S A
2011; 108: 1585-1590.

Owston H, Giannoudis PV and Jones E. Do
skeletal muscle MSCs in humans contribute to
bone repair? A systematic review. Injury 2016;
47(Suppl. 6): S3-S15.

Bahney CS, Zondervan RL, Allison P, ez al.
Cellular biology of fracture healing. ¥ Orthop Res
2019; 37: 35-50.

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

Therapeutic Advances in Musculoskeletal Disease 12

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Harry LE, Sandison A, Paleolog EM, er al.
Comparison of the healing of open tibial
fractures covered with either muscle or
fasciocutaneous tissue in a murine model. ¥
Orthop Res 2008; 26: 1238-1244.

Joo YB, Bang SY, Kim TH, ez al. Bone
morphogenetic protein 6 polymorphisms are
associated with radiographic progression in
ankylosing spondylitis. PLoS One 2014; 9:
€104966.

Hemmatian H, Bakker AD, Klein-Nulend J, ez al.
Aging, osteocytes, and mechanotransduction.
Curr Osteoporos Rep 2017; 15: 401-411.

Bellido T, Ali AA, Gubrij I, ez al. Chronic
elevation of parathyroid hormone in mice
reduces expression of sclerostin by osteocytes:
a novel mechanism for hormonal control of
osteoblastogenesis. Endocrinology 20055 146:
4577-4583.

Delgado-Calle J, Sato AY and Bellido T. Role
and mechanism of action of sclerostin in bone.
Bone 2017; 96: 29-37.

Tan S, Wang R and Ward MM. Syndesmophyte
growth in ankylosing spondylitis. Curr Opin
Rheumatol 20155 27: 326-332.

Ward MM and Tan S. Better quantification of
syndesmophyte growth in axial spondyloarthritis.
Curr Rheumatol Rep 2018; 20: 46.

Benjamin M and McGonagle D. The anatomical
basis for disease localisation in seronegative
spondyloarthropathy at entheses and related
sites. ¥ Anar 2001; 199: 503-526.

McGonagle D, Stockwin L, Isaacs ], er al. An
enthesitis based model for the pathogenesis

of spondyloarthropathy. additive effects of
microbial adjuvant and biomechanical factors at
disease sites. ¥ Rheumatol 2001; 28: 2155-2159.

Bellido T, Ali AA, Gubrij I, ez al. The early
phases of ankylosing spondylitis: emerging
insights from clinical and basic science. Front
Immunol 2018; 9: 2668.

Baraliakos X, Heldmann F, Callhoff ], ez al.
Which spinal lesions are associated with new
bone formation in patients with ankylosing
spondylitis treated with anti-TNF agents? A
long-term observational study using MRI and
conventional radiography. Ann Rheum Dis 2014;
73:1819-1825.

Maksymowych WP, Morency N, Conner-
Spady B, er al. Suppression of inflammation

and effects on new bone formation in
ankylosing spondylitis: evidence for a window of
opportunity in disease modification. Ann Rheum
Dis 2013; 72: 23-28.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Appel H, Ruiz-Heiland G, Listing ], ez al.
Altered skeletal expression of sclerostin and its
link to radiographic progression in ankylosing
spondylitis. Arthritis Rheum 2009; 60:
3257-3262.

Jo S, Kang S, Han ], ez al. Accelerated
osteogenic differentiation of human bone-
derived cells in ankylosing spondylitis. ¥ Bone
Miner Metab 2018; 36: 307-313.

Maksymowych WP, Chiowchanwisawakit P,
Clare T, et al. Inflammatory lesions of the

spine on magnetic resonance imaging predict
the development of new syndesmophytes in
ankylosing spondylitis: evidence of a relationship
between inflammation and new bone formation.
Arthritis Rheum 2009; 60: 93—-102.

Dubash S, Bridgewood C, McGonagle D, ez al.
The advent of IL.-17A blockade in ankylosing
spondpylitis: secukinumab, ixekizumab and
beyond. Expert Rev Chin Immunol 2019; 15:
123-134.

Ranganathan V, Gracey E, Brown MA, ez al.
Pathogenesis of ankylosing spondylitis - recent
advances and future directions. Nat Rev
Rheumatol 2017; 13: 359-367.

Kotake S, Udagawa N, Takahashi N, ez al.
IL-17 in synovial fluids from patients with
rheumatoid arthritis is a potent stimulator of
osteoclastogenesis. ¥ Clin Invest 1999; 103:
1345-1352.

Kim HJ, Seo SJ, Kim JY, ez al. IL.-17 promotes
osteoblast differentiation, bone regeneration,
and remodeling in mice. Biochem Biophys Res
Commun 2020; 524: 1044-1050.

Liao C, Zhang C, Jin L, er al. IL-17 alters

the mesenchymal stem cell niche towards
osteogenesis in cooperation with osteocytes. ¥
Cell Physiol 2020; 235: 4466-4480.

van Tok MN, van Duivenvoorde LM, Kramer
I, et al. Interleukin-17A inhibition diminishes
inflammation and new bone formation in
experimental spondyloarthritis. Arthritis
Rheumatol 2019; 71: 612-625.

Mauro D, Macaluso F, Fasano S, ez al. ILC3
in axial spondyloarthritis: the gut angle. Curr
Rheumatol Rep 2019; 21: 37.

Reinhardt A and Prinz I. Whodunit? The
contribution of interleukin (IL)-17/IL-22-
producing y0 T Cells, af T Cells, and

innate lymphoid cells to the pathogenesis of
spondyloarthritis. Front Immunol 2018; 9: 885.

Ciccia F, Guggino G, Rizzo A, et al. Type 3
innate lymphoid cells producing IL.-17 and
IL.-22 are expanded in the gut, in the peripheral

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

G Clunie and N Horwood

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

blood, synovial fluid and bone marrow of
patients with ankylosing spondylitis. Ann Rheum
Dis 20155 74: 1739-1747.

Sherlock JP, Joyce-Shaikh B, Turner SP, ez al.
IL.-23 induces spondyloarthropathy by acting on
ROR-yt" CD3*CD4-CD8- entheseal resident T
cells. Nat Med 2012; 18: 1069-1076.

Zhang JR, Pang DD, Tong Q, ez al. Different
modulatory effects of I1.-17, IL.-22, and 1L-23
on osteoblast differentiation. Mediators Inflamm
2017;2017: 5950395.

Ono T, Okamoto K, Nakashima T, ez al. IL.-17-
producing v T cells enhance bone regeneration.
Nat Commun 2016; 7: 10928.

Benham H, Rehaume LM, Hasnain SZ, et al.
Interleukin-23 mediates the intestinal response
to microbial -1,3-glucan and the development
of spondyloarthritis pathology in SKG mice.
Arthritis Rheumatol 20145 66: 1755-1767.

Bridgewood C, Sharif K, Sherlock J, ez al.
Interleukin-23 pathway at the enthesis:

the emerging story of enthesitis in
spondyloarthropathy. Immunol Rev 2020; 294:
27-47.

Monaco C, Nanchahal J, Taylor P, ez al. Anti-
TNF therapy: past, present and future. Int
Immunol 20155 27: 55-62.

Wythe SE, Nicolaidou V and Horwood NJ.
Cells of the immune system orchestrate changes
in bone cell function. Calcif Tissue Int 2014; 94:
98-111.

Zhao B. TNF and bone remodeling. Curr
Osteoporos Rep 20175 15: 126-134.

Keat A, Bennett AN, Gaffney K, ez al. Should
axial spondyloarthritis without radiographic
changes be treated with anti-TNF agents?
Rheumatol Int 2017; 37: 327-336.

Ono T, Hayashi M, Sasaki F, ez al. RANKL
biology: bone metabolism, the immune system,
and beyond. Inflamm Regen 2020; 40: 2.

Horwood NJ, Elliott J, Martin TTJ, ez al.
Osteotropic agents regulate the expression
of osteoclast differentiation factor and
osteoprotegerin in osteoblastic stromal cells.
Endocrinology 1998; 139: 4743-4746.

Jabbar S, Drury J, Fordham JN, ez al.
Osteoprotegerin, RANKL and bone turnover
in postmenopausal osteoporosis. ¥ Clin Pathol
2011; 64: 354-357.

Walsh NC and Gravallese EM. Bone remodeling
in rheumatic disease: a question of balance.
Immunol Rev 20105 233: 301-312.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Hauser B, Zhao S, Visconti MR, ez al.
Autoantibodies to osteoprotegerin are associated
with low hip bone mineral density and history
of fractures in axial spondyloarthritis: a cross-
sectional observational study. Calcif Tissue Int
2017; 101: 375-383.

Chamoux E, Houde N, L’Eriger, ez al.
Osteoprotegerin decreases human osteoclast
apoptosis by inhibiting the TRAIL pathway.
J Cell Physiol 2008; 216: 536-542.

Karadag DT, Tekeoglu S, Yazici A, et al. TNF-
related apoptosis-inducing ligand receptor 1

in patients with ankylosing spondylitis. ¥ Clin
Rheumatol 2020; 26: 242-247.

Johnson RW, McGregor NE, Brennan HJ,

et al. Glycoprotein130 (Gp130)/interleukin-6
(IL-6) signalling in osteoclasts promotes bone
formation in periosteal and trabecular bone.
Bone 2015; 81: 343-351.

McGregor NE, Murat M, Elango ], et al.
IL-6 exhibits both czs- and rrans-signaling in
osteocytes and osteoblasts, but only zrans-
signaling promotes bone formation and
osteoclastogenesis. ¥ Biol Chem 2019; 294:
7850-7863.

Yeremenko N, Zwerina K, Rigter G, ez al.
Tumor necrosis factor and interleukin-6
differentially regulate Dkk-1 in the inflamed
arthritic joint. Arthritis Rheumatol 2015; 67:
2071-2075.

Sieper J, Braun J, Kay ], ez al. Sarilumab for the
treatment of ankylosing spondylitis: results of

a phase II, randomised, double-blind, placebo-
controlled study (ALIGN). Ann Rheum Dis
2015; 74: 1051-1057.

Sieper ], Porter-Brown B, Thompson L, ez al.
Assessment of short-term symptomatic efficacy
of tocilizumab in ankylosing spondylitis: results
of randomised, placebo-controlled trials. Ann
Rheum Dis 20145 73: 95-100.

Li X, Wang J, Zhan Z, et al. Inflammation
intensity-dependent expression of osteoinductive
Wnt proteins is critical for ectopic new bone
formation in ankylosing spondylitis. Arthritis
Rheumatol 2018; 70: 1056-1070.

Al-Mossawi MH, Chen L, Fang H, ez al.
Unique transcriptome signatures and GM-CSF
expression in lymphocytes from patients with
spondyloarthritis. Nat Commun 2017; 8: 1510.

Regan-Komito D, Swann JW, Demetriou

P, et al. GM-CSF drives dysregulated
hematopoietic stem cell activity and pathogenic
extramedullary myelopoiesis in experimental
spondyloarthritis. Nar Commun 2020; 11: 155.

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

Therapeutic Advances in Musculoskeletal Disease 12

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Yang J, Xu S, Chen M, er al. Serum sclerostin
and bone morphogenetic protein-2 levels in
patients with ankylosing spondylitis: a meta-
analysis. Calcif Tissue Int 2019; 105: 37-50.

Liao H-T, Lin Y-F, Tsai C-Y, et al. Bone
morphogenetic proteins and Dickkopf-1 in
ankylosing spondylitis. Scand § Rheumatol 2018;
47: 56-61.

Liu ES, Martins JS, Zhang W, et al. Molecular
analysis of enthesopathy in a mouse model of
hypophosphatemic rickets. Development 2018;
145: dev163519.

Acheson ED. An association between ulcerative
colitis, regional enteritis, and ankylosing
spondylitis. Q ¥ Med 1960; 29: 489-499.

Stewart JS and Ansell BM. Ankylosing
spondylitis associated with regional enteritis.
Gastroenterology 1963; 45: 265-268.

Mielants H, Veys EM, Cuvelier C, ez al.
Ileocolonoscopic findings in seronegative
spondylarthropathies. Br ¥ Rheumatol 1988;
27(Suppl. 2): 95-105.

Orchard TR and Jewell DP. The importance of
ileocaecal integrity in the arthritic complications
of Crohn’s disease. Inflamm Bowel Dis 1999; 5:
92-97.

Van de Wiele T, Van Praet JT, Marzorati M,
et al. How the microbiota shapes rheumatic
diseases. Nat Rev Rheumatol 20165 12: 398-411.

Jones RM, Mulle JG and Pacifici R.
Osteomicrobiology: the influence of gut
microbiota on bone in health and disease. Bone
2018; 115: 59-67.

Ohlsson C and Sjogren K. Effects of the gut
microbiota on bone mass. Trends Endocrinol
Metab 2015; 26: 69-74.

Ansalone C, Utriainen L, Milling S, ez al. Role
of gut inflammation in altering the monocyte
compartment and its osteoclastogenic potential
in HLLA-B27-transgenic rats. Arthritis Rheumatol
2017; 69: 1807-1815.

Rehaume LM, Mondot S, Aguirre de Carcer D,
et al. ZAP-70 genotype disrupts the relationship
between microbiota and host, leading to
spondyloarthritis and ileitis in SKG mice.
Arthritis Rheuwmatol 20145 66: 2780-2792.

Nakamura A, Talukdar A, Nakamura S, et al.
Bone formation in axial spondyloarthritis: is
disease modification possible? Best Pract Res Clin
Rheumatol. Epub ahead of print 15 April 2020.
DOI: 10.1016/j.berh.2020.101491.

Quach D, Parameswaran N, McCabe L, ez al.
Characterizing how probiotic lactobacillus

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

reuteri 6475 and lactobacillic acid mediate
suppression of osteoclast differentiation. Bone
Rep 2019; 11: 100227.

Schepper JD, Collins FL, Rios-Arce ND,

et al. Probiotic lactobacillus reuteri prevents
postantibiotic bone loss by reducing intestinal
dysbiosis and preventing barrier disruption. ¥
Bone Miner Res 2019; 34: 681-698.

Braun J, Zochling J, Baraliakos X, ez al.

Efficacy of sulfasalazine in patients with
inflammatory back pain due to undifferentiated
spondyloarthritis and early ankylosing
spondpylitis: a multicentre randomised controlled
trial. Ann Rheum Dis 20065 65: 1147-1153.

Noureldin B and Barkham N. The current
standard of care and the unmet needs for axial
spondyloarthritis. Rheumatology (Oxford) 2018;
57: vil0-vil7.

Clunie GP, Ginawi A, O’Conner P, et al. An
open-label study of zoledronic acid (Aclasta 5
mg iv) in the treatment of ankylosing spondylitis.
Ann Rheum Dis 2014; 73: 1273-1274.

Maksymowych WP, Lambert R, Jhangri GS,
et al. Clinical and radiological amelioration of
refractory peripheral spondyloarthritis by pulse
intravenous pamidronate therapy. ¥ Rheumatol
2001; 28: 144-155.

Viapiana O, Gatti D, Idolazzi L, er al.
Bisphosphonates vs infliximab in ankylosing
spondpylitis treatment. Rheumatology (Oxford)
2014; 53: 90-94.

Maksymowych WP, Jhangri GS, Fitzgerald
AA, et al. A six-month randomized, controlled,
double-blind, dose-response comparison of
intravenous pamidronate (60 mg versus 10
mg) in the treatment of nonsteroidal anti-
inflammatory drug-refractory ankylosing
spondylitis. Arthritis Rheum 2002; 46: 766-773.

Kang KY, Ju JH, Park SH, ez al. The
paradoxical effects of TNF inhibitors on bone
mineral density and radiographic progression
in patients with ankylosing spondylitis.
Rheumatology (Oxford) 20135 52: 718-726.

Robinson Y, Sanden B and Olerud C. Increased
occurrence of spinal fractures related to
ankylosing spondylitis: a prospective 22-year
cohort study in 17,764 patients from a national
registry in Sweden. Patient Saf Surg 2013; 7: 2.

Maksymowych WP, Salonen D, Inman RD,

et al. Low-dose infliximab (3 mg/kg) significantly
reduces spinal inflammation on magnetic
resonance imaging in patients with ankylosing
spondpylitis: a randomized placebo-controlled
study. ¥ Rheumatol 2010; 37: 1728-1734.

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

G Clunie and N Horwood

136.

137.

138.

139.

140.

141.

142.

Durnez A, Paternotte S, Fechtenbaum J,

et al. Increase in bone density in patients with
spondyloarthritis during anti-tumor necrosis
factor therapy: 6-year follow-up study. ¥
Rheumatol 20135 40: 1712-1718.

Baraliakos X, Gensler LS, D’Angelo

S, et al. Biologic therapy and spinal
radiographic progression in patients with
axial spondyloarthritis: a structured literature
review. Ther Adv Musculoskelet Dis 20205 12:
1759720X20906040.

Karmacharya P, Duarte-Garcia A, Dubreuil
M, er al. Effect of therapy on radiographic
progression in axial spondyloarthritis: a
systematic review and meta-analysis. Arzhritis
Rheumatol 2020; 72: 733-749.

van der Heijde D, Braun ], Deodhar A, ez al.
Modified stoke ankylosing spondylitis spinal
score as an outcome measure to assess the
impact of treatment on structural progression in
ankylosing spondylitis. Rheumatology (Oxford)
2019; 58: 388-400.

Baraliakos X, Borah B, Braun J, ez al. Long-
term effects of secukinumab on MRI findings in
relation to clinical efficacy in subjects with active
ankylosing spondylitis: an observational study.
Ann Rheum Dis 20165 75: 408—412.

Ashany D, Stein EM, Goto R, er al. The effect
of TNF inhibition on bone density and fracture
risk and of I1.17 inhibition on radiographic
progression and bone density in patients with
axial spondyloarthritis: a systematic literature
review. Curr Rheumatol Rep 2019; 21: 20.

Braun J, Baraliakos X, Deodhar A, ez al.
Secukinumab shows sustained efficacy

143.

144.

145.

146.

147.

148.

and low structural progression in ankylosing
spondylitis: 4-year results from the MEASURE
1 study. Rheumatology (Oxford) 2019; 58:
859-868.

Baraliakos X, @stergaard M, Gensler LS, ez al.
Comparison of the effects of secukinumab

and adalimumab biosimilar on radiographic
progression in patients with ankylosing
spondylitis: design of a randomized, phase IIIb
study (SURPASS). Clin Drug Investig 2020; 40:
269-278.

Kavanaugh A, Ritchlin C, Rahman P, er al.
Ustekinumab, an anti-IL.-12/23 p40 monoclonal
antibody, inhibits radiographic progression in
patients with active psoriatic arthritis: results of
an integrated analysis of radiographic data from
the phase 3, multicentre, randomised, double-
blind, placebo-controlled PSUMMIT-1 and
PSUMMIT-2 trials. Ann Rheum Dis 20143 73:
1000-1006.

Grandon B, Rincheval-Arnold A, Jah N,

et al. HLA-B27 alters BMP/TGFJ signalling

in Drosophila, revealing putative pathogenic
mechanism for spondyloarthritis. Ann Rheum Dis
2019; 78: 1653-1662.

Lories R], Derese I and Luyten FP. Inhibition of
osteoclasts does not prevent joint ankylosis in a
mouse model of spondyloarthritis. Rheumatology
(Oxford) 2008; 47: 605-608.

Behera ], Ison J, Tyagi SC, er al. The role of
gut microbiota in bone homeostasis. Bone 2020;

135: 115317.

Visit SAGE journals online
journals.sagepub.com/
home/tab

®SAGE journals

Zaiss MM, Jones RM, Schett G, et al. The gut-
bone axis: how bacterial metabolites bridge the
distance. ¥ Clin Invest 2019; 129: 3018-3028.

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab
https://journals.sagepub.com/home/tab
https://journals.sagepub.com/home/tab



