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Abstract

The lack of valid biomarkers in patients with spondyloarthritis (SpA) requires searching for additional options to increase
sacroiliac joint (SIJ) evaluation effectiveness. We assessed the serum levels of bone turnover markers and their relationships
with active and chronic changes in SIJs using magnetic resonance imaging (MRI), indices, and laboratory parameters of
disease activity in SpA patients. 102 patients with SpA and 15 healthy subjects were included. Testing of serum levels of
transforming growth factor-beta (TGF-p1), Wnt3, sclerostin, and Dickkopf-1 (Dkk-1) was conducted. Active inflammatory
lesions in SIJs were evaluated using Spondyloarthritis Research Consortium of Canada (SPARCC) MRI SIJ score, and chronic
changes using the Danish scoring method. Bath Ankylosing Spondylitis Disease Activity Index, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), Ankylosing Spondylitis Disease Activity Scores with CRP, and ESR were used to
assess disease activity. Serum levels of Dkk-1, TGF-p1, and sclerostin were significantly lower in SpA patients compared
to healthy controls. The serum levels of Dkk-1 positively correlated with CRP. Dkk-1 had a significant negative correlation
with Danish score. The sclerostin serum level had a weak negative correlation with the active inflammatory MRI SIJ lesions.
There were positive correlations between TGF-p1 and sclerostin with Dkk-1, and negative correlation between Wnt3 and
sclerostin. Dkk-1 positively correlated with CRP and negatively with chronic SIJ changes by Danish score. Sclerostin nega-
tively correlated with the active SIJ lesions by SPARCC. This suggests that Dkk-1 and sclerostin are the most promising
candidates to reveal inflammation and bone turnover in patients with SpA.

Keywords Spondyloarthritis - Biomarkers - Magnetic resonance imaging - Sacroiliac joint

Introduction

Diagnosis of spondyloarthritis (SpA) is often difficult, espe-
cially in axial form, when no manifested sign of the disease
can be detected by the consulting physician [1]. In recent
years, magnetic resonance imaging (MRI) has been one of
the main diagnostic tools that are used in patients with SpA
[2]. The advantage of MRI scans over X-rays lies in its abil-
ity to detect early changes in sacroiliac joints (SIJs), which
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precede structural changes determined by standard X-ray
technique.

There are currently insufficient data regarding the rela-
tionship between the biomarkers that correlate with disease
activity (calprotectin, vasoactive endothelial growth factor,
and citrullinated metalloproteinase degraded fragment of
vimentin) and MRI inflammation [3]. That is why, there is
an actual demand for researching biomarkers which could
reflect disease activity and MRI changes in S1Js in patients
with SpA. Recent research suggests that the inflammatory
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damage of SIJs in SpA patients is capable of transforming
into new bone formations, followed by fatty modification [4,
5]. In light of these findings, it is important to evaluate not
only inflammatory but also chronic MRI changes in S1Js, as
well as bone turnover biomarkers. These two reinforced, but
opposite processes present themselves as both diagnostic and
therapeutic issues.

Dickkopf-1 (Dkk-1), sclerostin, and WNT3 (wingless-
type of mouse mammary tumor virus integration site family,
member 3) are markers of bone metabolism. The canonical
Whnt pathway (or Wnt/B-catenin pathway) is the pathway that
induces the accumulation of B-catenin in the cytoplasm and
its possible translocation into the nucleus to act as a coac-
tivator of transcription factors belonging to the TCF/LEF
family. The transmission of signals through Wnt/p-catenin
system is usually the main way to regulate the formation of
new bone with an artificial increase in bone mineral density,
accompanied by trabecular bone tissue loss. Wnt proteins
may also play a role in the osteoblastic new bone formation
in SpA. It has recently been found that various components
of Wnt signaling molecules are involved in maintaining
bone mass [6]. Wnt3 is the most bone-specific protein of
Wnt/B-catenin signaling pathway. This pathway regulates
the differentiation, proliferation, and synthesis of the bone
matrix, as well as the transmission of mechanical stress sig-
nals [7]. One study has shown that SpA patients had higher
WNT3 serum levels compared to the healthy controls [8].
In response to mechanical overload, activation of Wnt/p-
catenin in osteocytes leads to a decrease in the expression
of negative pathway regulators such as Dkk-1 and sclerostin,
which realize their effects by binding Wnt to its coreceptors
[9]. However, under increasing load, long-term sclerostin
deficiency may lead to bone formation activation [10]. Acti-
vation of Wnt signaling pathway by blocking Dkk-1 encour-
ages the formation of osteophytes in peripheral joints [11].
Mechanical loading of osteocytes induces the stimulation
of the bone morphogenetic protein (BMP) [12], while a
decrease in Dkk-1 and sclerostin levels could activate Wnt
and BMP signaling [7]. It has recently been shown that low
serum levels of sclerostin [13] and Dkk-1 [14] are associated
with the formation of new syndesmophytes in SpA patients.

There are inconsistent results across different studies of
Dkk-1 serum levels in SpA patients and healthy control sub-
jects. Thus, some studies demonstrated that Dkk-1 serum
levels in SpA patients were higher than those in control sub-
jects [15], while others reported that patients with SpA had
lower levels of Dkk-1 compared to the controls [16, 17].
Therefore, additional extended research is needed to study
the pathophysiological role of Dkk-1 in patients with SpA.

It has been reported that serum levels of sclerostin were
lower in patients with SpA compared to control subjects [17,
18]. It is important to note that there are studies on the levels
of Dkk-1 and sclerostin in the patients that did and did not
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receive inhibitors of tumor necrosis factor, as well as in the
patients with active and inactive disease [17].

There also exist research projects looking at the asso-
ciation between Dkk-1 levels and disease duration in SpA
patients [19].

Transforming growth factor-beta (TGF-f1) is a multi-
functional cytokine that inhibits lymphocytes and stimu-
lates chondrocytes, fibroblasts, and osteoblasts [20]. Wnt/f-
catenin signaling pathway works in parallel with TGF-f3, and
the inactivation of TGF-f signaling can cause the expres-
sion of members of the Wnt/B-catenin and vice versa [21].
Hybridization studies of biopsies from SIJs have identified
increased expression of TGF-f mRNA, particularly near the
new bone formation, but not in the inflammatory infiltrates
[22]. Production and activation of TGF-f are stimulated by
hyperthermia and exercise [23-25]. Sclerostin isolates BMP
through competitive inhibition contact and avoids connec-
tion with TGF-f receptors [26]. TGF-B1 serum level has
been reported to be increased in patients with SpA [27-29].
TGF-p is likely to play an important role in new bone forma-
tion in patients with SpA.

This study was designed to investigate the level of bio-
markers (Dkk-1, sclerostin, TGF-p1, and WNT3) and their
association with MRI changes in SIJs and with disease activ-
ity parameters in patients with SpA.

Methods
Patients

102 patients with SpA and 15 healthy control subjects
matched for gender and age were enrolled. Inclusion cri-
teria were the following: participants must have been at
least 18 years of age, who would provide written informed
consent and who have been clinically diagnosed with SpA
by the rheumatologist and have fulfilled the Assessment of
SpondyloArthritis international Society (ASAS) criteria for
axial [30] and peripheral [31] SpA. Exclusion criteria were:
a history of the other rheumatic diseases, spinal surgery, and
spinal tumor.

Study design

This observational descriptive cross-sectional monocentric
study was conducted at the departments of internal medi-
cine #3 of Bogomolets National Medical University between
Feb 2016 and Oct 2018. Out of 105 identified patients, 3
belonged to the “dropout” group (3 patients did not fulfill
ASAS criteria). The remaining 102 patients underwent the
necessary study procedures during Visit 1. All assessment
procedures were conducted simultaneously, except for MRI
and laboratory tests excluding biomarkers, which were
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considered eligible if performed during Visit 1 +7 days.
After the informed consent was signed and until the end
of all study procedures, therapy changes were not allowed.
The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki and Good Clinical
Practice guidelines, and was approved by the appropriate
institutional review boards (Local Ethic Committee of Bogo-
molets National Medical University, protocol #58, dated 26
Feb 2016).

Disease activity assessment

Disease activity was measured by Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI, scored from 0
to 10 cm) [32], C-reactive protein (CRP, mg/l, ULN—®6),
erythrocyte sedimentation rate (Westergren ESR, mm/hr),
Ankylosing Spondylitis Disease Activity Score with CRP
(ASDAS-CRP), and with ESR (ASDAS-ESR) [33].

Biomarkers assessment

Serum samples of TGF-f1 (Demeditec Diagnostics GmbH),
WNT3 (Cloud-Clone Corp.), sclerostin (Biomedica), and
Dkk-1 (Biomedica) were analyzed using a commercially
available ELISA kit (iMark Mikroplate Reader, BIO RAD,
USA) according to the manufacturer’s instructions. Fasting
blood samples were collected into tubes containing serum
separation gel (serum separator clot activator) that isolates
the clot from the serum in whole blood specimens. Samples
were centrifuged at 2000 rpm for 10 min.

MRI assessment

For MRI scan of the SIJ, 1.5 T MRI scanner (Magnetom
Avanto, SIEMENS, Germany) was used. The SIJ MRI
images of the patients were evaluated by one independent
reader and scored using the Spondyloarthritis Research
Consortium of Canada (SPARCC) method for evaluation of
active inflammatory lesions (score 0-72) [34] and the Dan-
ish scoring method (score 0—48) for chronic changes [35].
The SIJ MRI was performed in 81 patients, but only 67 were
included in the analysis due to the time frame issues.

Statistical analysis

IBM SPSS 22.0 software was used for statistical analysis.
Demographics and clinical characteristics were described
as numbers (%) and as median (min—-max). All correla-
tions were evaluated by Spearman’s correlation test. The
values were compared between groups of SpA patients and
healthy controls using a nonparametric test (Mann—Whit-
ney). p value <0.05 was considered to represent statistical
significance.

Results
Patients

One hundred and two SpA patients were included in the
study: 67 (65.7%) male and 35 (34.3%) female patients,
ranging in age from 20 to 74 (38.1 +£11.2) years. 40
patients fulfilled the ASAS axial SpA criteria and 62
patients fulfilled the peripheral SpA criteria (39.2%
vs 60.8%). The duration of disease ranged from 0.6 to
480 months. Among 75 patients, whose human leukocyte
antigen B27 (HLA-B27) status was previously defined at
65, were HLA-B27-positive (86.7%). Nonsteroidal anti-
inflammatory drugs were taken by 75.5% of patients, cor-
ticosteroids (CS)—by 37.3%, synthetic disease-modifying
antirheumatic drugs (DMARDs) (methotrexate, sulfasala-
zine, or leflunomide)—by 54.9%, biologic DMARDs
(adalimumab, etanercept, infliximab, and golimumab)—
by 15.7%, and previously using intra-articular CS—by
21.6% of patients. 7.84% of patients did not receive any
medications.

Disease activity

According to BASDAI score, disease activity
among all SpA patients was high: 4.25 (0.34-9.4),
mean + SD—4.53 + 1.86, while the level of laboratory
activity (by ESR) turned out to be low: ESR was 20
(2-99), mean + SD—27.1 +22.1. However, CRP (~3
times ULN) has better displayed the clinical activity
degree: 8 (0-202), mean + SD—20.9 +31.5. At the same
time, the mean values of ASDAS-CRP and ASDAS-ESR
were comparable: 2.99 (0-5.35), mean +SD—3.07 + 1.07,
and 2.86 (0.96-5.25), mean + SD—3.00 + 0.96 respec-
tively (Table 1). The scores of active and chronic
MRI changes were high: SPARCC was 21 (0-56),
mean + SD—22.5 +11.9, Danish score was 18 (0-40), and
mean + SD—20.1 +9.35.

Table 1 Disease activity parameters

Parameter Median (min-max)
CRP (mg/1) 8.26 (0-202)

ESR (mm/h) 20 (2-99)
BASDAI 4.25(0.34-94)
ASDAS-CRP 2.99 (0-5.35)
ASDAS-ESR 2.86 (0.96-5.25)

CRP C-reactive protein, ESR erythrocyte sedimentation rate, BASDAI
Bath Ankylosing Spondylitis Disease Activity Index, ASDAS-CRP
Ankylosing Spondylitis Disease Activity Score with CRP, ASDAS-
ESR Ankylosing Spondylitis Disease Activity Score with ESR
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SpA patients vs healthy control subjects

The patients with SpA had significantly lower serum levels
of Dkk-1 (»p<0.001), TGF-p1 (p <0.001), and sclerostin
(»<0.001) compared with the healthy controls (Table 2).
The differences in serum levels of WNT3 between SpA
patients and controls were not significant (p =0.059).

Correlations

To determine the relationship between biomarkers’ serum
levels with laboratory parameters, clinical indices, and
MRI imaging scores, correlation analysis was performed
(Tables 3 and 4). The serum Dkk-1 concentration had
weak positive correlation with CRP (r=0.216, p=0.029).
There was no significant correlation between other disease
activity parameters and bone turnover biomarkers.

Dkk-1 had a weak negative correlation with the chronic
MRI changes in SIJs (r=-0.293, p=0.018), but not
with the active MRI imaging score. The sclerostin serum
level was negatively correlated with the SPARCC score
(r=-0.266, p=0.030). There were no significant correla-
tions between the serum TGF-1 and WNT3 concentrations
with active and chronic MRI imaging scores.

At the same time, different biomarkers exhibited signifi-
cant correlations between themselves: positive correlations

Table2 Serum levels of bone turnover biomarkers in SpA patients
and the controls

Biomarker SpA patients, Healthy controls, p
median (min—max) median (min—
max)
TGF-p1 (pmol/l)  248.9 (3.03-998.2) 437.1 (320.0- <0.001
632.7)
WNT3 (ng/ml) 4.04 (0.14-19.5)  28.2(2.44-5.58) 0.059

Sclerostin (pmol/l)
Dkk-1 (pmol/l)

18.5(0.32-75.9) 120.4 (17.1-52.2) <0.001
40.4 (2.76-156.2) 120.4 (33.0-140.4) <0.001

SpA spondyloarthritis, TGF-f1 transforming growth factor-beta, Dkk-
1 Dickkopf-1

Table 4 Correlations of bone turnover biomarker’s serum levels with
MRI imaging scores of active and chronic changes in SIJ

Biomarker SPARCC Danish score

R P r r
TGF-p1 -0.178 0.150 -0.132 0.294
WNT3 -0.018 0.884 0.116 0.359
Sclerostin —0.265* 0.030 -0.171 0.174
Dkk-1 -0.104 0.404 —0.293* 0.018

S1J sacroiliac joints, SPARCC Spondyloarthritis Research Consor-
tium of Canada, TGF-fI transforming growth factor-beta, Dkk-1
Dickkopf-1

*p<0.05

of Dkk-1 with TGF-B1 and sclerostin, and negative correla-
tions between WNT3 and sclerostin (Table 5).

Discussion

In our study, the serum levels of Dkk-1 were significantly
lower in SpA patients in comparison with the healthy con-
trols that coincide with other studies [16, 17]. Daoussis et al.
suggested an insignificant inhibitory role of Dkk-1 to Wnt
activation in patients with SpA in comparison to the healthy
controls [36]. Low levels of serum Dkk-1 in patients with
SpA indicate the activation of Wnt signaling and could be
a reason for the compensatory response to the deficiency
of sclerostin. The activation of Wnt may induce the neo-
osteogenesis in the joints with inflammation and increase
the number of osteophytes [11] that lead to the destruction
of the joint architecture.

We found that the serum TGF-f1 levels were lower in
patients with SpA in comparison to the healthy controls.
These findings, however, do not match the results of other
studies, which described the significantly higher expression
of TGF-B1 in SpA patients [27-29]. This discrepancy could
be associated with possible osteoporosis or osteopenia,
as demonstrated by Akinci et al. in their study [37] which
shows that the level of TGF-f1 was significantly lower in

Table 3 Correlations of bone

. X Biomarker ESR, r (p)
turnover biomarker’s serum

CRP, r (p)

ASDAS-CRP, r () ASDAS-ESR, r () BASDAL r (p)

levels with disease activity TGF-p1 0.174 (0.079)  0.153 (0.124)  0.057 (0.567) 0.083 (0.408) 0.044 (0.658)
parameters WNT3 0.101 (0.313)  0.118 (0.236)  0.060 (0.547) 0.053 (0.597) 0.054 (0.589)
Sclerostin  —0.035 (0.724) —0.146 (0.142) —0.162 (0.104)  —0.044 (0.664)  —0.025 (0.803)
Dkk-1 0.118 (0.236) 0.216% (0.029)  0.191 (0.054) 0.111 (0.265) 0.084 (0.402)

CRP C-reactive protein, ESR erythrocyte sedimentation rate, BASDAI Bath Ankylosing Spondylitis Dis-
ease Activity Index, ASDAS-CRP Ankylosing Spondylitis Disease Activity Score with CRP, ASDAS-ESR
Ankylosing Spondylitis Disease Activity Score with ESR, TGF-f1 transforming growth factor-beta, Dkk-1

Dickkopf-1
*p<0.05
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Table 5 Correlations between Biomarker TGFE-p1, r (p) WNTS3, r (p) Sclerostin,  (p) Dkk-1, r (p)
bone turnover markers
TGF-f1 - —0.099 (0.323) 0.141 (0.156) 0.298* (0.002)
WNT3 —0.277 (0.323) - —0.230* (0.020) —0.143 (0.152)
Sclerostin 0.141 (0.156) —0.230* (0.020) - 0.285%* (0.004)
Dkk-1 0.298* (0.002) —0.143 (0.152) 0.285* (0.004) -

TGF-p1 transforming growth factor-beta, Dkk-1 Dickkopf-1

*p<0.05

patients with osteoporosis when compared with healthy
individuals. This area may require further in-depth studies.

The serum levels of sclerostin were significantly lower
in the patients with SpA, which match the results of other
studies [17, 18].

Serum levels of WNT3 did not differ between SpA and
control groups. One prior study [8] reported that patients
with SpA had significantly higher serum levels of WNT3
compared with the controls and that WNT3 may be a
marker for osteoproliferation in SpA patients. Another study
reported that patients treated with TNF inhibition had higher
serum levels of Wnt. The resolution of inflammation follow-
ing the anti-TNF treatment has been associated with new
bone formation in SpA. It has been hypothesized that this
could be caused by increased Wnt signaling and that TNF-o
acts as a brake on bone formation by stimulating the expres-
sion of the Wnt antagonist Dkk-1. According to the 2019
review, there have been no recent studies that have attempted
to clarify discrepancies in WNT3 serum levels between SpA
patients and healthy controls [3].

Dkk-1 was positively correlated with CRP and could
be related to systemic inflammation, but not directly to the
disease activity measured with indices. In our study, no
other biomarkers were correlated with clinical and labora-
tory parameters of disease activity, which is similar to other
studies that showed the absence of significant correlations
of disease activity with TGF-f [27, 38, 39], WNT3 [8], and
sclerostin [17].

Dkk-1 was also correlated with chronic MRI SIJ changes,
but not with active SIJ lesions. In one recent study of the
correlation between Dkk-1 and MRI pathological changes in
the spine and the S1J, it was detected that Dkk-1 concentra-
tion is significantly correlated with the spinal bone marrow
edema scores but not with fat infiltration scores, and no sig-
nificant correlation between the serum Dkk-1 concentration,
and the sacroiliac MRI bone marrow edema, fat infiltration,
bone erosion, and backfill was detected [2]. These results are
the reason for further in-depth study with an MRI screening
for all parts of the spine.

Sclerostin serum levels negatively correlated with active
MRI S1J lesions by SPARCC score. TGF-f1 and WNT3 did
not show any significant correlation with active or chronic
changes. We did not find any other study that would describe

the correlation between MRI SIJ and sclerostin, TGF-p1,
or WNT3.

However, positive correlations of Dkk-1 with TGF-p1 and
sclerostin, as well as negative correlations of WNT3 with
sclerostin have been found. Similar results were reported
in two studies in which positive correlations between scle-
rostin and Dkk-1 were found [8, 40]. Results of such a
relationship between these biomarkers could reflect their
interdependence.

Our study had some limitations. Evaluated procedures
(MR, blood sampling for biomarkers, and assessment of dis-
ease activity indices) were not performed on the same day,
which could affect the evaluation of correlations. To reduce
the influence of these time frame discrepancies, specified time
frames for certain procedures were set up, ensuring compat-
ibility of results. We also did not evaluate bone mineral density
in patients and the control group, so the influence of this fac-
tor on the results was not taken into account. Also, since the
study was non-invasive and did not impose requirements on
therapy before inclusion in the study, the possible effects of
medications (TNF inhibitors and CS especially) on the studied
parameters were not considered. The main limitation of our
study was the absence of MRI screening for the spine, since
the conduct of spine MRI screening was not necessary for
the majority of patients under the standards for diagnosis and
management of this group of patients. Also, one study con-
firms that lesions “typical of axial SpA” can also be observed
in both patients with mechanical chronic back pain without
axial SpA and in an axial SpA cohort [41]. Active and struc-
tural SIJ lesions by all modalities remain the most valuable
for diagnosis. Another study has revealed that combined
spine and SIJ MRI added little incremental value compared
with SIJ MRI alone for diagnosing patients with axial non-
radiographic SpA and enhancing confidence in this diagnosis
[42]. The absence of these data could potentially limit our
ability to find correlations between MRI changes and labora-
tory parameters for patients with the dominant spinal but not
S1J lesions. Our study detected a relationship between Dkk-1
and chronic MRI S1J changes, but not with active S1J lesions.
In contrast, the results of Z Zhao et al.’s study revealed a cor-
relation of Dkk-1 with the spinal bone marrow edema scores
but not with chronic changes, and there was no correlation of
Dkk-1 with active and chronic SIJ MRI lesions revealed [2].
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This case requires further depth study with evaluation of the
relationships between biomarkers with spine MRI.

Conclusion

Currently, there are limited data regarding the correlation of
biomarkers and disease activity, particularly MRI changes in
SIJs, in patients with SpA. We analyzed serum levels of Dkk-
1, sclerostin, TGF-f1, and WNT3 and their relationships with
clinical and laboratory parameters of disease activity and MRI
SIJ changes in 102 patients with SpA. We found that Dkk-1
positively correlates with CRP and negatively with chronic
SIJ MRI. Sclerostin negatively correlates with active MRI
SIJ lesions. Dkk-1 and sclerostin better reflect the SIJ MRI
changes (both chronic and active) compared to TGF-f1 and
Wnt3. Thus, among the investigated biomarkers, Dkk-1 and
sclerostin are the most likely candidates for future research
of their relationship with inflammation and bone turnover in
patients with SpA.
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