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Abstract

Objective To determine the serum levels of Dickkopf-1 (DKK-1) and sclerostin, as well as their correlations with the structural
damage assessed by modified stoke ankylosing spondylitis spine score (mSASSS) and the disease activity evaluated by anky-
losing spondylitis disease activity score (ASDAS) in patients with ankylosing spondylitis (AS).

Methods Eighty-eight AS patients, 26 rheumatoid arthritis (RA) patients, and 26 age- and gender-matched healthy controls (HC)
were collected from rheumatic clinic of the Second Affiliated Hospital of Zhejiang University, School of Medicine, between
March 2015 and July 2015. Demographic data, parameters of ASDAS, and image evaluations of spine (i.e., mSASSS) were
collected. The serum levels of DKK-1 and sclerostin were measured using commercially available ELISA kits.

Results Both DKK-1 and sclerostin were significantly higher in the AS patients than in the controls (1855 £ 84.58 vs. 1406 £
99.76 pg/ml and 106+6.75 vs. 62.78 +6.39 pmol/l, respectively, P <0.05). The correlation analysis suggested a negative
correlation between serum sclerostin and mSASSS (P=0.019, 2 =0.062). DKK-1 had a trend of positive correlation with
mSASSS, but was not statistically significant (P> 0.05). There was no association between the serum levels of DKK-1 or
sclerostin and disease activity assessed by ASDAS (P> 0.05). DKK-1 and sclerostin had a negative correlation (P=0.013,
”=0.07).

Conclusion In the present study, the expressions of serum DKK-1 and sclerostin were independent of disease activity. Sclerostin
was negatively correlated with the mSASSS, which suggests that sclerostin may be a potential marker indicating the spine
ossification process in AS. The specific mechanism remains to be investigated.
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Introduction

Ankylosing spondylitis (AS) is the prototype of immune-
mediated inflammatory rheumatic diseases named as

Wenjia Sun and Lizhen Tian contributed equally to this work. spondyloarthritis (SpA) which is characterized by new bone
formation and progressively leads to ankylosis and functional
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[3-catenin signaling pathway in AS has been investigated in-
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and LRP-6), thus maintaining the structural stability of 3-ca-
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pathway. Subsequently, [3-catenin increases in cytoplasm and
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translocates into nucleus to modulate target genes transcrip-
tion [7]. Both DKK-1 and sclerostin have been proved to be
upstream potent antagonist of Wnt/{3-catenin signaling which
work as suppressors of LRP-5 and LRP-6 co-receptors and
subsequently block their interaction with Wnt, resulting in
[3-catenin degradation [8]. Evidences from animal models of
arthritis have proved that DKK-1 is a main regulator of joint
remodeling shifting the balance toward new bone formation
when its expression is decreased and toward erosion/joint de-
struction when its expression is increased [9—11]. However, it
seems not the same story in human beings. The results were
inconsistent about those studies evaluating Wnt pathway
modulators in AS [12, 13]. Therefore, the aim of our study
is to comprehensively estimate the role of serum DKK-1 and
sclerostin in the development of AS.

Materials and methods
Patients and samples

A total of 88 AS patients, 26 RA patients, and 26 age- and
gender-matched healthy controls were collected from
rheumatic clinic of the Second Affiliated Hospital of
Zhejiang University, School of Medicine, between
March 2015 and July 2015. The demographic data and
disease-specific data were recorded. All the AS patients
recruited fulfilled the modified New York criteria of AS
and the RA diagnosis was made according to the 2010
American College of Rheumatology (ACR) criteria.
Patients with underlying bone metabolism diseases such
as low phosphorus rickets and osteoporosis with patho-
logical fracture as well as malignant diseases were exclud-
ed. The study was performed according to the Declaration
of Helsinki, and approved by the ethics committee of the
Second Affiliated Hospital of Zhejiang University, School
of Medicine.

Serum collection and biomarker testing

Serum samples were obtained from all participants and
were stored in aliquots of 200 pl at —20 °C. The erythro-
cyte sedimentation rate (ESR) and C-reactive protein
(CRP) level were measured in all patients and controls.
Commercially available enzyme-linked immunosorbent
assay (ELISA) kits (Biomedica, Austria) were used to mea-
sure DKK-1, sclerostin, and BMP-2 (bone morphogenetic
protein 2) in each group according to the manufacturer’s
instructions. All measurements were performed in dupli-
cate for each sample in the same time, and a mean value
was calculated.
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AS disease activity measure

AS disease activity was calculated using ASDAS by software
automatically (RheumaHelper v2.7.1). ASDAS < 1.3 indi-
cates inactive disease or remission stage and ASDAS >3.5
suggests a very high disease activity, while ASDAS ranging
from 1.3 to 2.1 (not included) and from 2.1 to 3.5 (not includ-
ed) are defined as moderate and high disease activities,
respectively.

Modified stoke AS spine score

The radiographic assessment was performed using the modi-
fied stoke ankylosing spondylitis spine score (mSASSS) de-
fined in the literature [14] by two independent radiologists.

Statistical analysis

Statistical analysis was performed using SPSS v.13.0 and
GraphPad Prism 6.01. Measurement data was illustrated as
mean value + standard deviation (X' + SD) or median (quartile
1, quartile 3) as appropriate and enumeration data was showed
as number (percentage). The Mann-Whitney U test was used
for group comparisons. Correlations between circulating
levels of DKK-1 and sclerostin were calculated by unitary
linear regression analysis. For all statistical analysis, P values
less than 0.05 were considered significant.

Results

This study included 66 (75.0%) male and 22 (25.0%) female
AS patients, with the average age of 36.5 + 13.5 years old. The
median disease duration was 8.5 years. In all, 93.2% of pa-
tients were HLA-B27 positive. The patient distribution ac-
cording to disease activity assessed by ASDAS-CRP and
ASDAS-ESR is illustrated in Table 1.

Serum DKK-1 was significantly higher in the AS patients
than in the RA patients (1855 +84.58 vs. 1416+ 115.20 pg/
ml, P<0.05) and in healthy controls (1855 +84.58 vs. 1406
+99.76 pg/ml, P<0.05). Compared to the healthy controls,
the serum sclerostin increased significantly in the AS patients
(106 +6.75 vs. 62.78 £6.39 pmol/l, P <0.05) but not in the
RA group (95.23+£13.00 vs. 62.78 £6.39 pmol/l, P> 0.05),
as showed in Fig. 1. Although there was no association be-
tween the serum levels of DKK-1 or sclerostin and disease
activity scores assessed by ASDAS-CRP or ASDAS-ESR
(Fig. 2), the correlation analysis revealed a negative associa-
tion between serum sclerostin and mSASSS (P =0.019, =
0.062), as illustrated in Fig. 3. DKK-1 had a trend of positive
correlation with mSASSS, but was not statistically significant
(P>0.05). mSASSS was not correlated with other bone turn-
over markers such as BMP-2 or vitamin D, but had a positive
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Table 1  Demographic and clinical data of the AS patients
Mean + SD  Median (Q1, Q3)  No. (%)
Demographic data
Age (year) 36.5+13.5
Disease duration (year) 8.5(4.2,12.5)
Male 66 (75)
Clinical data
HLA-B27 positive 82 (93.2)
mSASSS 12.(9.9,17.1)
ASDAS-CRP
Remission 6 (6.81)
Moderate 11 (12.50)
High 30 (34.09)
Very high 41 (46.59)
ASDAS-ESR
Remission 11 (12.5)
Moderate 19 (21.6)
High 46 (52.3)
Very high 12 (13.6)

SD, standard deviation; Q1, quartile 1; O3, quartile 3; mSASSS, stoke
ankylosing spondylitis spinal score
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Fig. 1 Serum DKK-1, sclerostin, BMP-2, and vitamin D levels in AS,
RA, and HC subgroups. The serum concentrations of DKK-1 and
sclerostin in AS subgroup were significantly higher compared with con-
trols (P <0.05). The BMP and vitamin D levels were similar among all

association with disease duration (P <0.0001, = 0.20).
DKK-1 was negatively related to sclerostin (P=0.013, /* =
0.07). Both DKK-1 and sclerostin were not related to disease
duration or BMP-2 (Fig. 4).

Discussion

As the prototype of SpA, the pathological process of AS in-
cludes three stages: inflammation, erosion, and
syndesmophytes [15]. In the inflammation stage, TNF-«x is
the principal cytokine involved and anti-TNF-oc agents have
achieved great success in recent years [16, 17]. However, ero-
sion and abnormal bony outgrowth can lead to dysfunction
and disability of AS patients and need more investigations [3,
18]. The effect of Wnt signaling on the AS pathogenesis has
generated tremendous interest recently and the most common-
ly studied secreted Wnt inhibitors are DKK-1 and sclerostin
[19, 20]. In the present study, both DKK-1 and sclerostin
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three subgroups. AS, ankylosing spondylitis; RA, rheumatoid arthritis;
HC, healthy controls; DKK-1, Dickkopf-1; SOST, sclerostin; BMP-2,
bone morphogenetic protein 2; VitD, vitamin D
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DKK-1 & ASDAS-CRP
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Fig. 2 Serum DKK-1 and SOST in AS patients with different disease
activities scored by ASDAS-CRP and ASDAS-ESR. The expressions of
DKK-1 or sclerostin were not associated with ASDAS-CRP or ASDAS-
ESR. DKK-1, Dickkopf-1; SOST, sclerostin; AS, ankylosing spondylitis;

levels were significantly increased in patients with AS
(Fig. 1). Similar results have been reported by Daoussis and
Korksz, respectively [21, 22]. However, studies on the corre-
lation between Wnt pathway inhibitors and AS did not come
to an agreement, even the meta-analysis reached controversial
conclusions [10, 12, 23-25]. The discrepancy among those
studies mentioned above may be explained in several aspects.
Firstly, while sclerostin expression was confined exclusively
to osteocytes, the expression of DKK-1 is not restricted to
bone [26]. In fact, other origins such as platelets are also im-
portant sources of circulating DKK-1. It is not appropriate to
attribute the fluctuation of serum DKK-1 to AS only.
Secondly, the role of DKK-1 in modulating Wnt pathway
might be oversimplified. New evidences have showed that
DKK-1 was linked to the abnormal activation of (3-catenin-
independent Wnt signaling by binding less avidly to LRP6
and was dysfunctional in AS [21]. Thus, the differences in
the technology used in individual study which determine the
total or functional DKK-1 was tested would result in opposite
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SOST & ASDAS-CRP
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ASDAS, ankylosing spondylitis disease activity score; inactive, ASDAS
< 1.3; moderate, 1.3 <ASDAS <2.1; high, 2.1 <ASDAS <3.5; very
high, ASDAS >3.5

conclusions [27]. Similarly, the commercial ELISA kits for
sclerostin measurements have not demonstrated consistent in-
ternal agreement in addition to which there are differences
between serum and plasma levels [28]. Obviously, standardi-
zation of testing technology is very important to reveal the
effect of Wnt suppressors in AS. Thirdly, it has been reported
that patients with AS studied serially prior to and following
anti-TNF alpha administration exhibited a significant increase
in serum DKK-1 levels [21]. So the background treatment
should be clarified.

The relationship between Wnt modulators and ASDAS as
well as image evaluation in publication was not in accordance,
too. ASDAS is well accepted to access the disease activity of
AS using CRP (ASDAS-CRP) or ESR (ASDAS-ESR) as the
major parameter [29, 30]. Besides inflammation, radiographic
damage is another core outcome in AS. mSASSS is the most
appropriate method by which to score the radiographic pro-
gression in AS patients in clinical trials [ 14]. Although Rossini
M’s work revealed a significant positive correlation between
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Fig.3 The correlation between serum levels of DKK-1 and SOST as well
as other parameters and mSASSS in AS patients. It revealed a negative
correlation between serum SOST and mSASSS (P=0.019, 2 =0.062);
DKK-1 had a trend of positive correlation with mSASSS, but was not
statistically significant (P> 0.05); mSASSS was not correlated with
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Fig. 4 The correlation between DKK-1 and SOST, BMP2, and disease
duration as well as vitamin D in AS patients. In AS patient group, there
was a negative correlation between DKK-1 and SOST (P=0.013, =
0.07). DKK-1 and vitamin D were weakly and positively related (P=

BMP-2 or vitamin D, but had a positive association with disease duration
(P<0.0001, > =0.20). mSASSS, modified stoke ankylosing spondylitis
spine score; DKK-1, Dickkopf-1; SOST, sclerostin; VitD, vitamin D;

BMP-2, bone morphogenetic protein 2
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disease duration. DKK-1, Dickkopf-1; SOST, sclerostin; BMP-2, bone

morphogenetic protein 2; VitD, vitamin D
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DKK-1 serum levels and CRP [31], it showed no association
between serum levels of DKK-1 or sclerostin and ASDAS in
the present study (Fig. 2). Similar results had been published
by Muntean L [32]. But sclerostin was related to mSASSS
(Fig. 3), as reported by Appel H and his colleagues [33]. In
our opinion, inflammation and ossification are two indepen-
dent processes in the pathogenesis of AS and Wnt pathway is
involved mostly in the new bone formation rather than in
inflammation. As mSASSS reflected the osteophyte-forming
process, sclerostin may be a potential marker indicating the
spine ossification process in AS.

Interestingly, we found a negative relationship between
DKK-1 and sclerostin (Fig. 4). As DKK-1 and sclerostin were
both inhibitors of Wnt pathway, they were kindly competitive.
But the R value was low. Maybe it’s the functional DKK-1 but
not the total DKK-1 is the true competitor with sclerostin. The
specific mechanism remains to be investigated.

Several limitations should be considered in this study. The
number of patients is relatively small. The total DKK-1 but
not the functional DKK-1 was tested. The different perfor-
mances of commercial ELISA kits for sclerostin measure-
ments should be considered and the background treatments
should be clarified.

In conclusion, the correlation between serum Wnt suppressors
and AS is still a matter of ongoing discussion. So, further inves-
tigations are needed to comprehensively understand the mecha-
nisms of DKK-1 and sclerostin in the development of AS.
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