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Serum DKK-1 level in the development of ankylosing
spondylitis and rheumatic arthritis: a meta-analysis

Li Zhang!?, Hui Ouyang', Zhen Xie®, Zhi-Hui Liang! and Xiong-Wen Wu!

To explore the association of serum Dickkopf-1 (DKK-1) levels with the development of ankylosing spondylitis (AS) and
rheumatic arthritis (RA) in humans, databases including PubMed, EBSCO, Springerlink, Ovid, WANFANG and China National
Knowledge Infrastructure (CNKI) were searched to identify relevant studies. On the basis of rigorous inclusion and exclusion
criteria, case—control studies of the relationships between serum DKK-1 levels and AS and RA published before December 2014
were enrolled. Statistical analyses were performed using Comprehensive Meta-analysis 2.0 (CMA 2.0). Seven case—control trials
with a total of 300 AS patients, 136 RA patients and 232 healthy controls were included in this study. Meta-analysis results
revealed that DKK-1 serum levels were significantly higher in AS patients than in normal controls (standard mean differences
(s.m.d.) =0.301, 95% confidence interval (Cl) =0.094-0.507, P=0.004), whereas no significant difference in DKK-1 serum
levels was observed between RA patients and healthy controls (s.m.d.=0.798, 95% Cl=-2.166-3.763, P=0.598). Serum
DKK-1 level may be closely related to the development of AS but not of RA.
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INTRODUCTION

Ankylosing spondylitis (AS), previously known as Marie—
Striimpell disease or Bechterew's syndrome, has been
identified as an example of both inflammatory and
autoimmune spondyloarthropathy.! Its initial effect on
sacroiliac joints is a hallmark of AS. Subsequently, it involves
spine joints, where ankyloses develops, and eventually
invades the axial skeleton, leading to complete fusion and
rigidity of the spine.>? AS may be clinically present with
physical manifestations such as stiffness, sleep disturbances
and decreased spinal mobility, as well as psychological
outcomes, including stress, anxiety and depression.t
Rheumatoid arthritis (RA), a chronic inflammatory auto-
immune disease, is characterized by consistent synovitis,
causing the destruction of cartilage and bone, and leading to
deformity in multiple joints.> RA is also characterized
by hyperplasia, autoantibody production (particularly
anti-citrullinated protein and rheumatoid factor antibodies),
and systemic features, including cardiovascular, pulmonary,
psychological and skeletal disorders, among which chronic
inflammation and bone erosion are most common.®’
Accumulating evidence suggests that the AS and RA pathol-
ogies are multifactorial, and the interaction of various

environmental factors such as humid and cold climates
and inherited risks contribute to them.®-10 Apart from the
well-known AS- and RA-related HLA-B27 antigen, other
proteins, including Dickkopf-1 (DKK-1) protein, have been
implicated in the etiology of AS and RA.!-13

DKK-1, belonging to the Dickkopf family, is a secreted
molecule consisting of a signal peptide sequence and two
cysteine-rich domains. It participates in the process of
embryonic development and acts as an endogenous inhibitor
modulating the Wnt/B-catenin signaling pathways.!®!> After
binding to low-density lipoprotein receptor-related protein-
5/6 (LRP5/6) and the frizzled receptor, Wnt-1 protein is
capable of signaling proliferation through B-catenin.'®!”
DKK-1 binds to LRP5/6 and blocks contact between LRP5/6
and Wnt-1, leading to B-catenin degradation and prolifera-
tion retardation.!® In several recent studies, serum DKK-1
levels have been reported to be involved in the etiology of AS
and RA.1L1920 Nevertheless, there also exist inconsistent
findings regarding the relationship between serum DKK-1
level and the occurrence of AS and RA.?! Given these
contradictory results, we performed the present meta-
analysis to further explore the role of DKK-1 in the
development of AS and RA.
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MATERIALS AND METHODS

Literature search and selection

The present meta-analysis was conducted by following the Meta-
analysis of Observational Studies in Epidemiology (MOOSE) group’s
guidelines.?> We performed a systematic search for studies published
before December 2014 in the following electronic databases: PubMed,
Embase, Web of Science, Springerlink, Ovid, Cochrane Library,
EBSCO, WANFANG, VIP and China National Knowledge Infrastruc-
ture (CNKI). Keywords included ankylosing spondylitis, Bechterew’s
disease, rheumatoid spondylitis, DKK-1 and Dickkopf-1. We also
reviewed references cited in these articles and manually searched
related studies to identify additional relevant publications.
The established study selection criteria included the following four
aspects: the study was a case—control study; cases were patients with
AS/RA and controls were healthy people, and all patients were
mobility impaired with pain in joints, arthrofibrosis and bony
ankyloses; the study provided complete data concerning DKK-1 serum
levels in AS/RA patients and controls; and the study was published in
English or Chinese. In the case of duplicate publications, we chose the
one with the largest sample size or most recent publication date.

Data extraction and quality assessment

From identified studies, two researchers independently collected the
following data: name of the first author, publication year, country of
study, patient ethnicity, age and gender, disease studied, detection
methods for DKK-1 serum level and so on. Disagreements about study
inclusion were resolved by discussion with a third reviewer until a
consensus was reached for each study. To assess study quality, two
authors applied a set of predefined criteria based on the Critical
Appraisal Skill Program’s (CASP) criteria (http://www.casp-uk.net/).

1Y

Statistical analysis

Statistical analyses were performed using the Comprehensive Meta-
analysis 2.0 software (CMA 2.0). The standard mean differences
(s.m.d.) with 95% confidence intervals (CIs) were calculated to
explore the association of serum DKK-1, and AS and RA through
either fixed-effects or random-effects models. The significance of the
overall effect sizes (s.m.d.’s) was evaluated with Z-tests. Cochran’s
Q statistic and P tests were used to detect heterogeneity across studies.
Random-effects models were applied in the case of significant
heterogeneity (P<0.05 or P test>50%); otherwise, fixed-effects
models were utilized.?>?* To determine the influence of heterogeneity,
univariate and multivariate meta-regression analyses were adopted.
Further investigation was conducted using Monte Carlo methods. To
assess the impact of each study on the overall result, a sensitivity
analysis was conducted. To detect publication bias among the included
studies, funnel plots, the classic fail-safe N and Egger’s linear
regression test were used. The significance level was set at P<0.05.

RESULTS

The baseline characteristics of included studies

From the 38 articles retrieved initially, we excluded duplicates
(n=6), letters, reviews or meta-analyses (#n=4), non-human
studies (n=2) and studies irrelevant to the study topic (n=6).
In the final meta-analysis, we focused on seven case—control
studies,! 192528 published between 2010 and 2012, which
contained 300 AS patients, 136 RA patients and 232 healthy
controls. In six trials, the subjects were Asian; in the last study,
the subjects were Caucasian.
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Figure 1 Forest plots based on serum Dickkopf-1 levels: (a) forest plot for the AS studies; (b) forest plot for the RA studies. AS, ankylosing

spondylitis; RA, rheumatic arthritis.
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Figure 2 Sensitivity analyses: (a) sensitivity analyses for the AS studies; (b) sensitivity analyses for the RA studies. AS, ankylosing

spondylitis; RA, rheumatic arthritis.

Results of meta-analysis

Seven trials investigated the association between DKK-1 serum
levels and AS. Due to heterogeneity among the enrolled studies
(P<0.05), a random-effects model was used. Meta-analysis
results revealed that DKK-1 serum levels were significantly
higher in AS patients than in healthy controls (s.m.d.=0.301,
95% CI=0.094-0.507, P=0.004) (Figure 1). Four trials
reported on the association between DKK-1 serum levels and
RA. Heterogeneity among the four studies necessitated a
random-effects model (P <0.05). Meta-analysis results revealed
no significant differences between RA patients and healthy
controls (s.m.d.=0.798, 95% CI=-2.166-3.763, P=0.598)
(Figure 1).

Sensitivity analysis and publication bias

A sensitivity analysis indicated that four of the included studies
would not affect the pooled effect sizes of the associations
between serum DKK-1 levels, and AS and RA (Figure 2), but
the other three trials would.'*>?” A meta-regression analysis
indicated that publication year, country, ethnicity and language
were not potential sources of heterogeneity and did not affect
the overall effect size (all P>0.05) (Figure 3). Funnel plots
were symmetric, suggesting no publication bias in the enrolled

studies, and the Egger linear regression analysis and classic
fail-safe N confirmed that conclusion (all P> 0.05; Figure 4).

DISCUSSION

The current meta-analysis explored studies that investigated the
associations between DKK-1 serum levels, and AS and RA risk.
The primary results of this meta-analysis demonstrated that
serum DKK-1 levels in AS patients were higher than those in
control subjects, indicating that elevated DKK-1 serum levels
may be a risk factor for the occurrence and development of AS.
DKK-1 serum levels may also serve as a helpful biomarker for
the diagnosis of AS. However, no significant differences were
found in DKK-1 expression between RA patients and healthy
controls. So far, the precise mechanism by which DKK-1
affects the occurrence of AS remains unclear. It is widely
accepted that DKK-1 levels accelerate the process of bone
formation or resorption via the Wnt pathway, possibly
accounting for its effect on AS development.!"?* DKK-1 could
block the Wnt or fB-catenin signaling pathway, which play an
important role in the development of various diseases.’*? It
has been reported that Wnt proteins are involved in normal
bone metabolism, various cell activities (including cell
adhesion, migration, polarity), and particularly in osteoplastic
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Figure 3 Meta-regression analyses presenting the sources of heterogeneity among the included studies: (a) meta-regression exploring the
effect of publication year; (b) meta-regression exploring the effect of language; (c) meta-regression exploring the effect of country;

(d) meta-regression exploring the effect of ethnicity.

formation.!?® More precisely, DKK-1 may inhibit the Wnt
signaling pathway by inducing the phosphorylation and
degradation of f-catenin, which blocks the formation and
differentiation of osteoblasts and induces the apoptosis of
immature osteoblasts.!® It has also been reported that DKK-1
may inhibit osteoblasts, activate osteoclasts and disrupt the
balance of ossification and osteolysis, which might increase the
risk of AS and promote its progression.’> Some studies have
previously suggested that increased serum levels of DKK-1 in
bone marrow and peripheral blood are related to the occur-
rence of osteolytic bone lesions among AS patients.!>?° In this
regard, DKK-1 expression in degenerative joint diseases or AS
could inhibit bone formation in human joints, further exacer-
bating the bone resorption imbalance.>® In our study, we found
that DKK-1 serum levels were significantly increased in AS
patients, suggesting that elevated DKK-1 serum concentration
is associated with an increased risk of AS. Likewise, Daoussis
et al'' also found that increased DKK-1 serum levels were
related to increased AS risk and progression. However, they
also found that binding of DKK-1 to the low-density lipopro-
tein receptor-related protein LRP-5/LRP-6, which inhibits
binding of Wnt proteins to LRP-5/LRP-6, did not increase
with DKK-1 levels. Current evidence suggests that AS progres-
sion involves cycles of bone resorption coupled with subse-
quent bone formation.>* A possible reason for the lack of a
relationship between DKK-1 levels and binding of DKK-1 to
LRP-6 is that DKK-1 not only serves as a suppressor of bone
formation but also as a promoter of bone resorption.
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According to work by Ahmed et al.>> DKK-1 could upregulate
the expression of macrophage colony-stimulating factor, which
would promote the production of osteoclast differentiation
factor and increase osteoclasts’ quantity and activity as well as
subsequent bone resorption. Interestingly, our study found a
relationship between DKK-1 and AS development, and our
results indicate that DKK-1 is potentially at least partially
responsible for AS development via the Wnt signaling pathway.
Nevertheless, limitations in the present study are also worth
noting. First, our explanations of the study results mainly focus
on the Wnt signaling pathway. However, these explanations
should be considered preliminary and regarded with some
degree of caution. The number of patients included in this
analysis is relatively small, and thus we have no survival data to
evaluate the prognosis of patients with AS. Therefore, larger
clinical trials are warranted to more accurately and compre-
hensively explore the diagnosis and prognosis of AS and the
pathophysiological role of DKK-1. More importantly, the
baseline characteristics tables show that we chose to treat some
RA patients as controls. However, because of our focus on AS,
little attention was devoted to the exploration of DKK-1’s role
in RA. In addition, the included studies provided little
information about factors that might affect serum DKK-1
levels, such as platelet-modifying drugs, and therefore we were
unable to provide a more detailed investigation into the effects
of these factors on the relationship between serum DKK-1 and
AS. This omission may reduce the reliability of our study.
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Figure 4 Tests of publication bias: (a) publication bias among the AS studies; (b) publication among the RA studies. AS, ankylosing

spondylitis; RA, rheumatic arthritis.

Taken together, these data suggest that serum DKK-1
levels are elevated in AS patients compared with
controls. Our results may eventually contribute to the
development of novel treatments specifically designed to
target bone formation in AS, an area that is currently
underexplored. Further investigation of the function of
DKK-1 in AS patients may be of great importance and
may result in a deeper understanding of the molecular
factors controlling the activation of the Wnt signaling
pathways.
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