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Abstract
BACKGROUND
Ankylosing spondylitis (AS) frequently occurs in people aged 30-45 years, and its
prevalence is generally believed to be between 0.1% and 1.4% globally. At
present, the “gold standard” for diagnosis of AS requires the provision of pelvic
X-rays, which makes it more difficult to perform in population-based
epidemiological studies. Therefore, the identification of serological indicators
related to the diagnosis, treatment, and prognosis of AS patients is of great
significance.

AIM
To analyze the therapeutic, diagnostic significance and prognostic value of
dickkopf-related protein-1 (DKK-1) and tumor necrosis factor-α (TNF-α) in AS.

METHODS
A total of 113 patients with active AS were selected as the research group, and
100 healthy subjects who underwent physical examination were selected as the
control group. The levels of DKK-1 and TNF-α in peripheral blood in the two
groups were compared. The diagnostic and predictive values of DKK-1 and TNF-
α for AS were analyzed with ROC curves, and the factors influencing AS
recurrence were analyzed with COX regression.

RESULTS
Before treatment, the research group showed lower DKK-1 levels but higher
TNF-α levels than the control group (both aP < 0.05). In the research group, DKK-
1 was up-regulated and TNF-α was down-regulated after 12 wk of treatment (aP
< 0.05). The area under the curve, sensitivity and specificity of DKK-1 combined
with TNF-α for diagnosing AS were 0.934, 82.30% and 97.00%, respectively.
Before treatment, the area under the curve, cutoff value, sensitivity and
specificity of DKK-1 for predicting the curative effect were 0.825, 68.42 pg/mL,
73.68% and 80.00%, respectively, and those of TNF-α were 0.863, 32.79 ng/L,
92.11% and 77.33%, respectively. DKK-1 and TNF-α levels after treatment were
closely related to the curative effect (aP < 0.05). C-reactive protein, the Bath
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Ankylosing Spondylitis Disease Activity Index, DKK-1, and TNF-α were risk
factors for AS recurrence (aP < 0.05).

CONCLUSION
DKK-1 and TNF-α are effective in the diagnosis and treatment of AS and are risk
factors for its recurrence. In addition, DKK-1 may be a potential target for the
diagnosis of AS.

Key words: Dickkopf-related protein-1; Tumor necrosis factor-α; Ankylosing spondylitis;
Diagnosis; Prognosis; Peripheral blood

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In this study, we demonstrated that dickkopf-related protein-1 and tumor
necrosis factor-α are effective in the diagnosis and treatment of ankylosing spondylitis
and are risk factors for its recurrence. In addition, dickkopf-related protein-1 may be a
potential target for future treatment of ankylosing spondylitis.
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INTRODUCTION
Ankylosing spondylitis (AS) is an inflammatory arthritis within a family of disorders
including reactive arthritis, inflammatory bowel disease-associated spondyloarthritis
(SpA), and undifferentiated spondyloarthritis (uSpA)[1], which is common in people
aged 30-45 years old. The prevalence of AS is generally believed to be between 0.1%
and 1.4% globally[2].  At  present,  the  “gold  standard”  for  diagnosis  of  AS  is  the
modified New York criteria[3]. However, these criteria require the provision of pelvic
X-rays, which are more difficult to perform in population-based epidemiological
studies. In addition, the prognosis of patients with AS is variable and closely related
to extraspinal manifestations (such as uveitis,  psoriasis and inflammatory bowel
disease), age at diagnosis and treatment. AS often severely impairs spinal mobility
and  body  function,  and  affects  the  quality  of  life  of  patients[4,5].  Therefore,  the
identification  of  serological  indicators  related  to  the  treatment,  diagnosis  and
prognosis is of great significance for AS screening.

Dickkopf-related protein-1 (DKK-1) is  a natural inhibitor of the Wnt signaling
pathway,  and  Wnt  controls  osteoblastogenesis  and  is  the  key  to  ectopic  bone
formation[6]. Increased DKK-1 level is related to bone resorption, while a decreased
level is related to new bone formation[7,8]. There is evidence that dysfunctional DKK-1
in AS reduces its  inhibition on the Wnt signaling pathway,  and is  related to the
functional  dominance  of  circulating  bone  formation–promoting  factors[9].  The
correlation between tumor necrosis factor α (TNF-α) and AS has been widely studied,
and anti-TNF-α therapy has also been reported to play a role in the treatment of
AS[10,11].  Therefore,  DKK-1  and  TNF-α  may  have  potential  in  the  diagnosis  and
treatment of AS, providing an objective and convenient index. This study examined
the therapeutic, diagnostic significance and prognostic value of DKK-1 and TNF-α in
AS to provide references for the diagnosis and treatment of AS.

MATERIALS AND METHODS

Research subjects
A total of 113 patients with active AS admitted to Lishui People’s Hospital  from
October  2015  to  July  2017  were  selected as  the  research group,  and 100  healthy
subjects who underwent physical examination in Lishui People’s Hospital during the
same period were enrolled as the control group. Patients in both groups were aged 30-
45 years. Inclusion criteria were as follows: Patients in the research group meeting the
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modified New York criteria for AS revised in 1984[3],  and treated according to the
guidelines[12] formulated by the American College of Rheumatology, the American
Spondylitis Association, and the Spondyloarthritis Research and Treatment Network
in 2015; patients with complete medical records and follow-up data; controls with no
obvious clinical symptoms related to spinal or joint lesions. The study followed the
principle of the “Helsinki Declaration”. Exclusion criteria were as follows: Patients
with non-radiographic Axial  SpA; patients in the research group with comorbid
rheumatoid diseases, intervertebral disc herniation, peripheral arthritis and other joint
diseases; patients with mental diseases; pregnant or lactating women. This study was
approved by  the  Lishui  People’s  Hospital  Ethics  Committee.  Patients  and their
families were consulted by telephone or letter and signed an informed consent form.

Outcome measures
Basic information such as sex and age were collected from clinical medical records.
After 12 wk of treatment, the therapeutic effect was assessed by the Assessment in
Ankylosing Spondylitis 20% (ASAS20) criteria developed by the ASAS International
Society[13]. The levels of DKK-1 and TNF-α in peripheral blood in the two groups were
compared, and the correlations of DKK-1 and TNF-α with AS-related indices were
analyzed. ROC analysis was used to analyze the diagnostic and predictive value of
DKK-1  and  TNF-α  in  AS,  and  COX  regression  was  used  to  analyze  the  factors
influencing  AS  recurrence.  During  follow-up,  patients  with  a  Bath  Ankylosing
Spondylitis Disease Activity Index (BASDAI) ≥ 3.5 and BASDAI scores exceeding 60%
of the baseline value were considered to have recurrence.

Detection methods
Peripheral blood from all subjects was obtained by nurses in Lishui People’s Hospital
before and 12 wk after treatment, and DKK-1 and TNF-α were quantified by enzyme
linked immunosorbent assay (ELISA). The specific method used was in accordance
with the kit instructions. The detection kits were purchased from Abcam Company,
United States, with the article numbers ab100501 and ab181421.

Statistical analysis
Statistical analysis was carried out with SPSS 19.0 (Asian Analytics Formerly SPSS
China). The counting data were expressed as percentage (%), and the comparison
adopted χ2 test. The measurement data were expressed as mean ± SD and analyzed by
the  Students'  t  test.  The  ROC  curve  was  applied  to  analyze  the  diagnostic  and
predictive value of DKK-1 and TNF-α in AS, and COX regression was used to analyze
the factors influencing the recurrence of AS. A correlation analysis was performed
with  Spearman  and  Pearson  tests.  A  value  of  aP  <  0.05  indicated  statistical
significance.

RESULTS

General information
There were 113 patients in the research group, including 76 males and 37 females,
aged (36.7 ± 4.1) years, and 100 subjects in the control group, including 76 males and
24 females, aged (37.3 ± 4.6) years. There were no significant differences in sex ratio
and age between the two groups (Table 1).

Difference in DKK-1 expression between the two groups
Before treatment, the research group showed lower DKK-1 levels than the control
group (aP  < 0.05).  After treatment,  the level  of  DKK-1 in the research group was
higher than that before treatment (aP < 0.05). Correlation analysis showed that the
expression of  DKK-1 was significantly correlated with C-reactive protein (CRP),
Immunoglobulin  G  (IgG),  IgA,  IgM,  Human  leukocyte  antigen  B27  (HLA-B27),
erythrocyte sedimentation rate (ESR),  BASDAI and Bath Ankylosing Spondylitis
Metrology Index (BASMI) (aP < 0.05), but was not correlated with human leukocyte
antigen-B27 (HLA-B27) (Figure 1).

Difference in TNF-α expression in the two groups
Before treatment, the research group showed higher TNF-α levels than the control
group (aP < 0.05). After treatment, the level of TNF-α in the research group was lower
than that before treatment (aP < 0.05) (Figure 2).

Diagnostic value of DKK-1 and TNF-α in AS
The area under the curve (AUC), cutoff value, sensitivity and specificity of DKK-1 for
diagnosing AS were 0.752, 87.02 pg/mL, 78.76% and 66.00%, respectively, and those
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Table 1  General information

Study group (n = 113) Control group (n = 100) P value

Sex, n (%) 0.159

Male 76 (67.26) 76 (76.00)

Female 37 (32.74) 24 (24.00)

Age (yr) 36.7 ± 4.1 37.3 ± 4.6 0.315

BMI (kg/m2) 22.25 ± 1.83 23.49 ± 2.16 0.381

Course of disease (yr) 1.5 ± 0.4

CRP (ng/L)

Before treatment 8.61 ± 0.72 0.50 ± 0.00 < 0.001

After treatment 1.32 ± 0.121

IgG (g/L)

Before treatment 16.00 ± 1.75

After treatment 2.89 ± 0.451

IgA (g/L)

Before treatment 4.88 ± 0.91

After treatment 0.82 ± 0.211

IgM (g/L)

Before treatment 1.49 ± 0.48

After treatment 0.24 ± 0.081

Rheumatoid factor (-)

HLA-B27 (+), n (%)

Before treatment 85 (75.00) 0 (0.00) < 0.001

After treatment 15 (13.27)1

ESR (mm/h)

Before treatment 48.83 ± 7.79 12.29 ± 2.73 < 0.001

After treatment 28.14 ± 4.321

BASDAI

Before treatment 4.98 ± 1.61

After treatment 0.93 ± 0.241

BASMI

Before treatment 4.26 ± 1.96

After treatment 0.71 ± 0.311

1indicates compared with the research group before treatment, P < 0.05. BMI : Body mass index; CRP: C-
reactive protein; IgG: Immunoglobulin G; IgA: Immunoglobulin A; IgM: Immunoglobulin M; HLA-B27:
Human leukocyte antigen-B27; ESR: Erythrocyte sedimentation rate; BASDAI: Bath Ankylosing Spondylitis
Disease Activity Index; BASMI: Bath Ankylosing Spondylitis Metrology Index.

of  TNF-α were 0.904,  18.79  ng/L,  79.65% and 95.00%.  The AUC,  sensitivity  and
specificity of combined diagnosis were 0.934, 82.30% and 97.00%, respectively (Table
2, Figure 3).

Relationship between DKK-1, TNF-α and curative effect in AS
Seventy-five patients met the ASASAS20 criteria (= 2) and 35 patients did not (= 1).
The AUC, cutoff value, sensitivity and specificity of DKK-1 in predicting the curative
effect  in  AS  before  treatment  were  0.825,  68.42  pg/mL,  73.68%,  and  80.00%,
respectively,  and  those  of  TNF-α  were  0.863,  32.79  ng/L,  92.11%  and  77.33%,
respectively (Table 3, Figure 4). After treatment, DKK-1 was positively correlated with
the curative effect, while TNF-α was negatively correlated with the curative effect (aP
< 0.05) (Figure 5).

Influencing factors for AS recurrence
The patients  in  the research group were followed up for  9  mo,  80 of  whom had
recurrent  AS,  with a  recurrence  rate  of  70.80%.  COX analysis  showed that  CRP,
BASDAI, DKK-1, and TNF-α were risk factors for recurrence (aP < 0.05) (Table 4).
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Figure 1

Figure 1  Difference in Dickkopf-related protein-1 expression in the two groups. A: Difference in dickkopf-related protein-1 (DKK-1) expression between the
control group and the research group before treatment; B: Difference in DKK-1 expression before and after treatment in the research group; C: Correlation between
DKK-1 and C-reactive protein; D: Correlation between DKK-1 and Immunoglobulin G; E: Correlation between DKK-1 and Immunoglobulin A; F: Correlation between
DKK-1 and Immunoglobulin M; G: Correlation between DKK-1 and HLA-B27; H: Correlation between DKK-1 and erythrocyte sedimentation rate; I: Correlation
between DKK-1 and the Bath Ankylosing Spondylitis Disease Activity Index; J: Correlation between DKK-1 and the Bath Ankylosing Spondylitis Metrology Index. aP <
0.05.

DISCUSSION
AS is a chronic inflammatory disease characterized by new bone formation, which
gradually leads to spinal dysfunction[14]. At present, there is no cure for AS, only early
diagnosis can improve the prognosis; thus, early diagnosis and prognosis evaluation
are of great significance for patients and clinical treatment. This study revealed the
high  diagnostic  and  therapeutic  value  of  DKK-1  and  TNF-α  in  AS,  and  these
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Figure 2

Figure 2  Difference in tumor necrosis factor-α expression in the two groups. A: Difference in tumor necrosis
factor-αexpression between the control group and the research group before treatment; B: Difference in tumor
necrosis factor-α expression before and after treatment in the research group. aP < 0.05. TNF-α: Tumor necrosis
factor-α.

parameters were found to be associated with AS recurrence.
Our findings suggested that DKK-1 expression decreased in the peripheral blood of

patients with AS, while TNF-α expression increased. Moreover, after treatment, DKK-
1  correspondingly  increased and TNF-α decreased.  At  present,  the  relationship
between TNF-α and AS is relatively clear, and TNF-α inhibitors are widely applied in
the clinical treatment of AS[15,16]. DKK-1 was reported to have decreased expression
and disordered function in AS patients, suggesting that DKK-1 is closely related to
AS[17,18],  which  is  similar  to  our  results.  DKK-1  is  a  natural  inhibitor  of  the  Wnt
pathway and inhibits  bone  formation  by  inhibiting  this  pathway.  Decreased  or
dysfunctional DKK-1 may reduce the inhibitory effect on the Wnt pathway, resulting
in  increased  bone  formation,  which  is  currently  considered  to  be  one  of  the
mechanisms of DKK-1 in AS[19,20]. The diagnostic value of DKK-1 and TNF-α in AS was
further  analyzed in  this  study,  and it  was  found that  the  AUC of  DKK-1  in  the
diagnosis of AS was 0.752, that of TNF-α was 0.904, and that of combined diagnosis
reached 0.934, which indicates that DKK-1 combined with TNF-α is effective in the
diagnosis of AS. Bal et al[21] stated that TNF-α could be used for AS diagnosis, but the
specific diagnostic value was not verified. There are few reports on the diagnostic
value of DKK-1 and TNF-α in AS; however,  DKK-1 has been found to be closely
related to the occurrence and development of AS. Wu et al[22] reported that DKK-1 was
a biomarker of inflammation and radiographic damage in AS. We also found that
DKK-1 was significantly linearly correlated with CRP, IgG, IgM, ESR, BASDAI, and
BASMI, but the correlation coefficient was insignificant; therefore, further validation
in  more  cases  is  required.  Liao  et  al[23]  reported  that  DKK-1  expression  was
significantly correlated with disease activity, radiological and functional indices in AS
patients, which is similar to our findings. The correlation between DKK-1, TNF-α and
the therapeutic effect in AS was also analyzed in this study. Before treatment, the
AUC of DKK-1 level for predicting the curative effect was 0.825, and that of TNF-α
was 0.863, suggesting that both DKK-1 and TNF-α have good predictive value for
curative  effect  assessment,  which  may  contribute  to  the  development  and
improvement of treatment regimens. Moreover, a correlation was observed between
DKK-1,  TNF-α  levels  and  curative  effect  after  treatment,  which  verified  the
relationship between them in AS. Further analysis also found that DKK-1, TNF-α,
CRP, and BASDAI were risk factors for AS recurrence. Deng et al[24] found that the
patient  global  assessment and CRP can be regarded as predictive factors for  the
recurrence of AS. Baraliakos et al[25] reported that BASDAI, CRP, age and course of
disease  were related to  the recurrence time of  AS,  which supports  our  findings.
Therefore, DKK-1 and TNF-α are predictors of curative effect and prognostic risk
factors of AS.

However, this study also had some shortcomings. Firstly, although we observed a
significant correlation between DKK-1 and CRP and ESR in AS patients,  it  is not
known  whether  the  difference  in  the  expression  of  DKK-1  in  AS  is  affected  by
inflammation and ESR; thus, this will be investigated in our next study. Secondly, the
relationship between DKK-1 and the severity of AS also requires further analysis.

In conclusion, DKK-1 and TNF-α are effective in the diagnosis and treatment of AS
and are risk factors for its recurrence. In addition, DKK-1 may be a potential target for
future treatment of AS.
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Table 2  Diagnostic value of dickkopf-related protein-1 and tumor necrosis factor-α in ankylosing spondylitis by receiver operating
characteristic curve

DKK-1 TNF-α Combination

AUC 0.752 0.904 0.934

95%CI 0.684-0.820 0.859-0.950 0.900-0.967

Cutoff value 87.02 pg/mL 18.79 ng/L

Sensitivity 78.76% 79.65% 82.30%

Specificity 66.00% 95.00% 97.00%

TNF-α: Tumor necrosis factor-α; DKK: Dickkopf-related protein-1; AUC: Area under the curve.

Table 3  Predictive value of dickkopf-related protein-1 and tumor necrosis factor-α on the curative effect in ankylosing spondylitis by
receiver operating characteristic curve

DKK-1 TNF-α

AUC 0.825 0.863

95%CI 0.749-0.901 0.794-0.932

Cutoff value 68.42 pg/mL 32.79 ng/L

Sensitivity 73.68% 92.11%

Specificity 80.00% 77.33%

TNF-α: Tumor necrosis factor-α; DKK: Dickkopf-related protein-1; AUC: Area under the curve.

Table 4  Multivariate analysis of recurrence of ankylosing spondylitis

B SE Wald df Sig. Exp (B)
95%CI

Lower part Upper part

TNF-α -0.450 0.362 1.549 1 0.013 0.637 0.314 1.296

CRP 3.871 2.473 2.450 1 0.018 47.992 0.377 61.152

IgG 0.162 0.089 3.325 1 0.168 1.176 0.988 1.445

HLA-B27 -13.651 139.432 0.010 1 0.062 1.325 0.745 3.306

BASDAI 0.305 0.094 10.524 1 0.001 1.357 1.128 1.631

BASMI -0.063 0.071 0.79 1 0.074 0.939 0.816 1.079

DKK-1 0.020 0.008 6.877 1 0.009 1.021 1.005 1.036

TNF-α: Tumor necrosis factor-α; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASMI: Bath Ankylosing Spondylitis Metrology Index;
CRP: C-reactive protein; IgG: Immunoglobulin G; DKK: Dickkopf-related protein-1.
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Figure 3

Figure 3  Diagnostic value of dickkopf-related protein-1 and tumor necrosis factor-α in ankylosing spondylitis. The area under the curve, cutoff value,
sensitivity and specificity of dickkopf-related protein-1 for diagnosing ankylosing spondylitis were 0.752, 87.02 pg/mL, 78.76% and 66.00% respectively, and those of
tumor necrosis factor-α were 0.904, 18.79 ng/L, 79.65% and 95.00%. The area under the curve, sensitivity and specificity of combined diagnosis were 0.934, 82.30%
and 97.00% respectively. TNF-α: Tumor necrosis factor-α; DKK: dickkopf-related protein-1.

Figure 4

Figure 4  Predictive value of dickkopf-related protein-1 and tumor necrosis factor-α in the curative effect in ankylosing spondylitis. The area under the curve,
cutoff value, sensitivity and specificity of dickkopf-related protein-1 for predicting the curative effect before treatment were 0.825, 68.42 pg/mL, 73.68% and 80.00%
respectively, and those of tumor necrosis factor-α were 0.863, 32.79 ng/L, 92.11% and 77.33%, respectively. TNF-α: Tumor necrosis factor-α; DKK: Dickkopf-related
protein-1.

Figure 5

Figure 5  Correlation between dickkopf-related protein-1, tumor necrosis factor-α and the curative effect in ankylosing spondylitis. A: Correlation between
dickkopf-related protein-1 and curative effect in ankylosing spondylitis; B: Correlation between tumor necrosis factor-α and curative effect in ankylosing spondylitis.
TNF-α: Tumor necrosis factor-α; DKK: Dickkopf-related protein-1.
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ARTICLE HIGHLIGHTS
Research background
Ankylosing spondylitis (AS) frequently occurs in people aged 30-45 years, and its prevalence is
generally believed to be between 0.1% and 1.4% globally. At present, the “gold standard” for
diagnosis of AS requires the provision of pelvic X-rays, which makes it more difficult to perform
in  population-based  epidemiological  studies.  Therefore,  the  identification  of  serological
indicators  related  to  the  diagnosis,  treatment,  and  prognosis  of  AS  patients  is  of  great
significance.

Research motivation
The “gold standard” for ankylosing spondylitis depends on X-rays, and the prognosis of patients
with  ankylosing  spondylitis  is  variable  and  closely  related  to  the  patient’s  extraspinal
manifestations  (such  as  uveitis,  psoriasis,  and IBD),  age  at  diagnosis,  and treatment.  The
identification of convenient serological indicators related to patient treatment, diagnosis and
prognosis is of great significance.

Research objectives
This study aimed to analyze the therapeutic, diagnostic significance and prognostic value of
Dickkopf-related protein-1 (DKK-1) and tumor necrosis factor-α (TNF-α) in AS.

Research methods
A total of 113 patients with active AS were selected as the research group, and 100 healthy
subjects who underwent physical examination were selected as the control group. The levels of
DKK-1 and TNF-α in peripheral blood in the two groups were compared. The diagnostic and
predictive value of DKK-1 and TNF-α for AS were analyzed with ROC curves, and the factors
influencing AS recurrence were analyzed with COX regression.

Research results
Before treatment, the research group showed lower DKK-1 levels but higher TNF-α levels than
the control group (both aP < 0.05). In the research group, DKK-1 was up-regulated and TNF-α
was down-regulated after 12 wk of treatment (aP  < 0.05).  The (area under the curve) AUC,
sensitivity and specificity of DKK-1 combined with TNF-α for diagnosing AS were 0.934, 82.30%
and 97.00%, respectively. Before treatment, the AUC, cutoff value, sensitivity and specificity of
DKK-1  for  predicting  the  curative  effect  were  0.825,  68.42  pg/mL,  73.68%  and  80.00%,
respectively, and those of TNF-α were 0.863, 32.79 ng/L, 92.11% and 77.33%, respectively. DKK-
1 and TNF-α levels after treatment were closely related to the curative effect (aP  < 0.05). C-
reactive protein, the Bath Ankylosing Spondylitis Disease Activity Index, DKK-1, and TNF-α
were risk factors for AS recurrence (aP < 0.05).

Research conclusions
DKK-1 and TNF-α are effective in the diagnosis and treatment of AS and are risk factors for its
recurrence. In addition, DKK-1 may be a potential target for the diagnosis of AS.

Research perspectives
Further analysis of the differential diagnostic value of DKK-1 and TNF-α in AS and suspected
AS (such as lumbosacral joint strain, tuberculous spondylitis, Forestier disease, etc.), and the
provision of more evidence for the clinical diagnosis of AS are required.
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