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ABSTRACT. Dickkopf-1 (DKK-1) is a secreted protein that inhibits Wnt 
signaling. However, the clinical significance and prognostic value of serum 
DKK-1 levels have not been previously investigated in bladder cancer in 
Chinese patients. Blood samples were taken from 94 consecutive patients 
diagnosed with bladder cancer and 60 healthy control subjects. Serum 
DKK-1 expression levels were measured by enzyme-linked immunosorbent 
assay according to the manufacturer’s directions. The Kaplan-Meier 
method was used to estimate survival, and the log-rank test was used to 
test differences between the survival curves. Multivariate survival analysis 
was performed for all parameters deemed significant in the univariate 
analyses using the Cox regression model. The mean serum DKK-1 level 
in patients with bladder cancer was 35.91 ± 16.09 ng/mL, which was 
significantly higher than that in healthy individuals (9.08 ± 5.21 ng/mL, P 
< 0.001). Furthermore, serum DKK-1 levels were correlated significantly 
with lymph node metastasis (P = 0.021), distant metastasis (P = 0.013), 
and TNM stage (P = 0.008). Kaplan-Meier analysis using the log-rank test 
indicated that high serum DKK-1 levels were linked to poorer survival (33.4 
vs 70.1%; P = 0.007). Multivariate analysis revealed that serum DKK-1 
levels represented an independent prognostic factor for overall survival 
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(hazard ratio = 2.365, 95% confidence interval = 1.873-8.881, P = 0.029). 
High serum DKK-1 levels may be associated with tumor progression and 
poor prognosis in bladder cancer and may be used as a potential biomarker 
to predict the prognosis of patients with bladder cancer.
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INTRODUCTION

Bladder cancer is the fourth most prevalent malignancy in men worldwide, and an 
estimated 430,000 patients are diagnosed with bladder cancer annually (Siegel et al., 2014). 
At the initial presentation, approximately 75% of patients have non-muscle-invasive (carci-
noma in situ, Ta and T1) disease, whereas the remaining patients have disease that invades 
the muscularis propria (Ro et al., 1992). Although the TNM staging of bladder cancer guides 
both treatment and prognosis, there remains substantial heterogeneity among similarly staged 
patients with respect to treatment response and overall outcomes. Therefore, there is a critical 
need for the identification of biomarkers to diagnose bladder cancer at an early stage, moni-
tor recurrence, refine prognostic estimates, and predict response to treatment in patients with 
bladder cancer.

Dickkopf-1 (DKK-1) is a secreted protein that inhibits the Wnt signaling pathway (Nusse, 
2005). The expression and roles of DKK-1 differ in various cancers, and recent studies reported 
that overexpression of DKK-1 is found in many malignant tumors including breast cancer, lung can-
cer, esophageal carcinoma, and hepatocellular carcinoma (HCC), indicating a potential oncogenic 
function of DKK-1 (Patil et al., 2005; Forget et al., 2007; Yamabuki et al., 2007; Darlavoix et al., 
2009; Makino et al., 2009). Previously, Kaba et al. (2014) investigated the clinical significance of 
serum DKK-1 levels in Turkish patients with bladder cancer, finding that serum DKK-1 levels were 
correlated with both disease progression and the tumor grade. However, the clinical significance 
and prognostic value of serum DKK-1 levels have not been previously investigated in bladder can-
cer in the Chinese population.

MATERIAL AND METHODS

Patients and serum samples

The protocol for this study was approved by the ethics committee of Yantai Yuhuangding 
Hospital, and written informed consent was obtained from each participant. Blood samples from 
94 consecutive patients diagnosed with bladder cancer who underwent surgery at the Department 
of Urology, Yantai Yuhuangding Hospital from June 2007 to May 2013 were investigated. All the 
sixty control subjects were randomly selected among individuals receiving health examinations at 
the Health Examination Center of Yantai Yuhuangding Hospital, with subjects who had a history of 
cancer excluded from the study. Blood samples were collected from patients at the time of diagno-
sis prior to surgery. The demographic and pathological data, including age, gender, and the tumor 
stage, were obtained by a review of the patients’ medical records. Venous blood samples were 
collected in anticoagulant-free tubes and centrifuged to obtain serum samples, which were stored 
at -80°C until analysis.
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Enzyme-linked immunosorbent assay (ELISA)

Serum DKK-1 expression levels were measured by ELISA using an immunoassay kit (Milt-
enyi, Germany) according to the manufacturer’s directions. The optical density (OD) at 450 nm was 
determined. The standard curves were established with OD450 as the Y-axis and the concentration 
of the standard substance as the X-axis. The protein level was determined using a standard curve. 
The results are reported as the concentration of DKK-1 (ng/mL) in samples.

Statistical analysis

The expression levels of DKK-1 in serum were compared using the Student t-test or the 
Mann-Whitney U-test. The Kaplan-Meier method was used to estimate survival, and the log-rank 
test was used to test differences between the survival curves. Multivariate survival analysis was per-
formed for all parameters significant in the univariate analyses using the Cox regression model. Re-
sults were considered statistically significant at P < 0.05. All statistical analyses were performed using 
Statistical Package for Social Science (SPSS; version 18.0) for Windows (SPSS Inc, Chicago, IL).

RESULTS

DKK-1 levels in the serum of patients with bladder cancer and their relationships 
with clinicopathological characteristics

The mean serum level of DKK-1 in patients with bladder cancer was 35.91 ± 16.09 ng/mL, 
which was significantly higher than that in healthy individuals (9.08 ± 5.21 ng/mL, P < 0.001, Figure 
1). The DKK-1 expression level was classified as high or low in relation to the median value, and 
patients with bladder cancer (N = 94) were divided into high (N = 48) and low (N = 46) expression 
groups. The relationships between serum DKK-1 levels and the clinicopathological characteristics 
of patients with bladder cancer were analyzed (Table 1). Serum DKK-1 levels were correlated sig-
nificantly with lymph node metastasis (P = 0.021), distant metastasis (P = 0.013), and TNM stage 
(P = 0.008). However, there was no significant correlation of serum DKK-1 levels with age, gender, 
and tumor grade (all P > 0.05).

Figure 1. Mean serum level of Dickkopf-1 (DKK-1) significantly higher in patients with bladder cancer than in healthy 
individuals (P < 0.001).
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Table 1. Patient characteristics and clinicopathologic correlationswith serum Dickkopf-1 (DKK-1) expression levels.

Clinical variable	 All cases	                                                       Serum DKK-1 level		  P value

			   High expression (N = 48)	 Low expression (N = 46)	

Age				  
   <60 years	 39	 17	 22	 0.365
   ≥60 years	 55	 31	 24	
Gender				  
   Male	 56	 27	 29	 0.582
   Female	 38	 21	 17	
Lymph node metastases				  
   No		  51	 16	 35	 0.021
   Yes		 43	 32	 11	
Distant metastases				  
   No		  67	 28	 39	 0.013
   Yes		 27	 20	 7	
TNM stage				  
   I-II		  52	 17	 35	 0.008
   III-IV		  42	 31	 11
Grade				 
   G1/2	 61	 29	 32	 0.076
   G3		  33	 19	 14

Association of serum DKK-1 levels with prognosis in patients with bladder cancer 

Kaplan-Meier analysis with the log-rank test indicated that high serum DKK-1 levels were 
associated with significantly worse overall survival at 5 years (33.4 vs 70.1%, P = 0.007, Figure 2). 
Univariate and multivariate analyses were utilized to evaluate whether the serum DKK-1 level and 
various clinicopathological features were independent prognostic parameters of patient outcomes. 
Multivariate analysis revealed that the serum DKK-1 level was an independent prognostic factors 
for overall survival [hazard ratio (HR) = 2.365, 95% confidence interval (CI) = 1.873-8.881, P = 
0.029, Table 2] in patients with bladder cancer.

Figure 2. Kaplan-Meier analysis with the log-rank test indicating that high serum Dickkopf-1 (DKK-1) levels were 
associated with poorer overall survival (P = 0.007).
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Table 2. Summary of multivariate Cox regression analyses of overall survival.

Parameter	 HR 	 95%CI	 P value

Gender	 0.871	 0.278-2.881	 0.523
Age		  1.762	 0.675-3.187	 0.261
TNM stage  	 2.955	   1.291-10.275	 0.005
Lymph node metastases	 1.529	 1.018-7.017	 0.012
Distant metastasis  	 4.526	   3.162-11.923	 0.007
Tumor grade	 1.924	 0.892-9.023	 0.091
Serum DKK-1 level	 2.365	 1.873-8.881	 0.029

Abbreviations: HR, hazard ratio; CI, confidence interval; DKK-1, Dickkopf-1.

DISCUSSION

Currently, the outcome of bladder cancer is worse with tumor progression (Kaufman et al., 
2009). Conventional clinicopathological factors are insufficient to predict the outcome of all patients 
with bladder cancer accurately. Therefore, new markers are needed to predict the course of blad-
der cancer (Galustian, 2013; Musquera et al., 2013). Further, the identification of such biomarkers 
is critical to refining our understanding of the pathogenesis of the disease, the biological basis for 
outcome disparities, and the development of more efficient treatment and surveillance strategies.

The Wnt pathway plays an important role in cancer (Polakis, 2000). Nineteen closely re-
lated Wnt genes have been identified in humans (Katoh and Katoh, 2007). The primary receptors 
of Wnt molecules are the seven-transmembrane Frizzled proteins (FRPs), each of which interacts 
with a single transmembrane low-density lipid (LDL) receptor-related protein 5/6 (LRP5/6) (He et 
al., 2004). Different secreted proteins, including soluble FRP-related proteins, Wnt inhibitory fac-
tor-1, and DKK-1-4 prevent ligand-receptor interactions and consequently inhibit the Wnt signaling 
pathway (Kawano and Kypta, 2003). Wnt proteins activate several intracellular signaling pathways 
through either a “canonical” or “non-canonical” pathway (Pandur et al., 2002). In the canonical 
pathway, secreted Wnt ligands bind to FRP proteins and regulate the stability of β-catenin (Nusse, 
2005). In the absence of a Wnt signal, β-catenin is constitutively downregulated by a multicom-
ponent destruction complex (Aberle et al., 1997). In the presence of secreted Wnt, this degrada-
tive process is inhibited, leading to the accumulation of β-catenin in the nucleus and regulation 
of Wnt-responsive genes (Eastman and Grosschedl, 1999). DKK-1 binds to LRP5 and blocks its 
interaction with Wnt-1, resulting in β-catenin degradation and effects on proliferation (Semenov et 
al., 2001; Mao et al., 2002). Another study illustrated that DKK-1 functions as both an antagonist of 
the Wnt/β-catenin pathway and an agent that can upregulate other Wnt signaling pathways if the 
requisite Wnt/receptor combinations are available (Koppen et al., 2007). DKK-1 also can suppress 
cell growth and induce apoptotic cell death by activating the c-Jun N-terminal kinase pathway (Po-
lakis, 2000). DKK-1 might promote cancer invasion through inducing filopodia extension and actin 
filament rearrangement by activating P-JNK1 (Wang and Zhang, 2011). 

Previously, Kaba et al. (2014) investigated the clinical significance of serum DKK-1 levels 
in Turkish patients with bladder cancer, and the results of their study demonstrated that the level 
of serum DKK-1 was correlated with both disease progression and an increase in the tumor grade. 
However, the clinical significance and prognostic value of serum DKK-1 levels have not been pre-
viously investigated for bladder cancer in the Chinese population. In the present study, we inves-
tigated the clinical significance of DKK-1 in bladder cancer in the Chinese population. ELISA illus-
trated that the mean serum level of DKK-1 in patients with bladder cancer was significantly higher 
than that in healthy individuals. Furthermore, serum DKK-1 levels were correlated significantly 
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with lymph node metastasis, distant metastasis, and TNM stage. These results demonstrated that 
increased serum levels of DKK-1 in patients with bladder cancer were associated with significantly 
aggressive pathologic features, indicating that serum DKK-1 levels might be associated with blad-
der cancer progression and poor prognosis. Kaplan-Meier analysis with the log-rank test indicated 
that high serum DKK-1 levels significantly affected overall survival. Multivariate analysis revealed 
that the serum DKK-1 level was an independent prognostic factor for overall survival (HR = 2.365, 
95%CI = 1.873-8.881, P = 0.029) in bladder cancer. Empirically, an HR of more than 1.5 is consid-
ered a strong prognostic factor. Therefore, serum DKK-1 levels might have considerable potential 
for predicting prognosis among patients with bladder cancer.

In conclusion, high serum DKK-1 levels may be associated with tumor progression and 
poor prognosis in bladder cancer and may be used as a potential biomarker to predict the progno-
sis of patients with bladder cancer.
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