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Abstract. Although Dickkopf-1 (DKK1) has been demon-
strated to be associated with tumorigenesis in various types 
of human tumors, a correlation between DKK1 and urothelial 
carcinoma (UC) has not been reported. In the present study, 
the correlation between DKK1 expression and UC progres-
sion was investigated. Seventy-five UC patients were enrolled. 
The expression of DKK1 in serum and UC tissue was detected 
by ELISA, real-time PCR and Western blotting. Prognostic 
significance was assessed by using Kaplan-Meier survival 
estimates and log-rank tests. The results showed that serum 
levels of DKK1 were significantly higher in the UC patients 
with muscle-invasive (p=0.0001) and high-grade tumors 
(p=0.00001) as compared to the controls. A high-serum 
DKK1 was also associated with poor disease-free survival 
in the UC patients (hazard ratio=2.44; 95% CI 1.10-5.40; 
p=0.028). Furthermore, DKK1 was also overexpressed in 93% 
(41/44) of the UC tissues. Therefore, the findings indicate that 
the expression of DKK1 is associated with UC progression.

Introduction

Urothelial carcinoma (UC), also known as transitional cell 
carcinoma, is a malignant tumor arising from a transitional 
type of stratified epithelium, the urothelium, and affects the 
renal collecting system (1). It is the most common cancer of 
the urinary bladder and ureter (1) and the second leading 

cause of death among malignancies of the genitourinary tract 
system (2). In the case of bladder cancer, most diagnosed 
patients have non-muscle invasive disease with a high risk of 
recurrence (3). Therefore, approaches for the determination of 
bladder cancer recurrence are important in medical care (4). 
At present, cystoscopic examination is recommended every 
3-6 months for 3 years after surgical treatment (5). Cystoscopy 
in combination with urinary cytology is the standard protocol 
for the detection and surveillance of bladder cancer.

Recently, Dickkopf-1 (DKK1) was found to be associated 
with the development of several types of cancer, including 
Wilm's tumor, hepatoblastoma, hepatocellular carcinoma, 
colorectal cancer, lung and esophageal carcinomas, breast, 
cervical, endometrial and kidney cancers (6-10). DKK1 is 
a secreted protein that plays a crucial role in head forma-
tion during vertebrate development and specifically inhibits 
Wnt/β-catenin signaling (11). DKK1 binds to the LRP5/6 and 
Kremen proteins leading to LRP endocytosis, which prevents 
the formation of the Wnt-Frizzled-LRP5/6 receptor complex 
(12). Furthermore, the Wnt signaling pathway was found to 
be involved in the pathogenesis of UC (13-19). Therefore, an 
association of DKK1 expression with UC is a reasonable spec-
ulation. To date, the significance of DKK1 activation in human 
UC is still not clear. In this study, the correlation between 
DKK1 expression and UC progression was investigated.

Materials and methods

Subjects. Seventy-five UC patients who underwent surgery at 
the Department of Urology, Chiayi Christian Hospital, were 
enrolled in the study. Seventy-five age-matched cancer-free 
volunteers were recruited as control individuals. Tumor speci-
mens, blood samples and demographic information (including 
age, gender and smoking status) were collected at the time 
of enrollment. Informed consent was obtained prior to the 
collection of specimens and demographic information. The 
specimens were collected and stored according to the proto-
cols approved by the Institutional Review Board of the Chiayi 
Christian Hospital. The clinical features of the UC patients 
are listed in Table I.
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Detection of serum DKK1 by ELISA. Serum DKK1 was 
detected using the DuoSet ELISA Development System (R&D 
System, Minneapolis, MN, USA) according to the manu-
facturer's instructions. Briefly, a rabbit polyclonal antibody 
against DKK1 was coated onto a 96-well microplate and incu-
bated overnight at room temperature. After washing, 300 µl of 
Reagent Diluent was added to each well and incubated at room 
temperature for 1 h. After further washing, 100 µl of serum or 
standard in the Reagent Diluent was added to each well and 
incubated for 2 h at room temperature. After further washing, 
100 µl of a biotinylated goat anti-human DKK1 antibody 
diluted in Reagent Diluent (50 ng/ml) was added to each well 
and incubated for 2 h. After subsequent washing, 100 µl of the 
working solution (1:200) containing horseradish peroxidase 
(HRP)-streptavidin was added to each well and incubated for 
20 min. After subsequent washing, 100 µl of substrate solution 
was added to each well for 20 min. The reaction was termi-
nated by adding 50 µl of Stop Solution. Each well was assayed 
using a microplate reader at a 450-nm wavelength.

Statistical analysis. Statistical analysis was performed using 
the SPSS software version 11 for Windows (SPSS Inc., 
Chicago, IL, USA). In the statistical analysis, clinical disease 
stage and tumor grade were stratified as a binary variable, 
with non-muscle invasive disease (pT1 or pTa) compared to 
muscle-invasive disease (pT2, pT3 or pT4), and with low grade 
(G1 or G2 low) compared to high grade (G2 high or above) 

tumors. The serum DKK1 level was defined as a binary vari-
able, with a serum DKK1 cut-off level of <1,049 pg/ml being 
compared to a serum DKK1 ≥1,049 pg/ml. Demographic 
and clinical information was compared across serum DKK1 
levels using the Pearson test. The difference in the levels of 
DKK1 between the tumor and control groups was analyzed 
by the Mann-Whitney U test. Disease-free survival (DFS) was 
calculated from the date of surgery to the date of recurrence 
or last known date without recurrence. Overall survival (OS) 
was calculated from the date of surgery to the date of death or 
last known date that the patient was alive. DFS and OS were 
calculated by the Kaplan-Meier method. The Cox proportional 
hazards model was used to evaluate the effect of serum DKK1 
level on DFS and OS. Two-sided p-values of <0.05 were 
considered significant. 

Detection of DKK1 expression in UC tissues by RT-PCR. The 
DKK1 gene product was detected by semi-quantitative reverse 
transcription-PCR (RT-PCR). Total RNA was extracted from 
tumor tissues with TRIzol (Invitrogen, Carlsbad, CA, USA) 
following the manufacturer's instructions. Reverse transcrip-
tion of mRNA to cDNA was performed using random 
hexamers as reaction primers (Roche Diagnostics, 
Indianapolis, IN, USA) and SuperScript II (Invitrogen). Semi-
quantitative RT-PCR was carried out with two sets of primers, 
5'-TAGAGTCTAGAACGCAAGGATCTC-3' and 5'-CAA 
AAACTATCACAGCCTAAAGGG-3', specific to DKK1; and 
a set of primers, 5'-GAGGTGATAGCATTGCTTTCG-3' and 
5'-CAAGTCAGTGTACAGGTAAGC-3', specific to β-actin as 
an internal control.

Detection of DKK1 protein in UC tissues by Western blotting. 
Expression of DKK1 protein in UC tissues was detected by 
Western blotting. Total protein of the tissues was extracted 
and determined usingthea Bio-Rad protein assay (Bio-Rad, 
Hercules, CA, USA). The tissue extracts were resolved on 
denaturing polyacrylamide gels and then transferred to a 
PVDF membrane. After blocking with 3% blocker (Bio-Rad) 
in TBS Tween-20 (TBST), the membrane was incubated 
with a rabbit polyclonal antibody against human DKK1 
(hDKK1; Santa Cruz Biotechnology, Santa Cruz, CA, USA) 
for 2 h at room temperature. After washing, the membrane 
was incubated with an HRP-conjugated secondary antibody 
(Santa Cruz Biotechnology) for 1 h at room temperature. The 
membrane was washed with TBST and developed using the 
enhanced OPTI-4CN Colorimetric Detection kit (Bio-Rad).

Results

Serum DKK1 levels in UC patients. The DKK1 levels from 
the sera of 75 UC patients and 75 cancer-free control indi-
viduals were examined by ELISA. Serum DKK1 levels in the 
UC patients were significantly higher than those in the control 
individuals (p=0.00001) (Fig. 1A). The Spearman correla-
tion study revealed that none of the prognostic parameters 
correlated with the serum DKK1 levels, except that both 
clinical stage and histological grade showed mild correlations 
with serum DKK1 levels (r=0.357 and 0.392, respectively) 
(Table II ). Furthermore, in the subgroup analyses the serum 
DKK1 levels in the non-muscle invasive and muscle-invasive 

Table I. Characteristics of the 75 patients with urothelial 
carcinoma.

Characteristic		N  o. of patients (%)

Age, years
  Median	 73
  Range	 33-88
Gender
  Male		  59 (78.7)
  Female		  16 (21.3)
Surgery
  TURBT
Cigarette smoking
  Never		  59 (78.7)
  Ever		  16 (21.3)
Clinical stage
  Ta/T1		  35 (46.7)
  T2		  19 (25.3)
  T3		  16 (21.3)
  T4		  5   (6.7)
Histological grade
  Low (G1 or G2 low)		  16 (21.3)
  High (G2 high and above)		  59 (78.7)
Serum DKK1 (pg/ml)
  Median	 741.53
  Range	 10.86-3098.77

TURBT, transurethral resection for bladder tumor.
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groups of UC patients were significantly higher than the levels 
in the cancer-free control group (p=0.01 and 0.001, respec-
tively) (Fig. 1B). In addition, when the histological grades of 
the UC tumors were considered, the serum DKK1 levels in 
patients with low-grade and high-grade tumors were higher 
than those in the non-cancer control individuals (p=0.03 and 
0.0001, respectively) (Fig. 1C).

Correlation of serum DKK1 levels with overall survival of UC 
patients. To define high DKK1 expression, the cut-off value 
for a high expression level was determined from the dataset 
covering the 75 UC patients and 75 control individuals using 
ROC curve analysis. The optimum cut-off value in this study 
was determined to be 1,049 pg/ml, which gave a sensitivity 
of 52% and a specificity of 80%. Based on this definition, a 
serum DKK1 level ≥1,049 pg/ml was considered high expres-
sion. Analyses of the influence of serum DKK1 on OS showed 
that the survival time of UC patients with high-serum DKK1 
expression was shorter than that of patients with low-serum 
DKK1 expression. However, this difference showed only a 
marginal significance (p=0.063) (Fig. 2A). Univariate and 
multivariate analyses showed that age, gender, cigarette 
smoking status, clinical stage and histological grade were not 
significantly associated with OS (Table III).

Correlation of serum DKK1 levels with disease-free survival 
of UC patients. Univariate analyses was used to assess the 

influence of serum DKK1 levels on DFS among the UC 
patients. The median DFS was found to be 11 months [95% 
confidence interval (CI) 5-17] for patients with high expression 
of serum DKK1 vs. 33 months (95% CI 0-90) for those with 
low expression of serum DKK1 (Fig. 2B). The difference in 
DFS was statistically significant (p=0.028) (Table III). When 
serum DKK1 was defined as a continuous variable, the risk of 
recurrence was found to increase as the level of serum DKK1 
increased (p=0.007; Table III). Univariate and multivariate 
analyses showed that age, gender, cigarette smoking status, 
clinical stage and histological grade were not associated with 
DFS (Table III). 

Expression of DKK1 in UC tissues. The results described 
above demonstrated that serum DKK1 levels in UC patients 
were higher than those in the control individuals. Yet, whether 
the expression of DKK1 was also higher in UC tissues 
compared with normal tissues was still undetermined. Since 
previous studies revealed that the expression of DKK1 was 
elevated in lung and esophageal cancer tissues (20-25), the 
expression of DKK1 in UC tissues was examined. Forty-four 
UC tissue samples from the 75 UC patients were available for 
examination. Results of the RT-PCR analysis showed that high 
expression of DKK1 was found in 93% (41/44) of the examined 
UC tissues (Fig. 3A). Furthermore, 10 UC tissues with adjacent 
normal tissues were examined for DKK1 protein expression 
by Western blotting. The results showed that the expression 

Figure 1. Comparison of serum DKK1 levels in UC patients and non-cancer control individuals. (A) Serum DKK1 levels in UC patients and non-cancer 
controls was compared. (B) Serum DKK1 levels in the non-muscle invasive and muscle-invasive UC patient subgroups was compared to the non-cancer 
controls. (C) Serum DKK1 levels in the low-grade and high-grade UC patient subgroups was compared to the non-cancer controls. The whiskers correspond 
to the largest and smallest non-outlier values from each dataset.

  A   B   C

Table II. Spearman correlation coefficients (rs) for the relationships between serum DKK1 and different variables in patients with 
urothelial carcinoma.

Variable	 rs	 p-value

Age (1 year)	  0.104	 0.206000
Gender (male→0, female→1)	 -0.027	 0.738000
Cigarette smoking (never smoker→0, smoker→1)	 -0.040	 0.626000
Clinical stage (control→0, non-muscle invasive→1, muscle invasive→2)	  0.357	 0.000010
Histological grade (control→0, low→1, high→2)	  0.392	 0.000001
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of DKK1 was higher in the UC tissues when compared to the 
normal tissues (Fig. 3B).

Discussion

In the present study, the expression of DKK1 in UC patients 
was investigated. Serum DKK1 levels in UC patients were 
higher than those in the control individuals. Serum DKK1 
levels were also higher in the UC patients with muscle-inva-
sive and high-grade tumors than those in the controls. A high 
serum DKK1 level also appeared to be correlated with poor 

DFS in the UC patients. In addition, high expression of DKK1 
mRNA was also demonstrated in UC tissues using RT-PCR, 
and the expression of DKK1 protein in UC tissues was higher 
than that in the adjacent normal tissues as analyzed by Western 
blotting. This is the first report of high DKK1 expression in 
serum and in UC tissue from patients with UC. In addition, 
the elevation in DKK1 expression appeared to be correlated 
with clinical stage and histological grade.

DKK1 is a secreted protein that functions as a negative 
regulator of the Wnt/β-catenin signaling, which is aberrantly 
activated in most human colon cancers and a number of other 

Figure 2. Kaplan-Meier plots for the correlation of DKK1 expression with overall survival (OS) and disease-free survival (DFS). (A) Correlation between OS 
and UC patients with low-serum DKK1 (<1,049 pg/ml) vs. high-serum DKK1 (≥1,049 pg/ml). (B) Correlation between DFS and UC patients with low-serum 
DKK1 (<1,049 pg/ml) vs. high-serum DKK1 (≥1,049 pg/ml). The p-values are from log-rank tests.

  A   B

Table III. Univariate and multivariate analyses for the disease-free survival (DFS) and overall survival (OS) of the urothelial 
carcinoma (UC) patients.

	D FS of UC patients	O S of UC patients
	 -----------------------------------------------------------	 ---------------------------------------------------------
	HR	  95% CI	 p-value	HR	  95% CI	 p-value

Univariate analysis
  Age (1 year)	 1.00	 0.97-1.03	 0.970	 1.06	 0.99-1.12	 0.06
  Gender (male vs. female)	 1.24	 0.47-3.25	 0.670	 0.48	 0.16-1.42	 0.18
  Cigarette smoking (never vs. ever)	 0.77	 0.31-1.89	 0.570	 0.55	 0.12-2.46	 0.43
  Clinical stage (non-muscle invasive vs. muscle invasive)	 1.12	 0.54-2.33	 0.760	 1.02	 0.36-2.93	 0.96
  Histological grade (high vs. low)	 1.55	 0.66-3.65	 0.310	N /A	N /A	N /A
  Serum DKK1 level (1 pg/ml)	 1.00	 1.000-1.001	 0.007	 1.00	 0.99-1.00	 0.07
  Serum DKK1 level (≥1,049 vs. <1,049 pg/ml)	 2.44	 1.10-5.40	 0.028	 3.37	   0.94-12.11	 0.06
Multivariate analysis
  Age (1 year)	 0.99	 0.97-1.03	 0.900	 1.05	 0.96-1.12	 0.14
  Gender (male vs. female)	 1.47	 0.52-4.13	 0.470	 0.94	 0.30-2.99	 0.92
  Cigarette smoking (never vs. ever)	 0.72	 0.28-1.81	 0.480	 0.90	 0.18-4.58	 0.90
  Clinical stage (non-muscle invasive vs. muscle invasive)	 1.06	 0.51-2.20	 0.878	 0.39	 0.12-1.28	 0.12
  Histological grade (high vs. low)	 1.47	 0.60-3.64	 0.410	N /A	N /A	N /A
  Serum DKK1 level (≥1,049 vs. <1,049 pg/ml)	 2.36	 1.06-5.25	 0.035	 2.70	 0.74-9.90	 0.13

HR, hazard ratio; CI, confidence interval.
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carcinomas (26,27). In human urothelia carcinoma, Wnt 
antogonists, Wif-1 and negative regulators of Wnt/β-catenin 
signaling, sFRP1, sFRP2, sFRP4, sFRP5 and APC, have been 
reported to be down-regulated, suggesting that their functional 
loss might play an important role in cancer pathogenesis 
through aberrant canonical Wnt/β-catenin pathway activation. 
In addition, DKK1 has been shown to be a downstream target 
of the β-catenin/TCF pathway, to participate in a negative 
feedback loop in Wnt signaling and to be strongly localized 
in a zone directly adjacent to the region where Wnt/β-catenin 
signaling is active (28,29). Taken together, these findings 
imply a mechanism in the zone of the tumor and adjacent 
cells whereby Wnt/β-catenin pathway activation restricts 
itself through the induction of DKK1, resulting in an elevated 
DKK1 expression level. In agreement with this, previous 
studies on multiple myeloma (30), lung, esophageal (10) and 
hepatocellular carcinomas (31), estrogen and progesterone 
receptor-negative [ER(-)/PR(-)] breast cancer (7), and cervical, 
endometrial (8) and kidney cancers (7) have revealed that 
DKK1 is preferentially expressed in a great majority of cancer 
cases. These studies have established DKK1 as a potential 
prognostic and diagnostic marker for cancer patient cohorts 
with poor prognosis.

Although high expression of DKK1 appeared to be 
associated with DFS in this study it only showed a marginal 
association with OS in UC patients. This may be due to the 
short follow-up time (<3 years) in the present study. Given that 
individuals with non-muscle invasive disease are at low risk of 
death and those who have muscle-invasive disease benefit from 
the successful therapy of radical surgery and urinary diversion, 
numerous clinical series have demonstrated a favorable 5-year 
prognosis for UC patients (32). Therefore, a possible reason for 
the lack of statistical significance in this setting may be the 
small number of deaths that were confirmed during the limited 
3-year follow-up of these UC patients. In addition, notably, the 
present study failed to find any statistically significant rela-

tionship between the serum DKK1 level and any of the other 
variables measured, including age, gender and smoking status. 

Although most UC patients are non-muscle invasive at the 
time of being diagnosed and are able to be treated by aggres-
sive management such as surgical removal of the tumor, the 
recurrence and progression of UC are not easily diagnosed 
often resulting in negative consequences for patients. In the 
present study, DKK1 was found to be elevated in the sera and 
UC tissues of UC patients. Therefore, the detection of DKK1 
expression in serum is a potential index for the recurrence or 
progression of UC. In addition, the inhibition of DKK1 may 
be a possible therapeutic target for UC in the future.
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