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Abstract: Purpose: To study the clinical significance of Dickkopf 4 in hepatocellular Carcinoma. Methods: The ex-
pression of DKK4 and beta-catenin was analyzed by real-time qPCR and immunohistochemistry. Patient’s prognosis 
was evaluated through clinical follow-up. Results: DKK4 was expressed at a low level in HCC tissues, while beta-
catenin was highly expressed (P < 0.05). The expression of beta-catenin and that of DKK4 at the protein level was 
negatively correlated, with r = -0.4, P = 0.006. The expression of DKK4 in enveloped tumor tissues with a diameter. 
Results: DKK4 was expressed at a low level in HCC tissues, while beta-catenin was h > 5 cm. The comparison of 
overall survival time between patients with high levels of DKK4 and those with low levels of DKK4 indicated that 
the former group had a longer total cumulative postoperative survival time (P = 0.03). Conclusion: The total survival 
time of patients with high levels of DKK4 was longer than those with the low levels. This suggested that DKK4 might 
be a tumor suppressor gene that might play a role in the proliferation and metastasis of HCC. And the expression 
level of DKK4 might be considered as a prognostic indicator for HCC.
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Introduction 

Liver cancer ranks the fifth common cancer 
among males and the ninth most frequent can-
cer among females [1]. Hepatocellular carcino-
ma (HCC) is the most common form of liver can-
cer. The incidence and mortality rates of HCC 
have increased significantly over the past two 
decades [2]. The lack of effective diagnostic 
methods for early detections and treatment 
options for advanced HCC might be the main 
reasons. Widely used markers, such as alpha-
fetoprotein (AFP), have showed low sensitivity 
and poor diagnostic value [3]. Accordingly, new 
markers, which could be used for diagnosis at 
the early stage and potentially predicting prog-
nosis, are needed.

Recently, numerous protein pathways have 
been found to involve in the development and 
progression of HCC. And Wnt/β-catenin signal 
transduction pathway is one pathway that plays 
a prominent role in HCC [4]. The Wnt/β-catenin 
signaling pathway is conserved throughout the 
animal kingdom and is involved in embryonic 
development. It also plays an important role in 

the maintenance of dynamic homeostasis in 
adult tissues [5] and participates in stem cell 
differentiation and self-renewal [6]. Abnormal 
activation of the Wnt signaling pathway can turn 
on many downstream oncogenes, which can 
lead to the development of cancerous cells. It is 
this pathway that is believed to play an impor-
tant role in the development of HCC. In recent 
years, some studies have found that Dickkopf 
(DKK) proteins were related to HCC incidence 
through the Wnt/β-catenin signal transduction 
pathway. DKK1, 2, and 4 belong to the DKK pro-
tein family and participate in the regulation of 
the Wnt/β-catenin signaling pathway, but it is 
still not clear that whether or not DKK3 also 
plays a similar role [7]. Up until now, there was 
little research on how DKK4 specifically regu-
lated the Wnt/β-catenin signaling pathway, 
although it was known to be an antagonist of 
the pathway. 

Therefore, in this study, we performed a prelimi-
nary study on DKK4 mRNA and protein expres-
sion in HCC tissues to develop an initial under-
standing of the relationship between DKK4 and 
HCC. Our aim was to establish a foundation for 
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further studies on the molecular mechanisms 
of Wnt and to establish a theoretical basis for 
the development of serological assays and clin-
ical applications. 

Material and methods

Samples and reagents

Fresh tissue specimens from 36 male (median 
age 53.31 years) and 9 female (median age 
50.83 years) patients were obtained from Renji 
Hospital of the Shanghai Jiaotong University 
School of Medicine. HCC and adjacent tissue 
(at least 2 cm from the edge of the cancerous 
tissue) specimens came from liver cancer hep-
atectomies from 2008-2011 (all tissues were 
hepatocellular with hepatitis B-related cirrho-
sis). Ten normal liver tissue samples were taken 
from 10 male patients (median age 30.01 
years) with hepatic vascular tumor diseases in 
the absence of hepatitis B-related cirrhosis. All 
sample collection was approved by the hospital 
ethics committee and accompanied by signed 
informed consent. In addition to the fresh tis-
sue samples, 224 liver cancer paraffin samples 
(tissue microarrays) from 192 male (median 
age 50.9 years) and 32 female patients (medi-
an age 46.4 years) were obtained from our hos-
pital’s pathology department. Anti-DKK4 poly-
clonal antibody (rabbit anti-human) was pur-
chased from Abcam. The goat anti-rabbit sec-
ondary antibody kit (Zhongshan Golden Bridge 
Biotechnology Co. Ltd, Beijing), total RNA 
extraction kit D9108A, reverse transcription kit 
DRR037A, real-time PCR probe kit DRR390A, 
DKK4 gene probes, and primers were all pur-
chased from Takara Company. 

Real-time quantitative PCR monitoring of the 
relative expression of Dkk4 mRNA 

Total RNA was extracted from tissues using the 
D9108A total RNA extraction kit. The purity and 
concentration of the RNA was measured by UV 
spectrophotometer and electrophoresis was 
used to verify its integrity. Two micrograms of 
total RNA was used for reverse transcription 
under the following conditions: 37°C for 15 min 
and 85°C for 5 sec. Two microliters of the 
reverse transcribed product was used as the 
template for real-time PCR. The upstream prim-
er for the DKK4 gene was 5’-GACTGCAATACCAG 
AAAG-3’, and the downstream primer was 
5’-GCATCTTCCATCGTAGTA-3’. The DKK4 probe 
sequence was 5’ (FAM)-CCGCGATGAGAAGCC- 
GTTCT (Eclipse)-3’. The upstream primer used 

for the reference gene β-actin was 5’-GAC- 
TACCTCATGA AGATCCTCACC-3’, and the down-
stream primer was 5’-TCTCCTTAATGTCACGCA 
CGATT-3’. The beta-actin probe sequence  
was 5’ (FAM)-CGGCTACAGCTTCA CACCACGGC 
(Eclipse)-3’. The reactions were set up as fol-
lows: Premix Ex Tap 10 µl, 0.4 µl each of the 
upstream and downstream primers for DKK4, 
0.8 µl probe solution, 2 µl cDNA template, and 
sterile distilled water to a total reaction volume 
of 20 µl. The two-step reaction conditions were: 
95°C denaturation for 30 sec, 40 reaction 
cycles of 95°C for 5 sec, 60°C for 30-31 sec. 
The PCR reaction was carried out using a 
CFX96 real-time quantitative PCR instrument 
for real-time monitoring of the intensity of fluo-
rescence during each cycle’s extension phase. 
Data analysis was automatically performed by 
the accompanying software. The housekeeping 
gene β-actin was used to determine the quality 
of the sample cDNA and as the internal 
reference. 

IHC determination of DKK4 and β-catenin pro-
tein expression

IHC was performed using the streptavidin-bio-
tin-peroxidase complex (SP) method. Paraffin 
sections were baked for an hour at 60°C and a 
LEIKA semiautomatic machine was used to 
carry out dehydration and dewaxing treatments 
for 40 min. A 3% hydrogen peroxide solution 
was used for 15 minutes to eliminate any 
endogenous peroxidase activity. Citrate was 
used to hot fix the antigen for 18 min in a micro-
wave. After blocking with goat serum blocking 
solution, PBS was added to dilute the rabbit 
anti-human DKK4 polyclonal antibody (working 
concentration 1:100) and the rabbit anti-
human β-catenin monoclonal antibody (work-
ing concentration 1:300). Both primary anti-
bodies were allowed to bind overnight to sam-
ples. Secondary antibody and subsequent 
staining procedures were performed according 
to the goat anti-rabbit secondary antibody kit 
instructions. Staining times were controlled 
under an optical microscope to prevent non-
specific background staining. PBS was used in 
lieu of primary antibody in the negative control 
sample. Five representative areas were select-
ed at 200× magnification and each area was 
scored based on the intensity of cytoplasmic 
staining and the percentage of the area occu-
pied by stained cells. DKK4 staining was evalu-
ated based on the following criteria (5): no visi-
ble stain, 0 points; light yellow stain, 1 point; 
brownish yellow stain, 2 points; brown stain, 3 
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points. To score the percentage of the area 
occupied by stained cells: no stained cells was 
scored as 0 points, < 20% stained cells was 
scored as 1 point, over 20% but less than 30% 
stained cells was scored as 2 points, more than 
30% stained cells was scored as 3 points. If the 
total score was 5 or above, DKK4 was defined 
as highly expressed. A total score < 5 was 
defined as low DKK4 expression level. Beta-
catenin was identified mainly by the location of 
stain in the cells. 

Clinical studies and follow-up

Fresh biopsy specimens and paraffin-embed-
ded sections from the pathology department 
were HE stained and evaluated independently 
by two pathologists. The pathologists looked 
for the presence of an envelope and the integ-
rity of the envelope, whether the sample exhib-
ited cirrhosis or microscopic venous invasion, 
and the degree of tumor differentiation 
(Edmondson grade, grade I-II cancer cells are 
morphologically similar to normal liver cells 
with a high degree of differentiation; grade III-IV 
cancer cells have large and deeply stained 

nuclei, little cytoplasm, and are poorly differ- 
entiated). Samples with no observable enve-
lope (by eye) or incomplete envelope (under 
optical microscope) were defined as having no 
envelope. Venous invasion was defined as peri-
vascular infiltration of cancerous cells with dis-
continuous staining of vascular endothelial 
cells under the light microscope, or the pres-
ence of thrombus within the lumen. Tumor 
diameter reflects the maximum diameter of the 
tumor tissue. Patient survival time was calcu-
lated from the first day after surgery and subse-
quent patient information was obtained through 
clinical visits, telephone, email, etc. In the event 
of patient death or if a patient was lost to fol-
low-up, the case was considered to have ended. 
The final follow-up date was December 2015, 
and patient follow-up time ranged from 48-84 
months. 

Statistical analysis

SPSS 19.0 statistical software was used for 
statistical analysis. Data are shown as mean  
± standard deviation. Variance analysis was 
used to test the difference in expression of the 
DKK4 mRNA in liver tumors and adjacent tis-
sues. The non-parametric Mann-Whitney U test 
was used to analyze the correlation between 
DKK4 mRNA and the pathological features of 
liver cancer, as well as the correlation between 
the expression of DKK4 protein and β-catenin 
protein. The chi-square test was used to test 
the relationship between DKK4 protein expres-
sion and clinical pathological features of liver 
cancer. The Kaplan-Meier test was used to cal-
culate the post-surgery survival rate. The log-
rank test was used to calculate the difference 
between groups. Correlation analyses were 
performed using Pearson’s test. All statistical 
methods used two-tailed P < 0.05 as the 
boundaries for statistical significance. 

Results

Expression of Dkk4 mRNA in liver tumors and 
adjacent tissues

A comparison between 45 samples of freshly 
biopsied HCC tissues and their adjacent tis-
sues revealed that the expression of DKK4  
was undetectable in only 1 sample. Of the 
remaining 44 samples, 56.8% (25 of 44 sam-
ples) of the liver cancer tissues had compara-
tively decreased DKK4 mRNA expression when 
compared to a corresponding sample of adja-

Figure 1. Comparison of the relative expression lev-
els of DKK4 mRNA in different tissues. HCC: Hepa-
tocellular Carcinoma, PCLT: Periphery of Cancerous 
Liver Tissue, *P < 0.05 is considered statistically 
significant.

Table 1. DKK4 expression in HCC, PCLT and 
NL samples by IHC

Group Positive Negative Total
Positive  

Expression  
Rate PCL

P 
Value

HCC 12 32 44 27.2 < 7.2l
PCLT 21 23 44 47.7
NL 6 4 10 60
HCC: hepatocellular carcinoma, PCLT: periphery of can-
cerous liver tissue, NL: normal liver tissue.
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cent tissue. Overall, DKK4 expression at the 
mRNA level was lower in HCC tissues than in 

corresponding adjacent tissues (P < 0.05, 
Figure 1). 

Figure 2. A: Comparison of DKK4 protein expression in liver cancer tissues, peripheral tissues, and normal tissues. 
a: Liver cancer tissue; b: Periphery of cancerous liver tissue, c: Normal liver tissue. B: IHC detection of DKK4 protein 
expression in liver cancer tissues and adjacent tissues in 224 patient samples (200× magnification). a, b, c, d: Liver 
cancer tissues; e, f, g: Periphery of cancerous liver tissue; h, i: Normal liver tissue. a, e, h: Show high expression; b, 
c, d, f, g, i: Show low expression. 
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Expression of DKK4 protein in liver cancer 
tissues, adjacent tissues, and normal liver tis-
sues

Using our IHC setup, the presence of brown 
stain indicated that the sample was positive  
for DKK4 protein, which is mainly expressed in 
the cytoplasm. Of the 44 HCC samples that 
were positive for DKK4 mRNA, 12 HCC sam- 
ples were positive for DKK4 protein (27.2% pos-
itive expression rate). Of the samples obtained 
from areas adjacent to the tumor, 21 were posi-
tive for DKK4 protein (47.7% positive expres-
sion rate), while 10 samples of normal liver tis-
sues also tested positive (60% positive expres-
sion rate). DKK4 protein showed lower expres-
sion in liver cancer tissues when compared to 
neighboring tissues and normal liver tissues (P 
< 0.05, Table 1; Figure 2A).

Further analysis of tissue microarrays from 224 
liver cancer samples and their adjacent tissues 
showed 65 cases in which DKK4 was positively 

expressed in cancerous tissues (29.1% posi-
tive rate) and 109 cases in which DKK4 was 
positively expressed in adjacent liver tissues 
(48.5% positive rate). There were 6 cases in 
which DKK4 was positively expressed in nor-
mal liver tissues (60% positive rate). As a whole, 
the expression of DKK4 protein was lower in 
liver cancer tissues than in neighboring and 
normal liver tissues. (P < 0.05, Table 2; Figure 
2B). 

Expression of β-catenin protein in liver cancer 
tissues and adjacent tissues

In normal liver tissues, our IHC protocol stains 
β-catenin as brown particles located on the cell 
membrane. There was very little cytoplasmic 
staining and no nuclear staining. In liver can- 
cer tissues, β-catenin was normally located in 
the cell nucleus or cytoplasm, with very little 
found at the cell membrane. Of the 44 cases  
of freshly biopsied liver cancer samples, β-ca- 
tenin protein expression was found in 56.8% 
(25/44) of the samples, of which 20 samples 
showed nuclear staining and 5 cases had cyto-
plasmic staining. The rate of β-catenin protein 
expression in adjacent liver tissues was 31.8% 
(14/44), of which 11 samples showed cell 
membrane staining, 3 samples had cytoplas-
mic staining, and there was no samples with 
nuclear staining. The β-catenin protein was 
expressed at a higher level than in normal liver 
tissues peripheral (P < 0.05, Table 3).

Correlation between DKK4 and β-catenin pro-
tein expression in HCC

By comparing IHC results of DKK4 and 
β-catenin protein expression from the above-
described samples of liver cancer tissues, we 
found that the expression level of DKK4 and 
β-catenin in the cell nucleus was negatively cor-
related (P = 0.006, r = -0.4, Table 4). Cases in 
which DKK4 positively expressed at high levels 
had low β-catenin expression in the nucleus, 
while cases in which DKK4 low expressed 
showed higher β-catenin expression. This fur-
ther demonstrated that DKK4 might play a role 
in modulating β-catenin nuclear entry (Figure 
3).

Relationship between DKK4 mRNA expression 
and HCC clinical pathology 

HCC tissue samples were grouped according  
to different clinical pathological features and 

Table 2. DKK4 expression in HCC, PCLT and NL 
from tissue microarray

Group Positive Negative Total
Positive  

Expression  
Rate (%)

P Value

HCC 65 159 224 29.1 < 9.11
PCLT 109 115 224 48.5
NL 6 4 10 60
HCC: hepatocellular Carcinoma, PCLT: periphery of cancerous 
liver tissue, NL: normal liver tissue.

Table 3. Expression of β-catenin protein in HCC 
and PCLT

Group Positive Negative Total
Positive  

Expression  
Rate osi

P Value

HCC 25 19 44 56.8 < 6.81
PCLT 14 30 44 31.8
HCC: hepatocellular carcinoma, PCLT: periphery of cancerous 
liver tissue.

Table 4. Correlation between DKK4 and 
β-catenin protein expression in HCC

DKK4 Cases
β-catenin

Positive Negative
Positive 12 3 9
Negative 32 22 10
Total 44 25 19
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Figure 3. DKK4 and β-catenin protein expression in the same tissue type. A and C: Are from the same type of liver 
cancer tissue; B and D: Are from the same type of liver cancer tissue; E: Normal liver tissue; F: Liver cancer tissue.

compared for the expression of DKK4 mRNA 
between groups. The results showed that the 

level of expression of DKK4 mRNA was not sig-
nificantly related to gender, age, tumor size, 
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AFP, degree of completion of the tumor enve-
lope, degree of differentiation, or vascular inva-
sion (P > 0.05, Table 5). 

Correlation between the expression of DKK4 
protein in HCC tissues and clinical pathology

HCC tissue specimens were grouped according 
to their clinical pathological features and com-
pared with the level of DKK4 protein expres-
sion. Our results showed that DKK4 protein 
expression was higher in tumors with diameters 
≤ 5 cm (P = 0.037) and in HCC tissues with no 
envelope (P = 0.025). DKK4 protein expression 
was not significantly related to gender, age, 
liver cirrhosis, number of tumors, tumor differ-
entiation, vascular invasion, TNM classification, 
or AFP (P > 0.05, Table 6). 

Analysis and significance of DKK4 protein ex-
pression and clinical prognosis

We compared the post-operative survival time 
between the group (N = 65) that expressed 
high levels of DKK4 to the low DKK4 expression 

group (N = 159). The result showed that the 
cumulative post-surgical survival time in the 
high DKK4 expression group was longer than in 
the low expression group (P = 0.03). The medi-
an survival times were 51 months and 39 
months for the high expression and low expres-
sion groups, respectively (Figure 4). 

Discussion

Recurrence and metastasis were the major dif-
ficulties in treating HCC in patients, as the 
recurrence rate could be as high as 60.8%, 
which seriously affected the clinical efficacy [8, 
9]. Research on the mechanism of HCC recur-
rence and metastasis was very important for 
the improvement of HCC prognosis. 

Initiation and development of HCC were multi-
step processes that involved many biological 
and pathological events. It had been found in 
recent years that the activation of the Wnt sig-
naling pathway played an important role in the 
initiation and development of HCC. Wnt was a 
family of secreted glycoproteins with autocrine 
and paracrine functions. When Wnt binded to 
the Frizzled receptor and its co-receptor LRP5 
or LRP6 on the cell membrane, the intracellular 
phosphoprotein disheveled (Dsh) was phos-
phorylated and inhibits the kinase activity of 
glycogen synthase kinase-3β (GSK3β). 

The protein β-catenin was not easy to phos-
phorylate because the target serine and threo-
nine residues were not easy to access. 
Therefore, cytoplasmic levels of β-catenin were 
relatively stable. Increased levels of cytoplas-
mic β-catenin resulted in nuclear entry, where 
β-catenin forms complexes with T-cell factor 
(TCF) and lymphocyte enhancer factor (LEF) in 
the nucleus, then binded to the regulatory 
regions of the Wnt signaling pathway target 
genes, turning on the transcription and transla-
tion of downstream genes. In the absence of 
Wnt, the proteins Axin, GSK3β, and the tumor 
suppressor protein APC would form a ternary 
complex that activates GSK3β, which then 
phosphorylates the serine and threonine in 
β-catenin, leading to ubiquitination and degra-
dation of β-catenin in the proteasome, ulti-
mately resulting in the shutdown of the Wnt 
signaling pathway. 

As an antagonist of the Wnt signaling pathway, 
DKK4 could compete for the binding of LRP5/6 
with Wnt and prevent the formation of the 

Table 5. Correlation between level of DKK4 
mRNA expression and clinical pathological fea-
tures of hcc patients

Clinical Pathological 
Indicator Cases

Median 
Expression 

level 
P Value

Gender 0.819
    Men 35 0.076
    Women 9 0.074
Age (year) 0.074
    < 55 21 0.2611
    ≥ 55 23 0.144
Tumor Size (cm) 0.486
    ≥ 5 20 0.2143
    < 5 24 0.1465
AFP (ng/ml) 0.602
    Positive (< 10) 19 0.1738
    Negative (≥ 10) 25 0.1871
Envelope 0.322
    Yes 32 0.1519
    No 12 0.2803
Degree of Differentiation 0.07
    Low Differentiation 27 0.1243
    High Differentiation 17 0.2926
Vascular Invasion 0.865
    Yes 9 0.216
    No 35 0.1733
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protein was expressed at a significantly lower 
level in HCC tissues than in corresponding  
adjacent tissues and normal liver tissues.

In addition, our study also found that in HCC tis-
sue, 56.8% of cells was positive for β-catenin 
protein expression and that β-catenin was 
mostly found in the nucleus (80%). In adjacent 
tissues, 31.8% of cells expressed β-catenin, 
with no nuclear staining. Therefore, β-catenin 
expression was higher in liver cancer tissues 
than in corresponding adjacent tissues. Inter- 
estingly, the expression of DKK4 protein was 
negatively correlated to the expression of 
β-catenin protein, where samples with no DKK4 

Table 6. Relationship between DKK4 protein expres-
sion and HCC clinical pathological features
Clinical Pathological 
Indicator

High 
Expression

Low
Expression P Value

Gender 0.519
   Men 47 108
    Women 18 51
Age (year) 0.082
    < 50 24 79
    ≥ 50 41 80
Liver Cirrhosis 0.743
    Accompanied with 50 119
    Not accompanied with 15 40
Tumor Diametermpa (cm) 0.037*
    < 5 35 109
    ≥ 5 30 50
Number of Tumors 0.097
    Multiple 16 30
    Single 49 129
Envelope 0.025*
    Yes 29 97
    No 36 62
Degree of Differentiation 0.458
    High Differentiation 37 99
    Low Differentiation 28 60
Vascular Invasion 0.667
    Yes 19 42
    No 46 117
AFP (ng/ml) 0.524
    > 400 35 93
    ≤ 400 30 66
TNH 0.934
    I-II 38 92
    III-IV 27 67

LRP6, Wnt and Frizzled complex. This then 
blocked downstream signal transduction. 
DKK4 might also form a new ternary complex 
with Kremen and LRP6, resulting in the removal 
of LRP6 from the cell membrane through endo-
cytosis, which blocked further Wnt-mediated 
signal transduction. DKK4 was also part of a 
negative feedback regulatory mechanism that 
was often defective in primary liver cancers 
[10]. The specific molecular mechanisms were 
poorly understood. Also, the expression of 
DKK4 could be promoted through activation of 
the JNK pathway, suggesting that there may be 
other pathways through which DKK4 can 
function. 

Our results showed that there was a 
decrease in the expression of DKK4 mRNA 
in 56.8% of liver cancer tissues when com-
pared with adjacent normal tissues. Fatima 
et al studied the expression of DKK4 in 
vitro cells and murine HCC cell models and 
found a decrease in the expression of 
DKK4 in both models. The decreased 
expression had a significant effect on the 
proliferation, migration, and growth of in 
vitro and in vivo murine HCC cells. These 
results had been confirmed by Liao et al 
[11]. These studies indicated that DKK4 
might be a tumor suppressor gene and that 
its overexpression inhibited the growth of 
cancer cells. However, the specific mecha-
nism driving the reduced expression of 
DKK4 was still not clear. Also, the relation-
ship between the expression of DKK4 and 
β-catenin was still not well-defined in clini-
cal samples. 

DNA methylation played an important role 
in the initiation of liver cancer. Methylation 
of the DKK1-DKK3 genes played a role in 
gastrointestinal tumor formation, but so 
far, there had few studies on DKK4 [12, 
13]. Chromosomal fragments 8p21.3-922 
and 8p23 were often missing in HCC, and 
the 8p11.2 region had been shown to con-
tain a tumor suppressor gene [14]. The 
location of the DKK4 gene in the chromo-
some was 8p11.2-p11.1 [15]. Our IHC 
experiments showed that the percentage 
of positive DKK4 expression in HCC tissues 
is 27.2%, while it is 47.7% in adjacent nor-
mal tissues. However, the percentage of 
positive DKK4 expression was 60% in nor-
mal liver tissues. This indicated that DKK4 
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protein expression had high β-catenin protein 
expression and nuclear staining. This further 
suggested that DKK4 could inhibit the entry of 
β-catenin into the nucleus. 

Following activation of the Wnt/β-catenin sig-
naling pathway, the quantity of β-catenin did 
not necessarily increase. It was the subcellular 
localization of the protein that enables 
β-catenin to play its regulatory roles. There 
might be other factors involved in the regula-
tion of β-catenin by DKK4 in the Wnt/β-catenin 
pathway, such as WIF-1 [16], SFRPs [17], and 
others which abnormally silenced in HCC. So 
far, it was unclear whether these other factors 
affected the expression of β-catenin. Hirata et 
al [18] found that DKK4 activated the JNK sig-
naling pathway while inhibiting the Wnt/β-ca- 
tenin signaling pathway in renal carcinoma, 
suggesting that DKK4 might be involved in both 
pathways in the genesis of liver cancer. 

DKK4 function differed between tissues. Unlike 
in liver cancer, DKK4 was highly expressed in 
renal cancer tissues. This might be due to  
the regulatory activity of DKK4 was not limi- 
ted to the Wnt/β-catenin signal transduction 
pathway. 

Our study also compared the relationship 
between DKK4 mRNA levels, protein expres-
sion, and clinical pathological features. In addi-
tion, we also showed that DKK4 might be a 
tumor suppressor gene that might play a role in 
the recurrence and metastasis of liver cancer. 

DDK4 might be relevant for disease prognosis 
and might be used as a clinical index for HCC. 

In summary, our study showed that DKK4 
mRNA was low expressed in HCC tissues. The 
expression of DKK4 protein was negatively cor-
related to the expression of β-catenin protein, 
where samples with no DKK4 protein expres-
sion had high β-catenin protein expression and 
nuclear staining. Also the total survival time of 
patients who expressed high levels of DKK4 
was longer than those with low levels. This sug-
gested that DKK4 was a tumor suppressor 
gene that might play a role in the proliferation 
and metastasis of HCC. And DKK4 expression 
levels might be considered as a prognostic indi-
cator for HCC.
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