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ABSTRACT Background: Hepatocellular carcinoma (HCC) is one of the commonest cancers worldwide. It is a major health 
problem and its incidence is increasing. Dickkopf-1 (DKK1) is a negative regulator of the Wnt signaling pathway, 

which plays an important role in proliferation, differentiation, survival, apoptosis and cell mortality. DKK1 has a potential oncogenic 
role in carcinogenesis. Aim of the study: Was to assess the expression of DKK1 in patients with hepatocellular carcinoma and its clinical 
significance. Subjects and Methods: This study comprised 50 hepatocellular carcinoma (HCC) patients, 40 males and 10 females, their 
ages ranged from 46-72 years, and control group: included 25 healthy individual, 16 males and 9 females, their ages ranged from 44-67. 
All participants were subjected to clinical evaluation    and laboratory investigations; complete blood picture, liver & kidney function 
tests, alpha fetoprotein (AFP) and DKK1. Results: There was increased level of serum DKK1 in all HCC patient, with increased level in 
advanced than early stages. Increased AFP level was found in only 66% of patients while 34% of patients were AFP negative. Conclusion: 
Combination of serum α-fetoprotein with serum DKK1 could further improve the diagnostic accuracy in HCC. DKK-1 might be a key 
regulator in HCC progression and a potential therapeutic target in HCC 

Introduction
Hepatocellular carcinoma (HCC) is one of the common-
est cancers worldwide. HCC is a major health problem 
in Egypt and its incidence is increasing. HCC has unique 
risk factors, such as hepatitis C or B viral infection, dietary 
aflatoxin or vinyl chloride, cirrhosis, obesity and primary 
hemochromatosis1.The high prevalence of HCV infection 
makes screening programs a very important tool for early 
detection of cases of HCC 2. Cirrhosis is an important risk 
factor, account for 70% to 90% of HCC 3. Hepatitis B vi-
rus (HBV) infection is a significant predisposing factor for 
the development of HCC with 100-fold increased risk and 
accounts for more than 50% of all cases 4. Long duration 
of infection and high viremic load are also risk factors of 
HCC. Males are at greater risk of HCC than females, espe-
cially old male 5.

African males commonly exposed to HBV infection at 
a younger age, and so increases their risk for HCC. HBV 
genotypes A and D are most prevalent in African popula-
tions 6. Family history of liver cancer, particularly among 
first degree relatives, in HBV-infected individuals has been 
shown to increase the incidence of HCC among siblings 7. 

The Wnt signaling pathways are a group of signal trans-
duction protein pathways, pass signals into cells by cell 
surface receptors. 

Canonical Wnt pathway regulates gene transcription, nonca-
nonical planar cell polarity pathway regulates cytoskeleton, 
and noncanonical Wnt/calcium pathway regulates cell cal-
cium. Wnt signaling was first identified for its role in carcino-
genesis8. Wnt/β catenin signaling pathway plays an important 
role in a variety of cellular processes, including proliferation, 
differentiation, survival, apoptosis and cell mortality. It have 
been proved to have a critical role in formation of HCC 9. Wnt 
antagonists are important regulators of Wnt/β catenin signal-
ing, DKK-1 is a known potent antagonist of Wnt/β catenin 
signaling pathway 10. DKK-1 acts as inhibitory ligand of the 
low-density lipoprotein receptor-related protein 5/6 co-recep-
tors resulting in blockage of their interaction with Wnt and 
β-catenin degradation11. DKK-1 was frequently found to be 
over expressed in patients with Wilms tumour, hepatoblasto-
ma, multiple myeloma and breast cancer, indicating a poten-

tial oncogenic role of DKK1 in carcinogenesis12.

Yu et al. (2009)13 found that DKK-1 overexpression cor-
related with β catenin accumulation in clinical HCC sam-
ples and that high DKK-1 expression predicted unfavorable 
prognosis in HCC. These findings suggest that DKK1 is a 
novel prognostic predictor for HCC. Serum α-fetoprotein 
(AFP) level is the gold standard for HCC diagnosis, also 
high serum DKK-1 level was found to have higher diagnos-
tic value for HCC. DKK family members have a diagnostic 
and/or prognostic markers for HCC especially for AFP-neg-
ative HCC, and can distinguish HCC from non-malignant 
chronic liver diseases. 

The combination of serum DKK-1 and AFP levels enhance 
diagnostic accuracy for HCC compared to serum DKK-1 or 
AFP level alone 14

This study aimed at assessment of the expression of Dick-
kopf-1(DKK-1) and its clinical significance as a diagnostic 
marker for early detection of patients with HCC

SUBJECTS&METHODS:
This study was performed in the departments of Internal 
Medicine, Medical Oncology & Hematology, and Clinical 
Pathology, Faculty of Medicine of Zagazig University Hos-
pitals, from September 2014 to May 2015. Fifty adult pa-
tients with HCC in addition to 25 healthy control subjects 
were selected after obtaining approval from the Institution-
al Review Board of Zagazig University Hospitals. 

Patients group: 50 newly diagnosed patients with HCC 
without induction therapy, they were 40 males &10 fe-
males, their mean age 57.1 ± 6.98 (46-72) years, 80 % were 
males and 20% were females. HCC patients were diag-
nosed clinically and by imaging studies including ultra-
sound (US), triphasic computed tomography (CT) and 
Magnetic Resonance Imaging (MRI). Liver cirrhosis was 
present in 33/50 (66%) of the patients. Diagnosis of liver cir-
rhosis was done by clinical, laboratory and radiological fea-
tures of cirrhosis. Child-Pugh classification was also done. 
HCC stage was clinically defined according to the Barcelo-
na Clinic Liver Cancer (BCLC) staging system 15. Exclusion 
criteria were; patients with malignancies other than HCC, 
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diabetes mellitus, hypertension, cardiac, respiratory and re-
nal diseases.

Control group: 25 healthy subjects were selected with 
normal liver function tests. No evidence of viral hepatitis 
(negative for HBsAg and HCV antibody) .Their mean age 
was 49.98 ± 5.4 (44-67) years, 16 (64 %) of them were males 
and 9 (36%) were females. In addition to full history taking, 
examination and routine laboratory investigations, assess-
ment of alpha fetoprotein and serum Dickkopf-1 (DKK1) 
were performed. 

Sample collection: Blood samples were obtained at the 
time of diagnosis prior to initial therapy. Samples were 
obtained after informed consent and in accordance with 
procedures approved by the human ethics committee. 5 ml 
venous blood were obtained from each patient & healthy 
control under complete aseptic condition.1 ml was deliv-
ered into EDTA vacutainer tube for complete blood count 
using an automated cell counter (sysmex KX-21N).2 ml 
was delivered into Na citrate vacutainer tube for prothrom-
bin time (PT) by Sysmex 1500 (Dade Behring). 2ml were 
collected into anticoagulant- free tubes then centrifuged; 
liver function tests were done using automated analyzer 
(Dimention RXL MAX). AFP were done and serum were 
stored at -70°C till DKK1assay.

DKK1 assay: 
Principle of test: Human Dickkopf-Related Protein 1 ELISA 
is a sandwich enzyme immunoassay for the quantitative 
measurement of human Dkk-1. It was performed according 
to the manufacturer’s recommendations (Bio Vendor Re-
search & Diagnostic). Standards and samples are incubated 
in microtitration wells pre-coated with polyclonal anti-hu-
man Dkk-1 antibody. After incubation and washing, biotin 
labelled polyclonal anti-human Dkk-1 antibody was added 
and incubated with the captured Dkk-1. Streptavidin-HRP 
conjugate was added. The remaining conjugate is allowed 
to react with the substrate solution (TMB). The reaction is 
stopped by addition of acidic solution and absorbance is 
measured. The absorbance is proportional to the concentra-
tion of Dkk-1. A standard curve is constructed by plotting 
absorbance values against Dkk-1 concentrations of stand-
ards. The optical density was measured at 450 nm and 
referenced to 570 nm. The DKK- 1 concentrations were ob-
tained with a four-parameter logistic curve fitted against a 
standard curve and multiplied by the dilution factor. 

Statistical Analysis: The data were tabulated and statisti-
cally analyzed using SPSS computer program (version 16.0; 
SPSS Inc., , Chicago, Illinois ,USA).Data were represented 
as Mean ± SD, median and range, and were analyzed statis-
tically by using analysis of variance (ANOVA), Chi-squared 
test (Ӽ2), paired T test and correlation coefficient (r). Values 
were considered significant if p < 0.05.

RESULTS
Subjects’ characteristics, the clinical and laboratory data 
were presented in tables 1 and 2, in which there was no 
significant difference between patients and control groups 
regarding age and sex. Serum DKK-1 & AFP were el-
evated significantly in patients compared to control. As-
sessment of DKK1 levels according to tumor size & mul-
tiplicity, showed that, there was significant elevation of 
DKK-1 among patient with HCC lesions <2 cm compared 
to healthy control, DKK-1 levels were increased signifi-
cantly among patient with HCC lesions >5 cm compared to 
smaller one (<2cm). Patients with multiple HCC lesions had 
increased level of DKK-1 compared to solitary lesion but 
not reaching significant level (Table3). DKK-1 was tested 

according to Barcelona Clinic Liver Cancer (BCLC) stag-
ing system, the level of DKK-1 was significantly elevated 
in BCLC stage C-D than BCLC stage A-B P=0.000. (Table3). 
In table (4), there was no significant difference in levels of 
DKK1 in patients with coma, GIT bleeding, but DKK-1 was 
significantly increased in patients with cirrhotic liver, as-
cites, vascular invasion, portal vein thrombosis and metas-
tasis of lymph nodes when compared to patients without 
these findings.

Increased DKK1>3 ng/ml was observed in 17 patients (34%) 
with normal AFP (AFP≤10) i.e. there is increase in DKK1 in 
all patient ,while AFP was elevated in (33/50) (66%) of HCC 
patients. (Table5). There was no significant correlation be-
tween DKK-1 and AFP & liver function P >0.05.

Table (1): A summary of the patients’ clinical data

Parameter

Age: mean ±SD (range) (year) 57.1±6.98 (46-72)

Sex :
Men: Number (%)
Women: Number (%)

40 (80)
10 (20)

Parameters Number of patients 
(%)

Jaundice 28(56)

Disturbed level of Consciousness 22(44)

GIT bleeding 10 (20)

Ascites 27(54)

Oedema 15 (30)

Shrunken Liver 33 (66)
Vascular invasion 19 (38)
Splenomegaly 27(54)
LN metastasis 22(44)
Distant metastasis 6(12)
 
Table (2): Summary of the laboratory data of patient and 
control groups.

Patients Controls P
T. Bilirubin( mg/dl)
Median (range)

3.6 
(1.2-16.9)

0.7 
(0.5-1.2) 0.000

D. Bilirubin (mg/dl) 
Median (range) 

1.5 
(0.1-13.9)

0.21 
(0.1-0.2) 0.000

ALT(U/L) Mean ±SD 
(range) 

81.9±33.4 
(21.9-151)

28.3±7.8 
(18.9-40.1) 0.000

AST(U/L Mean ±SD 
(range) 

115.3±60.6 
(45-346)

31.5±7.4 
(19-44.9) 0.000

T. protein (gm/dl) 
Mean ±SD (range) 

6.2±0.6 
(4.8-7.2)

7.2±0.20 
(6.8-7.5) 0.000

S .albumin (gm/dl) 
Mean ±SD (range) 

2.4±0.40 (1.8-
3.7)

4.5±0.3 
(4-5.1) 0.000

Hemoglobin (gm/dl) 
Mean ±SD (range) 

10.0±2.1 
(6.3-13.5)

12.5±1.5 
(11.6-14.8) 0.001

WBCs ( ×109 /L) Mean 
±SD (range) 

9.0±4.5 
(2.1-13.7)

7.2±2.3 
(4.4-10.9) 0.148

Platelet ( ×109 /L) Mean 
±SD (range) 

126.2±78.5 
(49-389)

271.5±50.4 
(231-359) 0.000

PT(sec.) Median (range) 33 
(21-43)

12 
(9.5-13.5) 0.000

Serum DKK1(ng/ml ) 
Mean ±SD (range) 

9.6±2.9 
(4.9-15.0)

2.04±0.91 
(0.8-3.8) 0.000

AFP (ng/ml) Median 
(range) 

50 
(0.8-2949)

1.52 
(0.5-4.5) 0.000
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Table (3): Serum DKK1 level regarding size, multiplicity 
and BCLC staging of HCC lesions.

DKK-1 Control F P

<2cm (No.16)
2-5cm (No .15)
>5cm (No.19) 

7.21±1.15
9.65±2.88
10.0±2.81** 2.04±0.91* 37.386 0.000

Single lesion (No.21)
Multiple lesions (No.29)

9.21±2.65
10.03±2.81 2.04±0.91* 55.1 0.000

BCLC ( A-B) (No.16)
 BCLC ( C-D) (No.34)

7.61±1.23
10.1±2.65*** 2.04±0.91* 37.12 0.000

 
*denotes that all patients significantly different than control

**denotes that lesion>5cm significantly different than 
lesion<2cm

*** denotes that BCLC C-D significantly different than 
BCLC A-B

Table (4): Serum DKK-1 level in different clinical and ra-
diological presentation 

PT
Dkk1
(Mean ± 
SD)

0.8890.1389.76±2.50
9.63±3.00

Disturbed conscious level (22 cases)
Undisturbed conscious level (28 cases)

0.7750.2879.34±2.80
9.72±2.80

GIT bleeding (10cases)
No GIT bleeding (40 cases)

0.0003.89112.43±2.20
6.23±0.52

Ascites	 (27 cases)
No ascites (23cases)

0.0082.77410.24±2.62
7.45±2.18

Liver cirrhosis (33 cases)	
No liver cirrhosis (17 cases)

0.0322.22310.62±2.58
8.74±2.66

 Vascular invasion (19 cases)
 No vascular invasion (31 cases)

0.0004.14410.80±2.38
7.62±2.38

LN metastasis (22 cases)
No LN metastasis (28cases)

Table (5): Study of DKK-1 in HCC patients in relation to 
level of AFP

HCC patients with 
AFP >10(ng/ml )

HCC patients with 
AFP≤10(ng/ml )

Dkk1>3(ng/
ml ) 33/50 cases (66%) 17/50 cases (34%)

 
Discussion
Hepatocellular carcinoma (HCC) is the most common pri-
mary malignancy of liver, forming about 85-90% of all pri-
mary liver cancers 3. 80%-90% of patients with cirrhosis will 
progress to HCC, HCV infection was present in 27% - 73% 
and HBV infection in 12%-55% of cases 16. Early HCC de-
tection gives the opportunity for curative treatments which 
can prolong survival. Despite vigorous attempts to screen 
for early HCC by using serum α-fetoprotein (AFP) and ul-
trasound, early HCC is asymptomatic and most cases are 
presented late in which surgical treatments are not valu-
able 17. 30–40% of HCC patients are AFP-negative and ul-
trasound detection accuracy for HCC is suboptimal 18. As 
a result, the widespread use of serum AFP and ultrasound 
for HCC surveillance has been continuously questioned.

The Wnt/β-catenin signaling pathway plays a pivotal role 
in development of both normal liver and hepatic carcino-
genesis 13. The DKK family are secreted glycoproteins and 
have the ability in regulating Wnt/β-catenin. DKK-1 is the 

most studied member of the DKK family, it is hardly ex-
pressed in normal tissues except in placenta and embryonic 
tissues 19. Shen et al., 2012 20 suggest that, DKK-1 may be 
a potential new marker in diagnosis of many types of can-
cers, and elevated expression of DKK-1 is associated with 
the development of HCC. Also they reported the diagnos-
tic accuracy of DKK-1 as a serum marker for HCC in a 
large-scale, multicenter study. The study documented that, 
serum DKK1 has high sensitivity and specificity in diag-
nosing HCC, especially early stages and HCC cases with 
non-elevated α-fetoprotein (AFP). They also demonstrated 
that combination of serum α-fetoprotein with serum DKK-1 
could further improve the diagnostic accuracy. 

In this study, we tried to assess of the expression of Dick-
kopf-1 in HCC and its clinical significance as a diagnostic 
marker for early detection of HCC.

Our study revealed a higher incidence of HCC in males 
than females (80%and 20% respectively), male: female ra-
tio was 4:1, which was also published by El-Serag and Ru-
dolph, 20073. Serum DKK-1 levels in our cases were signifi-
cantly higher in HCC patients than healthy controls. Yu et 
al., 2009 13, Patil et al., 2005 21 and Yamashita et al., 2008 
22 reported high expression of DKK-1 in HCC. Also Seung 
UP et al 201523 documented that, DKK-1 concentrations 
were significantly higher in all HCC patients than in the 
control group. That elevation of DKK-1 of our patients was 
significant in patients with liver cirrhosis, ascites, vascular 
invasion, thrombosed portal vein and LN metastasis when 
compared to patients without these features. 

In this study, we found that, DKK-1 can be used as a di-
agnostic marker for early detection of HCC, as we assessed 
DKK-1 levels in relation to the diameter and multiplicity of 
the tumor. We found a significant elevation of serum DKK-
1 levels in cases with HCC less than 2 cm in diameter (sin-
gle lesion) when compared to healthy control, and the level 
was increased significantly to be higher among lesions >5 
cm compared to smaller one (<2cm). Patients with multiple 
HCC lesions showed non-significant higher DKK-1 levels 
compared to single one .These results were in line with that 
of Yu et al., 2009 13who reported that there is no correla-
tion between DKK1-positivity and tumor size. On the other 
hand, it was noted that there is correlation between serum 
DKK1 level and a larger tumor size (≥5 cm) and the cor-
relation disappeared when tumor size was less than 5 cm 
20, 24.

Serum DKK-1was assessed in our cases according to BCLC 
staging of HCC, we noticed, significantly increased serum 
DKK-1 levels in patients with BCLC (C-D) than BCLC (A-
B) stage, the same results was reported by Seung UP et 
al., 201523, they found that, DKK-1 levels in BCLC (A-B) 
and TNM I–II patients tended to be lower than BCLC (C-
D) and TNM III–IV patients. Another study by Yang LY et 
al., 200425 found that Dkk-1 was significantly elevated in 
nodular HCC (multiple lesions) with high metastatic po-
tential compared to solitaryHCC. We observed that, DKK1 
noticed to be a good marker in diagnosing early-stage HCC 
in patients with negative AFP, as we found that, AFP was 
increased in 33/50 of patients (66%), while17/50(34%) of 
patients had normal AFP whereas DKK-1 was increased 
in all our patients (100%), and so 34% of studied patients 
with HCC are AFP negative. These results were also noted 
by Shen et al., 2012 20 who reported that serum DKK-1 had 
a high diagnostic accuracy for early-stage HCCs and single 
HCCs ≤2 cm. Furthermore, DKK1 can distinguish HCC pa-
tients from non-malignant chronic liver diseases, as DKK1 
level in HCC patients with cirrhosis was significantly high-
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er than that in patients with cirrhosis alone. Gomceli et al., 
201226 reported that DKK-1 may have an important role in 
patients where AFP levels are negative or equivocal as that 
in chronic liver disease. 

Tao et al., 201327 found that in comparison to serum AFP 
level, which remains the gold standard for HCC diagnosis, 
high serum DKK-1 levels have higher diagnostic value for 
HCC, especially for AFP-negative HCC, and can distin-
guish HCC from non-malignant chronic liver diseases.

Conclusion 
DKK-1 has diagnostic value for HCC better than that of 
AFP, especially for patients with AFP-negative status and 
early-stage HCC. Combination of serum α-fetoprotein with 
serum DKK-1 could further improve the diagnostic accu-
racy in HCC diagnosis. DKK-1 may be a key regulator in 
HCC progression and a promising potential therapeutic 
target for HCC. DKK-1 is one of the trickiest biomarkers 
studied in malignancies, and its exact role in oncogenesis 
and mechanisms underneath remain ambiguous. 
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