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ABSTRACT 

Serum dickkopf-1 (DKK-1) as a biomarker for the diagnosis of 

hepatocellular carcinoma 

 
Seung Up Kim 

 
Department of Medicine  

The Graduate School, Yonsei University  
 

(Directed by Professor Kwang-Hyub Han) 
 

Backgrounds & Aims: Dickkopf-1 (DKK-1) is a Wnt/β-catenin signaling 

pathway inhibitor. We investigated whether DKK-1 is related to progression in 

hepatocellular carcinoma (HCC) cells and HCC patients. 

Methods: In vitro reverse-transcription (RT)-PCR, wound healing assays, and 

invasion assays, and ELISAs of patient serum samples were employed. The 

diagnostic accuracy of the serum DKK-1 ELISA was assessed using receiver 

operating characteristic (ROC) curves and area under ROC (AUC) analyses. 

Results: RT-PCR showed high DKK-1 expression in Hep3B and low in 293 

cells. Similarly, the secreted DKK-1 concentration in the culture media was 

high in Hep3B and low for 293 cells. Wound healing and invasion assay using 

293, Huh7, and Hep3B cells showed that DKK-1 overexpression promoted cell 

migration and invasion, whereas DKK-1 knock-down inhibited them. When 

serum DKK-1 level was assessed in 370 participants (217 with HCC and 153 

without), it was significantly higher in HCC patients than in control groups 
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(median 1.48 vs. 0.90 ng/mL, P<0.001). The optimum DKK-1 cutoff level was 

1.01 ng/mL (AUC=0.829; sensitivity 90.7%; specificity 62.0%). DKK-1 had a 

greater AUC in diagnosing HCC than alpha-fetoprotein (AFP) and 

des-gamma-carboxy prothrombin (DCP) (AUC=0.829 vs. 0.794 and 0.815, 

respectively). When all three biomarkers were combined (DKK-1+AFP+DCP), 

they showed remarkably increased accuracy (AUC=0.952). 

Conclusion: DKK-1 might be a key regulator in HCC progression and a 

potential therapeutic target in HCC. In addition, serum DKK-1 could 

complement the diagnostic accuracy of AFP and DCP. 
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Key words: Dickkopf-1, DKK-1, Hepatocellular carcinoma, Biomarker, Diagnosis, 

Wnt/β-catenin signaling, ELISA 
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I. INTRODUCTION 

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy 

and constitutes over 5% of all cancers.1, 2 Its worldwide incidence is estimated at 

500,000 to 1 million new cases per year.3 The development of HCC has a 

multi-step carcinogenetic process similar to other solid tumors; however, it 

possesses unique risk factors. Hepatitis B (HBV) or C (HCV) virus infection, 

heavy alcohol intake, prolonged dietary exposure to aflatoxin or vinyl chloride, 

and primary hemochromatosis are all associated with HCC development.4 

Patients with HCC usually have at least one of these risk factors and their 

prevalence varies between patients according to their geographical origin.5 This 

HCC manifestation diversity is also found at the genetic and epigenetic level 

and a large number of these alterations have been described in the literature.6 Of 

these, alterations in Wnt/β-catenin signaling have been proved to play a critical 
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role in HCC development.7 Therefore, comprehensive knowledge of the 

Wnt/β-catenin signaling pathway is essential to identify potential endogenous 

molecular targets of novel drugs. 

Secreted Wnt antagonists play important roles in regulating Wnt/β-catenin 

signaling.8-10 Of these, dickkopf-1 (DKK-1), a prototypical member of a 

secreted protein family, has been known as a potent antagonist of Wnt/β-catenin 

signaling.10, 11 DKK-1 acts as an inhibitory ligand of the low-density lipoprotein 

receptor-related protein5/6 (LRP5/6) co-receptors and subsequently blocks their 

interaction with Wnt, resulting in β-catenin degradation.12-14 It has been reported 

that DKK-1 is down-regulated in human colon tumors, indicating that DKK-1 

may act as a tumor suppressor and that high DKK-1 expression indicated 

favorable responses to chemotherapy in brain tumors.15, 16  

Conversely, DKK-1 overexpression was found in human hepatoblastomas, 

Wilms’ tumors, and multiple myelomas.17, 18 In addition, Forget et al. reported 

high DKK-1 expression in 21 out of 73 cases of breast cancer, particularly in 

hormone-resistant breast tumors,19 and several experimental studies have shown 

that DKK-1 was highly expressed in HCC.20, 21 Another study showed that 

DKK-1 expression was significantly higher in specimens with poorer pathologic 

grade and higher 18F-fluorodeoxyglucose positron emission tomography 

(18F-FDG PET) uptake in HCC.22 Furthermore, a recent study reported that 

elevated DKK-1 expression is a critical event in HCC patients, indicating poor 

clinical outcomes, and that DKK-1 is a novel prognostic predictor in these 
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patients.23 All these studies suggest that DKK-1 is associated with tumor growth 

and poor prognosis in some malignant tumors. 

The controversies regarding the molecular and clinical implications of 

DKK-1 molecules remain unresolved. Therefore, in this study we investigated 

the role of DKK-1 in the Wnt/β-catenin signaling pathway using several HCC 

cell lines and compared the diagnostic accuracy of serum DKK-1 to the 

conventional HCC tumor markers, alpha-fetoprotein (AFP) and 

des-gamma-carboxy prothrombin (DCP) in human patients. 
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II. MATERIALS AND METHODS 

1. Cell lines 

Hep3B and 293 cells were grown in modified Eagle’s medium (MEM, GIBCO 

BRL, Grand Island, NY, USA). Huh7 was grown in Dulbecco’s MEM (DMEM, 

GIBCO BRL) supplemented with 10% fetal bovine serum (GIBCO BRL), 2 

mM glutamine, 100 U/ml penicillin and 100 μg/ml streptomycin. All cells were 

cultured at 37 °C in a 5% CO2 atmosphere. 

 

2. Patients and specimens 

All serum samples were collected from Yonsei Liver Blood Bank (YLBB) 

system (approval number, 4-2009-0725), Severance Hospital, Sinchon-dong, 

South Korea. This study was approved by the independent institutional review 

board (IRB) of Severance Hospital and conformed to the 1975 Helsinki 

declaration ethical guidelines.  

Our exclusion criteria were as follows: (1) previous history of anti-HCC 

treatment (n=25), (2) pathological or radiological evidence of mixed 

HCC-cholangiocellular carcinoma (n=5), (3) insufficient clinical data (n=2), and 

(4) insufficient serum samples (n=10). Serum samples from 80 HCC patients 

who underwent surgical resection, 137 HCC patients who received non-surgical 

anti-HCC treatments (chemotherapy, radiotherapy, ablation, and conservative 

care), 67 patients with liver cirrhosis alone, 46 patients with chronic hepatitis 

alone, and 40 healthy subjects with no evidence of viral hepatitis (HBV surface 
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antigen (HBsAg) and HCV antibody negative and normal liver biochemistry) 

were collected between February 2010 and April 2011. 

 

3. Diagnosis and grading of HCC and liver cirrhosis 

HCC diagnosis was made on the following criteria: (1) pathological HCC 

diagnosis for patients who underwent surgical resection or percutaneous biopsy 

or (2) clinical and radiological HCC diagnosis for patients without available 

HCC tissue specimens, based on the guidelines of the American Association for 

the Study of Liver Diseases.24 In the surgical resection cases, 

Tumor-Node-Metastasis (TNM) staging based on the American Joint 

Commission on Cancer (AJCC, 7th edition) was assessed postoperatively.25 

Otherwise, HCC stage was clinically defined according to the Barcelona Clinic 

Liver Cancer (BCLC) staging system.26 For this study, early-stage HCC was 

defined as HCCs with TNM I-II and BCLC A-B. 

Liver cirrhosis was histologically or clinically diagnosed as follows: (1) 

platelet count <100,000/μL and ultrasonographic findings suggestive of 

cirrhosis, including a blunted, nodular liver edge accompanied by splenomegaly 

(>12 cm), (2) esophageal or gastric varices, or (3) overt liver cirrhosis 

complications, including ascites, variceal bleeding, and hepatic 

encephalopathy.27, 28 Liver function was graded according to the Child-Pugh 

classification. 
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4. Microscopic assessment of HCC and background liver histology 

During histological examinations, tumor differentiation was classified according 

to the Edmondson grading system. Microvascular invasion was defined as a 

tumor within the vascular space of a capillary in the tumor capsule or the 

sinusoidal space of a non-tumoral liver that was visible only upon microscopy. 

Portal vein invasion was defined as a tumor within the vascular space of a portal 

vein in the portal tract of a non-tumoral liver that was visible only upon 

microscopy.29 Satellite nodules were defined as HCC nodules that existed in the 

same segment of the main tumor, but remained separated by an interval of 

non-tumoral liver parenchyma.30 Background liver histology was evaluated 

semiquantitatively according to the Batts and Ludwig scoring system.31 Fibrosis 

was staged on a 0 to 4 scale: F0, no fibrosis; F1, portal fibrosis without septa; 

F2, portal fibrosis with a few septa; F3, numerous septa without cirrhosis; and 

F4, cirrhosis. Activity was graded as A0, none; A1, minimal; A2, mild; A3, 

moderate; and A4, severe activity. 

 

5. Reverse transcription-polymerase chain reaction (RT-PCR)  

Total RNA was isolated using an RNeasy kit (Qiagen, Santa Clarita, CA, USA). 

cDNA was synthesized by reverse transcription with 1 μg total RNA, 0.5 μg of 

random hexamers (Promega, Madison, WI, USA), 1.25 mM dNTP 

(Boehringer-Mannheim, Mannheim, Germany), and 200 U Moloney murine 

leukemia virus reverse transcriptase (MMLV-RT, Invitrogen, Carlsbad, CA, 
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USA) in a 20 μl reaction volume. PCR was performed with 3 μl cDNA, 10 pmol 

of the primer sets, 0.25 mM dNTP, and 2 U of Taq polymerase (Perkin-Elmer, 

Norwalk, CT, USA). PCR cycling conditions were as follows: 23–35 cycles of 

denaturation at 94°C for 30 s, annealing at 56–60°C for 30 s, and extension at 

72°C for  30  s .  The  pr imer  sequences  used  were  as  fo l lows:  

DKK-1-forward, 5’-TCACACCAAAGGACAAGAAG-3’;  

DKK-1-reverse, 5’-ATCTTGGACCAGAAGTGTCTAGC-3’; 

β-catenin-forward, 5’-ACAAACTGTTTTGAAAATCCA-3’;  

β-catenin-reverse, 5’-CGAGTCATTGCATACTGTCC-3’;  

GAPDH-forward, 5’-GCACTCAGGCTGAGAAC-3’; 

GAPDH-reverse, 5’-GGTGAAGACGCCAGTGGA-3’.  

PCR products were analyzed by agarose gel electrophoresis. 

 

6. Luciferase assay 

To evaluate T-cell factor (TCF)-4/β-catenin transcriptional activity, the 

luciferase reporter assay was performed using the luciferase reporter constructs, 

TOPflash and FOP flash. TOPflash contains three copies of the TCF-4 binding 

site and FOPflash contains mutated TCF-4 binding sites. Hep3B and 293 cells 

were cultured to 70% confluence in 24-well plates. Then, TOPflash and 

FOPflash plasmids were transfected using Fugene HD Reagent (Promega) 

according to the manufacturer’s instructions. Following transfection, the 

luciferase activity was determined using the dual-luciferase reporter assay 



10 

 

system (Promega). All luciferase activities were normalized to renilla luciferase 

activity (internal control) using a luminometer (Centro XS3 LB960, 

Berthold.Tec, Bad Wildbad, Germany). Luciferase assay data from three 

independent experiments were analyzed. 

 

7. DKK-1 over-expression and knock-down 

For DKK-1 overexpression, 293 and Huh7 cells were transfected either with 

pcDNA3.1-Luciferase (control) or the same vector containing the DKK-1 

coding sequence. Briefly, cells were seeded into plates and grown for 24 h until 

they reached 50-60% confluence, followed by transfection with the DKK-1 or 

control vector using the Fugene HD transfection reagent. DKK-1 

overexpression was confirmed using ELISA (R&D Systems, Minneapolis, MN, 

USA). Small interfering RNA (siRNA) were transfected when the cells reached 

70% confluence. The DKK-1 siRNAs (siDKK-1, NM012242) and GFP siRNA 

(siGFP, SP-2011) were purchased from Bioneer (Daejeon, Korea). Experiments 

were conducted using Fugene HD transfection reagent and 100 nM siRNA. The 

DKK-1 knockdown was confirmed using ELISA and measured at 450 nm using 

a spectrophotometric microplate reader (Molecular Devices, Toronto, Canada). 

 

8. Wound healing and invasion assays 

For the wound healing assay, Huh7 or 293 cells were seeded into 35 mm dishes 

(Corning, NY, USA). Once the cells reached 100% confluence, wound healing 
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assays were performed by scratching a sterile pipette tip through the confluent 

monolayer. The cells were then washed and, cultured for another 24 h before 

microscopic observation (Olympus America, Melville, NY, USA) at 40x 

magnification. The wound healing assay was performed in triplicate. 

For the trans-well invasion assay, 1×105 Huh7 cells in serum-free medium 

were placed into the upper chamber of the trans-well insert (Corning Costar, 

Cambridge, MA, USA) with Matrigel (BD Biosciences, San Jose, MA, USA). 

After 24 h of incubation at 37°C, the cells in the upper chamber and membrane 

were removed, the remaining cells stained with hematoxylin (Dako, Carpinteria, 

CA, USA) and eosin (Sigma, ST. Louis, MO, USA), and the number of cells 

adhering to the lower membrane of the inserts was counted. For each 

experiment group, the invasion assay was performed in triplicate. Three 

randomly selected fields in each replicate were chosen for cell number 

quantification. 

 

9. Cell growth assay 

Cell growth in Huh7 cells was analyzed using the 3 - (4,5-dimethylthiazol-2-yl) 

- 2, 5 - diphenyltetrazolium bromide (MTT) assay. Briefly, cells were seeded 

into a 96-well plate, left overnight to adhere, and treated with siDKK-1. 

Following treatment, 50 μl of MTT solution (2 mg/ml in PBS) was added to 

each well and incubated for 4 h at 37°C. The supernatant was discarded and 150 

μl dimethylsulfoxide (DMSO, Sigma) was added. The plates were agitated until 
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the crystals dissolved. Reduced MTT was measured spectrophotometrically at 

595 nm in a beam microplate reader (Molecular Devices). 

 

10. Serum sample analysis 

Peripheral blood samples collected into anticoagulant-free tubes were 

centrifuged and stored at –70°C prior to testing. An experienced researcher at 

Severance Hospital performed the assays for serum DKK-1. This individual had 

no access to patients’ clinical information. ELISA (R&D Systems) was 

performed according to the manufacturer’s recommendations. Briefly, 96-well 

Nunc-Immunomicrotitre plates with a MaxiSorp surface (NalgeNunc, Penfield, 

NY, USA) were coated with the DKK-1 monoclonal antibody supplied with the 

kit and incubated at 4°C overnight. The reaction was blocked with 1% bovine 

serum albumin. Sera, diluted with 10% neonatal calf serum, were incubated for 

2 h at 37°C. The biotinylated goat anti-human DKK-1detection antibody was 

incubated for 2 h at 37°C, followed by streptavidin-horseradish peroxidase for 

20 min. Colour development was initiated with 3,3,5,5-tetramethylbenzidine 

and hydrogen peroxide followed by 1 M sulphuric acid to stop the reaction. The 

optical density was measured at 450 nm and referenced to 570 nm on a Synergy 

2 multimode platereader (Biotek, Winooski, VT, USA). The DKK-1 

concentrations were obtained with a four-parameter logistic curve fitted against 

a standard curve and multiplied by the dilution factor. When the DKK-1 

concentration was less than 0.03 ng/mL (the lower limit of the standard curve), 
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the value was defined as zero. All measurements were performed in triplicate. 

  AFP concentrations were measured by a UniCel DxI 800 

Accessimmunoanalyzer (Beckman Coulter, Inc, Fullerton, CA). Serum DCP 

concentrations were measured using two different assays: the commercially 

available EIA (Haicatch PIVKA-II, Eisai Co., Ltd., Tokyo, Japan) and a 

Lumipulse G1200 autoanalyzer (Fujirebioinc., Tokyo, Japan) according to the 

manufacturers' instructions. All AFP and DCP measurements were performed in 

triplicate.  

 

11. Statistical analyses 

Data are expressed as the mean ± SD, median (range), or n (%) where 

appropriate. The statistical significance of differences between continuous and 

categorical variables was examined using the Student’s t-test or Mann-Whitney 

test and the chi-squared test or Fisher’s exact test, when appropriate. Receiver 

operating characteristics (ROC) curves were constructed to assess sensitivity, 

specificity, and respective areas under the curves (AUCs) with a 95% 

confidence interval (CI). The optimum diagnosis cutoff value was calculated to 

maximize the sum of sensitivity and specificity, and to minimize overall error. 

To determine the diagnostic accuracy of DKK-1, AFP, and DCP measurements, 

we estimated the combined marker functions by binary logistic regression. The 

function values were used as one marker and subjected to ROC analysis. To 

assess whether the DKK-1, AFP, and DCP combination marker was better than 
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the individual biomarker, we created a new variable predicted probability (p) for 

HCC on the basis of a binary logistic regression equation. The correlation 

between DKK-1 serum concentrations and clinic-pathological characteristics 

was analyzed with a Spearman’s rank correlation test. All statistical analyses 

were assessed using the Statistical Package for Social Science (SPSS version 

20.0, Armonk, NY, USA). A P value<0.05 was considered statistically 

significant. 
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III. RESULTS 

1. DKK-1 expression in Hep3B, Huh7, and 293 cells 

To determine the DKK-1 expression in HCC cells, RT-PCR and ELISA were 

performed in Hep3B and Huh7 cells with 293 cells as a negative control. 

RT-PCR analysis showed high DKK-1 mRNA expression in Hep3B cells and 

low in 293 cells (Fig. 1A). Consistent with these findings, the secreted DKK-1 

concentration in the culture media was high in Hep3B cells, moderate in Huh7 

cells, and low in 293 cells (Fig. 1B). Luciferase assays revealed that β-catenin 

transcriptional activity increased significantly in 293 cells (approximately 

2.5-fold) following DKK-1 overexpression. However, in Hep3B cells the 

activity remained comparable between mock and DKK-1 overexpression (Fig. 

1C). 
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Figure 1. DKK-1 expression in Hep3B, Huh7, and 293 cells. (A) RT-PCR analysis 

showed high DKK-1 mRNA expression in Hep3B cells, low in 293 cells, and none in 

the negative control (distilled water). (B) The secreted DKK-1 concentration in the 

culture media, determined by ELISA, was high in Hep3B cells, moderate in Huh7 cells, 

and low in 293 cells. (C) Following DKK-1 transfection, luciferase assays revealed that 

the β-catenin transcriptional activity was induced in 293 cells. 
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2. DKK-1 effects on wound healing and invasivity 

To investigate the effect of DKK-1 on cell migration and invasion capability, 

DKK-1 was overexpressed or knock-downed in 293 or Huh7 cells, with low or 

moderate DKK-1 secretion levels, respectively.  

Wound healing assays showed that DKK-1 overexpression efficiently 

promoted migration of 293 cells (Fig. 2A), whereas DKK-1 knock-down 

significantly inhibited Huh7 cell migration (Fig. 2B) compared with mock 

controls. Similarly, invasion assays using Huh7 cells showed that DKK-1 

overexpression promoted invasion, whereas DKK-1 knock-down inhibited 

invasion (Fig. 2C). MTT assays showed that the DKK-1 knock-down 

significantly inhibit Huh7 cell growth after 48 h and the amount of secreted 

DKK-1 significantly decreased (Fig. 3A and 3B). 
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Figure 2. DKK-1 promotes cell migration and invasion. (A) DKK-1 overexpression 

promoted 293 cell migration in wound healing assays. (B) DKK-1 knock-down 

inhibited Huh7 cell migration in wound healing assays. (C) DKK-1 overexpression 

promoted Huh7 cell invasion, whereas DKK-1 knock-down inhibited it in invasion 

assays.  
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Figure 3. Knock-down of DKK-1 inhibits cell growth. (A) DKK-1 knock-down in 

Huh7 cells, decreased the amount of secreted DKK-1 after 48 h, determined by ELISA. 

(B) DKK-1 knock-down inhibited Huh7 cell growth after 48 h, determined by MTT 

assays. 
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3. Baseline study population characteristics 

Baseline study population characteristics are described in Table 1. The age and 

proportion of male participants were statistically similar between HCC patients 

and controls (P>0.05). However, some factors were significantly higher in HCC 

patients when compared with controls, including the alanine aminotransferase 

level (mean 54.6 vs. 32.3 IU/L), the proportion of patients with liver cirrhosis 

(76.4 vs. 43.8%), and HBsAg positivity (85.3 vs. 59.9%) (all P<0.05).  
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Table 1. Baseline study population characteristics 

  
Controls  
(n=153) 

Patients with HCC 
(n=217) 

P value 

Age, yr 52.9 ± 13.9 53.7 ± 9.0 ns 

Male gender 98 (64.0) 150 (69.1) ns 

Liver cirrhosis 67 (43.8) 165 (76.4) <0.001 

HBsAg positive 91 (59.9) 182 (85.3) <0.001 

Alanine aminotransferase, IU/L 32.3 ± 27.7 54.6 ± 109.1 0.004 

Variables are expressed as mean ± SD or n (%). 
HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; ns, not 
significant. 
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4. Serum DKK-1 levels in HCC patients and controls 

To compare serum DKK-1 levels, the DKK-1 concentration was measured 

using a commercially available ELISA kit (Fig. 4). Serum DKK-1 

concentrations were significantly higher in all HCC patients (patients who 

underwent surgical resection [n=80] and those who were treated with other 

modalities [n=137]; total n=217; median 1.48 [range 0.03-8.88] ng/mL) than in 

the three control groups (healthy subjects [n=40], patients with chronic hepatitis 

[n=46], and those with liver cirrhosis [n=67]; total n=153; median 0.85 [range 

0.01-2.92]; P<0.001). Among three control groups, DKK-1 levels were 

statistically similar (median 0.90 [range 0.01-1.91] ng/mL in healthy subjects vs. 

0.72 [range 0.05-2.03] ng/mL in chronic hepatitis patients vs. 0.81 [range 

0.01-2.92] ng/mL in liver cirrhosis patients; all P>0.05). 

We also measured serum AFP and DCP concentration. Similar to the 

DKK-1 results, AFP and DCP levels were significantly higher in HCC patients 

than in the control groups (median 39.1 vs. 3.3 ng/mL, P=0.011 and 129 vs. 22 

mAU/mL, P=0.001 for AFP and DCP, respectively) (Table 2). 
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Figure 4. Serum DKK-1 concentration. Serum DKK-1 concentrations were 

significantly higher in HCC patients that all the control groups.  
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Table 2. DKK-1, AFP, and DCP levels in the study population 

Biomarkers 

Controls 
Patients with 

HCC 
P value

TNM staging BCLC staging 

TNM I-II TNM III-IV P value P value BCLC A-B BCLC C-D P value P value 

(n=153) (n=217) 
(control 

vs. 
HCC) 

(n=144) (n=73) 
(control 
vs. TNM 

I-II) 

(TNM 
I-II vs. 
III-IV)

(n=146) (n=71) 
(control 

vs. BCLC 
A-B) 

(BCLC 
A-B vs. 

C-D) 

DKK-1 
0.85  

(0.01-2.92)
1.48  

(0.03-8.88) 
<0.001

1.37  
(0.03 
-7.53) 

1.66  
(0.04-8.88) 

<0.001 0.093 
1.36  

(0.03-7.53)

1.73  
(0.04 

-0-8.88) 
<0.001 0.014 

AFP 
3.3  

(0.5-219.1)
39.1 

(0.5-76,5316.7)
0.011 

30.8  
(0.9 

-765316.7)

46.4  
(0.5-217,58

0.2) 
0.038 0.516 

46.35  
(0.5-217,58

0.20) 

27.9  
(0.9 

-765,319.7)
0.046 0.690 

DCP 
22  

(8-211) 
129  

(8-75,000) 
0.001 

61  
(8-7,160) 

1,112  
(11-75,000) 

0.001 0.009 
64  

(8-12,408)

579  
(11 

-75,000) 
<0.001 0.019 

Variables are expressed as median (range). 

DKK-1, dickkopf-1; AFP, alpha-fetoprotein; DCP, des-gamma-carboxy prothrombin; HCC, hepatocellular carcinoma. 
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5. Serum DKK-1 levels according to tumor stage 

To investigate the correlation between serum DKK-1 concentration and HCC 

progression, patients with HCC were classified according to TNM and BCLC 

staging. The serum DKK-1 levels of HCC patients according to tumor stage are 

shown in Table 2 and Fig. 4. The HCC patients were stratified into early- and 

advanced-stage HCC (TNM I-II [n=144] vs. III-IV [n=73]). DKK-1 levels in 

TNM I-II patients tended to be lower than TNM III-IV patients (median 1.37 vs. 

1.66 ng/mL; P=0.093). DCP levels were significantly lower (median 61 vs. 

1112 mAU/mL; P=0.009), whereas AFP levels were statistically similar 

(median 30.8 vs. 46.4 ng/mL; P=0.516). When the BCLC staging system was 

applied, DKK-1 levels were significantly lower in BCLC A-B patients (n=146) 

than in BCLC C-D patients (n=71) (median 1.36 vs. 1.73 ng/mL; P=0.014). 

DCP level was significantly lower (median 64 vs. 579 mAU/mL; P=0.019), 

whereas AFP was not statistically significant (median 46.35 vs. 27.9ng/mL; 

P=0.690). 

    When compared to controls (median 0.90 ng/mL), DKK-1 level in 

early-stage HCC patients graded TNM I-II and BCLC A-B were significantly 

higher (median 1.37 and 1.36 ng/mL, respectively; all P<0.001). Similarly, AFP 

and DCP levels were significantly different between controls and TNM I-II 

(P=0.038 and P<0.001) and BCLC A-B stage patients (P=0.046 and P<0.001) 

(Table 2). 
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6. Diagnostic accuracy of DKK-1, AFP, and DCP 

The optimum DKK-1 cutoff value was calculated as 1.01 ng/mL (AUC=0.829; 95% CI, 

0.784-0.875; sensitivity, 90.7%; specificity, 62.0%), AFP was 7.5ng/mL (AUC=0.794; 

95% CI, 0.746-0.841; sensitivity, 69.3%; specificity, 87.6%), and DCP was 40.5 

mAU/mL (AUC=0.815; 95% CI, 0.771-0.859; sensitivity, 66.5%; specificity, 93.4%), 

respectively. The AFP and DCP cutoff values were similar to our institution’s 

recommended clinical cutoff value (10 ng/mL and 35 mAU/mL, respectively). For ease 

of interpretation, we adopted 1.00 ng/mL (sensitivity and specificity identical to 1.01 

ng/mL), 10 ng/mL (sensitivity, 65.1% and specificity, 89.8%), and 40 mAU/mL 

(sensitivity and specificity identical to 40.5 mAU/mL) as the DKK-1, AFP, and DCP 

cutoff values, respectively. 

The diagnostic indices and corresponding ROC curves using these cutoff values 

are shown in Table 3 and Fig. 5. In the differential diagnostic accuracy assessment, 

DKK-1 had a greater AUC for identifying HCC from the controls than AFP and DCP 

(AUC=0.829 vs. 0.794 and 0.815, respectively) (Table 3 and Fig. 5A). Because DKK-1, 

AFP, and DCP had no statistical correlations (all P>0.05 by Pearson correlation 

analysis), we combined these tumor markers to determine whether the diagnostic 

accuracy could be enhanced. Although the accuracy of DKK-1+AFP or DKK-1+DCP 

was moderately higher when compared to DKK-1 alone (AUC=0.901 and 0.927 vs. 

0.829, respectively), the accuracy of DKK-1+AFP+DCP increased remarkably 

(AUC=0.952) (Table 3 and Fig. 5A). When healthy subjects were excluded from the 

controls, similar findings were observed (Table 3 and Fig. 5B). 

When identifying patients with early-stage HCC from the controls, serum DKK-1 

showed a higher AUC than AFP and DCP (AUC=0.818 vs. 0.772 and 0.777 for TNM 
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I-II; AUC=0.811 vs. 0.772 and 0.783 for BCLC A-B, respectively) (Table 4, Fig. 6A and 

6B). When the biomarkers were combined, the triple combination, DKK-1+AFP+DCP, 

showed the best accuracy (AUC=0.939 for TNM and 0.940 for BCLC, respectively) 

(Table 4, Fig. 6A and 6B). Following exclusion of healthy subjects from the controls, 

similar findings were observed (Table 4, Fig. 6C and 6D). 
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Table 3. Diagnostic accuracy of DKK-1, AFP, and DCP in diagnosing HCC 

  AUC 95% CI Sensitivity (%) Specificity (%) PPV (%) NPV (%) +LR -LR 

HCC vs. all controls 
   DKK-1 0.829 0.784-0.875 89.4  63.1  82.6  75.3  2.42  0.17 

   AFP 0.794 0.746-0.841 65.0  89.5  89.8  64.3  6.21  0.39 

   DCP 0.815 0.771-0.859 66.5  93.5  94.1  64.4  10.27 0.36 

   DKK-1 + AFP 0.901 0.869-0.933 88.9  76.2  84.3  82.7  3.73  0.15 

   DKK-1 + DCP 0.927 0.902-0.952 81.4  90.5  93.1  75.6  8.58  0.21 

   DKK-1 + AFP + DCP 0.952 0.933-0.971 87.9  90.5  93.6  82.7  9.26  0.13 

HCC vs. all controls except healthy subjects
   DKK-1 0.825 0.771-0.878 89.4  62.9  77.6  80.5  2.41  0.17 

   AFP 0.779 0.729-0.829 65.0  85.8  89.8  56.1  4.59  0.41 

   DCP 0.806 0.760-0.853 66.5  91.9  94.7  55.8  8.23  0.36 

   DKK-1 + AFP 0.892 0.854-0.930 88.9  74.8  87.3  77.6  3.53  0.15 

   DKK-1 + DCP 0.924 0.895-0.952 80.5  89.7  94.5  67.4  7.81  0.22 

   DKK-1 + AFP + DCP 0.948 0.926-0.970 87.9  88.7  94.5  76.8  7.75  0.14 
DKK-1, dickkopf-1; HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; DCP, des-gamma-carboxy prothrombin; AUC, area under 
receiver operating characteristic curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; LR, 
likelihood ratio. 
The optimum predicted probabilities of DKK-1, AFP, DCP, and their combination were derived from their respective ROC curves by 
maximizing the sum of sensitivity and specificity and minimizing the overall error. 
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Table 4. Diagnostic accuracy of DKK-1, AFP, and DCP in diagnosing early-stage HCC 
  AUC 95% CI Sensitivity (%) Specificity (%) PPV (%) NPV (%) +LR -LR 
Early-stage HCC (TNM I-II) vs. all controls 
   DKK-1 0.818 0.768-0.868 89.0  62.9  69.7  85.6  2.40 0.18  
   AFP 0.772 0.714-.830 61.8  89.5  84.8  71.4  5.91 0.43  
   DCP 0.777 0.721-0.833 59.2  93.5  90.3  69.1  9.14 0.44  
   DKK-1 + AFP 0.893 0.857-0.928 86.2  76.2  77.6  85.2  3.62 0.18  
   DKK-1 + DCP 0.908 0.876-0.941 76.2  90.5  89.3  78.5  8.03 0.26  
   DKK-1 + AFP + DCP 0.939 0.913-0.964 84.6  90.5  90.3  84.9  8.92 0.17  
Early-stage HCC (BCLC A-B) vs. all controls
   DKK-1 0.811 0.760-0.862 85.0  62.9  69.1  81.2  2.29 0.24  
   AFP 0.772 0.714-0.830 61.6  89.5  84.9  71.0  5.89 0.43  
   DCP 0.783 0.728-0.838 60.4  93.5  90.6  69.5  9.33 0.42  
   DKK-1 + AFP 0.891 0.855-0.927 83.7  76.2  77.4  82.7  3.51 0.21  
   DKK-1 + DCP 0.910 0.878-0.942 75.9  90.5  89.4  78.0  7.99 0.27  
   DKK-1 + AFP + DCP 0.940 0.915-0.965 84.1  90.5  90.4  84.4  8.87 0.18  
Early-stage HCC (TNM I-II) vs. all controls except healthy subjects
   DKK-1 0.818 0.768-0.868 89.0  63.1  75.9  81.4  2.41 0.17  
   AFP 0.772 0.714-0.830 61.4  85.8  84.8  63.4  4.33 0.45  
   DCP 0.777 0.721-0.833 59.2  91.9  91.3  61.1  7.32 0.44  
   DKK-1 + AFP 0.893 0.857-0.928 85.5  75.7  82.1  80.0  3.52 0.19  
   DKK-1 + DCP 0.908 0.876-0.941 76.2  8.7  90.8  71.7  6.72 0.27  
   DKK-1 + AFP + DCP 0.939 0.913-0.964 84.6  88.7  91.7  79.6  7.46 0.17  
Early-stage HCC by (BCLC A-B) vs. all controls except healthy subjects 
   DKK-1 0.811 0.760-0.862 85.0  63.1  75.3  76.1  2.30 0.24  
   AFP 0.772 0.714-0.830 61.6  85.8  84.9  63.4  4.35 0.45  
   DCP 0.783 0.728-0.838 60.4  91.9  91.6  61.5  7.48 0.43  
   DKK-1 + AFP 0.891 0.855-0.927 83.0  75.7  81.9  77.1  6.41 0.22  
   DKK-1 + DCP 0.910 0.878-0.942 75.9  88.7  90.9  71.1  6.69 0.27  
   DKK-1 + AFP + DCP 0.940 0.915-0.965 84.1  88.7  91.7  78.9  7.42 0.18  
DKK-1, dickkopf-1; HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; DCP, des-gamma-carboxy prothrombin; AUC, area under receiver operating 
characteristic curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio; TNM, 
Tumor-Node-Metastasis; BCLC, Barcelona Clinic Liver Cancer. 
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Figure 5. ROC curves of DKK-1, AFP, DCP, and their combinations in 

diagnosing HCC. (A) ROC curves for HCC patients versus all control groups. 

DKK-1 diagnosed HCC better than AFP and DCP. The combination of three 

markers (DKK-1, AFP, and DCP) achieved the best accuracy. (B) ROC curves 

for HCC patients versus all control groups with a risk of HCC. DKK-1 

diagnosed HCC better than AFP and DCP. The combination of three markers 

(DKK-1, AFP, and DCP) achieved the best accuracy. 
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Figure 6. ROC curves of DKK-1, AFP, DCP, and their combinations in 

diagnosing early-stage HCC. (A) ROC curves for patients with early-stage HCC 

(TNM I-II) versus all control groups. (B) ROC curves for patients with 

early-stage HCC (TNM I-II) versus all control groups at risk of HCC. (C) ROC 

curves for patients with early-stage HCC (BCLC A-B) versus all control groups. 

(D) ROC curves for patients with early-stage HCC (BCLC C-D) versus all 

control groups at risk of HCC. In all the sub-group analysis, the combination of 

three markers (DKK-1, AFP, and DCP) achieved the best accuracy. 



32 

 

7. Correlation between DKK-1 and microscopic HCC findings 

When correlation analysis between DKK-1 and microscopic HCC characteristics was 

performed using Spearman’s method, DKK-1 showed a significant correlation with 

necroinflammatory activity (coefficient 0.232, P=0.040) and a borderline statistical 

correlation to satellite nodules (coefficient 0.203, P=0.072) (Table 5). In contrast, 

microvessel invasion, Edmonson grade, fibrosis, tumor size, and tumor number were 

not significantly correlated to DKK-1 levels (all P>0.05) 
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Table 5. Correlation of DKK-1 with other microscopic characteristics of HCC (n=80) 

  Coefficient P value 

Activity 0.232 0.040  

Satellite nodule 0.203 0.072  

Microvessel invasion -0.148 0.195  

Edmonson grade -0.113 0.320  

Fibrosis 0.093 0.414  

Total size 0.082 0.472  

Maximal size 0.053 0.641  

Number, single vs. multiple -0.052 0.640  

DKK-1, dickkopf-1; HCC, hepatocellular carcinoma.  
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8. Diagnostic performance of DKK-1 in subgroups 

For the 173 patients with a single HCC (≤5cm), the diagnostic performance of DKK-1in 

identifying HCC from controls was better than AFP and DCP (AUC=0.781; 95% CI, 

0.708-0.853 vs. AUC=0.744; 95% CI, 0.668-0.820 for AFP and AUC=0.763; 95% CI, 

0.691-0.835 for DCP). In addition, the triple marker combination showed the best 

accuracy (AUC=0.923; 95% CI, 0.886-0.961). When patients with HBV-related chronic 

liver disease were selected (n=273), the diagnostic performance of DCP in identifying 

HCC from controls was better than DKK-1 and AFP (AUC=0.814; 95% CI, 0.764-0.864 

vs. AUC=0.802; 95% CI, 0.737-0.866 for DKK-1 and AUC=0.772; 95% CI, 

0.715-0.828 for AFP). Additionally, the triple marker combination showed the highest 

accuracy (AUC=0.942; 95% CI, 0.916-0.968). 

Following exclusion of 40 healthy subjects from the controls, similar findings were 

observed. DKK-1 was more accurate than AFP and DCP in diagnosing single HCC 

(≤5cm) (AUC=0.781; 95% CI, 0.708-0.853 vs. AUC=0.744; 95% CI, 0.668-0.820 for 

AFP and AUC=0.763; 95% CI, 0.691-0.835 for DCP), whereas DCP was more accurate 

than DKK-1 and AFP in diagnosing HBV-related HCC (AUC=0.814; 95% CI, 

0.764-0.864 vs. AUC=0.802; 95% CI, 0.737-0.866 for DKK-1 and AUC=0.772; 95% 

CI, 0.715-0.828 for AFP). The triple marker combination showed the best accuracy in 

diagnosing single HCC (≤5cm) (AUC=0.896; 95% CI, 0.848-0.944) and HBV-related 

HCC (AUC=0.942; 95% CI, 0.916-0.968). 
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IV. DISCUSSION 

The survival of HCC patients has improved through tremendous advances in 

surgical techniques and perioperative management; however, the mortality rate 

is still high. This is primarily due to delayed diagnosis, lack of effective 

therapies, and frequent recurrence and metastasis. Early HCC detection gives 

the opportunity to employ curative treatments such as liver transplantation, 

resection, or local ablative therapy, which are the best way to prolong survival.32 

Although serum AFP and ultrasound have been widely used for HCC diagnosis 

and surveillance, approximately 30-40% of HCC patients are serum 

AFP-negative and ultrasound detection accuracy for HCC is suboptimal.33 As a 

result, the widespread use of serum AFP and ultrasound for HCC surveillance 

has been continuously questioned. 

Because current diagnostic methods are insufficient, it is important to 

identify novel serum biomarkers with high diagnostic accuracy to detect and 

screen early-stage cancers.33 DKK-1 has recently been recognized as a novel 

biomarker for HCC.23 Conventionally, DKK-1 is known as a secreted 

glycoprotein with a crucial role in limb and head development in Xenopus 

embryos, and as an upstream regulator of TCF/β-catenin that forms a negative 

feedback loop in the canonical Wnt signaling pathway, favoring appropriate cell 

growth.10, 34 In normal tissues DKK-1 is hardly expressed, except in placenta 

and embryonic tissues.35 Paradoxically, DKK-1 has been shown to secrete from 

some tumor into blood stream, suggesting that serum DKK-1 may be a useful 
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biomarker for numerous cancers including HCC.36-39 Serum DKK-1 is an 

advantageous biomarker because it is non-invasiveness, has a simple detection 

protocol, and is inexpensive to quantify.40 Therefore, integration of serum 

DKK-1 along with serum AFP and sonographic findings may improve and 

optimize diagnostic work-ups and surveillance strategies for HCC.39 

Recently, Yu et al.23 found that DKK-1 expression level was associated 

with β-catenin staining pattern in HCC cell lines and that DKK-1 

overexpression correlated with β-catenin cytoplasmic/nuclear accumulation in 

clinical HCC samples. In addition, high DKK-1 expression was an independent 

unfavorable predictor for overall and disease-free survival in HCC patients who 

underwent surgical resection. Our study supports these observations. Hep3B 

cells showed high DKK-1 mRNA expression and protein secretion. Additionally, 

DKK-1 overexpression raised TCF/β-catenin transcriptional activity and 

promoted migration of 293 cells. DKK-1 overexpression promoted invasion, 

whereas DKK-1 knock-down inhibited cell growth, migration, protein secretion, 

and invasion in Huh7 cells. These results indicate that DKK-1 expression has a 

significant positive association with HCC progression and metastatic potential. 

Miao et al.41 also observed the similar influence of DKK-1 on 293 cells. 

However, in another study, DKK-1 did not increase cellular invasiveness of 

SNU475 cells.42 The authors also found that DKK-1 did not affect 

invasion-associated proteases such as matrix metalloprotease-2 (MMP-2) that 

acts on collagen type IV, a major component of the Matrigel matrix and that 
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MMP-2 levels were unaffected by DKK-1 expression in RT-PCR analysis.42 

Given these results, we can hypothesize that the ability of DKK-1 to inhibit Wnt 

signaling appears to be abrogated in HCC, most likely due to genetic alterations 

disrupting the central multi-protein complex that controls β-catenin stability. 

However, the exact role of DKK-1 in migration and invasion is unclear and the 

molecular mechanism of this controversial phenomenon needs to be further 

explored. 

Another recent, large-scale, multicenter study concluded that the sensitivity 

and specificity of serum DKK-1 were satisfactory for diagnosing HCC, 

including early-stage disease and in AFP-negative patients.39 In this study 

DKK-1 could distinguish HCC from non-malignant chronic hepatitis or 

cirrhosis, particularly in AFP-positive patients, indicating the potential of 

DKK-1 as a serum biomarker for HCC. The diagnostic accuracy of DKK-1, 

AFP, and the DKK-1+AFP combination was similar to our findings. In our 

study, the AUC of DKK-1 is higher (AUC 0.825-0.829) than AFP and DCP. 

However, when DCP, a biomarker widely used in Eastern Asia,43 was combined 

with DKK-1 and AFP simultaneously, the diagnostic accuracy of HCC 

increased significantly with an overall AUC of approximately 0.95 and an AUC 

of 0.94 for early-stage HCC. However, the calculated DKK-1 cutoff value in 

our study was much lower (1.01 vs. 2.153 ng/mL).39 The exact reason for the 

DKK-1 cutoff value difference in unclear. It may be attributed to the 

heterogeneity in carcinogenetic mechanisms according to the etiology of 
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chronic liver diseases of our study population. Therefore, further study is 

required to establish an optimal DKK-1 cutoff value. 

In our study and in Shen et al,39 serum DKK-1 levels were statistically 

similar among control groups regardless of the presence of cirrhosis. A study by 

Tung et al.44 also showed statistically similar serum DKK-1 levels between 

controls with and without cirrhosis; however, the DKK-1 transcript level was 

significantly higher in patients with cirrhosis than patients with chronic hepatitis. 

Further studies are needed to address the discrepancy in DKK-1 serum and 

transcript levels according to the presence of liver cirrhosis. However, it can be 

assumed that DKK-1 transcript level may be correlated to the degree of fibrotic 

burden, which is an important risk factor for HCC development. This is in 

contrast to serum DKK-1 levels, which are influenced by apparent HCC 

development rather than high fibrotic burden, an HCC risk factor. Indeed, there 

was no correlation between serumDKK-1 level and fibrosis stage in our study. 

This might indicate that DKK-1 secretion into the blood stream could be 

initiated upon hepatocyte tumorigenic transformation and that hepatocytes with 

external stressors favoring HCC development, such as high background fibrotic 

burden, still can control DKK-1 secretion despite the high DKK-1 transcript 

levels. As seen in our study and others, this phenomenon might enable the 

diagnosis of early-stage HCC even in the presence of confounding influences 

such as liver cirrhosis.39 Preferential early-stage DKK-1 overexpression has 

already been reported in prostate cancer,45 which further supports this 
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hypothesis. However, there was a significant correlation between DKK-1 level 

and necroinflammatory activity in our study. The potential influence of 

necroinflammatory activity should be investigated further and, if necessary, 

compensated for to enhance the accuracy of serum DKK-1 in diagnosing HCC. 

Tao et al.46 showed that elevated DKK-1 transcript levels in human HCC 

tissues were significantly correlated with the presence of tumor nodules, 

Edmondson-Steiner grade, and the presence of vascular invasion. Another study 

found that high DKK-1 transcript levels were significantly correlated with 

venous invasion.44 These data indicate the involvement of DKK-1 

overexpression in HCC tissues in HCC invasion and metastasis. However, in 

our study serum DKK-1 levels only showed a borderline statistical correlation 

with satellite nodules (P=0.072) and no correlation with Edmondson-Steiner 

grade or vascular invasion. This may be due to the limited number of patient 

samples with available histological information (n=90). When we consider that 

no macroscopic vascular invasion was identified in any of our study participants 

prior to surgical resection, the influence of DKK-1 overexpression on vascular 

invasion might have been underestimated. However, because no significant 

correlation between serum DKK-1 level and venous invasion was observed in 

the study by Tao et al.,46 it should be confirmed whether the serum DKK-1, 

rather than the DKK-1 transcript levels, reflect the invasive and metastatic 

potential of HCC. Interestingly, in the study by Tung et al.,44 tumors with 

DKK-1 expression, established by injection of PLC/PRF/5 HCC cells into mice, 
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showed an increased microvessel density score. Another study showed that 

DKK-1 mediated endothelial cell activation by suppressing the Wnt/β-catenin 

pathway.47 In this study, using an in vivo microvascular remodeling animal 

model, DKK-1 significantly increased vascular density and vessel diameter in 

adult rats. This indicates that DKK-1 may play a role in microvascular 

remodeling and tumor angiogenesis activation, and may account for 

DKK-1-mediated cancer growth promotion in vivo. Similarly, it has been 

reported that DKK-1 promotes angiogenic and cartilaginous degradation in 

synovial fibroblasts, accelerating synovial angiogenesis and cartilage 

destruction. These data indicate that DKK-1 could be a new therapeutic target 

for future cancer treatment. A molecular-targeted agent similar to sorafenib, 

which suppresses tumor growth and angiogenesis by inhibiting the 

Raf/MEK/ERK signaling pathway and receptor tyrosine kinases,48 could 

potentially be developed. Based on this concept, a very recent study 

demonstrated that an anti-DKK-1 monoclonal antibody suppressed cell invasion 

and growth in the lung cancer cell line A549.36 This supports the hypothesis that 

an anti-DKK-1 monoclonal antibody could prevent HCC metastasis and 

recurrence. 

There are several issues that remain unresolved in our study. First, the 

HCC diagnosis obtained in our study was not completely based on 

histopathology. Although histopathology remains the gold standard for HCC 

diagnosis and evaluation, it is difficult to conduct in large populations. 
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Ultrasonography and radiological examinations remain the most common 

approach to diagnosing HCC in clinical practices. Similarly, an in-depth 

correlation analysis between DKK-1 level, HCC histological features, and 

surrounding normal liver parenchyma was not feasible. Second, our study 

participants were all native Korean and HBV was the most common etiology, 

which may limit the generalization of our findings to other ethnicities and 

chronic liver disease etiologies. Third, the cross-sectional nature of our study is 

another limitation. Although DKK-1 expression in HCC tissues has been proved 

to be a significant independent predictor of long-term prognosis, a prospective 

study investigating whether serum DKK-1 can be also used as a biomarker for 

surveillance and prognosis of HCC is needed.  
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V. CONCLUSION 

In conclusion, our study suggests that DKK-1 may be a key regulator in HCC 

progression and a promising potential therapeutic target for HCC. We also 

demonstrated that serum DDK-1 could be a useful marker for diagnosing HCC, 

especially in combination with AFP and DCP. Further research is needed to 

confirm whether surveillance program for HCC in patients with chronic liver 

diseases should be adjusted according to serum DKK-1 level. 
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ABSTRACT (IN KOREAN) 

혈청 Dickkopf-1 (DKK-1)의 간세포암 진단을 위한  

바이오마커로서의 유용성  

 

<지도교수    한 광 협 > 

 

연세대학교 대학원 의학과 

 

김 승 업 

 
배경 및 목적: Dickkopf-1 (DKK-1)은 Wnt/β-catenin signaling pathway의 

저해제이다. 본 연구에서는 DKK-1이 간세포암 세포주와 간세포암 

환자에서 간세포암의 진행과 관련이 있는지 연구하고자 하였다.  

방법: reverse-transcription (RT)-PCR, wound healing assays, invasion assays, 

그리고 환자 혈액을 이용한 ELISA 등이 사용이 되었다. 혈청 

DKK-1의 간세포암 진단력은 receiver operating characteristic (ROC) 

curves와 area under ROC (AUC)를 이용하여 분석되었다.  

결과: RT-PCR에서 DKK-1의 양은 Hep3B에서는 높고 293에서는 

낮았다. 이와 비슷하게 분비된 DKK-1의 농도도 Hep3B에서는 높고 

293에서는 낮았다. 293, Huh7, 그리고 Hep3B를 이용하여 wound 

healing과 invasion assay를 시행하였고, DKK-1을 과별현시킬 경우  

세포의 migration과 invasion이 증가하고, knock-down을 시킬 경우에는 

migration과 invasion이 감소하는 것을 확인할 수 있었다. 370명의 
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사람(간세포암으로 진단된 217명과 그렇지 않은 153)의 혈청에서 

DKK-1을 검사하였을 때에, 간세포암이 있는 환자에게서 농도가 

높음을 알 수 있었다 (중앙값 1.48 vs. 0.90 ng/mL, P<0.001). 간세포암을 

진단하기 위한 적절한 cutoff 값은 1.01 ng/mL (AUC=0.829; 민감도 

90.7%; 특이도 62.0%)였다. DKK-1은 기존의 alpha-fetoprotein (AFP), 

des-gamma-carboxy prothrombin (DCP) 보다 높은 AUC 값을 보였다 

(AUC=0.829 vs. 0.794 and 0.815, respectively). DKK-1, AFP, 그리고 DCP를 

모두 복합하여 검사했을 때는 정확도가 현격히 증가하는 것을 알 수 

있었다 (AUC=0.952). 

결론: DKK-1은 간세포암의 진행에 중요한 인자로 보이며, 향후 

간세포암의 치료제를 개발하기 위한 표적 물질임의 가능성도 가지고 

있다. 그 뿐만 아니라 혈청 DKK-1은 기존의 간세포암 종양표지자인 

AFP와 DCP의 진단력을 보강할 수 있는 것으로 보인다.  
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