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Abstract: Hepatocellular carcinoma (HCC) is one of the most prevalent cancers worldwide. 

There are multiple etiologic factors including viral and environmental influences that can lead 

to HCC. Successful screening for early HCC is challenging due to the lack of well character-

ized and specific biomarkers. However, achieving successful screening is critically important as  

early diagnosis can potentially provide curative opportunities. Once HCC is advanced, there are 

multiple therapeutic venues, but most eventually fail, therefore developing new targeted therapies 

may provide greater chance for effective therapies. Along these lines, the Wnt pathway has been 

identified as contributing to the development and progression of HCC. Wnts can modify HCC 

growth and invasive ability. A key factor in the Wnt pathway is the dickkopf (DKK) family of Wnt 

inhibitors. DKKs have also been shown to modulate HCC progression. Additionally, several studies 

have suggested that DKK expression in tissue and serum has diagnostic and prognostic value.
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Epidemiology
Primary liver cancer is the fifth most common cancer and the third most common 

cause of cancer related deaths worldwide. Hepatocellular carcinoma (HCC) accounts 

for 85% to 90% of primary liver cancers and it is one of the most prevalent malignant 

tumors worldwide.1,2

Causes for HCC are multifactorial. Its development is a multistep and complex 

process. HCC has several interesting epidemiologic features, such as dynamic temporal 

trends, geographic regions, racial and ethnic groups, gender bias, and the presence 

of several well documented environmental and potentially preventable risk factors. 

Among approximately 650,000 people who die from HCC each year, at least two 

thirds live in Asia.3 The People’s Republic of China alone accounts for more than 

50% of the world’s cases.4 Men are two to four times more often associated with HCC 

than women. It has been suggested that sex hormones including progesterone may 

play a part in HCC.5 Major risk factors for HCC include hepatitis B virus (HBV) or 

hepatitis C virus infection, alcoholic liver disease, nonalcoholic fatty liver disease, 

and aflatoxin B1 intake.

Diagnosis
Due to its asymptomatic nature HCC is usually diagnosed at late and advanced stages, 

for which there are no effective therapies. The diagnosis of HCC in the early stage is 

crucial to the application of curative treatments, and currently it is the only hope for 

increasing the life expectancy of patients. At present, the combination of ultrasound 
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and measurement of α-fetoprotein (AFP) are widely accepted 

and implemented as a screening strategy. Although this com-

bination approach offers an increased possibility to detect 

small HCC compared to ultrasound or AFP measurement 

alone,6–8 it is insensitive. Serum AFP level is a useful tumor 

marker for the detection and monitoring of HCC, but the 

false negative rate may be as high as 40% for patients with 

early stage HCC. Even in patients with advanced HCC, the 

AFP levels may remain regular in 15%–30% of patients.9 

Therefore, biomarkers for early detection and molecular 

targets for treating HCC are urgently needed.

Over the past few decades, screening for and early diag-

nosis of HCC has attracted worldwide attention, especially 

in Asian countries including Japan and the People’s Republic 

of China.10 Several high throughput studies have thrown 

light on this problem by employing genomics, proteomics, 

and transcriptomics to detect markers correlated with HCC 

progression. Ju et al found that a type II Golgi-specific mem-

brane protein, Golgi phosphoprotein 2, was overexpressed in 

HCC patients and it was more sensitive for diagnosis of HCC 

(76%) than the traditional biomarker AFP (70%).11 Therefore, 

Golgi phosphoprotein 2 may be a new and effective serum 

biomarker for HCC diagnosis. Youns et at described that 

talin-1 has the potential to serve as an important prognostic 

marker for the diagnosis of HCC, with superior sensitivity 

and specificity when compared to AFP.12 Xia et al reported 

that sperm protein 17 is highly expressed in HCC cells and 

that its diagnostic significance is that sperm protein 17 

expression frequency is associated with the pathologic dif-

ferentiation in HCC.13 Xu et al state that high temperature 

requirement protein A2 (Omi/HtrA2) may be a useful HCC 

diagnostic marker because it is expressed in apoptotic HCC 

cells.14 Hou et al report that serum Golgi protein 73 levels 

were significantly higher in HCC patients when compared to 

individuals with benign liver diseases.15 Therefore, it has the 

potential to be an independent diagnostic candidate for HCC. 

It has been suggested that the diagnostic efficiency of HCC 

may be increased by determining the expression of serum 

golgi protein 73, AFP, and gamma glutamyltransferase II 

(GGT-II) in combination.15 Zhu et al also combined detected 

GGT-II with AFU or AFP, and found that this approach 

exhibited higher sensitivity and specificity for HCC diag-

nosis.16 Sieghart et al investigated the prognostic value of 

C-reactive protein in HCC patients who were not amenable 

to surgery and found that C-reactive protein over expression 

is closely related to dismal prognosis of HCC patients and it 

may become a potential marker for patient selection in HCC 

management.17

There also are other methods for biomarker detection. 

Taleb et al reported that serum micro-Raman spectroscopy 

may serve as a diagnostic tool for cancer biomarker 

detection.18 Tanaka et al detected serum des-gamma-carboxy 

prothrombin (DCP) levels through a newly developed 

electrochemiluminescence immunoassay (novel DCP [NX-

DCP]) and found that the DCP/NX-DCP ratio is very useful 

for diagnosing HCC.19 Moreover, large scale metabolomic 

technologies have been widely applied to discover candidate 

biomarkers for cancer staging, recurrence and prognosis 

prediction, and treatment selection. Wang et al also stated 

the usefulness of metabolic profiles in HCC.20 Zhang et al 

combined differential gene expression with topological 

features of human protein networks to develop a system 

biology based classifier which may enhance the ability of 

HCC diagnosis.21

Treatment
HCC is a highly malignant tumor with limited treatment 

options for advanced disease. Treatment regimens include 

resection, radiofrequency ablation, percutaneous ethanol 

injection, transcatheter arterial chemoembolization, trans-

arterial oily chemoembolization, hepatic arterial infusion 

chemotherapy, or systemic therapy including chemotherapy 

and molecular targeting. Several excellent reviews on the 

many treatment modalities have recently been published.22–24 

Treatments may be used alone or in combination with a 

clinical goal of striking the best balance between functional 

hepatic reserve and the volume of the targeted area.25

Less than 30% of patients with HCC are eligible for sur-

gery, but when applicable, surgery is the most efficient treat-

ment for HCC.26–28 Progress in the ability to perform hepatic 

function assessment, understand segmental liver anatomy, 

obtain optimal imaging, and enhanced surgical techniques 

have led to reduce HCC mortality resulting in a 5-year survival 

rate of 70%.29 Liver transplantation was thought to be an ideal 

treatment for HCC patients (reviewed by Lee Cheah and KH 

Chow23) who fit within the Milan staging criteria (classically a 

single nodule ,5 cm or two or three nodules ,3 cm, reviewed 

in Jarnagin30). However, the limited availability of grafts, the 

risk and the cost of the liver transplantation procedure create 

challenges to this strategy.31,32

Many nonsurgical treatments of HCC have significantly 

improved in the last few decades and have shown survival 

benefits for selected patients with HCC. Patients who were 

diagnosed in the early stage benefit from ablation which may 

offer curative treatment. Intermediate stage HCC patients 

benefit from transarterial chemoembolization.  Compared with 
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conventional transarterial  chemoembolization, drug-eluting 

bead transarterial chemoembolization has a better combination 

of ischemic and cytotoxic effect locally and less system 

toxicity. Those diagnosed at advanced stage benefit from the 

multi tyrosine and Raf kinase inhibitor, sorafenib.33 The blood 

neutrophil-to-lymphocyte ratio offers prognostic significance 

for patients with advanced HCC who receive sorafenib mono-

therapy.34 Many other targeted therapies are under development 

for HCC and the future holds promise for novel strategies.

Signaling
In HCC, signaling pathways have been a major source of 

targets for novel therapies. Numerous biological pathways 

are deregulated in HCC, such as cell differentiation and 

development signaling pathways, cell proliferation signaling 

pathways, angiogenesis signaling pathways, and some other 

signaling pathways.

Cell differentiation and development  
signaling pathways
Upon hepatic damage, the Hedgehog signaling pathway 

promotes hepatic regeneration; however, excessive or con-

tinuous activation of Hedgehog has been shown to halt suc-

cessful regeneration and contrib ute to liver fibrosis.35 The 

Hippo signaling pathway appears to have an oncogenic role 

in many human cancers, including HCC.36 Consistent with a 

role for Hippo in HCC are the reports that inhibition of YAP 

(a downstream mediator of Hippo signaling) by MST1/2 

(forms an initial Hippo ki nase complex) can suppress HCC.37,38 

Finally, in the liver, significant overexpression of NOTCH1 

and NOTCH3 was detected through immunohistochemistry in 

60 HCCs and experiments suggested that NOTCH3 silencing 

in combination with chemotherapeutics could conceivably 

provide a novel strategy for HCC treatment.39 In addition, 

considering the important role of HBV X protein in the 

development of HCC, a recent study suggests that NOTCH 

activation may be one of the mechanisms by which HBV X 

protein promotes HCC progression.40

Cell proliferation signaling pathways
Epidermal growth factor (EGF) receptor signaling has been 

shown to be present in HCC, with overexpression at both 

mRNA and protein levels.41 Deregulation of EGF in cirrhotic 

tissue seems to impact HCC development, as shown in a gene 

signature able to predict prognosis in surgically re sected HCC 

patients.42 Moreover, a specific single nucleotide polymor-

phism in the EGF gene, which increases ligand half-life, 

correlated with the risk of HCC development.43 Tovar et al 

reported selective blockade of insulin-like growth factor 

signaling had antitumor effects in experimental models of 

HCC.44 In Ras/mitogen-activated protein kinase (MAPK) 

and Akt/phosphatidylinositide 3-kinase (PI3K)/mammalian 

target of rapamycin (mTOR) pathways, the Ras cascade is 

of special importance because it is one of the main targets 

of sorafenib, the only systematic therapy currently effective 

for advanced HCC.45 Moreover, in resected HCCs, activated 

Akt correlates with increased recurrence risk of this cancer.46 

In fact, mTOR inhibitors such as everolimus are being tested 

in advanced clinical trials as first and second line therapy for 

HCC.47 In addition, Wang et al found that Wnt/β-catenin, Ras/

MAPK, and PI3K/AKT signaling pathways form a complex 

network and play important roles during HCC genesis and 

development.48

Wnts and the Wnt inhibitor 
Dickkopf in HCC
Wnts are cysteine-rich glycoproteins involved in multiple 

biological processes. Canonical Wnt signaling is summa-

rized in Figure 1. Briefly, in the absence of Wnts, β-catenin, 

which serves as transcriptional coactivator, is ubiquitinated 

by a protein complex that consists of adenomatous polyposis 

coli, axin, and glycogen synthase kinase 3β. Ubiquitination 

targets β-catenin for degradation. When present, Wnts bind 

their receptor complex, which may consist of several dif-

ferent proteins including frizzled, low-density lipoprotein 

receptor-related protein, and kremen. Activation of the 

receptor complex results in breakdown of the β-catenin 

degradation complex which allows for accumulation of 

β-catenin which translocates to the nucleus and promotes 

transcription of target genes. DKKs are endogenous inhibi-

tors of Wnts. They achieve this activity through blocking 

low-density lipoprotein receptor-related protein binding to 

the kremen coreceptor.

The Wnt signaling pathway has a close relationship with 

HCC. A recent study showed two different patterns of Wnt 

activation in HCC and a potential Wnt blockade effect of 

sorafenib in experimental models.49 Sorafenib modulates 

Wnt/β-catenin signaling in experimental models that harbor 

the CTNNB1 class signature.49 Wei et al demonstrated that 

sorafenib sensitizes human HCC cells to cisplatin by suppres-

sion of Wnt/β-catenin signaling, thus offering a new target 

for chemotherapy of HCC.50 Lachenmayer et al reported that 

distinct dysregulation of Wnt pathway constituents character-

ize two different Wnt-related molecular classes (CTNNB1 

and Wnt-transforming growth factor beta), accounting for 

half of all HCC patients.49
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Wnt signaling pathways relate to cell differentiation 

and development. Numerous studies show that the Wnt/β-

catenin pathway is a therapeutic target in human HCC.51 Xu 

et al reported that curcumin suppresses proliferation and 

induces apoptosis of HCC cells through the Wnt signaling 

pathway.52 Li et al demonstrated that the gene promoter of 

cysteine-rich angiogenic inducer 61 (Cyr61), a matricel-

lular protein that promotes HCC progression, is activated 

by β-catenin in HCC.53 This report conflicts with an earlier 

study that suggested Cyr61 is a tumor suppressor for HCC.54 

A potential explanation for the difference could be the timing 

of the Cyr61 expression. Specifically, there is the potential 

that it may have tumor suppressor function prior to tumor 

development, but once a tumor is developed, it may enhance 

progression. Liu et al reported that enhancement of canonical 

Wnt/β-catenin signaling activity by HCV core protein pro-

motes cell growth of HCC cells.55 Based on two parallel 

cell lines, Tsao et al found that SOX1 functions as a tumor 

suppressor by antagonizing the Wnt/β-catenin signaling 

pathway in HCC.56 Yang et al testified that kruppel-like 

factor 8 is a new Wnt/β-catenin signaling target gene and 

regulator in HCC.57 Xu et al reported that microRNA-122 

suppresses cell proliferation and induces cell apoptosis in 

HCC by directly targeting the Wnt/β-catenin pathway.58 Wolfe 

et al reported that dapper, a disheveled-associated antagonist 

of β-catenin homolog 2,59 increased Wnt/β-catenin pathway 

activation in spontaneous HCC observed in farnesoid X 

receptor knockout mice.60 Kaur et al found that epigenetic 

silencing of secreted frizzled-related protein 1 activates the 

canonical Wnt pathway and contributes to increased cell 

growth and proliferation in HCC.61

In addition to Wnts themselves, DKKs impact HCC 

pathobiology. Qin et al investigated the role of DKK1 and 

Wnt/β-catenin pathway in proliferation and migration of 

HCC cells.62 They compared a cell line and a metastatic vari-

ant of the cell line and found that β-catenin was upregulated 

Figure 1 wnt signaling pathway. 
Notes: (A) in the absence of wnts, β-catenin is ubiquitinated and targeted for degradation by a protein complex that consists of adenomatous polyposis coli, axin, and 
glycogen synthase kinase 3β. (B) wnts bind their receptor complex, which may consist of several different proteins including frizzled, low-density lipoprotein receptor-related 
protein, and kremen. Activation of the receptor complex results in breakdown of the β-catenin degradation complex and accumulation of β-catenin which translocates to the 
nucleus and promotes transcription of target genes. Dickkopfs can block wnt signaling through inhibiting low-density lipoprotein receptor-related protein activity. 
Abbreviations: APC, adenomatous polyposis coli; CK1a, casein kinase ia; DKK, Dickkopf; DSH, disheveled; FZD, frizzled; GSK3β, glycogen synthase kinase 3β; LRP, low-
density lipoprotein receptor-related protein; P, phosphate; TCF/LeF, T-cell factor/lymphoid-enhancing factor.
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and that DKK1 was downregulated in the metastatic variant. 

Furthermore, ectopic expression of DKK1 in the metastatic 

line reduced its invasive and proliferative activity. These 

results were consistent with a previous study that reported 

overexpression of DKK1 in HCC cells decreased cell growth 

and increased the number of cells in sub-G1.63 Similar results 

were found by Fatima et al for DKK4 in HCC.64 Specifically, 

ectopic expression of DKK4 in HCC cell lines reduced their 

invasive and proliferative ability in vitro, as well as their 

tumor growth in vivo in murine models. These results provide 

molecular evidence that DKKs, through inhibition of Wnt 

signaling, can inhibit HCC progression.

Due to the importance of regulating the Wnt pathway 

in HCC, several investigators have evaluated the ability 

of DKK to serve as a biomarker. Several reports suggest 

that DKK3 promoter methylation is upregulated in HCC 

versus nonneoplastic hepatic tissue and that its methylation 

is associated with a poor prognosis.65,66 Tao et al found that 

DKK1 was elevated in clinical HCC tissues, especially in 

tissue with vascular invasion.67 Increased DKK1 expression 

was correlated with poor overall and disease-free survival 

suggesting that DKK1 could serve as a novel prognostic 

marker for HCC.67 In order to extend the diagnostic utility 

of DKKs, serum levels of DKK in HCC have been evaluated  

suggesting that they are a cancer specific serum biomarker 

for various human cancers.68 Shen et al, in a large multi-

institutional trial, determined that elevated serum DKK1 

levels could differentiate HCC from chronic HBV infection 

and cirrhosis.69 Moreover, measurement of DKK1 and AFP 

together improved diagnostic accuracy for HCC versus all 

controls compared with either test alone. Yang et al com-

pared the serum of patients with early HCC to serum from 

healthy individuals or patients with nonmalignant hepatic  

disease (cirrhosis or benign tumors) for DKK1 and AFP.70 

Serum DKK1 expression was elevated in early HCC patients 

compared to all other groups. DKK1 also had better sensitiv-

ity and accuracy than AFP for diagnosis of HCC including 

the ability to identify the presence of HCC in those patients 

who were AFP negative. Serum DKK1 expression was also 

correlated with poorer overall prognosis and relapse-free 

survival. Overall these data suggest that DKK1 can serve as 

a diagnostic and prognostic serologic marker for early HCC. 

It should be noted that these results are unexpected based on 

earlier studies in which DKK expression is downregulated 

due to promoter methylation and the expected activation of 

the Wnt pathway that promotes HCC. Additional prospective 

studies to determine the validity of DKKs as biomarkers of 

HCC are warranted.
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