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Abstract: Because of the high prevalence and associated-mortality of hepatocellular carcinoma 

(HCC), early diagnosis of the disease is vital for patient survival. In this regard, tumor size is 

one of the two main prognostic factors for surgical resection, which constitutes the only cura-

tive treatment for HCC along with liver transplantation. However, techniques for HCC surveil-

lance and diagnosis that are currently used in clinical practice have certain limitations that may 

be inherent to the tumor development. Thus, it is important to continue efforts in the search for 

biomarkers that increase diagnostic accuracy for HCC. In this review, we focus on different 

biological sources of candidate biomarkers for HCC diagnosis. Although those biomarkers iden-

tified from biological samples obtained by noninvasive methods have greater diagnostic value, 

we have also considered those obtained from liver tissue because of their potential therapeutic 

value. To date, sorafenib is the only US Food and Drug Administration-approved antineoplastic 

for HCC. However, this therapeutic agent shows very low tumor response rates and frequently 

causes acquired resistance in HCC patients. We discuss the use of HCC biomarkers as therapeutic 

targets themselves, or as targets to increase sensitivity to sorafenib treatment.

Keywords: diagnosis, sorafenib, therapy

Introduction
Hepatocellular carcinoma (HCC) represents more than 90% of primary liver cancer, 

which is the fifth most prevalent cancer in the word and the third leading cause of 

cancer-related mortality.1 Unfortunately, HCC development is asymptomatic at early 

stages of the disease when current curative therapies are available.2,3 Tests for HCC 

screening include serological and imaging examinations. Ultrasonography is the most 

widely used imaging test for screening because of its diagnostic accuracy, noninva-

siveness, good acceptance by patients, and moderate cost. However, this technique is 

highly dependent on the operator’s experience. In addition, because HCC develops 

on a cirrhotic background in up to 90% of cases, fibrosis septa and regenerative 

nodules present in liver cirrhosis may hinder the identification of small tumors by 

ultrasonography. Among serological biomarkers, alpha-fetoprotein (AFP) is the most 

extended serum marker for HCC screening, but it is not routinely used by clinicians 

due to its insufficient sensitivity and specificity.4 Thus, biological markers for the early 

diagnosis of HCC are urgently needed to improve patient survival.

A biomarker is “any substance, structure, or process that can be measured in the 

body or its products and influence or predict the incidence of outcome or disease”.5 It 

must satisfy the following conditions: achieve high accuracy, be obtained from easily 

accessible biological samples and have a suitable cost-effectiveness. For these reasons, 
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although biomarkers can be obtained from many different 

sources, those derived from hardly accessible tissue samples 

are avoided. Furthermore, tissue samples obtained by inva-

sive procedures (biopsy) may result in needle tract seeding. 

However, biomarkers from tumor tissues can provide direct 

biological information about the process occurring during 

tumor development, and may help in identifying potential tar-

gets for therapeutic interventions. During the carcinogenesis 

process, normal cells acquire cancer hallmarks that allow them 

to become tumorigenic. Linking the hallmarks of HCC with 

biological alterations has helped to identify new biomarkers 

of liver cancer and novel targets for HCC treatment. Thus, 

only biomarkers that directly contribute to tumor growth or 

invasiveness may be targeted for therapy. Although a cancer 

biomarker may not be necessarily involved in the development 

of the disease, it is likely that a biomarker for early diagnosis 

of cancer is related to the tumor process.

In addition to their diagnostic capacity, biomarkers are 

commonly used to predict the patient response to a treatment. 

Thus, patients can be classified as good or poor responders 

prior to drug administration, which leads to savings in time and 

side-effects for patients, as well as savings in money for society. 

This is what the term “personalized medicine” refers to.

In this review, we focused on biomarkers for HCC with 

diagnostic or therapeutic utility that have been identified at 

different sources. By its definition, a biomarker can be any 

biological molecule, so the following can be considered 

as biomarker sources: genome, epigenome, transcriptome, 

proteome and metabolome. The development of new “omics” 

technologies in the last decade has allowed researchers to 

analyze a large amount of data in search of new reliable 

biomarkers for HCC.

Biomarker sources  
for HCC diagnosis
Genome
It is well known that carcinogenesis, the process by which 

a normal cell becomes a tumor cell, occurs with the accu-

mulation of genetic alterations in proto-oncogenes and 

tumor suppressor genes involved in cell growth, metabo-

lism, proliferation, survival, apoptosis and adhesion.6 In 

addition to studying somatic mutations accumulated in the 

genomic DNA, the analysis of copy number alterations7 and 

other genetics disturbances, including large chromosomal 

amplification, translocation, deletion or small fraction loss, 

is important to identify target genes related to HCC.8 Some 

of these HCC genes have shown their usefulness in clinical 

applications and therapeutic interventions.

In HCC, TP53 (tumor protein p53) and CTNNB1 

(b-catenin)9 are the two most-frequently mutated genes. The 

p53 protein is a crucial regulator of the cell cycle and func-

tions as a tumor suppressor, preventing cancer. The b-catenin 

is a dual function protein that participates in regulating cell–

cell adhesion and acts as an intracellular signal transducer in 

the Wnt signaling pathway, related to cell proliferation and 

cell migration. Concerning the use of these two genes as 

biomarkers of HCC, it has been shown that tumors charac-

terized by chromosomal instability are related to more p53 

mutation and less b-catenin mutation.10,11 While p53 mutation 

correlates with aggressive HCC and poor prognosis, muta-

tion of b-catenin is associated with less tumor aggression 

and more favorable prognosis.12 In addition to these two 

genes, moderate mutation frequencies have been identified 

in several genes from multiple HCC cohorts, suggesting that 

aberrant pathways involved in cell cycle regulation, oxida-

tive stress, chromatin remodeling and oncogenic signaling  

play critical roles in the process of HCC tumorigenesis.7 

Recently, Zhang et al identified 113 pathways significantly 

mutated in 207 samples of human HCC by pathway and net-

work analysis.13 Of them, the five most-frequently mutated 

pathways were those related to proliferation and apoptosis, 

tumor microenvironment, neural signaling, metabolism and 

circadian rhythm. In addition, they identified different key 

genes and pathways in which the mutations were associated 

with clinical features such as metastasis or survival.

Apart from genetic mutations, which cause dysfunction of 

gene products, numerous genetic polymorphisms have been 

associated with HCC susceptibility, without affecting the pro-

tein function.8 Recently, polymorphisms affecting genes such 

as insulin-like growth factor-2 (IGF-2), insulin-like growth 

factor-2 receptor (IGF-2R), insulin receptor substrate-2 

(IRS-2)14 or activating transcription factor-6 (ATF6)15 have 

been associated with the risk of HCC development. In addi-

tion to the genetic alterations described above, mutations 

and functional polymorphisms in HCC susceptibility genes 

involved in the chromatin remodeling or the epigenetic pro-

cess have also been described.16,17

Epigenome
Hepatocarcinogenesis is a complex and multistep process 

involving genetic and epigenetic events.18 The term epigenetic 

refers to changes in gene expression and cellular phenotype 

without affecting DNA sequence, which can be inherited or 

not.19 The epigenome consists of the set of such chemical 

changes, and includes the histone modifications, changes in 

DNA (CpG) methylation and RNA-mediated gene silencing. 
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In addition, there is substantial functional crosstalk between 

these epigenetic elements, which combines to determine 

cell phenotype.20 Epigenetic alterations result in changes in 

chromatin organization and gene expression, and can affect 

the cellular transcriptome more extensively than genetic 

alterations. Because the prevalence of HCC varies markedly 

among different geographic regions, it has been suggested 

that multiple genetic and environmental factors may interact 

during disease progression.8 Thus, the epigenome can be 

considered as a bridge between the static genome and the 

highly dynamic environment, which can be altered by differ-

ent conditions including cancer. In fact, the epigenome is one 

of the currently active topics in cancer research. Regarding 

HCC, typical epigenetic alterations include posttranslational 

modification of histones, changes in DNA methylation and 

abnormal expression of non-coding RNAs.

Histone modification and HCC
The posttranslational modification of histones, which pack-

age the DNA into chromatin, is an epigenetic change that 

affects chromatin condensation, DNA accessibility and 

transcriptional activity. In fact, the transcriptional activity 

of a gene is determined by the histone “code”; that is, the 

cumulative influences of multiple histone modifications that 

are enzymatically regulated.20 This epigenetic alteration has 

been related to gene expression silencing occurring in cancer. 

In particular, histone modifications influence the initiation 

and progression of liver cancer21 in a process characterized 

by dysfunction of histone-modifying enzymes. Thus, histone 

modifying genes, such as histone methyltransferases EZH2, 

G9a and SUV39HZ, and histone phosphorylation proteins, 

such as Aurora kinases (ARKs) ARK1 and ARK2, are 

 frequently overexpressed in HCC tissue22,23 and can be associ-

ated with poor patient prognosis24–27 and tumor invasion.28

DNA methylation and HCC
The analysis of the methylation profiles has revealed that an 

aberrant methylation is a frequent event in HCC tissues. It 

could help researchers to distinguish between tumor and non-

tumor adjacent tissues, or between cirrhotic liver and HCC.29 

The two most common forms of aberrant methylation are 

global hypomethylation and site-specific hypermethylation. 

While the former induces chromosomal and genomic instabil-

ity, regional hypermethylation is usually related to the silenc-

ing of tumor suppressor genes. Epigenetic biomarkers based 

on promoter hypermethylation that have been developed as 

potential diagnostic tools for HCC are summarized by Puszyk 

et al.30 As potential blood biomarker, DNA methylation has 

also been associated with HCC. Thus, among many others, 

the tumor suppressor p16 (CDKN2A) is one of the most 

reported genes whose hypermethylation has been not only 

described in HCC tissues but also in blood samples from 

HCC patients.31

Non-coding RNAs and HCC
MicroRNAs (miRNAs) are a class of small, non-coding 

RNAs that act as regulators of gene expression at posttran-

scriptional level. Thus, a mature miRNA pairs its complemen-

tary mRNA and regulates its stability or translation. In HCC, 

deregulated expression of miRNAs has been suggested to be 

involved in the development and progression of the disease. 

MiRNAs are able to regulate cell proliferation and apoptosis 

and participate in cell migration and invasion by promoting or 

inhibiting these pathways.8 As biomarkers of HCC, it has been 

shown that miRNAs are differentially expressed between 

tumor and adjacent nontumor liver tissue,32,33 and they have 

potential diagnostic value as tissue-based markers.34 Thus, 

the combination of multiple miRNAs has been proposed to 

significantly improve the accuracy in diagnosis and progno-

sis of HCC. Moreover, the major value of these biomarkers 

comes from their reported stable expression in serum and 

urine samples, which makes them potential minimally inva-

sive diagnostic markers for HCC.33,35 miR-21 is a central 

oncomiR that is overexpressed in plasma samples from HCC 

patients when compared with chronic hepatitis patients and 

healthy individuals. In addition, high levels of miR-21 have 

been associated with migration and invasion of HCC cells in 

vitro.36 Despite its high sensitivity as a biomarker for HCC, 

miR-21 is overexpressed in many types of cancers and, 

therefore, increased plasma miR-21 levels should not mean 

presence of HCC. However, miR-21 shows a diagnostic value 

higher than AFP, which is significantly stronger when the two 

plasma markers are combined.37 In addition to its promising 

role as a biomarker for HCC, miR-21 has been proposed as 

a potentially suitable tissue marker for the prediction of the 

clinical response to therapy in advanced HCC.38

Transcriptome
Continuing with the flow of biological information, genetic 

and epigenetic alterations that occur and accumulate during 

carcinogenesis involve inevitable changes in the expression 

profile of transcripts. Use of gene-expression signatures is a 

powerful tool that has been successfully used for the diagnosis 

of liver cancer. Kaposi-Novak et al showed that transformation 

of dysplastic nodules into early HCC was marked by pro-

nounced transcriptomic alterations involving different cluster 
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genes. Particularly, the activation of the MYC  transcription 

signature was related to the malignant conversion of preneo-

plastic liver lesions and it was suggested as a useful tool for 

the early diagnosis of liver cancer.39 More recently, a Notch 

gene signature was generated from a murine model where 

activation of Notch signaling was associated with HCC devel-

opment. This gene-expression signature predicted activation 

of Notch in more than 30% of human HCC associated with 

the hepatitis C virus injection.40 By integrative transcriptome 

analysis, Hoshida et al designed a global classification for 

HCC that defines three major molecular subclasses of HCC. 

This classification correlates with histologic and clinical 

features of the tumor, and could be relevant for diagnosis and 

therapeutic intervention.41 Furthermore, the combination of the 

differential gene-expression profile and topological features 

from the analysis of human protein interaction network has 

allowed for the enhancement of the diagnostic performance 

of the HCC classifier.42

Proteome
HCC development and progression are associated with pro-

teomic changes as a consequence of protein secretion by the 

tumor cells or by other organs in response to the presence 

of cancer. Therefore, the blood composition of patients may 

reflect such changes when it is analysed by proteomics. Serum 

or plasma protein markers are the most applicable for routine 

clinical analysis because the tests are normally noninvasive, 

require a very low quantity of sample, have low dependence 

on the operator expertise, are low cost, have high reproduc-

ibility and the samples need no pretreatment. In addition, 

as occurs with the epigenome, the proteome defines what is 

happening at the moment. For these reasons, serum/plasma 

proteome has been and continues to be extensively investi-

gated as a source of cancer biomarkers.

AFP is a glycoprotein produced by the fetal liver and yolk 

sac during pregnancy. Although serum AFP levels may be 

elevated initially in the early stages of HCC and it has been 

used as a tumor marker of HCC for a long time, an AFP 

increase has also been recognized in the presence of acute 

and chronic hepatitis or cirrhosis related to hepatitis C virus 

infection.43 Thus, an AFP elevation could be more indicative 

of HCC in noninfected patients. Different studies have shown 

that the fucosylated fraction of AFP (AFP-L3) may be a more 

useful marker than total AFP.44,45 Furthermore, the highly 

sensitive AFP-L3 has been  proposed as a candidate tumor 

marker for HCC in patients with chronic liver disease and low 

serum AFP concentration.46 However, because few studies 

have validated these results in independent cohorts of human 

samples, AFP remains the most widely used serum biomarker 

for HCC. Despite this, the suboptimal diagnosis accuracy of 

AFP in detecting early HCC47 led to the American Association 

for the Study of Liver Diseases (AASLD) Practice Guidelines 

Committee to recommend that ultrasound alone (without 

AFP) be used for HCC surveillance.1 Therefore, reliable 

biomarkers to complement ultrasound are needed.

Des-gamma-carboxy prothrombin (DCP), or protein 

induced by vitamin K absence or antagonist II (PIVKA-II), 

is an abnormal molecule that is generated as a result of an 

acquired defect in the posttranslational carboxylation of the 

prothrombin precursor in malignant cells. DCP is a promising 

serum marker that has been extensively studied and used in 

the diagnosis and surveillance of HCC in Japan. However, it 

does not seem to offer substantial advantages with respect to 

AFP in the early detection of HCC in patients with advanced 

hepatitis C, even when combined.4 By contrast, DCP was the 

most useful predisposing clinical parameter for the devel-

opment of portal venous invasion (an important survival 

prognostic factor for HCC and the largest independent risk 

factor for cancer recurrence) in a study that included 227 

patients with HCC.48

Dickkopf-1 (DKK1) is a secretory antagonist of the 

canonical Wnt signaling pathway, which has also been sug-

gested as a potential diagnostic and prognostic biomarker 

for HCC49 in combination with AFP.50 Thus, DKK1 is 

overexpressed in HCC tissue and in serum of hepatitis B 

virus (HBV)-infected HCC patients, where it shows high 

sensitivity and specificity for HCC. In addition, serum level 

decrease of DKK1 after surgery indicates that this protein 

may be a useful surveillance marker to assess the therapeutic 

response of HCC patients. Although the expression pattern 

of DKK1 in serum seems to be not specific for HCC,51,52 

its predictive ability for the diagnosis of HCC needs to be 

further investigated.

Osteopontin (OPN) is a glycol-phosphoprotein cytokine 

physiologically expressed by different cells and tissues, 

which binds alpha V integrins and CD44 families of recep-

tors, and participates in multiple processes such as cell 

adhesion, chemotaxis regulation of immune functions, or  

vascular remodeling. In cancer, overexpression of OPN has 

been widely documented.53 High expression of OPN in tumor 

tissue or plasma samples from HCC patients has been associ-

ated with metastasis of HBV-positive patients54 or HCC recur-

rence after surgery,55 respectively. Similarly, increased plasma 

level of OPN has been suggested as a promising biomarker56 

at early stages of the liver disease.57 All these data are consis-

tent with the critical role of the protein for tumor growth of 
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human HCC.58 Although OPN shows better sensitivity than 

AFP in comparing cirrhosis and HCC, the best performance 

has been obtained by combining OPN and AFP.

Glypican-3 (GPC3) is a cell-surface heparan sulfate 

proteoglycan that is secreted into the plasma. GPC3 is over-

expressed in tissue59 and serum samples from HCC patients, 

while it remains undetectable or barely detectable in healthy 

individuals and in patients with hepatitis or hepatitis plus 

cirrhosis.60 These data, along with the finding that serum 

GPC3 levels are more frequently elevated in small HCCs 

than those of AFP, indicate that GPC3 could be a highly 

specific marker for early diagnosis of HCC.60,61 Despite 

this, the simultaneous use of GPC3 and AFP has shown to 

increase the sensitivity of the serum test for HCC detection 

without compromising specificity. As a tissue marker, GPC3 

expression is also associated with poor prognosis of primary 

HCC.62,63 In addition, its combination with two other candi-

date tissue markers for HCC such as heat shock protein 70 

(Hsp70) and glutamine synthetase (GS) has been proven to be 

useful in the differential diagnosis of dysplastic precancerous 

nodules and HCC.64 However, this combination only slightly 

increases the diagnostic accuracy in an expert setting.65

The serine protease inhibitor squamous cell carcinoma 

antigen (SCCA) is physiologically found in the spinous and 

granular layers of normal squamous epithelium, but is typi-

cally overexpressed in neoplastic cells including liver cancer 

cells.66,67 In this regard, circulating SCCA–IgM immune com-

plexes have been described as novel biomarkers for HCC.68 

Moreover, progressive increase of SCCA–IgM in cirrhotic 

patients has been associated with development of HCC and 

has been suggested as a surveillance test.69

Although there are many other proteins that have been 

proposed as candidate biomarkers of HCC, only a very small 

number of them have been clinically validated. Again, the 

simultaneous measurement of several candidate biomark-

ers has been proven to offer advantages over detection of 

a unique biomarker. Serum proteomic signature has been 

pointed out to be an interesting tool for HCC diagnosis in 

high-risk cirrhotic patients, with better diagnostic accuracy 

than AFP.70,71

Metabolome
The metabolome is defined as the metabolic status of a 

biological system, and metabolomics is the tool to study it. 

As has occurred with other omics, metabolomics has been 

applied to discover biomarkers for disease diagnosis.

HCC development from cirrhosis induces a number of 

cellular metabolic alterations that can be detected as changes 

in serum concentration of metabolites mainly involved in the 

biosynthesis of bile acids and the metabolism of long-chain 

carnitines, small peptides, phospholipids or sphingolipids.72–75 

In addition, metabolomic profiling has been suggested not 

only as a promising tool to identify biomarkers for early 

diagnosis of HCC in high-risk patients, but also to monitor 

the progression of HCC.73

Gut homeostasis
As occurs with epigenome, intestinal microflora can be 

altered in response to a highly variable environment. Thus, 

disruption of gut homeostasis has been associated with dif-

ferent human diseases. Regarding the liver, it has been shown 

that obesity induction76 and exposure to a liver carcinogen77 

are associated with the imbalance of the gut microflora and 

the development of HCC. Thus, the analysis of the intestinal 

microflora might be interesting for HCC diagnosis in high-

risk patients.

Circulating tumor cells
The clinical application of circulating tumor cells (CTCs) in 

peripheral blood has been suggested as a viable alternative to 

liver cancer diagnosis and early metastasis prediction. Thus, 

liver cancer cells enter the circulation at an early tumor stage 

and CTC level in the blood is directly correlated to tumor size, 

stage, and metastasis after cancer surgery.78 In addition, CTCs 

may serve as a real-time parameter for monitoring treatment 

response for HCC.79 A recently established platform for CTC 

detection solves questions about sensitivity, specificity and 

reproducibility, and could be clinically useful in HCC diagnosis 

and monitoring.80

Biomarkers with therapeutic  
utility in HCC
As has been shown, the etiology of HCC is very complex and 

involves a large number of genetic and epigenetic alterations 

as well as the consequent disruption of numerous signaling 

pathways, which can be candidate therapeutic targets for 

HCC. Thus, although tumor tissue-derived biomarkers are 

not practical for HCC screening tasks, they have helped in the 

identification of new cellular targets in liver cancer by using 

different technical approaches. Disturbed signaling pathways 

related to HCC include the Wnt/b-catenin, Ras/Raf/MAPK, 

PI3K/AKT/mTOR, HGF/c-MET, IGF, VEGF and PDGF 

pathways. Currently, there are chemical agents targeting all 

these pathways, which are available or under investigation. 

Among them, points of therapeutic intervention along the 

Wnt/b-catenin pathway have been identified.41,81,82
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Sorafenib is a multikinase inhibitor with reported activity 

against tyrosine protein kinases, such as VEGFR, PDGFR and 

c-Kit receptors, and serine/threonine kinases, such as C-Raf 

and B-Raf. Sorafenib is the first and only drug approved to treat 

advanced HCC, which has shown a statistically significant 

increase in median overall survival compared to placebo.83,84 

However, the tumor response rates are very low, and patients 

frequently develop acquired resistance to the therapeutic 

agent. For this reason, the identification of biomarkers for 

sorafenib sensitivity is essential to identify candidate patients 

with greater options to benefit from therapy. In addition, it will 

allow that resistant patients may benefit from sorafenib treat-

ment. The largest study on this topic to date was based on the 

pivotal Phase III study of sorafenib (the SHARP study) and 

did not find any plasma marker that could predict the efficacy 

of sorafenib. However, the angiogenesis biomarkers Ang2 and 

VEGF were independent predictors of survival in patients 

with advanced HCC.85 Other studies have described poten-

tial biomarkers for response to sorafenib such as early AFP 

response and serum IGF-1 level at baseline.86 Activation of 

PI3K/Akt signaling87 or epithelial–mesenchymal transition,88 

and overexpression of EGFR and HER3,89 hypoxia-inducible 

factor90 or nucleophosmin,91 may confer HCC cell resistance to 

sorafenib. In addition, a number of histone methyltransferases 

(HMTs) have been involved in histone methylation and the 

epigenetic regulation of the expression of genes related to 

sorafenib resistance of HCC cells. Thus, whereas the expres-

sion of HMTs such as EZH292 or ASH1L, C17ORF49 and 

SETD493 is associated with sorafenib resistance, its inhibi-

tion promotes sorafenib-induced HCC cell growth arrest and 

apoptosis, and it has been suggested as potential therapeutic 

combination for sorafenib treatment in HCC.

In a similar way, the inhibition of protein activities related 

to the epigenetic modulation of histones and the expression 

regulation of miRNAs have been reported as useful thera-

peutic strategies against HCC. Thus, the use of the pan-ARK 

inhibitor VE-465 or the ARK2 selective inhibitor AZD1152-

HQPA shows anticancer effects in preclinical models of 

human HCC94 and in HCC cells,28 respectively. Using histone 

deacetylase inhibitors suppresses self-renewal and induced 

differentiation of liver cancer stem cells, and has been sug-

gested as a candidate strategy in liver cancer therapy.27 On 

the other hand, downregulation of miR-21 has been noted as 

a potential target for HCC therapy since antisense miR-21 

inhibitor increases the sensitivity of HCC cell lines to anti-

tumor treatments.38 In addition, in vitro silencing of miR-21 

has been related to reduction in the migration and invasion 

of HCC cells with stem cell-like properties.36

The inhibition of expression or activity of key proteins 

that have a role in the carcinogenesis process is another thera-

peutic strategy that is being developed to prevent and suppress 

HCC. Among the different ways to inhibit protein expression, 

immunotherapy by using monoclonal antibodies has been 

identified as a very interesting tool. Anti-DKK1 antibody has 

shown its anticancer activity by inhibiting the invasive activ-

ity and the growth of cancer cell lines with high expression 

of DKK1, and by suppressing the growth of engrafted tumors 

in vivo.52 In addition to being a highly specific marker of HCC 

that is not expressed by normal or cirrhotic liver, GPC3 pro-

motes the in vitro and in vivo growth of HCC by stimulating 

the Wnt signaling pathway.95 Because of this, GPC3 has been 

chosen as a promising target for HCC immunotherapy.61 Anti-

GPC3 antibodies and inoculation of GPC3 peptide-reactive 

cytotoxic T-lymphocytes are currently under investigation 

in different stages of preclinical or clinical development as 

novel targeted treatments for advanced HCC.61,96 TM4SF5 is a 

member of the tetraspanins or transmembrane 4 superfamily 

that is highly expressed in HCC and induces uncontrolled 

growth of tumor cells via the loss of contact inhibition.97 As a 

therapeutic target, the inhibition of TM4SF5 by the synthetic 

inhibitor 4′-(p-toluenesulfonyl-amido)-4-hydroxychalcone 

(TSAHC) suppresses HCC growth and metastasis in vitro 

and in nude mice.98 Furthermore, the injection of monoclo-

nal antibodies specific to an epitope of the human TM4SF5 

(hTM4SF5R2-3) suppresses the growth of HCC cell lines 

in vitro99,100 and in vivo.101 In addition, the immunization 

with the hTM4SF5R2-3 epitope has proven to be a use-

ful peptide vaccine to prevent tumor formation and tumor 

growth in vivo.100 The accumulation of immune suppressive 

cells is a key mechanism for tumor progression that has 

been associated with HCC. The combining of intratumoral 

injection of secondary lymphoid-tissue chemokine (SLC) 

and depletion of CD25+ regulatory T-cells by anti-CD25 

monoclonal antibodies has also emerged as an effective treat-

ment for HCC in animal models.102 OPN is another candidate 

biomarker that has been proposed as a promising target 

for therapy against HCC. Because OPN is an extracellular 

cytokine ligand, its interaction with receptors is more read-

ily accessible to pharmaceuticals than intracellular targets. 

Gene or protein expression of OPN can be suppressed by 

different modes.103,104 Among them, the expression induc-

tion of the 30 kDa Tat-interacting protein (TIP30)105 and the 

use of short hairpin RNA,106 antisense oligonucleotides107 

or specific antibodies targeting OPN54 have been reported 

to effectively block HCC cell invasion in vitro and inhibit 

metastasis of HCC cells in nude mice. In addition to the direct 
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action on OPN, the suppression of the main receptors for the 

cytokine on tumors cells by cytotoxic and immunotherapeutic 

approaches has also been identified as a potential target for 

therapeutic intervention.103,104

Due to the relationship between the number of preopera-

tive HCC CTCs and the risk for postoperative recurrence 

and metastasis, the use of preoperative neoadjuvant therapy 

to eliminate CTCs has been suggested as another hopeful 

approach against HCC.79 In this regard, clinical studies evalu-

ating the use of sorafenib and other preoperative neoadjuvant 

therapies targeting HCC CTCs have been required.108

Finally, the modulation of gut microflora by probiotics 

in an animal model of chemically induced HCC has been 

proposed as a plausible therapeutic alternative to treat or 

prevent hepatocarcinogenesis. This is consistent with the view 

that HCC development is closely related to the status of gut 

homeostasis. Thus, high-doses of probiotics could restore 

or supply essential bacterial strains that have been disrupted 

during the liver cancer development.77

Conclusion
The search for HCC biomarkers is imperative because 

curative options for the disease depend highly on early 

diagnosis. The development of new-generation tools applied 

to molecular biology has allowed for the identification of 

HCC markers that are able to overcome the current predic-

tive capability of AFP. However, most of them need to be 

validated. Among others, nucleic acids, protein or metabo-

lites have been proposed. In many cases, the combination 

between them appears to have a better diagnosis/prognosis 

value. Thus, obtaining specific signatures or expression pro-

files, developed from the analysis of hundreds or thousands 

of data, seems to offer great advantages over the use of a 

single biomarker. This is logical since the molecular basis of 

HCC is highly heterogeneous and involves a large  number 

of gene products that participate in different signaling 

pathways and processes. However, the numerous research 

studies in this regard are based on the combination of bio-

logical molecules of the same chemical nature. Maybe, the 

simultaneous detection of biomarkers of different chemical 

nature, which were previously identified and validated, could 

add value in the diagnosis of HCC. After all, HCC mainly 

arises from exposure to external environmental factors that 

are associated with gut homeostasis and epigenetic changes, 

which in turn result in changes in gene expression, protein 

expression and metabolism.

Although the use of a newly proposed marker for HCC 

has not been extended in clinical practice to date, the 

 identification of candidate biomarkers has proven valuable 

in the development of new therapeutic strategies. Currently, 

there are a number of drugs in development that target dif-

ferent molecules that are deregulated in HCC and participate 

in hepatocarcinogenesis.

In conclusion, the massive search for biomarkers or 

molecular signatures related to HCC development has led 

to a greater and better knowledge of the disease, making it 

possible to increase the options for therapeutic intervention 

and therefore success in the fight against cancer.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. European Association For The Study Of The Liver; European Organisa-

tion For Research and Treatment of Cancer. EASL-EORTC clinical prac-
tice guidelines: management of hepatocellular carcinoma. J  Hepatol. 
2012;56(4):908–943.

 2. McKillop IH, Schrum LW. Role of alcohol in liver carcinogenesis. 
Semin Liver Dis. 2009;29(2):222–232.

 3. Abou-Alfa GK. Hepatocellular carcinoma: molecular biology and 
therapy. Semin Oncol. 2006;33(6 Suppl 11):S79–S83.

 4. Lok AS, Sterling RK, Everhart JE, et al. Des-gamma-carboxy pro-
thrombin and alpha-fetoprotein as biomarkers for the early detection of 
hepatocellular carcinoma. Gastroenterology. 2010;138(2):493–502.

 5. Inchem.org [webpage on the Internet]. Biomarkers in Risk Assessment: 
Validity and Validation. Environmental Health Criteria (EHC), 222. 
World Health Organization, Geneva 2001. International Programme 
on Chemical Safety (IPCS-INCHEM). Available from: http://www.
inchem.org/documents/ehc/ehc/ehc222.htm. Accessed Jan 22, 2015.

 6. Croce CM. Oncogenes and cancer. N Engl J Med. 2008;358(5): 
502–511.

 7. Gu DL, Chen YH, Shih JH, Lin CH, Jou YS, Chen CF. Target genes 
discovery through copy number alteration analysis in human hepatocel-
lular carcinoma. World J Gastroenterol. 2013;19(47):8873–8879.

 8. Liu M, Jiang L, Guan XY. The genetic and epigenetic alterations 
in human hepatocellular carcinoma: a recent update. Protein Cell. 
2014;5(9):673–691.

 9. de La Coste A, Romagnolo B, Billuart P, et al. Somatic mutations of 
the beta-catenin gene are frequent in mouse and human hepatocellular 
carcinomas. Proc Natl Acad Sci U S A. 1998;95(15):8847–8851.

 10. Hsu HC, Tseng HJ, Lai PL, Lee PH, Peng SY. Expression of p53 gene in 
184 unifocal hepatocellular carcinomas: association with tumor growth 
and invasiveness. Cancer Res. 1993;53(19):4691–4694.

 11. Hsu H, Peng S, Lai P, Chu J, Lee P. Mutations of p53 gene in hepato-
cellular-carcinoma (hcc) correlate with tumor progression and patient 
prognosis – a study of 138 patients with unifocal hcc. Int J Oncol. 
1994;4(6):1341–1347.

 12. Hsu HC, Jeng YM, Mao TL, Chu JS, Lai PL, Peng SY. Beta-catenin 
mutations are associated with a subset of low-stage hepatocellular 
carcinoma negative for hepatitis B virus and with favorable prognosis. 
Am J Pathol. 2000;157(3):763–770.

 13. Zhang Y, Qiu Z, Wei L, et al. Integrated analysis of mutation data from 
various sources identifies key genes and signaling pathways in hepato-
cellular carcinoma. PLoS One. 2014;9(7):e100854.

 14. Rashad NM, El-Shal AS, Abd Elbary EH, Abo Warda MH, Hegazy O.  
Impact of insulin-like growth factor 2, insulin-like growth factor 
receptor 2, insulin receptor substrate 2 genes polymorphisms on sus-
ceptibility and clinicopathological features of hepatocellular carcinoma. 
Cytokine. 2014;68(1):50–58.

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.inchem.org/documents/ehc/ehc/ehc222.htm
http://www.inchem.org/documents/ehc/ehc/ehc222.htm


Hepatic Medicine: Evidence and Research 2015:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

8

Ferrín et al

 15. Wu X, Xin Z, Zhang W, et al. A missense polymorphism in ATF6 gene 
is associated with susceptibility to hepatocellular carcinoma probably 
by altering ATF6 level. Int J Cancer. 2014;135(1):61–68.

 16. Xu Y, Li L, Xiang X, et al. Three common functional polymorphisms 
in microRNA encoding genes in the susceptibility to hepatocellular 
carcinoma: a systematic review and meta-analysis. Gene. 2013;527(2): 
584–593.

 17. Yu YL, Su KJ, Hsieh YH, et al. Effects of EZH2 polymorphisms on sus-
ceptibility to and pathological development of hepatocellular  carcinoma. 
PLoS One. 2013;8(9):e74870.

 18. Feinberg AP. Phenotypic plasticity and the epigenetics of human  disease. 
Nature. 2007;447(7143):433–440.

 19. Bird A. Perceptions of epigenetics. Nature. 2007;447(7143): 
396–398.

 20. Mann DA. Epigenetics in liver disease. Hepatology. 2014;60(4): 
1418–1425.

 21. Jones PA, Baylin SB. The fundamental role of epigenetic events in 
cancer. Nat Rev Genet. 2002;3(6):415–428.

 22. Fan DN, Tsang FH, Tam AH, et al. Histone lysine methyltransferase, 
suppressor of variegation 3–9 homolog 1, promotes hepatocellular 
carcinoma progression and is negatively regulated by microRNA-125b. 
Hepatology. 2013;57(2):637–647.

 23. Kondo Y, Shen L, Suzuki S, et al. Alterations of DNA methylation and 
histone modifications contribute to gene silencing in hepatocellular 
carcinomas. Hepatol Res. 2007;37(11):974–983.

 24. Jeng YM, Peng SY, Lin CY, Hsu HC. Overexpression and  amplification 
of Aurora-A in hepatocellular carcinoma. Clin Cancer Res. 2004;10(6): 
2065–2071.

 25. Cai MY, Tong ZT, Zheng F, et al. EZH2 protein: a promising immuno-
marker for the detection of hepatocellular carcinomas in liver needle 
biopsies. Gut. 2011;60(7):967–976.

 26. Hung SY, Lin HH, Yeh KT, Chang JG. Histone-modifying genes as bio-
markers in hepatocellular carcinoma. Int J Clin Exp Pathol. 2014;7(5): 
2496–2507.

 27. Liu C, Liu L, Shan J, et al. Histone deacetylase 3 participates in self-
renewal of liver cancer stem cells through histone modification. Cancer 
Lett. 2013;339(1):60–69.

 28. Lin ZZ, Jeng YM, Hu FC, et al. Significance of Aurora B overexpression 
in hepatocellular carcinoma. Aurora B Overexpression in HCC. BMC 
Cancer. 2010;10:461.

 29. Mah WC, Lee CG. DNA methylation: potential biomarker in 
 Hepatocellular Carcinoma. Biomark Res. 2014;2(1):5.

 30. Puszyk WM, Trinh TL, Chapple SJ, Liu C. Linking metabolism and 
epigenetic regulation in development of hepatocellular carcinoma.  
Lab Invest. 2013;93(9):983–990.

 31. Wong IH, Zhang J, Lai PB, Lau WY, Lo YM. Quantitative analysis 
of tumor-derived methylated p16INK4a sequences in plasma, serum, 
and blood cells of hepatocellular carcinoma patients. Clin Cancer Res. 
2003;9(3):1047–1052.

 32. Ji J, Wang XW. New kids on the block: diagnostic and prognostic 
microRNAs in hepatocellular carcinoma. Cancer Biol Ther. 2009;8(18): 
1686–1693.

 33. Gramantieri L, Fornari F, Callegari E, et al. MicroRNA involve-
ment in hepatocellular carcinoma. J Cell Mol Med. 2008;12(6A): 
2189–2204.

 34. Yin H, Peng X, Ren P, Cheng B, Li S, Qin C. MicroRNAs as a novel 
class of diagnostic biomarkers in detection of hepatocellular carcinoma: 
a meta-analysis. Tumour Biol. 2014;35(12):12317–12326.

 35. Qi J, Wang J, Katayama H, Sen S, Liu SM. Circulating microRNAs 
(cmiRNAs) as novel potential biomarkers for hepatocellular carcinoma. 
Neoplasma. 2013;60(2):135–142.

 36. Zhou L, Yang ZX, Song WJ, et al. MicroRNA-21 regulates the migra-
tion and invasion of a stem-like population in hepatocellular carcinoma.  
Int J Oncol. 2013;43(2):661–669.

 37. Tomimaru Y, Eguchi H, Nagano H, et al. Circulating microRNA-21 
as a novel biomarker for hepatocellular carcinoma. J Hepatol. 2012; 
56(1):167–175.

 38. Tomimaru Y, Eguchi H, Nagano H, et al. MicroRNA-21 induces resis-
tance to the anti-tumour effect of interferon- α/5-fluorouracil in hepa-
tocellular carcinoma cells. Br J Cancer. 2010;103(10):1617–1626.

 39. Kaposi-Novak P, Libbrecht L, Woo HG, et al. Central role of c-Myc 
during malignant conversion in human hepatocarcinogenesis. Cancer 
Res. 2009;69(7):2775–2782.

 40. Villanueva A, Alsinet C, Yanger K, et al. Notch signaling is activated in 
human hepatocellular carcinoma and induces tumor formation in mice. 
Gastroenterology. 2012;143(6):1660–1669. e7.

 41. Hoshida Y, Nijman SM, Kobayashi M, et al. Integrative transcriptome 
analysis reveals common molecular subclasses of human hepatocellular 
carcinoma. Cancer Res. 2009;69(18):7385–7392.

 42. Zhang Y, Wang S, Li D, et al. A systems biology-based classifier 
for hepatocellular carcinoma diagnosis. PLoS One. 2011;6(7): 
e22426.

 43. Behne T, Copur MS. Biomarkers for hepatocellular carcinoma. Int J 
Hepatol. 2012;2012:859076.

 44. Kuromatsu R, Tanaka M, Tanikawa K. Serum alpha-fetoprotein and lens 
culinaris agglutinin-reactive fraction of alpha-fetoprotein in patients 
with hepatocellular carcinoma. Liver. 1993;13(4):177–182.

 45. Sato Y, Nakata K, Kato Y, et al. Early recognition of hepatocellular 
carcinoma based on altered profiles of alpha-fetoprotein. N Engl J Med. 
1993;328(25):1802–1806.

 46. Hanaoka T, Sato S, Tobita H, et al. Clinical significance of the highly 
sensitive fucosylated fraction of α-fetoprotein in patients with chronic 
liver disease. J Gastroenterol Hepatol. 2011;26(4):739–744.

 47. Trevisani F, D’Intino PE, Morselli-Labate AM, et al. Serum alpha-
fetoprotein for diagnosis of hepatocellular carcinoma in patients 
with chronic liver disease: influence of HBsAg and anti-HCV status.  
J Hepatol. 2001;34(4):570–575.

 48. Koike Y, Shiratori Y, Sato S, et al. Des-gamma-carboxy prothrombin as 
a useful predisposing factor for the development of portal venous inva-
sion in patients with hepatocellular carcinoma: a prospective analysis 
of 227 patients. Cancer. 2001;91(3):561–569.

 49. Tung EK, Mak CK, Fatima S, et al. Clinicopathological and prognostic 
significance of serum and tissue Dickkopf-1 levels in human hepatocel-
lular carcinoma. Liver Int. 2011;31(10):1494–1504.

 50. Shen Q, Fan J, Yang XR, et al. Serum DKK1 as a protein biomarker for 
the diagnosis of hepatocellular carcinoma: a large-scale, multicentre 
study. Lancet Oncol. 2012;13(8):817–826.

 51. Shi RY, Yang XR, Shen QJ, et al. High expression of Dickkopf-related 
protein 1 is related to lymphatic metastasis and indicates poor progno-
sis in intrahepatic cholangiocarcinoma patients after surgery. Cancer. 
2013;119(5):993–1003.

 52. Sato N, Yamabuki T, Takano A, et al. Wnt inhibitor Dickkopf-1 as a 
target for passive cancer immunotherapy. Cancer Res. 2010;70(13): 
5326–5336.

 53. Anborgh PH, Mutrie JC, Tuck AB, Chambers AF. Role of the metastasis-
promoting protein osteopontin in the tumour microenvironment. J Cell 
Mol Med. 2010;14(8):2037–2044.

 54. Ye QH, Qin LX, Forgues M, et al. Predicting hepatitis B virus-positive 
metastatic hepatocellular carcinomas using gene expression profiling 
and supervised machine learning. Nat Med. 2003;9(4):416–423.

 55. Zhang H, Ye QH, Ren N, et al. The prognostic significance of preop-
erative plasma levels of osteopontin in patients with hepatocellular 
carcinoma. J Cancer Res Clin Oncol. 2006;132(11):709–717.

 56. Kim J, Ki SS, Lee SD, et al. Elevated plasma osteopontin levels in 
patients with hepatocellular carcinoma. Am J Gastroenterol. 2006; 
101(9):2051–2059.

 57. Shang S, Plymoth A, Ge S, et al. Identification of osteopontin as a novel 
marker for early hepatocellular carcinoma. Hepatology. 2012;55(2): 
483–490.

 58. Sun BS, Dong QZ, Ye QH, et al. Lentiviral-mediated miRNA against 
osteopontin suppresses tumor growth and metastasis of human hepa-
tocellular carcinoma. Hepatology. 2008;48(6):1834–1842.

 59. Sung YK, Hwang SY, Park MK, et al. Glypican-3 is overexpressed in 
human hepatocellular carcinoma. Cancer Sci. 2003;94(3):259–262.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Hepatic Medicine: Evidence and Research 2015:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

9

Biomarkers and HCC

 60. Capurro M, Wanless IR, Sherman M, et al. Glypican-3: a novel 
serum and histochemical marker for hepatocellular carcinoma. 
Gastroenterology. 2003;125(1):89–97.

 61. Filmus J, Capurro M. Glypican-3: a marker and a therapeutic target in 
hepatocellular carcinoma. FEBS J. 2013;280(10):2471–2476.

 62. International Consensus Group for Hepatocellular Neoplasia The Inter-
national Consensus Group for Hepatocellular Neoplasia. Pathologic 
diagnosis of early hepatocellular carcinoma: a report of the inter-
national consensus group for hepatocellular neoplasia. Hepatology. 
2009;49(2):658–664.

 63. Shirakawa H, Suzuki H, Shimomura M, et al. Glypican-3 expression 
is correlated with poor prognosis in hepatocellular carcinoma. Cancer 
Sci. 2009;100(8):1403–1407.

 64. Di Tommaso L, Franchi G, Park YN, et al. Diagnostic value of HSP70, 
glypican 3, and glutamine synthetase in hepatocellular nodules in 
 cirrhosis. Hepatology. 2007;45(3):725–734.

 65. Tremosini S, Forner A, Boix L, et al. Prospective validation of an immu-
nohistochemical panel (glypican 3, heat shock protein 70 and glutamine 
synthetase) in liver biopsies for diagnosis of very early hepatocellular 
carcinoma. Gut. 2012;61(10):1481–1487.

 66. Pontisso P, Calabrese F, Benvegnù L, et al. Overexpression of squamous 
cell carcinoma antigen variants in hepatocellular carcinoma. Br J 
 Cancer. 2004;90(4):833–837.

 67. Giannelli G, Marinosci F, Sgarra C, Lupo L, Dentico P, Antonaci S.  
Clinical role of tissue and serum levels of SCCA antigen in hepatocellular 
carcinoma. Int J Cancer. 2005;116(4):579–583.

 68. Beneduce L, Castaldi F, Marino M, et al. Squamous cell carcinoma 
antigen-immunoglobulin M complexes as novel biomarkers for 
hepatocellular carcinoma. Cancer. 2005;103(12):2558–2565.

 69. Pontisso P, Quarta S, Caberlotto C, et al. Progressive increase of SCCA-
IgM immune complexes in cirrhotic patients is associated with develop-
ment of hepatocellular carcinoma. Int J Cancer. 2006;119(4): 735–740.

 70. Zinkin NT, Grall F, Bhaskar K, et al. Serum proteomics and biomarkers 
in hepatocellular carcinoma and chronic liver disease. Clin Cancer Res. 
2008;14(2):470–477.

 71. Chen L, Ho DW, Lee NP, et al. Enhanced detection of early hepatocellu-
lar carcinoma by serum SELDI-TOF proteomic signature combined with 
alpha-fetoprotein marker. Ann Surg Oncol. 2010;17(9):2518–2525.

 72. Liu Y, Hong Z, Tan G, et al. NMR and LC/MS-based global metabo-
lomics to identify serum biomarkers differentiating hepatocellular 
carcinoma from liver cirrhosis. Int J Cancer. 2014;135(3):658–668.

 73. Xiao JF, Varghese RS, Zhou B, et al. LC-MS based serum metabolomics 
for identification of hepatocellular carcinoma biomarkers in Egyptian 
cohort. J Proteome Res. 2012;11(12):5914–5923.

 74. Yin P, Wan D, Zhao C, et al. A metabonomic study of hepatitis B-induced 
liver cirrhosis and hepatocellular carcinoma by using RP-LC and HILIC 
coupled with mass spectrometry. Mol Biosyst. 2009;5(8): 868–876.

 75. Ressom HW, Xiao JF, Tuli L, et al. Utilization of metabolomics to 
identify serum biomarkers for hepatocellular carcinoma in patients 
with liver cirrhosis. Anal Chim Acta. 2012;743:90–100.

 76. Yoshimoto S, Loo TM, Atarashi K, et al. Obesity-induced gut microbial 
metabolite promotes liver cancer through senescence secretome. Nature. 
2013;499(7456):97–101.

 77. Zhang HL, Yu LX, Yang W, et al. Profound impact of gut homeo-
stasis on chemically-induced pro-tumorigenic inflammation and 
 hepatocarcinogenesis in rats. J Hepatol. 2012;57(4):803–812.

 78. Jin T, Peng H, Wu H. Clinical value of circulating liver cancer cells for 
the diagnosis of hepatocellular carcinoma: A meta-analysis. Biomed 
Rep. 2013;1(5):731–736.

 79. Sun YF, Xu Y, Yang XR, et al. Circulating stem cell-like epithelial cell 
adhesion molecule-positive tumor cells indicate poor prognosis of 
hepatocellular carcinoma after curative resection. Hepatology. 2013; 
57(4):1458–1468.

 80. Guo W, Yang XR, Sun YF, et al. Clinical significance of EpCAM 
mRNA-positive circulating tumor cells in hepatocellular carcinoma by 
an optimized negative enrichment and qRT-PCR-based platform. Clin 
Cancer Res. 2014;20(18):4794–4805.

 81. Nambotin SB, Wands JR, Kim M. Points of therapeutic interven-
tion along the Wnt signaling pathway in hepatocellular carcinoma. 
 Anticancer Agents Med Chem. 2011;11(6):549–559.

 82. Gedaly R, Galuppo R, Daily MF, et al. Targeting the Wnt/β-catenin sig-
naling pathway in liver cancer stem cells and hepatocellular  carcinoma 
cell lines with FH535. PLoS One. 2014;9(6):e99272.

 83. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepa-
tocellular carcinoma. N Engl J Med. 2008;359(4):378–390.

 84. Cheng AL, Kang YK, Chen Z, et al. Efficacy and safety of sorafenib 
in patients in the Asia-Pacific region with advanced hepatocellular 
carcinoma: a phase III randomised, double-blind, placebo-controlled 
trial. Lancet Oncol. 2009;10(1):25–34.

 85. Llovet JM, Pena CE, Lathia CD, Shan M, Meinhardt G, Bruix J; 
SHARP Investigation Study Group. Plasma biomarkers as predictors 
of outcome in patients with advance hepatocellular carcinoma. Clin 
Cancer Res. 2012;18(8):2290–2300.

 86. Shao YY, Hsu CH, Cheng AL. Predictive biomarkers of antiangiogenic 
therapy for advanced hepatocellular carcinoma: where are we? Liver 
Cancer. 2013;2(2):93–107.

 87. Chen KF, Chen HL, Tai WT, et al. Activation of phosphatidylinositol 
3-kinase/Akt signaling pathway mediates acquired resistance to 
sorafenib in hepatocellular carcinoma cells. J Pharmacol Exp Ther. 
2011;337(1):155–161.

 88. Chen YL, Lv J, Ye XL, et al. Sorafenib inhibits transforming growth 
factor β1-mediated epithelial-mesenchymal transition and apoptosis 
in mouse hepatocytes. Hepatology. 2011;53(5):1708–1718.

 89. Blivet-Van Eggelpoël MJ, Chettouh H, Fartoux L, et al. Epidermal 
growth factor receptor and HER-3 restrict cell response to sorafenib 
in hepatocellular carcinoma cells. J Hepatol. 2012;57(1):108–115.

 90. Liang Y, Zheng T, Song R, et al. Hypoxia-mediated sorafenib resis-
tance can be overcome by EF24 through Von Hippel-Lindau tumor 
suppressor-dependent HIF-1α inhibition in hepatocellular carcinoma. 
Hepatology. 2013;57(5):1847–1857.

 91. Lo SJ, Fan LC, Tsai YF, et al. A novel interaction of nucleophosmin with 
BCL2-associated X protein regulating death evasion and drug sensitiv-
ity in human hepatoma cells. Hepatology. 2013;57(5): 1893–1905.

 92. Wang S, Zhu Y, He H, et al. Sorafenib suppresses growth and survival 
of hepatoma cells by accelerating degradation of enhancer of zeste 
homolog 2. Cancer Sci. 2013;104(6):750–759.

 93. Li GM, Wang YG, Pan Q, Wang J, Fan JG, Sun C. RNAi screen-
ing with shRNAs against histone methylation-related genes reveals 
determinants of sorafenib sensitivity in hepatocellular carcinoma cells.  
Int J Clin Exp Pathol. 2014;7(3):1085–1092.

 94. Lin ZZ, Hsu HC, Hsu CH, et al. The Aurora kinase inhibitor VE-465 
has anticancer effects in pre-clinical studies of human hepatocellular 
carcinoma. J Hepatol. 2009;50(3):518–527.

 95. Capurro MI, Xiang YY, Lobe C, Filmus J. Glypican-3 promotes the 
growth of hepatocellular carcinoma by stimulating canonical Wnt 
signaling. Cancer Res. 2005;65(14):6245–6254.

 96. Feng M, Ho M. Glypican-3 antibodies: a new therapeutic target for 
liver cancer. FEBS Lett. 2014;588(2):377–382.

 97. Lee SA, Lee SY, Cho IH, et al. Tetraspanin TM4SF5 mediates loss of 
contact inhibition through epithelial-mesenchymal transition in human 
hepatocarcinoma. J Clin Invest. 2008;118(4):1354–1366.

 98. Lee SA, Ryu HW, Kim YM, et al. Blockade of four-transmembrane 
L6 family member 5 (TM4SF5)-mediated tumorigenicity in hepa-
tocytes by a synthetic chalcone derivative. Hepatology. 2009;49(4): 
1316–1325.

 99. Kim D, Kwon S, Rhee JW, et al. Production of antibodies with peptide-
CpG-DNA-liposome complex without carriers. BMC Immunol. 
2011;12:29.

 100. Kwon S, Kim D, Park BK, et al. Prevention and therapy of hepatocel-
lular carcinoma by vaccination with TM4SF5 epitope-CpG-DNA-
liposome complex without carriers. PLoS One. 2012;7(3):e33121.

 101. Kwon S, Choi KC, Kim YE, et al. Monoclonal antibody targeting of 
the cell surface molecule TM4SF5 inhibits the growth of hepatocellular 
carcinoma. Cancer Res. 2014;74(14):3844–3856.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Hepatic Medicine: Evidence and Research

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/hepatic-medicine-evidence-and-research-journal

Hepatic Medicine: Evidence and Research is an international, peer-
reviewed, open access journal covering all aspects of adult and pedi-
atric hepatology in the clinic and laboratory including the following 
topics: Pathology, pathophysiology of hepatic disease; Investigation 
and treatment of hepatic disease; Pharmacology of drugs used for 

the treatment of hepatic disease. Issues of patient safety and quality 
of care will also be considered. The manuscript management system 
is completely online and includes a very quick and fair peer-review 
system, which is all easy to use. Visit http://www.dovepress.com/ 
testimonials.php to read real quotes from published authors.

Hepatic Medicine: Evidence and Research 2015:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

10

Ferrín et al

 102. Chen L, Zhou S, Qin J, et al. Combination of SLC administration and 
Tregs depletion is an attractive strategy for targeting hepatocellular 
carcinoma. Mol Cancer. 2013;12(1):153.

 103. Weber GF. The metastasis gene osteopontin: a candidate target for 
cancer therapy. Biochim Biophys Acta. 2001;1552(2):61–85.

 104. Johnston NI, Gunasekharan VK, Ravindranath A, O’Connell C, 
Johnston PG, El-Tanani MK. Osteopontin as a target for cancer therapy. 
Front Biosci. 2008;13:4361–4372.

 105. Zhao J, Lu B, Xu H, et al. Thirty-kilodalton Tat-interacting protein 
suppresses tumor metastasis by inhibition of osteopontin transcrip-
tion in human hepatocellular carcinoma. Hepatology. 2008;48(1): 
265–275.

 106. Zhao J, Dong L, Lu B, et al. Down-regulation of osteopontin suppresses 
growth and metastasis of hepatocellular carcinoma via induction of 
apoptosis. Gastroenterology. 2008;135(3):956–968.

 107. Chen RX, Xia YH, Xue TC, Zhang H, Ye SL. Down-regulation of osteo-
pontin inhibits metastasis of hepatocellular carcinoma cells via a mecha-
nism involving MMP-2 and uPA. Oncol Rep. 2011;25(3):803–808.

 108. Zhang Y, Shi ZL, Yang X, Yin ZF. Targeting of circulating hepatocellu-
lar carcinoma cells to prevent postoperative recurrence and metastasis. 
World J Gastroenterol. 2014;20(1):142–147.

http://www.dovepress.com/hepatic-medicine-evidence-and-research-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


