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Abstract

The increasing incidence of hepatocellular carcinoma (HCC) is of great concern not only in the 

United States but throughout the world because of two major reasons: firstly, HCC is one of 

the most lethal form of malignancies with less than 10% survival rate and secondly, a lack of 

prudent diagnostics makes early detection of HCC nearly impossible. The poor prognosis of HCC 

accentuates the need to develop new diagnostic markers and therapeutic approaches. In this review 

we discuss recent advances made in the discovery of molecular biomarkers and their significance 

in the detection of HCC. We focus on three major classes of biomarkers: serological, tumor, 

peri-tumoral tissue and cancer stem cell markers. Considerable progress has been made recently 

in our understanding of HCC at the molecular level increasing the potential of molecular targeted 

therapy. A number of molecular targets have been identified that have been showing promising 

results. Of particular interest is Sorafenib, a multi-tyrosine kinase inhibitor that has been approved 

for the HCC treatment. Inhibitors of other molecular targets such as VEGF, EGFR, mTOR etc. are 

emerging as plausible therapeutic agents for the treatment of HCC and are discussed in this review.
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BACKGROUND

Hepatocellular carcinoma (HCC) is one of the deadliest form of primary cancers with a 

5-year survival rate of 10% or less [1]. HCC is the fifth most common cancer worldwide and 

ranks third among all primary cancer-related mortalities [2]. Development of hepatocellular 

carcinoma is generally a multi-step process that results from an acute or chronic hepatic 

injury caused by viral infection, toxic accumulation, impaired metabolism or congenital 

predisposition [3]. Liver damage progression over decades leads to fibrosis and cirrhosis, 

the primary indication of HCC-development. Although more than 80% of the HCC cases 

occur in Eastern Asia or sub-Saharan Africa due to higher propensity to viral infection, a 
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sharp increase of HCC associated mortality has been documented in the West in the last half 

century [3].

In Asia and sub-Saharan Africa, Hepatitis B and Hepatitis C infections dominantly 

contribute to acute and chronic liver insult. Poor vaccination practice in these areas is 

reflected by endemic hepatitis and high malignancy rate due to HCC. Heavy alcohol 

consumption for prolonged periods is often suggested to be responsible for HCC as it 

is associated with liver cirrhosis. However, a direct carcinogenic role of alcohol is yet 

to be investigated [2]. Aflatoxin, which causes DNA damage is known to be a strong 

hepato-carcinogen and often thought to accelerate the development of malignancy in patients 

with infectious hepatitis [2].

Though HCC rarely develops without liver cirrhosis or pre-existing viral infection, several 

studies indicated that obesity can lead to fatty acid associated liver toxicity and lipid 

deposition in hepatocytes causing steatosis which can give rise to NASH (nonalcoholic 

steatohepatits) and NAFLD (nonalcoholic fatty liver disease), depending on the severity 

of the disease [4]. NASH and NAFLD are essentially characterized by inflammation and 

apoptosis of hepatocytes [5]. Some studies suggest continuous apoptosis leads to hepatocytic 

mitogenesis and pressure of incessant cell turnover may give rise to tumorigenesis [4,5].

Early stages of HCC are generally asymptomatic and the tumor grows rapidly [6]. Surgical 

cytoreduction followed by chemotherapy and liver transplant are the options available only 

at early and locally confined stages of HCC. Limited treatment option for late diagnosis 

explains the low survival rate [7,8]. Only early diagnosis can improve this statistics and 

therefore, detailed study of the molecular markers involved in HCC can be of profound 

importance.

Cancer is known to be an accumulation of molecular aberrations and is characterized 

by altered genetic structures and expressions; resulting in modified protein structures and 

expression of particular proteins. Traditionally tumor biopsy and in more recent days 

analysis of body fluids help to detect these anomalies and these identifications can be 

used as molecular markers. Studies during last two decades revealed specific biomarkers 

associated with particular types of cancers. Discovery of molecular markers significantly 

improved the survival rate in some cancers as early diagnosis helped to monitor the tumor 

load, assess the tumor metastasis, tumor advancement and evaluate the therapeutic strategy 

[9].

Ultrasonography (US) is most commonly used to identify hepatic lesions. But specificity of 

ultrasonography often depends on individual skill of analysis. In addition, ultrasonography 

is not very sensitive technique to identify small hepatic lesions [10]. Combined approaches, 

such as ultrasonography along with serum biomarkers have been in practice for last three 

decades. In this review, we discuss the most frequently used and considered to be potential 

molecular markers for the diagnosis of HCC.

Currently available therapeutic options for HCC mostly depend on surgical resection, 

liver transplantation, radiofrequency ablation, chemoembolization and radioembolization 

[11,12]. Patients with portal invasion, which indicates poor prognosis, primarily undergo 
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aggressive hepatectomy followed by chemotherapy regime. Patients with hepatitis infection-

associated HCC are often treated with interferon therapy (to tackle viral load) and with 

nucleotide analogs [13,14]. Chemotherapy drugs such as Cisplatin, Oxaplatin, Doxorubicin, 

and Gemcitabine are also commonly used to treat HCC patients. However, in recent years 

molecular targeted therapies have shown promising results during clinical trials of several 

cancers including HCC. A number of signaling pathways in hepatocellular carcinoma are 

altered and aberrant due to epigenetic changes or mutational changes in structural changes. 

Hepatocellular carcinoma is highly vascularized with dense micro-vessel population in 

tumors. One of the most commonly used drugs to target angiogenesis related signaling 

pathways is Sorafenib, a small molecule tyrosine kinase inhibitor [15]. Small molecule 

kinase inhibitors and monoclonal antibodies have shown tremendous potential in HCC 

treatment when used in combination with some conventional chemotherapeutic drugs. In this 

review, we provide a precise account of currently available or emerging molecular targeted 

therapies.

A. MOLECULAR BIOMARKERS AND THEIR IMPORTANCE IN DIAGNOSIS 

AND THERAPY

Molecular markers used for HCC-diagnosis can be categorized into three major types based 

on the biological samples used for this purpose and are summarized in Fig. (1). In this 

review, we discuss briefly these three classes of molecular biomarkers:

i. Serological markers,

ii. Tumor and peri-tumoral tissue markers, and

iii. Cancer stem cell markers.

I. Serological Biomarkers

α-Fetoprotein (AFP)—Alpha-fetoprotein, a 70 kD glycoprotein is the most widely used 

serum marker for HCC diagnosis. AFP is generally synthesized by embryonic yolk sack, 

fetal liver and intestinal tract. The expression of AFP, which is functionally uncharacterized, 

become repressed after birth and is documented to be expressed only in pregnant women. 

From the 1960s, AFP has been associated with several pathological conditions of liver- acute 

and chronic liver diseases, with high degree of hepatocyte regeneration, hepatitis B infection 

and liver cirrhosis. AFP is also used as a molecular marker for embryonic cancer, gastric and 

lung cancer [16,17].

Though AFP is the most commonly used HCC biomarker, its sensitivity and predictive 

accuracy often depends on the AFP cut-off value used for the tests. Some studies suggest 

values greater than 400 ng/ml should be considered to be the cut-off value for HCC 

diagnosis [10]. However, only 30% of the patients ever show serum AFP level higher 

than 100 ng/ml [10,16]. It has been suggested that a progressive build-up of AFP should 

be taken as an alarming sign and follow-up with routine diagnostic work is recommended. 

Other studies were conducted with an AFP cut-off value of 20 ng/ml to make the tests more 

sensitive. But even with lower AFP cut-off levels it was highly difficult to identify patients 

with small (< 3 cm) tumors. Sensitivity of HCC diagnosis is shown to be 60-80% with a 
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20 ng/ml AFP cut-off value, however, the sensitivity decreases to 20-40% for the detection 

of small tumors [16,17]. On the other hand, as several chronic liver conditions and hepatitis 

infections are characterized by high serum-AFP level, low AFP cut-off levels often produce 

false positive results. AFP is also not a very useful diagnostic tool for recurrent HCC cases 

[8].

Des-Gamma Carboxyprothrombin (DCP)/ Protein Induced by Vitamin K 
Absence (PIVKAII)—DCP is a commonly used HCC biomarker in eastern Asia 

(especially Japan) and North America. DCP is an abnormal prothrombin protein found in the 

serum of HCC patients [18].

Hepatocytes synthesize prothrombins and the process involves γ-carboxylation and vitamin 

K- dependent γ-glutamyl carboxylase. A deficiency in vitamin K or reduced levels of γ-

glutamyl carboxylase results in the secretion of immature prothrombin, which lacks essential 

γ-carboxyglutamic acid residues in blood [18]. This abnormal, immature prothrombin is 

also known as Desgamma carboxypothrombin or DCP [19]. Although the association 

between HCC and DCP is not fully characterized, DCP can be a useful tool to diagnose 

portal vein invasion by hepatic tumor and aggressive tumor progression. DCP has been a 

widely used HCC biomarker since 1984 [20], however, it fails to identify individuals with 

small tumors.

Several studies suggest that better diagnostic results can be achieved if AFP and DCP 

are measured simultaneously as HCC biomarkers. The diagnostic cut-off value for DCP 

is 60 mAU/ml and 80 mAU/ml when measured alone and along with AFP, respectively. 

Higher serum DCP levels generally corresponds to higher proliferation activity of tumor, 

poor prognosis and intrahepatic spreading [21]. Even though some studies indicate that DCP 

analysis shows lower sensitivity, it is considered to have higher specificity than AFP with 

respect to HCC diagnosis [22].

Glypican-3 (GP3)—Glypican-3, an oncofetal gene, is known to be largely expressed 

in nonalcoholic steatohepatitis (NASH)-associated HCC [6]. GP3 is a member of heat-

shock protein (HSP) family and plays a critical role in cell growth, differentiation and 

migration [6]. GP3 is believed to promote HCC growth by stimulating canonical Wnt 

signaling pathways [6,23]. Initially, only GP3 mRNA was thought to be elevated in HCC 

and was used as a biomarker [23], however, a study in 2003 by Capurro et al., showed 

immunoblotting and ELISA can be used to measure GP3 in patients’ serum [23]. Serological 

sensitivity and specificity of GP3 as HCC biomarker is 53% and 95%, respectively. 

Combined use of AFP and GP3 has been suggested to be more useful as HCC biomarkers 

[6,23].

Squamous Cell Carcinoma Antigen (SCCA)—SCCA-1 and SCCA-2 are both 

approximately 45 kD proteins, members of serine proteinase inhibitor (sepin) family. SCCA 

is detected in high concentrations in serum of individuals suffering from certain types 

of squamous and epithelial malignancy. Although, SCCA is present in the cytoplasm of 

squamous epithelium, it is believed to be secreted to the circulatory system only by certain 

cancers [24]. HCC show higher concentration of SCCA than the peritumoral tissues. Also, 
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serum concentration of SCCA is significantly higher in HCC than in the patients with 

non-malignant liver cirrhosis. But level of serum SCCA does not help to make any inference 

regarding tumor size, progression and prognosis [24,25].

Follistatin—Follistatin is a secreted glycoprotein and interact closely with TGFβ 
superfamily proteins and activin. In liver activin A acts as negative regulator of hepatocyte 

proliferation and induces apoptosis. Follistatin binds to activin A with high affinity and 

inhibits receptor binding of activin A [26]. Follistatin abolishes activin A regulated signaling 

pathways leading to apoptosis and promotes growth and proliferation of hepatocytes. Thus, 

activin A and follistatin can be used as biomarkers for HCC. However, activin A and 

follistatin are deregulated in several chronic hepatic disorders including inflammation, 

fibrosis and liver failure, and using activin A or follistatin alone can lead to false positive 

results for HCC. Follistatin cannot be used as a biomarker for alcoholic or nonalcoholic liver 

diseases for the same reasons [26,27].

Serum Soluble Fas—Death-inducing Fas and Fas-ligand (FasL) play unique role in 

hepatic tumor growth and metastasis. Fas/FasL system, which plays a major role in 

development, maturation and functioning of B- and T- lymphocytes, is known to be up-

regulated in chronic liver diseases and accelerates the progression of the disease. But like 

many other solid tumor system, HCC expresses low levels of Fas and FasL in order to 

invade the killing lymphocytes [28,29]. Interestingly, several independent studies reported 

the presence of elevated level of soluble Fas (sFas) in the serum of patients suffering from 

HCC.

Patients with lupus, leukemia and hepatoma often express several isoforms of soluble Fas 

(sFas), generated by alternative splicing or in-frame deletion of exon. Despite the fact that 

the characterization of soluble splice variant of Fas is incomplete, sFas is believed to act 

as a decoy receptor, which prevents Fas/FasL binding and inhibits Fas-mediated apoptosis 

[29,30]. Several independent studies showed that serum sFas is significantly higher in 

HCC patients when compared with patients suffering from chronic hepatitis C or liver 

cirrhosis. These studies also suggested that the level of sFas could be used to categorize the 

progression of liver diseases as sFas levels reflects the degree of hepatic damage [29,31]. 

According to El Bassiouny et al, evaluation of hepatic carcinogenesis should be done by 

taking both Fas and sFas into account; as hepatic Fas level is significantly low and sFas 

is significantly higher in hepatic carcinoma when compared with serum samples collected 

from chronic hepatitis C and liver cirrhosis [31].

Golgi Protein 73 (GP73)/ Golph2—GP73 is a Golgi-specific 73 kD trans-membrane 

glycoprotein, normally localized in the membranes of cis-Golgi complex. GP73 is expressed 

by biliary epithelial cells in normal liver and serum level of GP73 is reported to be elevated 

in a number of chronic and acute, benign and malignant liver diseases. Several independent 

studies suggested GP73 as a potential biomarker for HCC diagnosis and post-operative 

monitoring [16,32,33]. Even though serum GP73 level is found to be increased in chronic 

hepatitis infections, liver cirrhosis and hepatocellular carcinoma, a study by Mao et al. 
demonstrated the utility of GP73 in monitoring the disease progression from hepatitis B to 

liver cirrhosis and then finally into HCC [34]. The study with 4217 serum samples taken 
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from healthy individuals and patients suffering from benign and malignant liver diseases 

showed serum GP73 elevation level is modest in hepatitis B virus carriers, moderate in 

liver cirrhosis patients and dramatically increased in HCC patients [34]. GP73 is also 

shown to be useful to distinguish between benign and malignant tumors and also between 

liver and non-liver malignancies due to its significantly high serum level in HCC patients 

[34,35]. Independent studies demonstrated a drop in GP73 level after surgical cytoreduction 

of HCC, however, post-surgery increase of GP73 level in serum correlates with tumor 

reappearance. According to Hann et al, post-operative GP73 build up takes place even with 

the appearance of small tumor lesions, which are undetectable by ultrasonography [36]. 

It has been suggested that the sensitivity of GP73 as a diagnostic tool for HCC is better 

than AFP [16,34]. GP73 has a great potential to be used as a serum marker for diagnosis, 

surveillance, recurrence and post-operative management of HCC.

HGF—Hepatocyte growth factor (HGF), which plays a crucial role in liver regeneration 

in response to hepatic injury, is considered to be a useful biomarker for several tumors 

including HCC. Fibroblasts and adipose tissues are main storage compartments of HGF and 

it is known to be secreted by Kupffer cells and sinusoidal endothelial cells [37]. Recent 

studies indicated that cancer cells within solid tumors secrete HGF and store it within the 

tumor [38,39].

HGF binds to the proto-oncogene tyrosine kinase receptor c-Met, present on hepatocyte 

surface and activates a number of transcription factors, pro-metastatic and pro-angiogenic 

proteins. Several studies revealed HGF plays a pivotal role in aggressive metastasis of 

HCC by stimulating the expression or secretion of matrix metalloproteinases (MMPs), 

vascular endothelial growth factor (VEGF). Despite several theories suggesting that HGF 

accelerate early stages of tumor development, evidence implicates its strong role in 

advanced metastasis and late tumor growth [38,40].

Patients with HCC show a much higher level of serum HGF than observed in patients with 

chronic hepatitis or liver cirrhosis. Yamagamim et al observed that all patients with HCC 

had serum HGF level higher than 0.31 ng/ml [41]. Patients with serum HGF level higher 

than 0.6 ng/ ml showed poor prognosis, even when serum AFP and DCP level remained 

normal. Although, elevated level of HGF can be falsely associated with several chronic liver 

diseases, recent clinical studies suggest that HGF has a high potential as biomarker for HCC 

[32,41].

TGFβ—The transforming growth factor β (TGFβ) family of cytokines regulates growth 

and differentiation of both normal and transformed hepatocytes and plays a pivotal role 

in liver regeneration. Active, dimer TGFβ family of cytokines is known to phosphorylate 

and activate SMAD family of transcription factors and regulate growth inhibition and 

apoptosis of normal cells [38,42]. But recent studies suggest that this multi-functional 

cytokine acts as a tumor suppressor during early stages of tumor development and as a 

proto-oncogene during the late phase of carcinogenesis. Proto-oncogenic functions of late 

TGFβ are associated with increased invasiveness and tumor metastasis by overexpression 

of HIF 1A, VEGF, MMP and VIM and positive cell-cycle regulation by over-activation of 

cyclin and cyclin-dependent kinases [43].
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Independent clinical studies showed elevated TGFβ1 mRNA and protein levels in HCC 

tissues and patient serum. Higher serum TGFβ levels in patients, where chronic hepatitis B 

lead to HCC, generally indicate poor prognosis [43,44]. Song et al suggested sensitivity of 

TGFβ as HCC biomarker is much higher than AFP, especially to detect HCC at the early 

stage [42]. In a test group of 234 patients, TGFβ was used as a successful serologic marker 

with a sensitivity of 68% with a cut-off value of 800 pg/ ml [42]. Although TGFβ appears 

to be a potential candidate for serologic marker in HCC diagnosis, its overexpression in liver 

cirrhosis, due to reduced hepatic clearance, might lead to some false positive results [32].

VEGF—Vascular endothelial growth factor (VEGF) is the most well-characterized 

angiogenic factor closely associated with tumor progression and prognosis in several 

carcinogenesis. Recent studies reveal that this endothelial cell mitogen is a potential indirect 

biomarker of HCC progression [45]. In hepatocellular carcinoma VEGF is also associated 

with venous invasion and metastasis and serum of patients with remotely metastasized tumor 

showed much higher level of serum VEGF when compared with serum sample collected 

from HCC patients without metastasis. Moreover, as elevated serum VEGF level is closely 

related with microscopic venous invasion and intrahepatic metastasis, VEGF can be of 

immense importance as a biomarker to screen patients suitable for liver transplant [46]. 

Higher serum VEGF level in patients with small HCC (< 5 cm) indicates poor prognosis and 

poor 3-year tumor-free survival chance after liver transplantation surgery [16,47].

Overall, VEGF alone is not useful as a diagnostic marker and is insufficient to predict 

prognosis of liver cirrhosis to HCC, even though incidence of elevated serum VEGF level 

correlates with higher AFP and DCP level in serum [48]. However, Poon et al suggested that 

serologic VEGF levels > 500 pg/ ml can be used as an independent molecular marker to 

predict portal vein invasion by HCC and degree of metastasis [46].

II. Tumor and Peri-Tumoral Tissue Biomarkers

Polo-Like Kinase—Polo-like kinase (PLK) is a family of cell cycle controlling kinase 

and is known to be aberrantly up-regulated in several cancers. PLK-1 is a highly 

conserved serine/threonine kinase and regulates several mitosis related mechanisms [49]. 

Overexpression of PLK-1 is used as a prognostic marker for glioma, lymphoma, breast, 

bladder and gastric cancers and independent studies revealed its association with HCC 

[49]. Immuno-histochemical studies followed by mRNA analysis showed PLK-1 is highly 

elevated in HCC and this increase is up to 82.22 % when compared to that of surrounding 

normal tissues and regenerating nodules [49]. Elevated PLK-1 in tumors corresponds to 

venous invasion, poor prognosis and low 5-year survival rate [50]. PLK-1 is a potential 

biomarker which can be used for pre-surgery screening of HCC patients [49,50].

p300—p300 is a transcriptional co-activator belonging to histone acetyltransferase family 

and is known to regulate cell proliferation, cell-cycle, apoptosis, and DNA damage response 

[51,52]. p300 is up-regulated in various cancers and believed to play an important role in the 

tumorigenesis of HCC [51]. Immuno-histochemical studies, RT-PCR and immunoblotting 

revealed elevated level and different distribution of p300 in HCC tissues compared to 

adjacent non-malignant liver tissues [52]. High p300 level in tumors is closely associated 
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with aggressive migration, intrahepatic metastasis, vascular invasion of tumors and poor 

prognosis. As high p300 level correlates with significantly shortened survival, it is a 

potential biomarker for pre-surgery screening and a useful index to design treatment strategy 

for HCC patients [51,52].

Y-Box Binding Protein-1 (YB-1)/p18—Y-box protein is a member of an evolutionary 

conserved protein family and has been recently documented to be up-regulated in breast, 

ovarian, non-small cell lung cancer and hepatocellular carcinoma [53]. Full length and 

fragmented YB-1 is actively secreted by both transformed and non-transformed cells. The 

18 kD fragment of YB-1, known as YB-1/p18 is found in the plasma sample of 80% 

of the patients suffering from advanced hepatocellular carcinoma. While all the healthy 

individuals showed the presence of full-length 50 kD YB-1, only plasma samples from 

patients with advanced HCC have YB-1/p18 which harbors the evolutionary conserved 

cold-shock domain [54]. YB-1 is believed to up-regulate the transcription of EGFR, PDGF, 

MMP-2 and other proliferation-associated genes and is often associated with aggressive 

metastasis, development of drug-resistance and decreased apoptosis [54]. High plasma levels 

of YB-1/p18 indicate advanced malignancy and poor prognosis of HCC. As overexpression 

of YB-1/p18 often correlates with early relapse of tumor growth after surgery, it can be 

used as a molecular marker for pre-operative screening and post-operative maintenance 

[54]. The expression level of YB-1/p18 is not influenced by the degree of hepatic damage 

associated with liver cirrhosis or acute liver inflammation and thus makes it a potentially 

more powerful biomarker than AFP or other conventionally used HCC biomarkers [53,54]. 

More characterizations are needed before its clinical use.

III. Cancer Stem Cell Markers

For almost 40 years cancer stem cells (CSC) are hypothesized to play a crucial role in 

the development of chemotherapy and radiation therapy resistance and tumor recurrence. 

Independent studies during the last decade have identified CSC as a small subset of cells 

present within the heterogeneous, bulk population of cancer cells and to be responsible for 

the relapse of malignant tumors after the removal of primary tumors [55-57]. It is theorized 

that CSC lose the potential to repair tissue due to genetic mutation, but that they retain the 

some phenotypes of stem cells such as self-renewal and pluripotency to develop different 

cell types in tumor tissue [58]. CSC are found to be either dormant in the G0 phase of 

cell cycle or dividing at a much slower rate than the rest of the cancer cell population and 

thus CSC do not get affected by conventional chemo or radiation therapy, which especially 

targets highly proliferating cells [59]. A CSC not only sustains the tumor regeneration 

ability, but also drives the mechanisms of tumor progression and differentiation through its 

self-renewal property [55-57]. This indispensible sub-population of tumor cells can either 

recapitulate the original primary tumor or form an extremely heterogeneous cancer cell 

population and is therefore responsible for high rates of recurrence related mortality among 

cancer patients [60]. CSC is believed to play pivotal role in the progression of HCC, its 

recurrence after radical hepatectomy and metastasis of cancer to lungs and bones [59]. Some 

of the cell surface antigens or markers which help to identify CSC in tumors or cell lines 

are c-Kit, CD13, CD133, CD44, CD90, EpCAM, OV6 etc [55]. Independent studies suggest 
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comprehensive understanding of CSC markers and their expression pattern is more effective 

in characterizing CSC harboring HCC than using single CSC marker [61].

CD13—CD13, also known as aminopeptidase N (APN), is a functional marker to identify 

dormant cancer stem cells in HCC. This cell-membrane antigen is a zinc-dependent 

metallopeptidase and plays an important role in post-secretory processing of several types 

of peptides [59]. CD13 is expressed during fetal liver formation and liver regeneration 

and is believed to play specific role in hepatocyte differentiation. Although RT-PCR did 

not exhibit an increase in CD13 mRNA, immuno-histochemical study showed elevated 

CD13 protein level in fibrous capsule of liver, which is very often a site of recurrence 

for HCC [59,62]. Apart from its usual role in cell proliferation, peptide cleavage, CD13 is 

uniquely associated with bile canaliculi formation, bile acid secretion in HCC [62]. CD13+ 

HCC showed reduced ROS-induced DNA damage upon chemo or radiation therapy. In 

SCID mice model, CD13+ cells are documented to be highly tumorigenic and develop 

chemotherapy resistance with the elevated expression of some ABC transporters and ROS 

scavenging pathways [59]. HCC targeted therapy which combines CD13 inhibitor along 

with conventional chemotherapy drug 5-FU or ROS-inducing drug, is suggested to be more 

effective [59,63]. Canalicular staining specific for CD13 is a potential diagnostic tool to 

identify and design therapeutic approaches for HCC patients [62].

CD133—CD133, also known as prominin-1 or AC133, is a 97 kD cell surface glycoprotein 

[58]. CD133 is a member of prominin family and is a prominent stem cell marker for various 

normal and cancerous tissues. Seventy percent of the advanced stage HCC harbor CD133+ 

cells and CD133 harboring tumors are often characterized by elevated cell proliferation, 

high tumor grade, increased recurrence and poor prognosis when compared with CD133− 

cells harboring tumors [55]. CD133 is also believed to develop chemo-resistance in HCC 

by playing a crucial role in the up-regulation of AKT/PKB and Bcl-2 pathways [63]. 

Immunostaining and RT-PCR are used to detect CD133 in HCC. However, CD133 alone 

is not a specific marker to determine tumor grade for HCC as it is a prominent circulating 

endothelial progenitor cell marker and often produce false positive result in liver cirrhosis 

patients [63,64].

CD90—CD90, a 25-37 kD glycoprotein, which is anchored to glycosylphosphatidylinositol 

and expressed on leukocytes, bone marrow derived mesenchymal stem cells and hepatic 

progenitor stem cells during embryonic liver development [63,65]. As CD90 is not 

expressed in adult human liver or in cirrhotic livers, it is considered to be a potential marker 

for HCC diagnosis and therapeutic approach. CD90+ cells in HCC are believed to represent 

highly tumorigenic and metastatic tumor cell population and 90% of the blood samples from 

HCC patients express CD90 harboring CSC [65].

CD44—CD44 is a cell surface adhesion molecule, involved in multiple signaling pathways 

and is documented as a CSC maker for many malignant tumors including HCC [58]. 

CD44 binds to extracellular ligands and regulates cell growth, proliferation, differentiation, 

motility and survival in cancer cells. mRNA analysis and flow-cytometry studies 

showed CD44 is preferentially expressed in CD133+ and CD90+ HCC population and 
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CD44+CD133+ or CD44+CD90+ cell population in HCC often represent aggressive tumor 

type. According to several independent studies CD44 can be used as CSC characterizing 

marker in HCC along with CD133 or CD90 [57,65].

Epithelial Cell Adhesion Molecule (EpCAM)—Epithelial cell adhesion molecule 

(EpCAM) is expressed during embryonic development and its role in embryogenesis 

is regulated by Wnt/β-Catenin signaling pathway. Hepatic progenitor cell (HPC) like 

phenotypes or ‘stemness’ of HCC cells are often associated with Wnt/β-Catenin signaling 

and EpCAM expression. The EpCAM encoding gene is believed to be a target of Wnt/ 

β-Catenin signaling. EpCAM harboring HCC cells are often concentrated in the invasive 

border of the tumors and gene knockdown of EpCAM or β-Catenin reduces tumorigenecity 

[60,61,66]. Although EpCAM+CD133+ and EpCAM+CD133+ cells are considered to be 

potential HCC markers, best diagnostic potential is associated with EpCAM and AFP 

(Alpha-Fetoprotein) expressing HCC cells. EpCAM+AFP+ cells of HCC are characterized 

with high tumorigenecity, metastasis and portal invasion [60,67]. Microarray analysis and 

immuno-histochemical studies of HCC indicate EpCAM to be a potential marker and 

targeted therapy using EpCAM antibody and conventional chemotherapy drug is suggested 

to be more effective in eradicating CSC and non-CSC harboring HCC [67].

B. MOLECULAR TARGETED THERAPY IN HEPATOCELLULAR 

CARCINOMA

Unlike many other malignancies, HCC is an accumulation of a number of aberrant 

oncogenic events. Manifestations of HCC phenotypes are attributable to a number of 

signaling pathways and concurrent therapy has proved to be more beneficial than sequential 

targeted. Multi-targeted therapy can be of two types- i) Vertical blockade or inhibition of 

different points in the same pathway to complete the blockade and stop the feedback loop. 

ii) Horizontal blockade or targeting more than one signaling pathway [68]. The advantages 

of synergistic approach are multi-fold: it prevents the activation of redundant signaling 

pathway that might act as salvage pathway and thus preventing tumors cells from escaping 

the therapy [37,69]. Table 1 summarizes a brief overview of the current status of molecularly 

targeted therapies in HCC.

Small molecule tyrosine kinase inhibitors and monoclonal antibodies are considered to 

have great potential in the treatment of HCC. These tyrosine kinase inhibitors and 

monoclonal antibodies target several growth factors and growth factor associated signaling 

pathways. Some of these signaling pathways which have been thoroughly studied as 

potential targets of tyrosine kinase inhibitors and monoclonal antibodies are namely 

EGF/EGFR, VEGF/VEGFR, IGF/IGFR, PDGF, FGF, RAS/RAF/ERK/MAPK, PI3K/AKT/

mTOR, Wnt/β-Catenin [37,70].

Epidermal growth factor (EGF) and autocrine signal activator EGFR are associated with 

several malignancies including HCC. Hepatitis B and Hepatitis C infection are suspected to 

increase the level of EGF ligands in the liver and overexpression of EGFR is documented 

in 40-70% of the HCC patients [3,37]. EGFR is known to protect HCC cells from oxidative 

stress induced apoptosis and also up-regulate tumor angiogenesis by stimulating RAF/ERK/
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MAPK and mTOR signaling. The mechanism of angiogenesis is very well established in 

highly vascularized tumors and apart of regulation by EGF, angiogenesis in HCC is also 

controlled by several growth factors namely VEGF/VEGFR, EGF, FGF, PDGF. Studies 

showed hepatic injury causes transient up-regulation of growth factors in adult liver, 

however, in chronically injured liver, expression of growth factors becomes aberrant and 

initiate the tumor development [69,71,72].

Insulin-like growth factor (IGF) and corresponding receptor system IGFR are also 

believed to play pivotal role in HCC, though further characterization is needed. IGF-

II is overexpressed and tumor suppressor Insulin-like growth factor binding protein 

(IGFBP-1,-2,-3) is either down-regulated or mutated in 30% of the HCC patients [71]. IGF 

is essential during fetal development as it regulates growth, cell proliferation, differentiation 

and apoptosis of hepatocytes [71]. Aberrant activation of IGF-1R and IGF-2R in HCC is 

associated with reduced apoptosis and overexpression of VEGF respectively and initiation of 

tumor development [71,73].

One of the well characterized signaling pathways involved in the development and 

maintenance of HCC is PI3K/Akt/mTOR pathway. Activation of Akt is regulated by EGF 

or IGF, by constitutive activation of PI3K or by mutation or silencing of tumor suppressor 

gene PTEN. Akt is known to regulate cell proliferation and migration in HCC. An important 

mediator of this pathway, the serine-threonine kinase mTOR plays a pivotal role in mitogens 

and growth factor induced signaling and regulates cell growth, proliferation and monitors 

the cell cycle progression from G1 phase to S phase. mTOR is also known to initiate and 

maintain the progression of tumor in HCC. PI3K/Akt/mTOR pathway is aberrantly activated 

in 30-50% of HCC patient population [71,74,75].

Wnt/β-Catenin signaling, the highly conserved pathway plays crucial role in the 

maintenance of hepatic health. Wnt/β-Catenin signaling, which is essential for embryonic 

development regulates cell proliferation, survival, regeneration and self-renewal of 

hepatocytes [76,77]. Some group of non-invasive tumor is characterized by the over-

accumulation of β-Catenin in nucleus [71,76]. Further studies revealed a mutation at 

exon 3 of this β-Catenin population and its inability to get phosphorylated and degraded 

by ubiquitination [76]. Wnt/β-Catenin signaling pathway is also associated with the 

up-regulation of several oncogenes like Cyclin D1, C-Myc, survivin; however, further 

characterization is necessary to develop targeted therapy for this [77,78].

The major breakthrough in HCC therapy came with the discovery of Sorafenib, the oral 

multi-kinase inhibitor. This tyrosine-kinase inhibitor competitively inhibits ATP binding 

to catalytic domains of various kinases. Sorafenib inhibits Raf/ MAPK/ ERK signaling, 

VEGFR-2, -3, and PDGFR-β. Sorafenib is known to increase apoptosis, and decrease 

angiogenesis, cell proliferation and overall stalls the tumor cell signaling. Other oral 

tyrosine-kinase inhibitors sunitinib, linifanib, brivanib block a number of angiogenesis 

related signaling pathways. Sunitinib is a very promising multi-kinase inhibitor with its 

potential to block a number of angiogenesis related signaling pathways, linifanib targets 

VEGFR, PDGFR and brivanib targets VEGFR, FGFR signaling pathways. Unfortunately 

use of sunitinib was discontinued after adverse effects during phase II and phase III clinical 
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trials. Clinical trials with linifanib and brivanib on advanced, metastatic, unresectable HCC 

showed promising results in phase II clinical trials. Both of these drugs showed increased 

efficacy when combined with sorafenib [37,79].

Bevacizumab is the recombinant humanized monoclonal antibody that targets VEGF 

signaling pathway and block tumor vascularization [80]. Bevacizumab showed promising 

effects in the treatment of breast and colon cancer and currently being used in clinical trial 

to treat HCC along with EGFR inhibitor [70,71]. This anti-cancer monoclonal antibody is 

also being paired with other chemotherapeutic drugs like oxaliplatin or gemcitabine during 

its clinical trial to treat HCC patients [37].

For last few decades one of the major challenges in anticancer therapy has been to block 

EGF/EGFR signaling as it plays the central role in many oncogenic molecular pathways. 

Two tyrosine-kinase inhibitors, gefitinib and erlotinib inhibits EGFR activation by blocking 

intracellular EGFR domain and after being successfully used for lung and pancreatic 

cancer treatment showed promising outcome in vivo models. Extracellular EGFR domain 

is targeted by recombinant chimeric monoclonal antibody cetuximab, however, it did not 

show much potential during HCC clinical trials [71].

Several other drugs targeting different molecular signaling mechanisms are either in the 

developmental stage or in clinical trial. Some of them showed real potential when used for 

sequential target while others worked better in combination with other chemotherapeutic 

agents or small molecule tyrosine-kinase inhibitors. Three analogs of rapamycin, the 

natural inhibitor of mTOR, have been developed recently and in vivo studies showed 

they have better pharmacokinetic properties than rapamycin [70]. Two of these analogs, 

temsirolumus and everolimus, have been used in phase I and phase II clinical trials of 

HCC and showed promising outcome in combination with sorafenib, which cannot inhibit 

PI3K/Akt/mTOR directly [71]. Everolimus arrests cell cycle progression at G1 phase 

and inhibits cell proliferation. Combination therapy with rapamycin and everolimus on 

HCC cell lines and in vivo tumor models arrested cell growth, proliferation and reduced 

tumor growth [70]. PI-103, a small molecule tyrosine-kinase inhibitor, blocks PI3K/mTOR 

signaling by inhibiting EGF stimulated mTOR-1, -2 and PI3K stimulated AKT activation 

synergistically [72]. mTOR is also a potential target for many anticancer strategies, which 

block complementary signaling pathways (Ras and mTOR) to induce apoptosis and inhibit 

cell proliferation simultaneously. BMS-554417 and OST-906 are potential small molecule 

tyrosine-kinase inhibitors targeting IGF-1R and currently on different stages of clinical trials 

for advanced adenocarcinoma and HCC [73]. Data suggests IGF-1R inhibitor shows better 

clinical outcome in advanced HCC patients when combined with EGFR inhibitor erlotinib or 

mTOR inhibitor everolimus [71-73,75].

CONCLUSIONS

Hepatocellular carcinoma, which is known for poor prognosis and high 5-year mortality 

rate requires thorough characterization and novel therapeutic approach to improve the life-

expectancy and survival of HCC patients. One of the major steps to improve the diagnostic 

tool for HCC would be detailed characterization of novel biomarkers. Although there are 
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several biomarkers currently used as predictive, prognostic and post-operative maintenance 

tools, none of them remotely satisfy the present need for a reliable biomarker, which can be 

used for precise diagnosis of HCC early enough during hepatitis infection or liver cirrhosis.

Molecular markers are excellent tools to diagnose and follow the course of disease [81]. 

Some of these serological, tissue and cancer stem cell markers need further characterization 

before being used as molecular biomarkers. However, these emerging biomarkers have 

shown potential to improve diagnostic precision, pre-operative screening and post-operative 

monitoring.

Molecular targeted treatments of HCC mainly depend on cytotoxic chemotherapeutic 

agents and the multi-kinase inhibitor sorafenib. Novel therapeutic approaches that focus 

on concurrent inhibition of several signaling pathways rather than a single one, proved to be 

more effective in HCC treatment. Detailed characterization of molecular profiles associated 

with HCC is much needed as it would improve the currently available diagnostic tools and 

would advance the therapeutic practices as well.
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Fig. (1). 
Classification of biomarkers used to diagnose Hepatocellular carcinoma (HCC).
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