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ABSTRACT 

Hepatocellular carcinoma (HCC) is the most frequent and predominant malignant tumor of the liver having a grave prognosis, and 

regularly diagnosed at an advanced stage. HCC is a multistep process involving the progressive accumulation of molecular variations 

signifying distinct molecular and cellular events. In a study involving the liver, it has been found that chronic liver diseases such as 

hepatitis B and hepatitis C amenable for HCC. Other risk factors for growing HCC includes non-alcoholic fatty liver disease (NAFLD) non-

alcoholic steatohepatitis (NASH), chronic consumption of aflatoxin-contaminated food, iron overload, and the presence of a range of 

genetic metabolic diseases. For diagnosis of disease status, a number of various biomarkers such as Alfa-fetoprotein, GPC-3, GP-73, 

squamous cell carcinoma antigen, des-γ-carboxy prothrombin, circulating miRNAs and cancer stem cell marker is used to diagnosed 

and treat HCC. Biomarkers signify an enormously convenient way to detect disease progression and accurate analysis. This review aims 

to broaden our modern notion of the most relevant pathogenesis and molecular pathways involved in the development, progression 

and recent novel biomarkers involved in HCC. 
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1. INTRODUCTION 

Liver is commonly affecting organ of the body globally. Approximately 7.5 lakh of new cases of HCC and liver disorder per year globally 

found.(1) In today’s scenario HCC (hepatocellular carcinoma) is a predominantly liver disease usually found in developed countries. It 

ranks 3rd in the world among cancer-related deaths.(2) Many cases of HCC are diagnosed at an early stage and increase in incidence rate 

from 27% between 1992 and 1999 to 44% between 2006 and 2012 (63% relative increase). The reason behind its improvement is due to 

better diagnosis and proper documentation of the liver abnormally HCC stage.(3)  Patient survival with HCC has only been marginally 

improved over the last two decades. Between 1981-98, the 5-year survival rate only improves from 2% to 5%. The reason for the poor 

survival rate is the late diagnose of HCC.(4) Development of hepatocarcinogenesis occurs mainly due to cirrhosis, chronic hepatitis B & 

C virus infection, non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) and cryptogenic cirrhosis.(2, 5) 

Other causes include aflatoxin exposure, iron overload, alcohol consumption,(6) primary biliary cirrhosis, and the presence of various 

genetic metabolic diseases like hereditary hemochromatosis, tyrosinemia, and alfa1-antitrypsin deficiency.(7) Hepatocellular carcinoma 

is an end result of many liver disorders commonly allied with HBV and HCV.(8) In 2012, analysis was done in 170000 new cancer cases 

and found that HCV accounted for 7.8% of cases.(9) The extension of HCV-related HCC change with both geographic location and 

ethnicity. Most cases of HCC related to HCV are seen in South America, Japan, Europe whereas HBV is seen in Asia and Africa. (9) 

Current statistics gathered by European association for the study of the liver, Asian pacific association, American Association and 

national comprehensive cancer network recommend HCC surveillance every 6 months. Chronic HCC leads to cirrhosis which is present 

90% of patients with HCC.(3) The diagnosis of HCC is achieved by using specific biomarkers for prognosis of the pathological stage of 

HCC.(10) Biomarkers can be differentiated into the following categories based on their uses like 1 predictive biomarkers, predict 

response to specific therapeutic interventions. 2 A prognostic biomarker is used to diagnose disease recurrence and progression in the 

future. 3 A diagnostic biomarker is used to detect metastasis and status of disease conditions in a particular organ of the body.(11)  The 

need for selective biomarkers is due to the fact that HCC cells express various factors like platelet derived growth factor (PDGF), 

fibroblast growth factor (FGF), insulin-like growth factor (IGF), vascular endothelial growth factor (VEGF) and epidermal growth factor 

(EGF) etc. Leads to uncontrolled cellular proliferation. This uncontrolled cellular proliferation makes it difficult to analyse pathological 

state of HCC.(12, 13) Alpha-fetoprotein(AFP) is widely used as a serum biomarker but in many cases of HCC patient do not have 

elevated serum AFP level, it’s also reported 31.3 % of Non-AFP tumour in cohort study of 665 patient. Therefore  identification of 

specific biomarker is necessary to achieve accurate stage of diagnosis of liver cancer.(14). 

 

Types of liver cancer  

Liver cancer is classified on the type of cells involved  

1. HCC is shown by approximate 75% of all hepatocellular cells. The most common cause of HCC is liver cirrhosis occurring due to the 

alcohol or infection with hepatitis B or C. 

2. Fibrolamellar HCC is a rare type of HCC that comprises 1–9% of all HCCs. It occurs in adolescents and young adults without 

underlying liver disease. 

3. Bile duct cancer scientifically known as cholangiocarcinoma occurs in ducts carrying bile juice from the liver to the gallbladder. The 

cholangiocarcinoma is found in 10-20% of cases of liver cancer. 

4. Angiosarcoma that is also known as hemangiosarcoma, is seen in about 1% of all liver cancer cases. Angiosarcoma originates from 

blood vessels of the liver and it grows quickly and usually diagnosed during advanced stages. 

5. Secondary liver cancer is metastasis into distant organs. Sometimes cells break away from the primary cancer and are carried in the 

bloodstream to part of the liver.(15) 

 

2. AETIOLOGY OF MOLECULAR PATHOGENESIS OF HCC 

Cirrhosis 

Cirrhosis is the result of most chronic liver diseases leads to HCC.(16) and this reduces the ability of hepatocyte proliferation that 

indicates that the regenerative capacity of the liver is decreased as well as the start nodule formation and alteration in blood flow which 

causes early development of HCC.(17)  And at the same time increased levels of cytokines are responsible for hepatic inflammation, 

cholestasis and ultimately fibrosis. Tumour necrosis factor – Alfa (TNF-α) is a type of cytokine commonly found in all liver diseases. (18) 

HCV and HBV have been thought to be the main cause of cirrhosis. There are some statistics directly show that 50% of the cases are 

related to HBV while 25% to HCV.(19) However, it has been observed that in limited patients HBV infection directly increases in HCC 

without cirrhosis or fibrosis whereas in 85% of patients, HCC is usually developed by cirrhosis.(20) 
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In the cirrhotic liver condition, the telomere dysfunction and induce alteration in cellular micro and macro environment to enhance 

cellular proliferation. Telomere dysfunction determines chromosomal instability and reduces the regenerative capacity of the liver with 

reduced hepatocyte regeneration.(21) It has been proven that telomeres become smaller in the case of cirrhotic liver than in healthy 

liver.(22) Telomere dysfunction and p53 mutation rapidly develop tumors.(23) Continuously activated oncogenic pathways involved in 

HCC such as wnt/β- catenin, PI3K/AKT/mTOR, MAPK signalling pathway, etc.(17). 

 

 

 

Fig.1 Various pathways involved in liver cancer 

 

 

 

 

 

Fig.2 HBx mediated miR-122 suppression which initiates cell proliferation through suppression of p53 mediated activity. 

 

Table 1 showing up and down regulation of miRNAs 

Name of MicroRNAs Expression at HCC tissue Mechanism 

Mir-210 upregulated metastasis, angiogenesis 

Mir-10b upregulated migration, invasion 

Mir-25 upregulated emt, apoptosis 
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Mir-32 upregulated prognostic marker 

Mir-92a upregulated cell growth, prognostic marker   

Mir-96-5p upregulated apoptosis      

Mir-107 upregulated proliferation, prognostic marker 

Mir-181a upregulated autophagy  

Mir-7 downregulated autophagy, drug resistance 

Mir-26 downregulated autophagy                                               

Mir-29a downregulated proliferation, migration 

Mir-30a-5p downregulated cell growth, apoptosis 

Mir-30e downregulated emt                  

Mir-31 downregulated drug resistance      

Mir-31-5p downregulated proliferation, migration invasion 

Mir-33a downregulated prognostic marker          

 

 

 

  

A B 

  

                                        C D 

Figs. 3 Rat - Liver – Diethyl nitrosamine induced hepatocarcinogenesis –IHC 

Expression of various biomarkers in HCC (A) Alpha-fetoprotein (B) BAX (C) BCL-2 (D) Ki-67 in DEN induce  

experimental rat model 
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HBV infection  

HBV infection has been considered a significant factor in liver related problems. it promotes several complex pathogenic factors in the 

liver that play an important role in the development of HCC.(21) About 340,000 liver cancer are caused by HBV virus.(17) 

HBV is caused by a double-strand circular DNA molecule belonging to the family hepadnaviridae with 8 genotypes (A to H). 

According to appropriate data, genotypes A and B are predominantly found in Europe and the Middle East while B and C are chiefly in 

Asia. In many studies, genotype C has been considered as the major cause of HCC. The transmission of HBV through contaminated 

blood transfusion, intravenous injection and sexual contact and through the transmission mother to foetus (24) Confection with HBV is 

found in 9% of HIV infected patients.(25) 

The mechanism of HCC due to HBV infection is unknown but it represents its pathogenic function through direct and indirect 

pathways. After the integration of viral DNA into hepatocytes, chromosomes contribute to oncogenesis. Another means of HBV related 

HCC carcinogenesis is due to a type of HBx viral protein. its bind to various cellular protein and causes chromosomal instability and 

modulate various oncogenic pathways resulting in cell proliferation, migration and viability. HBx also acts on p53 and deregulates the 

p53 mediated apoptosis. Secondly, HBV-related HCC may occur indirectly, inflammation and regeneration associated with chronic HBV 

infection via cirrhosis. (26-28)(29) 

 

HCV infection 

Hepatitis c virus (HCV) is a hepatotropic RNA virus belonging Flaviviridae family.(8) Studies of HCV infection so far have shown that it is 

found in variation in six different genotypes that show high genetic variability. Type I, II and III genotypes mainly found in western 

countries and type IV predominate in the Middle East. It is one of the leading causes of chronic liver disease. Once infected with HCV, 

80% of patients found chronic hepatitis in developing countries whereas ~20% developing cirrhosis. Excessive alcohol intake in HCV 

infection increases the rate of HCC from 1.7 to 2.9.(24) HCV virus is not integrated into the host genome. HCV core protein possesses 

drive lipogenesis and influenced oxidative stress and inhibits the retinoblastoma protein and the p53 tumor suppressor gene leads to 

synergistic inhibition which causes greater degree of carcinogenesis.  HCV Non-structural protein of HCV, NS3, and NS5A(17) are also 

responsible and mediators to induce fibrosis.(8, 17, 30, 31) 

 

Non-alcoholic fatty liver disease 

Non-alcoholic fatty liver disease (NAFLD) is a common liver disorder due to excessive accumulation of fats inside the liver which is 

responsible for chronic liver diseases in the USA.(32) The number of HCC from NAFLD has steadily increased at around 9% year. (33) It is 

the spectrum of diseases that causes numerous problems in the liver such as nonalcoholic steatohepatitis (NASH), steatosis, cirrhosis 

and hepatocellular carcinoma (HCC). The reason behind NAFLD is improper nutrition diet, obesity, insulin resistance, and metabolic 

syndrome.(34) Chronically moderate use of alcohol speed up the development of HCC. According to the current data, 0.5% steatosis 

and 2.8% NASH responsible for HCC. Various data of epidemiologic study shown that persons with metabolic syndrome such as 

diabetes mellitus with obesity are more vulnerable to NAFLD. Obesity also linked to the activation of inflammatory pathways of adipose 

tissues. (33) 

 

Iron overload 

Iron is an essential element for the body, but when its volume increases above normal, it causes unnecessary effects on the body. 

Maximum iron is usually present in the body as haemoglobin and in the liver. The intracellular protein ferritin inside the liver binds to 

4500 molecules of elemental iron in the body. The problem of iron overload is mainly due to hereditary hemochromatosis (HH) and 

excessive dietary iron.(21, 35) Too much build-up of iron causes necrosis and apoptosis of hepatocytes via oxidative stress and 

damaging DNA, lipids and protein.(6) HH causes cirrhosis problems also that further promote HCC. Hepcidin is a major regulator of iron 

in the body. Low secretion of hepcidin associated with HH, which is caused by a mutation in the HFE gene.(35) It has been proved in 

animal studies that HCC develops with a high iron diet without cirrhosis or fibrosis.(36, 37) 

 

Autoimmune hepatitis (AIH) 

Autoimmune hepatitis (AIH) is a chronic liver disease in which immune system attacks on liver cells resulting in cirrhosis or fibrosis.(17, 

38) Probable enhancer for AIH include the hepatitis B virus, cytomegalovirus, and the herpes simplex virus.(39)  A recent study showed 

the HCC occurs rarely in patients with AIH (<1%) than for patients with cirrhosis from viral hepatitis or primary biliary cholangitis.(17, 40) 

Elevated levels of serological parameters such as aminotransferase and auto antibodies show that positive patient of AIH and 

differentiate between two types of diseases.(41) 
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Others chemical carcinogen 

Various types of chemicals such as aflatoxin B1 (AFB1), vinyl chloride and alcohol are responsible to initiate HCC. Aflatoxin is a toxic 

metabolite formed by aspergillus flavus and aspergillus parasites originate in tropical and subtropical regions of the globe. Among 

various aflatoxin, AFB1 is more toxic and mutagenic to liver cells. Aflatoxin is carcinogenic in many animal species and co-occur in-vivo 

and in-vitro bind the guanine and cytosine residues of DNA and form AFB1-DNA adducts which ultimately affect the protein synthesis. It 

also produces mutation in tumour suppressor gene p53 at 249 codons. Vinyl chloride (VC) a wide-spread environmental contaminant 

leads to carcinogenesis in animals and humans.  VC is a colourless toxic gas, it's activated by enzyme cytochrome p450 (CYP2E1) 

primarily in hepatocytes. After metabolic activation of VC may cause specific mutation in the liver.(42) Alcohol is placed in the 1st group 

chemical carcinogen category by the international agency. It also increases the risk of HCC by 3 to 10 fold in alcoholics.(43) 

 

Role of biomarkers  

Biomarker is a tool for diagnose, predict and prevent disease progression. The biomarkers can be measured in biochemical and 

serological parameters such as blood, urine, serum, and plasma which is very important in the early stage of cancer research.(44) 

Biomarkers are also capable of diagnosis particular types of disease as well as metastasis in distant organ.(45) 

 

3. MOLECULAR AND BIOCHEMICAL CELLULAR MARKERS 

Glypican-3 (GPC3) 

GPC3, a member of the heparan sulfate (HS) proteoglycan family, attached to the cell membrane along with is often elevated in 

hepatocellular carcinoma (HCC) cases(46) but not detected in healthy adult liver.(47). GPC3 is located on chromosome xq26 and 

encodes GPC3. GPC3 possesses the main role in wnt and hedgehog cell signalling pathways, insulin-like growth factor, bone 

morphogenetic protein (BMP), fibroblast growth factor (FGF).(48) GPC3 released by the lipase Notum, therefore, it can be detected in 

serum(49) and possesses important roles in cell proliferation and tumour suppression, regulation in HCC tissues, while it is 

downregulated in lung adenocarcinoma, ovarian cancer, and breast cancer. Due to its ability to distinguish between well differentiated 

small tumour patients and those with cirrhosis. The terminal soluble fraction of GPC3 was proposed as a complimentary serologic 

biomarker.(50, 51) 

 

Α-fetoprotein 

Alpha-fetoprotein (AFP) is a 70-kDa glycoprotein tumor marker elevated level found in HCC and gastrointestinal tumours. AFP is 

normally produced during foetal development reaches the maximum concentration (3g/L) during 12-16 weeks and exponentially 

declines after birth. AFP is found in three glycoforms such as AFP-L1, AFP-L2, and AFP-L3. Increased level of AFP- L1 found in cirrhosis 

and chronic hepatitis while AFP- L3 associated with HCC. AFP-L3 is generated by malignant cells consequently, it is regarded as a 

specific biomarker for HCC.(52-54) 

 

Des-γ-carboxyprothrombin (DCP) 

Des-γ-carboxyprothrombin (DCP) is a prothrombin precursor chiefly generated in hepatocellular carcinoma (HCC). Primarily it occurs in 

the absence of vitamin K. At least 44-81% of HCC patients found with an augmented level of DCP. Firstly Liebman et al.1984  reported a 

prominent serum DCP in HCC patient, by combining DCP with other specific marker give significant result in diagnosing of HCC 

patient.(55, 56) Two imperative reason behind DCP elevation in HCC is hypoxia and phenotypic changes in HCC cells in both the cases 

impairment of vitamin K were observed. Growth and metastasis of tumour cells in HCC through activation of various oncogenic 

pathways such as JAK-STAT, matrix metalloproteinase (MMPs) and ERK1/2 MAPK signalling pathway.(10, 54, 57) 

 

Golgi glycoprotein – 73 

Golgi protein 73 is a 73 kDa, Golgi transmembrane protein also known as Golph2. Its activate cAMP mediate signalling which enhanced 

transcription, matrix metalloproteinase (MMPs) and level of GP73. Fouad et al 2016 reported that GP73 generally expressed in biliary 

epithelial cells of liver but its expression is increased in certain disease conditions and found that GP73 has better sensitivity and 

specificity than AFP. However, there have been some controversial data that have denied the property of GP73.(57, 58)(59) 

 

Osteopontin (OPN) 

Osteopontin (OPN) is a type of glycoprotein which involved in several tumorigenic process. OPN expression elevated in so many cancers 

such as liver, gastric, rectal and ovarian cancer and also it promotes tumour metastasis and reoccurrence via PI3K/AKT signalling 
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pathway.(60, 61) In normal physiological conditions, OPN is not expressed in hepatocytes but found in some liver cells such as kupffer 

and stellate cells. Osteopontin (OPN) is an early-stage HCC biomarker with greater performance than AFP.(57, 62) 

 

Hepatocyte paraffin 1 (Hep Par 1) 

Hep Par 1 is an immunohistochemical marker found in mitochondria of liver cells and nowhere else. It is used to differentiate HCC from 

secondary metastatic liver cancer. A high expression of Hep Par 1 was found in the majority of HCC tumours (35 of 48) while showed 

low expression in tumours, such as the lung, gallbladder, stomach, pancreas, colon, and malignant melanoma.(44, 63, 64) 

 

Squamous Cell Carcinoma Antigen (SCCA) 

Squamous cell carcinoma antigen (SCCA) truly consists of two relatively homologous proteins (SCCAl and SCCA2) in the serine protease 

inhibitor family. Pontisso et al. 2004 and Cannito et al. 2014 studied the SCCA that was over expressed in tumour tissue of HCC patients 

and act as an apoptotic agent. This demonstrates that it is a potential histological marker for HCC diagnosis.(65, 66) 

 

Heat shock protein 70 (HSP70) 

Heat shock proteins (HSPs) are notably conserved proteins, HSPs play imperative roles in protein homeostasis, apoptosis, invasion, 

and cell signalling transduction. HSP are expressed at low ranges under normal conditions, however significantly triggered in response 

to cellular stresses, by heat shock factor-1 (HSF-1). In tumour invasion and metastasis, HSF-1 and HSP70 are chiefly involved.(67, 68) 

 

Ki-67 antigen 

Ki-67 is a  form of nuclear protein, primarily present in the dense fibrillar components of nucleoli and cortices, which is associated 

with cellular proliferative activity.(69) higher expression of Ki-67 levels extensively correlating with greater degree of increases tumor 

grades I to IV in HCC and extend the possibilities of metastasis.(67) 

 

BAX and BCL-2  

Apoptosis-mediating factors characterized by a group of bcl-2 family, which include bcl-2, mcl-1, bcl-x, bax, bak, and many others. they 

contain apoptosis-promoting (bax, bak, bcl-xS) or apoptosis-inhibiting (bcl-2, mcl-1, bcl-xL) properties and evaluate for frequency of 

expression of apoptotic markers in hepatocellular carcinoma (HCC). Bax is shown in a kind of epithelial ovarian carcinomas, gastric 

carcinoma, gliomas, neuroblastomas, and medulloblastomas. Bax is expressed in a class of epithelial ovarian carcinomas, gastric 

carcinoma.(1) 

 

Apolipoprotein J (Apo J) 

Apo J additionally recognized as clusterin, have 75 - 80 kDa disulfide-linked heterodimeric protein with seven exclusive Glycosylated 

sites. Apo J is found in small amounts in HCC and normal in healthy control. Apo J also responsible for the development and metastasis 

of HCC. It can be used as a prognostic biomarker. To know more about Apo J contribution to HCC, further study is required.(67, 70) 

 

Cancer stem cells marker (CSCs) 

Hepatocellular carcinomas consist of a assorted group of cells that have varying capability to proliferate and seed new tumours, a 

subpopulation of HCC cells variously referred to as tumour initiating cells or Cancer Stem Cells (CSCs).(71) Feasible source of most 

cancers stem cells in the case of HCC is mutated hepatocyte.(72) CSCs quite resistant to chemotherapy, radiotherapy and exhibit 

remarkable efflux potential, dysregulation of signalling pathways, gradual growth and capacity to form spherical colonies. (72) 

 

1. CD133 

CD-133 is 97 kDa, referred to as prominin -1, is a type of transmembrane glycoprotein which is encoded by the PROM1 gene. Mostly it 

is expressed in the nucleus and cytoplasm of HCC tumours. CD133-positive cells confirmed a huge up regulation of Wnt /β -catenin, 

Notch, Hedgehog / SMO, Bmi, and Oct3/4 expression compared to the negative and show traditional CSC-like capabilities such as 

spheroid formation, chemoresistance, migration, and tumorigenesis.(73, 74) 

 

2. CD13 

CD13 known an aminopeptidase N is a membranous glycoprotein, which is linked with tumour progression and form clusters foci and is 

predominated in the G0 phase of the cell cycle. The excessive expression of CD13 causes early recurrence, terrible prognosis and shorter 

survival. The inhibition of CD13 blocks the tumour-initiating and self-renewal potential of CSCs.(75) Proliferation outcomes have in 

https://en.wikipedia.org/wiki/Apolipoprotein
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addition established that CD13+ HCC cells are resistant to chemotherapy. CD13 can also minimize reactive oxygen species-induced 

DNA injury after chemotherapy or radiotherapy to stop HCC cells from apoptosis.(76) 

 

CD44 

CD44 is a multi-structural transmembrane glycoprotein, which participates in a couple of cellular processes which include cell growth, 

survival, differentiation and motility through works as a receptor for hyaluronic acid (HA) and as a co-receptor for growth factor and 

cytokines. CD44 is preferentially expressed in CD133+ populations and contributes to the CSC-like features synergistically. Thus, CD44 is 

typically used to distinguish CSC subpopulations in combination with different surface markers.(77) 

 

EpCAM 

Epithelial cell adhesion molecule (EpCAM) is a type I transmembrane glycoprotein which is often expressed in a couple of carcinomas. 

participates in cell migration, metastasis and works directly as a transcription factor that activates c-myc, cyclin A, and cyclin E in 

promoting cell cycles and proliferation.(73, 78) Yamashita et al. 2007 were one of the first to represent EpCAM in the HCC cell line, 

demonstrating that EpCAM-expressing cells have self-renewing and differentiating properties such as stem cells. The EpCAM antigen 

could be used to detect circulating tumor cells. It has been established that EpCAM positive cells play a relevant role in cancer 

development and have been recognized as a molecular biomarker for chemoresistance.(79) 

 

MicroRNAs 

miRNAs are quite short, single-stranded noncoding RNA molecules whose length from 19 to 25 nucleotides. At least 30% post 

transcriptional process controlled by miRNAs. Various miRNAs up or down regulate in specific cell or tissue according to disease 

condition.(57, 80) miRNAs regulate the progression of HCC and play a beneficial role in principal cellular pathways. MiRNAs play a vital 

role in cell development, proliferation, and apoptosis and regulate the expression of the main tumour-related genes in carcinogenesis, 

performing as oncogenes or tumour suppressor genes. Imbalance between miRNAs levels show specific disease condition and can be 

easily detected in various samples such as blood, serum, plasma, urine and faeces.(81). 
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