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Abstract: Hepatocellular carcinoma is an atypical biological cell process that is frequently identified at 

an advanced stage, with no promising therapeutic options available. Hepatocarcinogenesis is connected 

to a range of cellular signaling pathways, notably Wnt-β-catenin (canonical Wnt pathway), nuclear 

factor-B, and YAP-HIPPO (Yes-associated protein Salvador-Warts-Hippo pathway); each of these is 

considered a potential pharmacological candidate. Inflammation in the liver for a long time and damage 

play a big role in the incidence and development of HCC. HCC incidence rates go up by the many 

variables such as sex, age, ethnicity, and demographics are all factors to consider, and the leading causes 

of infection by the chronic or hepatitis B virus (HBV), hepatitis C virus (HCV), nutrient pollutants, 

ecological poisons, tobacco smoldering, and genetic disorders, which are all carcinogens. In this review, 

we expanded on our existing empathetic of the signaling pathways involved in the development and 

genesis of HCC. We also encapsulated the etiology of HCC, with a focus on HCC triggered by non-

alcoholic fatty liver disease (NAFLD) and alcoholic fatty liver disease (AFLD). In this review, we 

forecasted potential therapeutic drug targets.  
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1. Introduction 

Cancer is a worldwide leading public health problem and the second leading cause of 

death in the world. The coronavirus disease 2019 (COVID19) pandemic hampered cancer 

diagnosis and treatment in 2020 [1]. The International Agency for Cancer Research (IARC), 

published its latest global cancer burden estimates on 15 December 2020. The Database of 

GLOBOCAN 2020, which is offered online through the IARC Global Cancer Observatory 

(https://gco.iarc.fr/>), allows evaluation of in 185 countries the incidence of cancer and death 

for 36 different cancers and then all cancer locations blended for the year 2020 [2]. In 2020, 

the world melanoma load was expected to increase to 10.0 million deaths and 19.3 million new 

cases. The main liver malignancy is the sixth furthermost frequently analyzed melanoma and 

the third foremost reason for cancer demise worldwide in 2020, with roughly 906,000 new 

incidents and 830,000 demises. Men have 2 to 3 times greater rates of both cases and mortality 

than women. Then among women in most regions, Liver malignancy is the most recurrent 

cause of death in men. HBV infection is the most prominent risk factor for the development of 

HCC, accounting for 50% of cases. [3].  

The threat posed by hepatitis C virus (HCV) infection has considerably diminished due 

to individuals achieving sustained virologic response (SVR) with antiviral medications. 
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Nonetheless, even after HCV eradication, individuals with cirrhosis are thought to be at an 

increased risk of developing HCC. Non-alcoholic steatohepatitis (NASH), which is frequently 

linked with metabolic syndrome or type 2 diabetes, is fetching the wildest growing etiology of 

HCC [4]. Signaling targets Related and Molecular pathways with HCC expansion and quite a 

lot of pathways of cellular signaling targets drawn in hepatocarcinogenesis such as Yes-

associated Protein-Hippo Pathway (YAP-HIPPO), NF-κB and Wnt/ß-catenin have been 

premeditated. Furthermore, the lipid metabolism functioned by PPARc, the involvement of 

changes in epigenetic including histone methylation, non-coding RNAs, acetylation, and DNA 

methylation have long been promoted as imperative progressions in the advancement of liver 

melanoma. The following sections will discuss the specific features of every pathway of 

cellular targets and their part in liver malignancy [5]. 

2. Molecular Pathways Associated with HCC 

2.1. NF-κB pathway.  

Genetic alterations, long-lasting inflammation, tissue transformation, and alters in the 

signaling of cells are assumed to be vital methods in the advance and evolution of liver tumors 

[6]. The factors of NF-κB transcription regulated the involvement of genes in inflammatory 

and immune responses was reported in (Figure 1). The subsequent cytokines proinflammatory 

and long-lasting inflammation are triggered due to alteration in signaling pathways, leading to 

a possibly very harmful to the hepatocytes mentioned in Table 1. 

To know the role of NF-κB in the evolution of liver disorders, numerous investigations 

have been done, but it is also connected to fibrosis, inflammation triggering, liver damage, and 

the factors of NF-κB signaling [7]. Expansion liver cancer is associated with tumor progression, 

cancer initiation, apoptosis inhibition, and tumor cell proliferation. 

2.2. WNT/ß-catenin signaling.  

The overactivation of the ß-catenin signaling pathway allows the proliferation of 

specific genes such as cyclin D1 and c-Myc, which leads to HCC [8]. The suppression of the 

tumor defeats adenomatous polyposis coli (APC), which causes unswerving mutation due to 

stimulation of Oncogenes, which hinders the protein from being degraded by the proteasome. 

Additionally, Gene mutation such as APOB, MLL2, ARID2, TERT, and NFE2L2 and 

instigation of the (HGFR or c-MET) hepatocyte growth factor receptor leads to the 

tumorigenesis these factors are influenced by the oncogenic instigation of ß-Catenin [9].  

2.3. Yes-associated Protein-(YAP-) Hippo. 

A protein type of YAP1 that performance apoptotic genes irresistible and also the 

transcriptional control of genes tangled in the propagation of HCC cells.[10]. Oncogene has 

numerous YAP1 that cause human melanoma. When the yes-linked protein 1 (YAP1) and their 

transcriptional paralog coactivator accompanied by PDZ-binding motif (TAZ) are sequester in 

the cytoplasm with the support of 14-3-3 proteins and also phosphorylated on a serine 314 

residue they are represented in (Figure 1). When the Hippo pathway is deactivated, YAP1/TAZ 

enters the nucleus and controls gene expression [11]. The hepatoma proliferation of cells, 

invasion, metastasis, and apoptosis, and the apparent changes in the size of the liver cells are 

due to the action of the Hippo-YAP cellular mechanism. Overexpression of YAP causes an 

increased mass of the liver tissue by 2-folds in the liver of transgenic mice when the birth after 
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the first week. They also observed greatly decreased liver tumors. On the other hand, 

parenchymal cells of the liver stabilized steadily due to the restoration of YAP expression [12].  

2.4. PPARc activation. 

A transcription nuclear factor (PPARc) when its stimulation was built up causes the 

action of the anti-inflammatory, lipid metabolism, and peripheral cells sensitization [13]. 

PPARx activated agonists to Thiazolidinedione have remained revealed in both in vivo and 

invitro and shown an antitumoral effect in numerous types of carcinomas. It also revealed the 

decrease in the proliferation of cells and preventing the variations in carcinoma cells. PPARc 

ligands, such as SR1664, are small molecules that bind to the PPARc receptor, demonstrated 

efficacy in reducing type 1 collagen quantity and preventing HSC stimulation in a model 

animal of liver damage, as well as the capability to protect from HCC development [14]. 

2.5. DNA methylation.  

The variations related to cell proliferation, adhesion, invasion, motility, and cell 

signaling by this modification's genes are more injured their mechanisms were represented in 

(Table-I). Methylation of CpG promotors is a typical DNA amendment and is controlled 

through (DNMTs) methyltransferases of DNA represented in (Figure 1). The DNMT1 enzyme 

contributes to the formation and maintenance of specific tissue and patterns of cytosine 

methylation [15]. Oh, et al. was the first one to identify the DNMT1 in humans. He found the 

overexpression of DNMT1 in the tissue of human hepato-carcinoma and advancement of gene 

methylation, such as e-cadherin, cancer hyper-Methylate's 1 (HIC-1), P16, P15, and domain 1 

isoform A of the family of Ras associations (RASSF1A) were reported to be accompanying 

with a poor prognosis[16].  

2.6. MicroRNAs (miRNAs)  

In terms of cancer development, miRNA dysregulation leads to anomalous expression 

of metastasis, which promotes progression, invasion, and target genes. MiRNAs such as miR-

122 and miR-221 have been connected to the advance of HCC [17]. MiR-122 is downregulated 

during the early stages of experimentally persuaded hepatocarcinogenesis; little echelons of 

miR-122 in HCC patients are associated with metastasis and a poor prognosis. In miR-122 

knockout mice, there was an increase in liver inflammation, fibrosis, steatohepatitis, and HCC 

[18]. Hepatocarcinogenesis is linked to genomic changes that are influenced by genetic and 

epigenetic changes. HCC progress is alienated into initial and later stages; importantly, 

epigenetic parameters are regulation is engaged in both stages of HCC advance. The following 

segment discusses the foremost epigenetic changes associated with the advancement of 

HCC19].  

2.7. Histone modifications in HCC.  

Enzymes that augment and eradicate groups of acetyls from histones control these 

processes. Histone deacetylation is linked to HCC pathogenesis in a specific way through the 

action of histone deacetylase 3, which is a crucial component. Regulating in vitro cell 

propagation of HepG2 model, histone deacetylase 6 as well, which restricts tumors concluded 

autophagic cell death [20]. Histone modifications and transcriptional factors requisite with 

target gene supporters due to modifications in the (H3K9) histone 3 lysine 9 acetylation. The 
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Human (HepG2) HCC cells in culture have a lower nucleosome density than normal cells and 

H3K9 acetylation, indicating that acetylation of H3K9 can occur a significant role in 

nucleosome relaxation and tumorigenesis activation [21].  

A further research established the relevance of H3K9 acetylation by CBP/p300 

analysis, which acts as a histone acetyltransferase (HAT) and is involved in a variety of 

biological processes. The findings recommend that decreasing CBP/p300 diminishes H3K9 

acetylation, which plays a vital part in HCC malignant transformation, proliferation, apoptosis, 

and invasion [22-24].  

 
Figure 1. Core mechanisms intricate in the growth of hepato-carcinoma.  

The enduring contact of hepatoxic materials grounds the instigation of the signaling 

paths such as YAZ-HIPPO receptors regulate Pathway, WNT/AXIN Pathway, NF- κB 

signaling pathway, which causes the tumor formation and metastasis and also resistance to anti-

malignancy drugs. PPARc destined to its ligands has a twofold effect, obstructing the different 

cellular signaling pathways such as of NF-κB and ß-catenin; nevertheless, binding to the PPRE 

section can upsurge the activation of genes intricate in, obstructing of cell proliferation, and 

metastasis and cell apoptosis.  

Various stress metabolic pathways of signaling (IL-6, IL-17, IL-11, and TGF-ß) 

cytokine production (hedgehog and NF-κB) Pro-fibrogenic mediators, FFAs ER-stress, altered 

immune response, which causes of advancement of HCC in accompanying with 

NASH/NAFLD. FFAs ER-stress, cytokine production (IL-6, IL-17, IL-11, and TGF-ß), 

improved immune response, Pro-fibrogenic mediators (hedgehog and NF-κB) the expansion 

of NAFLD/NASH related HCC. Non-alcoholic fatty liver disease (NAFLD); hepatocellular 

carcinoma (HCC); non-alcoholic steatohepatitis (NASH); mitogen-activated protein kinase 

(MAPK); tumour necrosis factor-alpha (TNF-α); transforming growth factor ß(TGF-ß); free 

fatty acids (FFAs); nuclear factor kappa-light-chain-enhancer of activated (NFκB); interleukin-

6 (IL-6); extracellular receptor kinase(ERK); single nucleotide polymorphisms(SNPs); 

endoplasmic reticulum(ER); non-alcoholic steatohepatitis(NASH); signal transducer and 

activator of transcription (STAT); phosphatidylinositol 3-kinases(PI3K); interleukin-11(IL-

11); micro RNA (miRNA); Janus kinase(JAK); interleukin-17(IL-17). 
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Table 1. List of potential therapeutic drugs and molecular pathways for HCC. 

S. no Molecular 

Targets 

Drug Mechanisms Phase Reference 

1 PDGFR, 
VEGFR 

 

Linifanib Inhibition of tumor evolution of liver of mouse xenografts by the 
receptor tyrosine kinase-inhibitor illustrates the overall survival 

of patients with unconventional liver melanoma as equated to 

sorafenib. 

III [25,26] 

2 c-Kit, Flt-3, 

PDGFP, 

VEGF 

Sunitinib It targets the cellular signaling at the various (RTKs) receptor 

tyrosine kinases. It displays a very low survival rate than the 

sorafenib. But in Xenografts of HCC, it shows enhanced 

apoptosis. 

III [27] 

3 FGFR, 
PDGFR, 

VEGFR 

TSU-68 
(Orantinib) 

Tyrosine-kinase inhibitor Overwhelms the tumor progress of 
hypodermically co-injected in (Huh7/WI-38) liver carcinoma 

cell lines. Orntinib collectively with TACE confirms no progress 

in HCC by acts on the VEGFR. 

III [28] 

4 FGFR, 

VEGFR 

 

Brivanib Tyrosine-kinase inhibitor It acts by enhancing the apoptosis and 

decreasing the micro-vessel load, and hampered the VEGFR 

phosphorylation. 

III [29] 

5 VEGFR 

 

Cediranib Tyrosine kinase inhibitor shows high toxicity and is ineffective 

for patients with unresectable or metastatic HCC 

II [30,31] 

6 EGFR 

 

Cetuximab It displays a more retort in advanced stages of liver carcinoma 

observed in the chimeric mouse. 

II [32] 

7 VEGF 

 

Bevacizumab Monoclonal antibody Hinders tumor advancement of HCC cell 

line and xenografts of patient-derived HCC. 

II [33] 

8 c-KIT, Flt-

3, FGFR, 
VEGFR 

Dovitinib Dovitinib works through RTKs and the platelet-derived growth 

factor receptor. In another study, it was discovered that 
metastasis occurs in the xenograft model. 

II [34] 

9 EGFR 
 

Erlotinib Tyrosine kinase inhibitor Displays a sustained progression-free 
survival and complete survival in patients with unresectable 

HCC. 

II [35] 

10 EGFR Gefitinib It acts by inhibiting the mechanism of TGF- α /EGFR pathway, 

which is the influence for the growth of HCC.  

II [36] 

11 MEK1 Selumetinib Tyrosine kinase inhibitor defeats the tumor progress of HCC 

xenograft mouse model. It also acts by (MEK) mitogen-activated 

protein kinase and the (ERK) extracellular pathway. 

II [37] 

12 VEGFR, 

PDGFR, 
FGFR-

1Raf, RET, 

c-KIT 

IGF/IGFR 

BAY73-4506 

BIIB922 
 

Tyrosine kinase inhibitor acts on the advanced stages of HCC.  

 

I [38,39] 

13 IGF/IGFR AVE1642 A stimulated IGF/IGF-1R pathways signaling is connected with 

activation of the Ras– MAPK pathways and PI 3-Kinase 
pathway. These paths trigger impulsive bio-events, such as cell 

growth, cellular proliferation, cell survival, and protein synthesis. 

A greater level of IGF-2 is observed in patients with HCC. 

I [40] 

3. Causes of HCC by Virus and Additional Sources 

HCC is a traditional independent predictor in (HBV) Chronic hepatitis B virus and is 

also connected with (HCV) hepatitis C virus. These types of contaminations may contribute to 

a percentage around 75-80 which is connected with HCC and blight of globally over 240 

million persons [41]. The cause of p53 hindered oxidative stress or swelling, which creates 

hepatocarcinogenesis due to the addition of genetic information of this (HBV) virus into the 

genome of humans. HBV-persuaded HCC includes a range of systems such as propagation 

along with the failure of cell growth (triggered by p53 hindered), prolonged cycles of necrosis 

and rejuvenation (as a result of inflammation), and stimulation of numerous mechanisms of 

oncogenic factors such as the PI3K/Akt/STAT3 route and (induction of oxidative pressure) 

Wnt/b-catenin, all of which prime to genomic instability was leads to be mutually non-cirrhotic 

and cirrhotic reported in (Figure 2) [42]. In contrast to HBV, the (HCV) virus of Hepatitis C is 

a nonintegrating virus consisting of single-stranded RNA that is part of the Flaviviridae 

family's genus Hepacivirus. HCV-induced hepatocarcinogenesis is an extremely complex 
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process that begins with the creation of HCV infection and progresses to chronic inflammatory 

processes, which leads to the production of HCC and liver cirrhosis [43]. 

3.1. Carcinogens and HCC. 

Chemical carcinogens, in moreover to viruses of hepatitis, plays a key part in the primes 

to HCC. Carcinogens such as vinyl chloride, aflatoxins, arsenic, tobacco smoke, and other 

chemicals reason for DNA impairment, persuade liver cirrhosis, and process to HCC, either 

self-sufficiently or in blend with viruses was reported in (Figure 2). Aflatoxin is an effective 

carcinogen of the liver formed by the fungus called Aspergillus, which has been initiated to 

foul foods, namely peanuts, corn, and soya beans, that have been stowed in soggy 

circumstances. Some of the mycotoxins may cause a mutation in the suppressor genes of p53 

in the tumor, resulting in an uncontrolled advance of liver cells and the growth of HCC. 

(nitrosamines) areca nut, (polycyclic aromatic hydrocarbons and 4-aminobiphenyl and) 

Tobacco smoke, and (safrole) shrubberies of betel have been a trigger to hepatotoxicity [44-

46].  

3.2. Inherited diseases and HCC. 

a1-antitrypsin deficiency, hemochromatosis caused by the Hereditary, diseases like 

Wilson's, and hepatic porphyria are accompanying Complex peril of HCC development. These 

hereditary illnesses are designed to enhance hepatocarcinogenesis as a moment of the 

augmented inflammatory process and hepatocellular damage [47].  

3.3. Metabolic syndrome and HCC. 

Metabolic syndrome, a constituent of Diabetes mellitus, has been linked to 7% 

approximately of all HCC incidents worldwide. Diabetes is complexed with HCC 

independently caused by the hepatitis virus, with diabetic patients having a 2-3-fold increased 

risk of emerging HCC compared to non-diabetic controls. Diabetes has a strong association 

with the pathogenesis of HCC due to physiological circumstances such as hyperglycemia, 

hyperinsulinemia, insulin sensitivity, and insulin-like growth factor signaling stimulation 

pathways [48].  

Obesity, a compulsive state categorized due to insulin confrontation, inflammation, and 

hyperinsulinemia, is closely linked to HCC. Dysregulated adipokines are increasing the 

reactive oxygen species, which leads to restoration of adipose tissue. The in-modification of 

the gut microbiota and dysregulated microRNA enhance the comparative risk of HCC in obese 

individuals. As a result, Obesity is among the most important likely reasons for NAFLD, which 

seems to be a risk factor for HCC [49]. 

3.4. Fatty liver disease related to HCC.  

In the last 10 years, the fatty liver ailment has emerged as one of the leading causes of 

chronic liver illness that progresses to HCC.  

3.4.1. Non-alcoholic Fatty Liver Disease (NAFLD)-Associated HCC. 

The accumulation of excessive lipids in the liver (steatosis) is an indication of NAFLD. 

After a long period of stabilizing in steatosis, which leads to steatohepatitis, an increase in 
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lipids causes inflammation to injure the liver. It is the main cause of liver cirrhosis and then 

HCC. Obesity, high blood pressure, dyslipidemia, resistance to insulin, and diabetes of type 2 

are all commonly interlinked with NAFLD. It has been proven to increase the incidence of 

HCC by 1.5-4 times, either by promoting the growth of NAFLD or by recklessly exerting a 

carcinogenic effect. (Figure 2) indicated that hepatic iron overflowing force is associated with 

the development of HCC in NASH patients. [50]. The mechanism underlying the progression 

of NAFLD-associated HCC is complex. In the nonexistence of excessive alcohol consumption, 

hepatic lipid aggregation due to intake of calories of high (Like more carbohydrate and 

excessive dietary fat) and reduced physical work to the body is a significant factor in the 

development of NAFLD [51].  

3.4.2. HCC in related to (AFLD)- Alcoholic Fatty Liver.  

AFLD is mainly due to the extreme intake of alcohol, which leads to injury of liver 

cells through the fat buildup, scarring, and inflammation eventually is the major source of HCC, 

which can be fatal.  

Worldwide, the AFLD predominance is rising, and it has become a momentous 

indication of liver disorders' burden, taking account of HCC connected deaths was around 30%. 

Extreme alcohol ingesting (>14 drinks per week for men and >7 drinks per week for women) 

is thought to source AFLD [52]. Females have inferior gastric alcohol dehydrogenase (ADH) 

action, and estrogen levels were triggered by Kupffer cells due to higher gut penetrability and 

the enhancing the concentrations of endotoxins in the portal, resulting in liver damage due to 

induced alcohol was reported in (Figure 2).  

 
Figure 2. The molecular mechanisms behind non-alcoholic and alcoholic-related HCC are distinct. The primary 

causes of NAFLD and AFLD are a high-calorie diet and excessive alcohol consumption. Despite their different 

pathogenic origins, the clinical spectrum of liver damage in promoting migration and development in NAFLD 

and AFLD has similar molecular pathways. 

Furthermore, investigations have exposed that American drinkers have folds of two 

spikes in liver enzymes when contrasted to Whites, Blacks, and Hispanics. Because there is no 

notable change between further ethnic groups, aspects such as polymorphism of genes 

connected with the metabolism of alcohol (ADH, CYP2E1) and enzymes of antioxidant, as 

well as genes that are responsible for coding of cytokines, are being studied about the alcoholic 

liver disease [53]. 
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First-Line Therapies with Sorafenib is a tyrosine kinase receptor (TKR) inhibitor. 

Sorafenib is considered to be an approved drug for the treatment of systemic in advanced HCC 

patients with no contenders in the surgical resection or transplantation of the life mentioned in 

(Table 1). Sorafenib was evaluated in phase III clinical standardized controlled trial (SHARP); 

it improved survival by 10.7 months compared to 7.9 months compared to placebo; adverse 

events included tiredness, diarrhea, and hand-foot skin response. [54-56].  

Investigators' findings have shown that the sorafenib action is interrelated to its 

capability to accurately alter erythroblastosis (Ets-1) protein of glycosylation in the cells of 

HCC, dramatically the survival rate was enhanced in the patients of HCC was advanced 

represented in (Table I) [57]. Additionally, the drug called Lenvatinib is considered a first-line 

medicine that may improve survival in the patients HCC is an advanced condition and cannot 

remove the tumor through surgically it acts by inhibiting angiogenesis and lymphangiogenesis. 

[58].  

It was observed during the studies of Phase I studies recommended the drug lenvatinib.  

These studies advised that lenvatinib is considered effective in patients where the tumor of the 

liver is in an advanced stage with advanced HCC and a result mentioned as concentrations of 

12mg and 8mg of Child-Pugh A or B score respectively. The most common side effects of oral 

lenvatinib at a dose of 12 mg daily were hypertension, diarrhea, reduced hungriness, and weight 

loss. Second-Line therapies include Regorafenib is a drug advanced Bayer's second-line oral 

medicine for unresectable HCC was FDA in June 2017 [59]. Pirfenidone has recently been 

discovered to bind to the ligand active affinity province of PPARα, which corresponds to 

PPARc homolog, galvanizing the SIRT1/LκB1/pAMPK signifying their capability to amend 

the epigenetic marks of the H3K9. A new drug investigated from the human monoclonal 

antibody of anti-VEGFR2 blocks the binding of ligand to VEGFR. [60-61].  

5. Conclusions and Future Direction 

HCC has a complicated etiology, with numerous important signaling pathways 

implicated in its progression. Conversely, because the use of combination treatment may pose 

concerns such as usability and drug-drug interactions, it may be preferable to use an alternative, 

multi-targeting molecular medicines that affect numerous signaling pathways and have distinct 

mechanisms of action. Although HCC is a complicated disease that causes dysregulation of 

several molecular pathways, finding regulatory proteins that can block two or more main 

signaling pathways at the same time would be a wonderful strategy. Multimodal studies 

including two or three medications that affect the complicated network of signaling pathways 

may be required to regulate tumor growth and survival eventually.  

Conversely, the use of combination therapy may raise concerns such as tolerability and 

drug-drug interactions, necessitating the use of alternative, molecularly targeted medicines. By 

selectively delivering therapeutic medications into tumor areas, targeted drug delivery systems 

(DDS) have shown significant promise in treating HCC. DDS has the potential to overcome 

the constraints treatments. Despite several preclinical investigations, no targeted DDS for HCC 

has yet to be developed for clinical use. HCC caused by NAFLD and AFLD is a serious public 

health problem that can be avoided. In the case of NAFLD, dietary changes and increased 

physical activity and alcohol abstain in the case of AFLD are the most extensively used 

therapeutic approaches. Additional tailored treatment options may improve healthcare and 

patient care quality, lowering mortality rates. In patients who do not respond to lifestyle 

improvements, other options include pharmaceutical treatment and bariatric surgery, are 
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explored. In conclusion, it is important to improve diagnostic methods for liver melanoma early 

detection. Significant advancements in exploring all potential liver cancer targets, including 

genetic, immunological, and molecular methods, must be established. If we use a translational 

strategy, researchers may discover effective therapies to combat HCC. 
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