
© HepatoBiliary Surgery and Nutrition. All rights reserved.   HepatoBiliary Surg Nutr 2024 | https://dx.doi.org/10.21037/hbsn-23-562

Review Article

A literature review of genetics and epigenetics of HCV-related 
hepatocellular carcinoma: translational impact

Ziyan Pan1, Wai-Kay Seto2,3, Chun-Jen Liu4,5,6, Yilei Mao7, Saleh A. Alqahtani8,9, Mohammed Eslam1

1Storr Liver Centre, Westmead Institute for Medical Research, Westmead Hospital and University of Sydney, Sydney, NSW, Australia; 2Department 

of Medicine, The University of Hong Kong, Hong Kong, China; 3State Key Laboratory of Liver Research, The University of Hong Kong, Hong 

Kong, China; 4Department of Internal Medicine, National Taiwan University Hospital, Taipei; 5Hepatitis Research Center, National Taiwan 

University Hospital, Taipei; 6Graduate Institute of Clinical Medicine, National Taiwan University College of Medicine, Taipei; 7Department of Liver 

Surgery, Peking Union Medical College (PUMC) Hospital, PUMC & Chinese Academy of Medical Sciences, Beijing, China; 8Organ Transplant 

Center of Excellence, King Faisal Specialist Hospital & Research Center, Riyadh, Saudi Arabia; 9Division of Gastroenterology & Hepatology, Johns 

Hopkins University, Baltimore, MD, USA

Contributions: (I) Conception and design: Z Pan, M Eslam; (II) Administrative support: None; (III) Provision of study materials or patients: None; 

(IV) Collection and assembly of data: None; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors; (VII) Final approval of 

manuscript: All authors.

Correspondence to: Mohammed Eslam, MD, MSc, PhD. Storr Liver Centre, Westmead Institute for Medical Research, Westmead Hospital and 

University of Sydney, 176 Hawkesbury Rd, Sydney, NSW 2145, Australia. Email: mohammed.eslam@sydney.edu.au.

Background and Objective: Hepatocellular carcinoma (HCC) poses a significant global health burden 
and ranks as the fifth most prevalent cancer on a global scale. Hepatitis C virus (HCV) infection remains one 
of the major risk factors for HCC development. HCC is a heterogeneous disease, and the development of 
HCC caused by HCV is intricate and involves various factors, including genetic susceptibility, viral factors, 
immune response due to chronic inflammation, alcohol abuse, and metabolic dysfunction associated with 
fatty liver disease. In this review, we provide a comprehensive and updated review of research on the genetics 
and epigenetic mechanisms implicated in developing HCC associated with HCV infection. We also discuss 
the potential translational implications, including novel biomarkers and drugs for treatment.
Methods: A comprehensive literature search was conducted in June 2023 in PubMed and Embase 
databases.
Key Content and Findings: Recent findings indicate that a variety of genetic and epigenetic processes 
are involved in the pathogenesis and continue to exist even after the complete elimination of HCV. The 
deregulation of the epigenome has been identified as a significant factor in the deletrious effects of liver 
disease, especially during the initial stages when genetic alterations are uncommon. The enduring “epigenetic 
memory” of gene expression is believed to be regulated by epigenetic mechanisms, indicating that alterations 
caused by HCV infection continue to exist and are linked to the risk of development of liver cancer even 
after successful treatment. Systems biology analytical methods will be required to delineate the magnitude 
and significance of both genetic and epigenomic alterations in tumor evolution. 
Conclusions: By facilitating a more profound understanding of these aspects, this will ultimately foster the 
advancement of novel therapies and ultimately improve outcomes for patients.
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Introduction

The occurrence of hepatocellular carcinoma (HCC) has 
notably increased in recent decades, positioning it as the 
fifth most prevalent form of cancer worldwide (1,2). HCC 
is a heterogeneous disease, with the underlying causes 
mostly due to persistent liver damage and cirrhosis (3). The 
prognosis and survival rates of HCC are unfavourable, and 
therapeutic options are still limited. HCC now ranks as the 
second highest cause of cancer-related mortality among 
males, resulting in about one million fatalities on a yearly 
basis (2).

The hepatitis C virus (HCV) continues to pose a 
significant challenge to public health, affecting a global 
population of over 71 million individuals and resulting in 
an annual incidence of 3–4 million new infections (4). HCV 
is still a leading cause of HCC globally, with a reported 
average incidence of 1–4% per year in HCV-related 
cirrhosis (5). A recent meta-analysis has shown that there 
is no statistically significant difference in the estimated 
incidence of HCC occurrence after sustained virological 
response (SVR) between treatments based on interferon 
(IFN) and those based on direct-acting antivirals (DAAs) 
{1.14/100 patient-years (py) [95% confidence interval (CI): 
0.86–1.52] and 2.96/100 py (95% CI: 1.76–4.96) in IFN 
and DAA studies, respectively} (6). While treatment for 
HCV markedly improved the outcome of HCV eradication, 
increased risk for HCC development is maintained even 
after SVR following DAA therapy (7). It is anticipated 
that there will be a gradual rise in the number of patients 
who have achieved SVR after DAA treatment in the next 
decade (8). However, the burden of HCC linked with 
HCV is projected to persist in the years to come; thus, 
understanding the mechanisms involved and patient 
risk factors will help physicians target these patients and 
alleviate the HCC burden.

The mechanism by which HCV causes liver cancer is not 
completely understood. The pathogenic process is intricate 
and multifaceted, encompassing a dynamic interaction 
between host factors, such as genetic predisposition, 
and environmental and viral factors. Some other major 
risk factors involved in the HCC development include 
ethinicity, diabetes, exposure to aflatoxin, smoking, and 
heavy alcohol use and co-existing of metabolic-associated 
fatty liver disease (MAFLD) or chronic hepatitis B 
infection. Emerging evidence suggests that numerous 
genetic and epigenetic mechanisms play a key in HCC 
pathogenesis (9). Furthermore, HCC occurs even long 

after the eradication of HCV, indicating the implications 
of the persistent genetic and epigenetic alterations in 
HCV-related hepatocarcinogenesis (Figure 1). Here, we 
provide a comprehensive and updated review of genetics 
and epigenetic processes involved in HCV-related HCC. 
We also discuss the potential translational implications, 
including novel biomarkers and drugs for treatment. We 
present this article in accordance with the Narrative Review 
reporting checklist (available at https://hbsn.amegroups.
com/article/view/10.21037/hbsn-23-562/rc).

Methods

The search strategy is described in Table 1.

Genetics: HCV-related HCC

Two genome-wide association studies (GWAS) of HCV-
HCC conducted in Japan identified two risk variants in the 
5' flanking region of the major histocompatibility complex 
class I-related chain A (MICA) on 6p21.33 (rs2596542) 
and DEP domain containing 5, GATOR1 subcomplex 
subunit (DEPDC5) rs1012068 (10,11). Further investigation 
revealed that the MICA variation does not exhibit an 
association with HCC susceptibility. However, it does 
demonstrate a correlation between heightened severity of 
fibrosis and accelerated fibrosis progression. This suggests 
that the MICA variant is involved in the susceptibility to 
advanced fibrosis, which indirectly impacts the likelihood 
of developing HCC. Mechanistically, the hepatic and serum 
MICA expression was attenuated in advanced fibrosis 
stages and in patients harbouring the MICA risk allele 
via transforming growth factor-β1 (TGF-β1)-dependent 
mechanisms (12). In this study, no significant association 
was seen between the DEPDC5 variation and the incidence 
of either fibrosis or HCC (12). A subsequent GWAS study 
and large candidate gene studies discovered a specific 
genetic variation within the tolloid-like protease 1 gene 
that is associated with the advancement of fibrosis and 
HCC progress following SVR (13-15), but it has no role in 
patients with MAFLD (16).

In the context of candidate gene research, a recent 
systematic review has shown that 137 distinct genes have 
been associated with HCV-HCC. Among these genetic 
factors, the genes IFN-λ3/IFN-λ4, tumour necrosis factor-
alpha (TNF-α), and Patatin-like phospholipase domain-
containing protein 3 (PNPLA3) exhibited the most robust 
and consistent associations (17).

https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-562/rc
https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-562/rc
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Genetic variation in the IFNL3/IFNL4 region was 
originally identified in GWAS studies as a genetic 
determinant of HCV clearance. Subsequent investigations 
have expanded upon these initial discoveries and provided 
more evidence to support the strong association between 
the IFNL3/IFNL4 region and the occurrence of hepatic 
inflammation and fibrosis in individuals diagnosed with 
chronic hepatitis C (CHC), as well as other liver diseases 
of various causes (18-22) and lung fibrosis (23). However, 
the role of these variants in HCC risk and recurrence after 
therapy is less clear, with some mixed results reported. 
Early study failed to discern any association between the 

IFNL3/IFNL4 genotype and the development of HCC in 
patients with HCV cirrhosis (24). Conversely, other studies 
found that HCC was more prevalent and likely to occur at 
a younger age in patients harbouring the non-responder 
genotype compared to those with the CC genotype (25,26). 
Furthermore, another study involving patients with HCV 
indicated that those with the TT genotype had a greater 
susceptibility to HCC development and displayed elevated 
levels of alpha-fetoprotein in comparison to those with the 
responder genotype (27). In regard to HCC recurrence, a 
Japanese study suggested that patients with CC genotype 
were significantly more likely to have HCC recurrence after 
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Figure 1 The pathogenesis of HCC. The formation and progression of HCC after the eradication of hepatitis C is influenced by a 
complex and ever-changing interplay between genetic susceptibility and environmental variables such as sedentary life style, excess stress, 
unhealthy diet smoking, and heavy alcohol use. Epigenetics plays a pivotal role in moderating this interaction. Genetics and epigenetics can 
contribute to hepatocarcinogenesis through the progression of fibrosis and cirrhosis, as well as directly leading to HCC development. HCC, 
hepatocellular carcinoma; HCV, hepatitis C infection; SVR, sustained virological response; DAA, direct-acting antiviral.
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curative therapy (28). Collectively, these findings suggest 
that patients harbouring the IFNL3/IFNL4 genotype non-
responder genotype have diminished immune responses, 
with an augmented risk of tumour escape. In this context, 
recent studies showed decreased hepatic and circulating 
immune cells in patients with the IFNL3/IFNL4 genotype 
non-responder genotype (20,29). Similarly, multiple 
studies demonstrated an association between TNF-α single 
nucleotide polymorphisms (SNPs) and HCV-related HCC 
(30,31).

The rs7574865 variant in the signal transducers and 
activators of transcription (STAT4) gene, which is another 
variant related to immunity, has been suggested to be 
linked with various phenotypes of hepatitis B virus (HBV) 
infection. This includes spontaneous HBV clearance, 
response to IFN-α-based therapy, and the risk of developing 
fibrosis and HCC (32,33). In contrast, this variant was not 
associated with any of these phenotypes in patients with 
HCV, suggesting a differential role of immune responses 
and related genetic variants between these two viral 
hepatitis (34,35).

Genetic risk variants for fatty liver disease have been 
reported to influence the risk of fibrosis progression and 
HCC across various aetiologies, including HCV. PNPLA3 
p.I148M, transmembrane 6 and superfamily member 2 
(TM6SF2) p.E167K were reported to be associated with 
diverse roles across various liver diseases (36). Recent 
research showed that there is no significant association 
between the PNPLA3 rs738409 variant, the TM6SF2 
rs58542926 variant, or the combined presence of at-
risk alleles and the incidence of HCC in individuals with 

cirrhosis caused by HCV infection (35). In 110 patients 
with HCV-HCC, the coexistence of the PNPLA3 and 
HSD17B13 risk alleles was an independent risk factor for 
HCC (37). The role of other genetic variants associated 
with hepatic fat accumulation and metabolic steatohepatitis 
in HCV-HCC is yet to be characterised (38-40).

Some of these genetic variants have been implicated in 
the risk of HCC in those with SVR induced by pegylated 
interferon alpha-2a/ribavirin (PegIFN/RBV) or DAA. A 
study conducted on a cohort of 1,118 Taiwanese patients 
with a median duration of 60 months diagnosed with HCV 
infection aimed to investigate the potential relationship 
between IFNL3/IFNL4 genotype and the development of 
HCC. The findings revealed no significant relationship 
between IFNL3/IFNL4 genotype and HCC in individuals 
who achieved SVR through treatment with PegIFN/RBV. 
However, individuals with the non-responder genotype 
(CT/TT) had a higher risk of developing HCC compared 
to those with the responder genotype (CC) among 
individuals who did not achieve SVR (41). In another 
investigation including a cohort of 493 individuals from 
Egypt, 70 were classified as healthy controls, while 252 were 
patients with HCV who received DAA treatment. Among 
the patients with HCV, 65 individuals developed HCC. The 
study results revealed no statistically significant correlation 
between the incidence of HCC and the carriage of the 
IFNL3/IFNL4 rs12979860 SNP or the TLR4 rs4986791 
variation (42).

Furthermore, a comprehensive analysis conducted 
on a cohort of 3,771 Japanese individuals diagnosed 
with HCV who successfully achieved SVR revealed a 

Table 1 The search strategy summary

Items Specification

Date of search June 2023 

Databases searched PubMed and Embase

Search terms used “Hepatocellular carcinoma”, “Hepatitis C”, “Genetic”, “Epigenetic”, “SNP”, “methylation”, 
“Histone” AND “GWAS”

Timeframe The search encompassed articles published from 2000 to June 2023

Inclusion criteria Articles in English language. The search strategy aimed to identify relevant studies for 
an in-depth review, providing valuable insights into the relationship between genetic, 
epigenetic and HCV related HCC, and advancements in diagnosis and therapeutic 
approaches

Selection process Z.P. conducted the selection, and all authors revised the manuscript to identify potential 
studies based on their expertise

SNP, single nucleotide polymorphism; GWAS, genome-wide association studies; HCV, hepatitis C virus; HCC, hepatocellular carcinoma.
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noteworthy correlation between PNPLA3 and HLA-DQB1 
polymorphisms with HCC development subsequent to 
SVR. This association was especially pronounced among 
individuals who were not classified as obese, which included 
a median duration of observation spanning 41 months (43). 
A recent investigation involving 290 Japanese patients with 
CHC who had not previously developed HCC and had 
successfully eliminated the HCV through DAA treatment 
revealed that PNPLA3 GG genotype individuals were more 
at risk in HCC experience, regardless of their age, gender, 
FIB-4 index, serum albumin levels, alanine aminotransferase 
levels, and alpha-fetoprotein levels at 12 weeks post-DAA 
treatment. The adjusted hazard ratio was 2.57, with a 95% 
CI of 1.01–6.91 and a P value of 0.048 (44).

Similarly, a variant in MBOAT7, a protein in the Lands 
cycle, has been associated with liver injury in MAFLD, 
HBV, and HCV, but not HCC (45-47). Another study of 
200 patients who underwent DAA treatment for CHC with 
advanced fibrosis (F3–F4) showed that IFNL3-TT genotype 
was associated with HCC development after DAA therapy 
[odds ratio (OR) 4.728, 95% CI: 1.222–18.297, P=0.024], 
but not other variants PNPLA3 (rs738409), TM6SF2 
(rs58542926) or MBOAT7 (rs641738) (48). Lastly, a study 
of 509 consecutive Italian patients with HCV cirrhosis, with 
a median follow-up of 43 [3–57] months after DAA start, 
showed a genetic risk score combining variants in PNPLA3, 
MBOAT7, TM6SF2, and GCKR, but each of these variations 
was exclusively linked to the development of de novo HCC, 
regardless of traditional risk variables such as the severity 
of liver disease (49). Whether, the genetic contribution to 
HCC would differ after SVR via Peg-IFN/RBV or DAA is 
yet to be determined.

Epigenetics

Epigene t i c s  s tud ie s  the  her i t ab le  and  acqu i red 
modifications in gene function and expression that 
determine phenotype, independent of alteration in the 
DNA sequence, that are frequently identified in various 
cancer types, including HCC (50). Classically, epigenetic 
modifications are grouped into three main classes: DNA 
methylation, histone modifications (acetylation and 
methylation), and RNA-based mechanisms [microRNAs 
(miRNAs) and non-coding RNAs (ncRNAs)] (51).

Epigenetic modulators refer to a collection of genes 
that are situated upstream of the epigenetic modifiers and 
mediators (52). In cancers, external (carcinogens or viral 
infection) or internal (ageing or metabolic comorbidities) 

factors drive the neoplastic propensity imposed on 
epigenetic modulators (52). Some remarkable examples of 
epigenetic modulators are oncogenic RAS, nuclear factor-
κB, and tumour suppressor protein p53 (52).

Emerging evidence suggests that HCV infection induces 
a substantial remodelling of cancer-related pathways 
via epigenetic interference (53). The existence of HCV 
RNA or/and expression of the viral proteins in the cells 
is pivotal in inducing these epigenetic alterations that 
subsequently reprogram host gene expression (53). For 
instance, HCV infection promotes reactive oxygen species 
generation and S-adenosyl-homocysteine, causing abnormal 
hypermethylation and chromatin modifications of the 
antitumour genes that potentiate HCC progression, which 
are thereby implicated in the initiation of carcinogenesis, 
progression, and metastasis development (54-56). The 
HCV-induced epigenetic signature has been found to be 
long-term, sustaining even after infection cure, which could 
be implicated in the pathogenesis of the persistence of HCC 
risk following HCV viral cure (57).

DNA methylation

DNA methylation is a crucial epigenetic alteration that 
serves as the primary mechanism for regulating gene 
expression. This refers to the occurrence of methylation in 
cytosine bases that are concentrated inside regions known 
as CpG-islands (50,58). The pathophysiology of diseases, 
including cancers, is significantly influenced by abnormal 
DNA methylation patterns seen in gene promoters. 
These patterns, characterized by either hypermethylation 
or hypomethylation, may lead to the transcriptional 
suppression or activation of tumour-suppressor or 
oncogenic genes, respectively (50,58). 

Significant alterations in DNA methylation have 
been observed in HCC in recent studies using genome-
wide DNA methylation profiling techniques (59-61). 
The activation of an innate immune response mediated 
by natural killer cells was seen in chimeric mice with 
humanised livers upon HCV infection. Subsequently, this 
was accompanied by a genome-wide alteration of DNA 
methylation in human hepatocytes (62). Similarly, in 
humans, HCV can influence the methylation patterns of 
CpG islands, particularly in genes associated with DNA 
mismatch repair (63) and/or the control of the cell cycle (64).

Notably, the HCV-induced DNA methylation changes 
were distinct from that of HBV. A comprehensive genome-
wide analysis of DNA methylation patterns using the 
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Illumina HumanMethylation450 BeadChip revealed distinct 
differences in methylation profiles between HCC caused by 
HBV and HCC caused by HCV. Specifically, a majority of 
the CpG sites that exhibited differential methylation were 
shown to be hypermethylated in HCV-HCC in comparison 
to HBV-HCC (65).

Histone modification

Histone modifications are dynamic forms of epigenetic 
change that serve as points of  regulation for the 
transcriptional machinery and chromatin compaction (66). 
Histones possess N-terminal tails that extend beyond 
the nucleosomes and experience a diverse array of post-
translational modifications. The acetylation and methylation 
of histones are among the most intensively researched post-
translational changes. Acetylation of histones is generally 
recognized as an activating change, while methylation of 
histones may have either activating or repressive effects.

Extensive research has been conducted on investigating 
the histone alterations signatures associated with HCC 
development. Currently, there is convincing evidence that 
HCV induces a substantial remodelling in host chromatin 
structure (67) that remains even after achieving SVR using 
DAAs (67).

New research using chromatin immunoprecipitation 
followed by a next-generation sequencing (ChIP-seq) 
technique unveiled that HCV infection elicits significant 
alterations in the epigenetic landscape throughout the 
whole genome (57). The alterations may be categorized 
into an 8-gene signature that exhibits an association 
with the development of HCC. These changes include 
activation of the oncogenic network and suppression 
of the tumour-suppressor genes, and these changes are 
likely implicated in the pathogenesis of HCV-induced 
hepatocarcinogenesis (68).

Another study showed similar findings that HCV induces 
specific epigenetic changes, namely genome-wide changes 
in H3K27ac, which persist after SVR and are associated 
with changes in the expression of mRNAs and proteins 
and HCC risk (67). A comprehensive analysis of several 
epigenetic alterations in a cell line infected with HCV 
was recently conducted. Specifically, they examined four 
histone modifications (H3K4me3, H3K4me1, H3K27ac, 
and H3K27me3), open chromatin using ATAC-seq, 
and genome-wide DNA methylation. Additionally, they 
investigated the effects of HCV eradication by treatment 
with either IFN-α or a DAA agent in these experimental 

models (69). This work demonstrated that HCV infection 
substantially influences the epigenome, with shared 
epigenetic changes with IFN-α effect. The majority of these 
changes induced by HCV remain as ‘epigenomic signature’ 
following viral cure (69).

Non-coding RNAs

Two distinct categories of ncRNAs, namely miRNAs and 
long non-coding RNAs (lncRNAs), have been extensively 
investigated and are recognized as significant contributors 
to epigenetic regulation. ncRNAs have been seen to 
exert regulatory effects on gene expression at both the 
transcriptional and post-transcriptional levels. Their 
involvement in the control of several cancers, including 
HCC, is well-established and considered significant (50).

miRNAs are a class of ncRNAs that consist of single-
stranded molecules ranging from 19 to 22 nucleotides in 
length. Their primary mechanism of action involves the 
suppression of target mRNA by binding to complementary 
sequences. Therefore, they play a crucial role in regulating 
gene expression at the post-transcriptional stage (70).

miRNAs have been identified as regulators of many 
biological pathways implicated in the development of 
HCC (71). For example, miR-122 is a prominent miRNA 
mostly expressed in the liver, constituting around 70% 
of the total miRNA population in this organ. A study has 
reported that miR-122, which acts as a tumour-suppressor 
gene, is implicated in HCV-related HCC, which has 
been confirmed by a recent meta-analysis (72). A further 
investigation revealed that levels of blood miRNA-224 were 
notably higher in patients with HCV-HCC in comparison 
to both cirrhotic patients and those in good health who 
served as control subjects (73). Another study observed a 
notably increased expression level of serum miRNA-27a 
in patients with HCV-HCC in comparison to those with 
cirrhosis. Furthermore, these raised levels were shown to be 
associated with distant metastasis, Child-Pugh grade, and 
lymph node metastasis (74).

LncRNAs represent a class of RNA molecules that 
exceed a length of 200 bases. Although this group has 
no protein-coding function, they act via cis- or trans-
regulation and regulate diverse functions, including mRNA 
stability, chromatin accessibility, and protein activity, and 
are implicated in multiple aspects of the progression of 
various cancers (75,76). A study demonstrates alterations 
in lncRNAs in HCC. Firstly, HCV induced down-
regulation of a lncRNA, Linc-Pint, which enhances 
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virus replication and liver disease progression through 
increasing lipogenesis (77). Secondly, the blood expression 
levels of lnc-HOX antisense intergenic RNA were elevated 
in patients with HCV-HCC treated with DAAs (78). Lastly, 
the expression level of lnc-taurine-upregulated gene 1 and 
lnc-cancer susceptibility candidate 2 in polymorphonuclear 
leucocytes were demonstrated to be upregulated and 
downregulated in HCV-HCC compared to patients with 
HCV and healthy controls, respectively (79).

Genetics and epigenetic biomarkers and 
therapeutic targets

Biomarkers

Genetic markers and epigenetic modifications have the 
potential to function as innovative biomarkers for the risk 
stratification and early detection of HCC enabling more 
effective HCC screening prioritization of patients with 
HCC for therapies. The process of stratifying patients 
based on their genetic risk level allows for the identification 
of individuals with an inherited greater risk of developing 
HCC. This enables the prioritization of early interventions 
and therapies for those who are most in need, with the goal 
of preventing the advancement of the disease. Additionally, 
the genetic and epigenetic biomarkers can be incorporated 
into novel risk scores with other clinical variables (80-84), 
particularly metabolic risk factors that are well implicated 
in the risk of HCC in patients with cured HCV (85). For 
instance, a recent meta-analysis suggested the potential 
utility of lncRNA as a diagnostic biomarker for HCC (86). 
This study indicates that the co-assessment of several 
lncRNAs, namely HULC, Linc00152, RP11-160H22.5, 
XLOC_014,172, LOC149086, uc001ncr, and AX800134 
yields a receiver operating characteristic (ROC) curve 
with improved specificity and sensitivity compared to the 
evaluation of a single lncRNA. Specifically, the area under 
the curve (AUC) for the combined assessment is 0.94, while 
the AUC for a single lncRNA is 0.902. 

The potential use of particular miRNAs from the sera of 
patients with HCC as a biomarker has been proposed (87). 
The study has shown the presence of elevated levels of 
miR-133a, miR-192, miR-143, miR-29a, miR-145, miR-
29c, and miR-505 in individuals diagnosed with HCC (87). 
In addition, it has been shown that miR-219-5p has a role 
in facilitating metastasis in HCC and is correlated with a 
worse prognosis for patients (88). Consequently, miRNAs 
might be considered as a potential prognostic indicator for 

HCC and its progression (88).
As previously mentioned, many observations of DNA 

methylation patterns in the genes exhibit a correlation 
with dysregulated signalling pathways important for HCC 
development. Therefore, a comprehensive investigation 
of the methylome has the potential to uncover hitherto 
unidentified biomarkers for HCC.

Genetics and epigenetic therapeutic targets

The only available curative therapy to treat patients who 
develop HCC is surgery (resection or transplantation); 
nevertheless, the vast majority of patients not being 
candidates for this option, and thus, other treatment 
modalities are needed. Tumour ablation using radiofrequency 
and microwave, as well as transarterial chemoembolization, 
represents an alternative treatment option for HCC. 
Additionally, sorafenib is considered the recommended 
treatment choice for individuals who are deemed ineligible 
for surgical intervention, and there are now more 
pharmaceutical options for HCC, such as lenvatinib, a 
multikinase inhibitor, and nivolumab, a programmed 
cell death protein-1 immune checkpoint inhibitor. 
Atezolizumab plus bevacizumab, sorafenib, and lenvatinib is 
recommended as a first-line option by most guidelines (89). 
Although these drugs represent a significant step forward 
in increasing the survival of patients, the response rate is 
still substantially suboptimal. Given the current shortage 
in treatment modalities for HCC, innovative therapeutic 
strategies for HCC are urgently needed. 

Genetics can guide novel therapeutic approaches (90). 
Analyses of various pharmaceutical pipelines found that 
targets with a genetic link to disease have more than 
double the chance of success in clinical trials and obtaining 
regulatory approval compared to those lacking such a 
link (91,92). Therefore, insights from the GWAS studies 
for HCC could potentially offer an additional avenue for 
priortising drug targets and safety, both key requirements in 
drug discovery. Genetics can also inform drug repurposing, 
accelerating the drug development process. Some notable 
examples are TGF-β1 at 19q13.2, which is a targeted drug 
used to treat rheumatoid arthritis and is also linked to an 
elevated risk of colorectal cancer (93). Another significant 
genetic locus is the vitamin D receptor at 12q13.11, which 
is a drug target for treating osteoporosis and a risk locus for 
prostate cancer (94). Lastly, the tyrosinase gene at 11q14.3, 
the target of an approved drug used in the treatment of skin 
disorders (95), is also associated with an increased risk of 
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developing melanoma (95), squamous cell carcinoma (96), 
and basal cell carcinoma (97).

In addition, the plasticity and reversibility of the 
epigenome may provide a unique opportunity to intervene 
and modulate the unfavourable epigenetic states for 
preventing and treating HCC. Inhibiting the function 
of epigenetic modulators, for instance, epigenetic 
enzymes (such as histone acetyltransferases), can be 
exploited as a plausible therapeutic approach for attaining 
pharmacological restoration of the normal epigenetic 
states (98). In recent years, epidrugs have gained significant 
attention and have been widely tested and utilised, with 
many candidates currently under clinical trials for therapy 
of various malignancies (98). In this context, inhibitors for 
DNA methyltransferase (DNMT) and histone deacetylase 
(HDAC) are currently being experimentally tested for 
treatment of HCC (99). Reminostat, an oral pan-HDAC 
inhibitor, efficiently enhances the sensitivity to sorafenib 
in the treatment of patients with advanced HCC (99). In a 
similar way, the concurrent administration of quisinostat, 
an additional HDAC inhibitor, and sorafenib showed a 
synergistic effect in reducing the development of HCC (100). 
CM-272, a novel first-class small-molecule dual histone 
methyltransferase G9a and DNMT1 inhibitor, has a 
suppressive effect on experimental HCC models (101). 
Recent research has shown comparable epigenetic and 
transcriptome alterations connected to cancer between 
CHC and MAFLD (102). The study findings demonstrate 
that the pharmacological suppression of bromodomain 
4, a chromatin reader, effectively mitigated the course of 
liver disease and hepatocarcinogenesis. This beneficial 
effect was achieved via epigenetic and transcriptional 
reprogramming (102).

Conclusions

The incidence of HCC has been strikingly rising 
worldwide, and the treatment options are still limited. 
It has therefore become the fastest-increasing cause of 
cancer-related mortality. Even in the current era of efficient 
HCV DAA therapy, with a very high response rate, it 
has become obvious that the risk for HCC occurrence 
persists after HCV eradication. The identification of 
genetic and epigenetic mechanisms that are implicated 
in maintaining HCC risk following HCV cure provides 
a unique opportunity to envisage diagnostic tools and 
algorithms to predict the risk of HCC occurrence in this 
growing population and pave the way for novel therapeutic 

strategies, targeting the hypothetically reversible oncogenic 
process of epigenetics leading to cancer after HCV cure, 
unlike the irreversible mutations. In addition, this approach 
can offer a new path for HCC prevention, including 
after HCV-induced liver damage occurs. Future studies 
are required to reveal specific epigenetic upstream and 
modulators and identify druggable targets that regulate hub 
pathways induced by HCV, leading to dysregulation of the 
epigenome. Leveraging these mechanisms can ultimately 
lead to the identification and development of HCV-
aetiology-specific personalised intervention approaches 
for HCC management and prevention. The application 
of artificial intelligence can be a possible solution. The 
forthcoming wave of research is expected to incorporate 
the integration of multilayered information through multi-
omics data analysis and artificial intelligence methods. This 
approach will enable the precise stratification of patients, 
leading to more personalized management approaches.
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