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ABSTRACT

Hepatocellular carcinoma (HCC) is the seventh most highly prevalent malignant tumor globally
and the second most common cause of mortality. HCC develops with complex pathways that
occur through multistage biological processes. Non-alcoholic fatty liver disease, metabolic-
associated fatty liver disease, alcoholic liver disease, autoimmune hepatitis, hepatitis B, and
hepatitis C are the causative etiologies of HCC. HCC develops as a result of epigenetic changes,
protein-coding gene mutations, and altered signaling pathways. Biomarkers and potential ther-
apeutic targets for HCC open up new possibilities for treating the disease. Immune checkpoint
inhibitors are included in the treatment options in combination with molecular targeted therapy.

Introduction

Hepatocellular carcinoma (HCC) is the seventh most
highly prevalent malignant tumor globally and the second
most cause of mortality [1]. Early stages of HCC are char-
acterized by dysplastic lesions frequently arising in chronic
inflammatory liver disease or hepatitis that contribute to
fibrosis and subsequently cirrhosis affecting liver function
and often leading to death [2]. Globally, there are about 7.5
lakh new instances of HCC per year, ranking it the fifth
most frequent cause of cancer in people. The mortality rate
for HCC is exceedingly high; it is estimated that around 7
lakh people die from HCC each year, making it the third
most prevalent cancer-related cause of death in humans [3].
With 3,95,000 cases per year and a prevalence of 35 per
1,00,000, China accounts for half of the global HCC burden
[4]. According to currently available data in India, the age-
adjusted incidence rate of HCC for men ranges from 0.7 to
7.5 and for women from 0.2 to 2.2 per 1,00,000 people
per year. In India, there are 1.6% more HCC cases among
cirrhotics per year. Around 90% of HCC cases develop in
a background of cirrhosis but less than 5% of patients with
cirrhosis progress to HCC per year [5]. However, the
annual recurrence rate for HCC is 15%-20% which is higher
than any other malignant neoplasm with high mortality [6].
In India, the male-to-female ratio for HCC is 4:1, with the
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age of the presentation ranging from 40 to 70. In India, the
age-standardized death rate for HCC is 6.8/1,00,000 for
men and 5.1/1,00,000 for women [7]. Each region has
different HCC risk factors. The primary distribution of
HBV and HCV infection has been linked to regional varia-
tions in the occurrence of HCC (Figure 1). In between 80%
and 90% of HCC cases, one of two viruses is involved [8].
Multiple risk factors are known to cause HCC to develop at
a younger age. It has been demonstrated that HBsAg-
positive patients with HDV superinfection develop cirrho-
sis and HCC at a mean age of 48 years, as opposed to
HBsAg carriers without HDV infection at a mean age of
62 years. HDV coinfection with HBV is related to acceler-
ated liver damage [9]. In many reported studies, up to 30-
40% of individuals with chronic liver disease or HCC there
is no definite risk factor could be found. It has been sug-
gested that nonalcoholic steatohepatitis (NASH), a more
severe variant of nonalcoholic fatty liver disease (NAFLD),
is the cause of cryptogenic cirrhosis. However, once cirrho-
sis and HCC are present, it is challenging to recognize the
pathologic characteristics of NASH. In research evaluating
the connection between the two diseases, obesity and dia-
betes, which are closely associated with NASH, have been
indirectly linked to HCC [10]. Chronic alcoholic liver dis-
ease has emerged as one of the main HCC risk factors in the
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Figure 1. Summary of HCC progression mechanism.

West. It is generally known that consuming a lot of alcohol
(>50-70 g/day for numerous years) increases the risk of
developing HCC. Patients with Child-Pugh Class A or
B alcoholic cirrhosis had a yearly HCC risk of about 2.5%
[11]. After quitting drinking, the risk of getting liver cancer
decreases by 6 to 7% annually, and it also takes an estimated
23 years. There is proof that alcohol and HCV or HBV
interact synergistically, likely leading to the promotion of
cirrhosis [12]. Hepatocarcinogenesis has been demon-
strated to be fueled by molecular changes at the genetic
and epigenetic levels [13]. Copy number abnormalities
(CNAs), somatic mutations at the genome level, gene
expression at the transcriptome level and epigenetic mod-
ifications are some examples of the global molecular land-
scapes of HCC at many levels. Additionally, the capacity of
next-generation sequencing (NGS) to unbiasedly capture
all viral integration sites offers a whole new technique to
comprehend the interaction between the host genome and
the hepatitis B virus (HBV). The analysis of hepatocarcino-
genesis at various molecular scales may provide novel ther-
apeutic approaches. The creation of tailored therapeutics
for this malignancy can be accomplished by the identifica-
tion of important molecular processes and signaling path-
ways [14]. HCC develops with complex pathways that
occur through the multi-stage biological process from nor-
mal hepatocyte to tumor transformation, including genetic
and epigenetic modification, oxidative stress regulation,
inflammation, and immunity participation [15]. Protein
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products of the biological process facilitate the identifica-
tion and act as specific biomarkers for HCC [16]. Important
risk factors include viral HBV and HCV, excessive alcohol,
aflatoxin B intoxication, genetic disorders (hemochroma-
tosis) and metabolic disorders (e.g. Diabetes mellitus (DM))
[17]. DM in Chronic Hepatitis B (CHB) persons has a high-
risk factor for HCC [18]. Poor clinical outcome of HCC
patients is majorly due to the resistance of HCC cells to the
various treatments and tumor recurrence after curative
therapies [19].

Liver cancer stem cells (LCSCs) play an important role
in cancer initiation, metastasis, recurrence, and therapeu-
tic resistance [20]. Chronic stressful events in liver pro-
genitor cells give rise to inflammatory mediators such as
TNF-a which forms the basis of cancer stem cells [21].
LCSCs are derived from the de-differentiation of mature
hepatoblasts and biliary cells under the influence of
genetic and epigenetic changes [22]. EpCAM, CD133,
CD44, CD13, CD54, CD73, CD206, and CD34 are bio-
markers for the identification of LCSC [23]. Shorter
patient survival was linked to a considerably higher ratio
of the insulin receptors A and B in human HCC that
expressed stem/progenitor cell characteristics such as a-
fetoprotein (AFP) and CK19 [24]. Current research indi-
cates hepatic stem cells render a protective mechanism
against genetic damage. Remarkably, stem cells are pre-
sent in large numbers in the liver and have a capacity for
a high rate of cell division during regeneration [25].



Therapeutic strategies involve trans-arterial chemoembo-
lization (TACE), local radiofrequency ablation (RFA),
and microwave ablation, mostly HCC cases that are diag-
nosed in advanced stages.

Common mutations of protein-coding genes

The depletion of p53 a tumor suppressor protein leads
to the dedifferentiation of mature hepatocytes into pro-
genitor-like cells and further develops into HCC with
a gene mutation in Wnt and Notch signaling pathways
[26]. HCC is now broadly classified as proliferation and
nonproliferation (inflammation type). Proliferative
HCCs are typically more aggressive and less differen-
tiated and are frequently associated with high serum
AFP levels, TP53 mutations, and poor outcomes.
Furthermore, proliferative HCCs may display TGEFp,
MET, AKT, and IGF2 pathway activations. In contrast,
the non-proliferative subgroup appears to be heteroge-
neous with less certain biological significance. Whereas
a subset of non-proliferative HCC harbor mutation in
B-catenin (encoded by catenin beta-1 (CTTNNB)) and
show P - catenin pathway activation [27]. Mutant TP53
is probably related to HBV infection, while mutant
CTNNBI has been demonstrated to be the putative
driver for alcoholic HCC [28]. Several analyses have
further shown that they play a potential role in influen-
cing numerous facets of the human cellular machinery
e.g. in Deoxyribonucleic acid (DNA) repair and sur-
veillance (TP53, CDKN2A, and RB1), Wnt/B catenin
signaling (CTNNBI and AXIN1), chromatin remodel-
ing (ARID1A, ARID1B, and ARID2), oncogenic mito-
gen-activated protein kinase signaling (MAPK and
RPS6KA3), oxidative stress (NFE2L2 and KEAP1),
and histone modification (MLL, MLL3, and MLLA4).
There remains, however, a question concerning how
these mutants function together. Inhibition of chaper-
one-mediated autophagy (CMA) limits tumor develop-
ment, and the role of impaired CMA function is noted
in neurodegeneration and cancer [29].

Altered cell signaling pathways

Several studies have supported the fact that insulin-like
growth factor (IGF) signaling pathway is involved in
the occurrence of HCC [30]. A confined subset of cell-
signaling pathways may be sequentially involved in
hepatocarcinogenesis and tumor progression with
metastasis, according to new evidence generated by
using various model systems, even though our under-
standing of the altered signaling pathways in HCC is far
from complete [31]. Growth factors and their accom-
panying receptors, such as the HGF receptor MET,
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IGF, and members of the ERBB family, are frequently
dysregulated in HCC [32]. The IGF axis plays a critical
role in promoting cell proliferation and preventing cell
death. Allelic losses of IGF2R and overexpression of
IGF2 are the most often documented aberrant charac-
teristics in HCC, even in preneoplastic lesions. The
Ras-MAPK pathway and the Phosphatidyl Inositol
3-Kinase pathway are both activated in response to an
active IGF/IGF-1 R signaling pathway. These pathways
stimulate a variety of biological processes, including
protein synthesis, cell growth, differentiation, and sur-
vival. IGF-2 levels have been found to be higher in
patients with HCC. IGF-2 may promote the growth of
cancer cells in HCC patients because it binds to IGF-1
R as well [33].

The HGF/MET axis contributes to cell migration
and proliferation. It plays a significant part in the
renewal of physiologic life. 20-40% of HCCs have
been reported to have MET activation, mostly due to
overexpression of the receptor and its ligand. HGF/
c-Met signaling pathways are deregulated in human
cancer by overexpression of HGF or c-Met, gene ampli-
fication, mutational activation of c-Met, downregula-
tion of Met-targeted miRNA, binding to other ligands,
autocrine signaling or overly high levels of HGF [34].

Alterations in Wnt/-B-catenin, Notch, and Hedgehog
signaling pathways (differentiation and development)
lead to uncontrolled cancer cell proliferation in HCC.
Mutations in the p53/p21 tumor suppressor gene cause
cancer cells to multiply, which aids in the development,
progression, aggressiveness, and metastasis of tumors.
Changes in the signaling pathways that control growth
factor receptors (such as VEGFR, FGFR, TGFA, EGFR,
and IGFR) (Figure 2) or their cytoplasmic intermediates
(such as PI3K-AKT-mTOR, RAF/ERK/MAPK) as well
as important pathways for cell differentiation (such as
Wnt/-catenin, JAK/STAT, Hippo, Hedgehog, and
Notch). The NFE2L2/KEAP1 signaling pathway gene
mutation facilitates the release of NRF2 from KEAP
into the nucleus, which causes oxidative stress and the
development of cancer cells. HCC is caused by the loss
of the ARID1A/ARID1B/ARID2 complex, which med-
iates chromatin regulation and MLL signaling pathways.
Cytokine and growth factor signaling are mediated by
the JAK/STAT signaling network, as well as others, and
all play crucial roles in controlling a wide range of
essential biological processes [35].

The potential target of HCC and biomarkers

Although blood-based biomarkers AFP, AFP-L3, and
DCP are available, early diagnosis of HCC is relatively
low. Hepatic progenitor cells and cholangiocytes have
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Figure 2. Altered cell signaling pathways in HCC.

Growth factors and their receptors predict the progression of HCC. Chronic insults from viral agents, metabolic syndrome, alcohol, and
toxins cause uncontrolled cell proliferation, survival, angiogenesis, tumorigenesis, and genetic instability.

the tumor markers cytokeratin 7 (CK7) and cytokeratin
19 (CK19), whereas normal hepatocytes do not. Oval
cell marker (OV6) is involved in the development of
putative progenitor cells. OV6-positive HCC cells have
much higher levels of tumorigenicity, differentiation,
and self-renewal than OV6-negative cells [36]. CD13
is a myeloid bone marrow-derived marker and CD44
antigen is a cell surface glycoprotein involved in cell-
cell interactions, cell adhesion and migration, both of
which are overexpressed in metastasis and have poor
prognosis in HCC. Studies indicate that administering
CD44-targeted DOX liposomes intravenously along
with conventional HCC therapy substantially enhances
tumor response [37].

Keratin 19 has a role in cancer cell proliferation and
angiogenesis and its inhibition in HCC results in the
control of cancer cell growth. CD133 is a pentaspan
membrane glycoprotein that is a stem cell biomarker.

In HCC patients, increased CD133 expression is dis-
covered to be a standalone prognostic predictor for
survival and tumor recurrence. Glypican 3 (GPC3)
cell surface heparan sulfate proteoglycan is involved in
cell signaling pathways via glycosyl phosphatidylinosi-
tol linkage. Normal hepatocytes do not have GPC3,
whereas HCC cells display it on their surface.
Previous studies have hypothesized that GPC3 upregu-
lates TGF-p and c-Myc expression via triggering the
traditional Wnt signaling pathway. Human antibodies
HN3 and MDX-1414, as well as the mouse antibody
YP7 that has been humanized, are utilized in HCC
treatment to target GPC3. Asiaglycoprotein receptor
(ASGPR) is a c-type lectin receptor primarily expressed
on the sinusoidal surface of the hepatocytes which is
over-expressed in early and advanced stages of HCC.
We may expect to learn more in the near future regard-
ing the function of ASGPR.



Transferrin receptor (TfR) (CD71) utilizes heme
albumin as cargo to transport iron into human cells
and is involved in the proliferation of cells. TfRs
have a variety of advantageous traits that are
employed in conjunction with cytotoxic drugs to
destroy cancer cells. In cancer therapies, TfR antibo-
dies are combined with chemotherapeutic drugs. TfR
was created using self-emulsifying nanoparticles for
the co-drug delivery of doxorubicin and cisplatin for
HCC treatment. Folic Acid Receptor (FAR) mem-
brane-bound surface protein binds to folates and
folate conjugates with high affinity and is over-
expressed in HCC. In vitro studies micelles created
by folic acid that is loaded with doxorubicin and
superparamagnetic iron oxide are administered to
human HCC cell lines that overexpress the folic
acid receptor. The somatostatin receptor (SSTR) is
a receptor for ligand somatostatin, expressed abnor-
mally in the HCC and may be key in the therapeutic
targets for HCC treatments [38].

Five metabolite panels that include methionine, pro-
line, ornithine, pimethylcarnitine, and octanoyl carnitine
were constructed as an early diagnostic tool for HCC.
Circulating tumor cells (CTC) and circulating DNA
(ctDNA) that derive from the tumor cells are being
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developed for the early diagnosis of HCC [39]. CTC is
a group of crowded and scattered cells that are released
into the circulating system from the primary tumors [40].
Cancer-like traits in cell-free DNA (cfDNA) indicate that
cancer cells may release DNA into peripheral circulation.
cfDNA produced by cancer cells and discharged into the
bloodstream is now known as circulating tumor DNA.
Despite certain difficulties in their identification, mea-
surement, and characterization, CTCs provide important
diagnostic and therapeutic information on HCC. To
increase the effectiveness of clinical CTC tests, alternative
liquid biopsies such as ctDNA and exosomes should be
used in conjunction with CTC [41] (Figure 3).

Role of miRnas in HCC

Overwhelming evidence has manifested the roles of nc
RNA (non-coding RNA) in diagnosing and managing
HCC. Growing attention has been paid to micro-RNAs
(miRNAs) in the diagnosis and management of HCC.
miR-125b [42], miR-122 [43], miR-21 [44], miR-22
[45], and miR-3197 [46] have been identified to be
useful in the diagnosis of HCC [47]. Extracellular vesi-
cles loaded with anti-tumor miR-31 and miR-451a were
found to accelerate the apoptosis of HCCs, which may
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Figure 3. HCC development and biomarker. There is an importance of biomarkers in the early diagnosis of HCC.
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be helpful in the control of the development of the
HCC [48].

Epigenetic alterations

DNA is methylated by DNA methyltransferase (DNMT),
an enzyme whose overexpression is associated with poor
survival in HCC [49]. Regions that are usually affected
by aberrant hypermethylation are promoter sequences of
genes responsible for cell cycle regulation, apoptosis,
DNA repair, metabolism of carcinogens and angiogen-
esis. Contrary to low methylation levels in the certain
promoter region, these are also linked to the advanced
histopathological grade of HCC [50]. Hypomethylation
has been shown to activate proto-oncogenes including
c-Jun and c-myc in HCC. Over the years, a number of
epidrugs have been created. For the treatment of hema-
tological malignancies, the majority of them are either in
use or undergoing clinical studies. However, these sub-
stances are now being explored both experimentally and
clinically in solid tumors, such as HCC. DNMTi inhibi-
tors and acetone deacetylase inhibitors (HDACi) were
the first epidrugs that the FDA authorized.

Immunotherapies in HCC
Targeting HCC with nanoparticles and immunotherapy
is a recent advancement in the treatment scenario.
Tumor immunotherapies, including immune checkpoint
inhibitors (ICIs), chimeric antigen receptor T cells
(CAR-T), and bispecific antibodies (BsAb) have signifi-
cant potential in cancer therapy [51]. BiTE is a type of
BsAb that binds to CD3 and TAA and can entice
T lymphocytes to attack cancer cells. By simultaneously
releasing cytokines and lysing HCC cells, BiTE specifi-
cally killed the cancer cells. In a small number of
patients, immune treatment with checkpoint inhibitors
has demonstrated a potent anti-tumor effect, and the
combination of the anti-PDL1 antibody atezolizumab
and the VEGF-neutralizing antibody bevacizumab is
currently the gold standard of care as the first-line ther-
apy for HCC or will be in the near future. Whereas the
anti-PD1 agents nivolumab and pembrolizumab are
employed after TKIs in multiple regions. Checkpoint
inhibitors used in immunotherapy have demonstrated
anti-tumor potential in a group of patients [52].
Contrary to monoclonal antibodies, bispecific antibo-
dies (BsAbs) are produced by largely utilizing recombi-
nant DNA technology and have the ability to accurately
and simultaneously bind two antigens or epitopes. BsAb
can target immunological checkpoints and tumor-
associated antigens (TAAs) to reverse immunosuppres-
sion in the tumor environment. It can also directly

increase the activity of immune cells against tumors.
As a result, they outperform monoclonal antibodies in
terms of synergistic effects and have the ability to med-
iate a wide range of particular biological effects.

Recently, Adoptive Cell Therapy (ACT), an immu-
notherapy that fights cancer using the patient’s immune
system or the immune system of a healthy donor, has
become a crucial component of the cancer treatment
process. ACT is a highly customized cancer treatment
when compared to antibodies or other targeted drugs
[53]. A diverse population of effector CD3+CD56+
natural killer T cells known as cytokine-induced killer
(CIK) cells may be readily grown in vitro from periph-
eral blood mononuclear cells. Cytokine-induced killer
cells are a heterogeneous cell population that can be
expanded in vitro from PBMC with the addition of
IFN-y, anti-CD3 antibody, and IL-2 [54]. In fact, CIK
anticancer activity has been enhanced by the creation of
several new cytokines. By reducing the production of
regulatory T (Treg) cells, which are known to decrease
antitumor immunity, these cytokines can enhance cell
proliferation and cytotoxicity [54].

Tumor Infiltrating Lymphocyte (TIL) is one of the
key elements of the host immune system’s anti-tumor
defenses, along with regulatory T cells (Treg), NK cells,
T cells, and B cells. TILs, which are isolated from
surgical cancer tissues and have a broad antigen recog-
nition capacity, have a greater tumor-inhibitory effect
than therapies that concentrate on a single antigen or
mutation [55]. TILs can be expanded in vitro; however,
it is challenging to separate them from the tumor
tissues of HCC patients. Additionally, only a small
number of HCC patients can tolerate lymphocyte elim-
ination, which is necessary prior to TIL infusion [56].
Chimeric antigen receptor T cell (CAR-T), a novel
cancer immunotherapy in which T cells are genetically
modified to recognize specific TAA, is the main
research focus of ACT. It is effective in treating hema-
tological diseases [57]. CAR-T treatment for liver can-
cer is still under development because of the variety of
solid tumors, the lack of precise targets, and the vulner-
ability to the tumor microenvironment [58].

The liver has a larger concentration of chimeric
antigen receptor-natural killer cells (CAR-NK) than
the spleen or peripheral blood. As a result, NK cells
are thought to be crucial in the prevention of HCC and
are a possible source for cell therapy in the treatment of
HCC [59]. The method used to create CAR T cells may
also be used to create CAR NK cells [60]. Due to their
shorter lifetime than CAR T cells, CAR NK cells have
an advantage in that they potentially lower the like-
lihood of an autoimmune reaction and tumor transfor-
mation. GPC3-specific CAR NK cells have been shown



to produce cytokines and cause cytotoxicity in vitro
when cocultured with GPC3+HCC cells [61]. T-Cell
Receptor-Engineered T cell (TCR-T) is developed to
selectively recognize the tumor antigen peptide-MHC
complex, where T cells are modified with the exogen-
ous TCR gene to create TCR-T cells. TCR-T cells that
target HBV and HCV have been created and are now
being tested for effectiveness and safety [62].

Autoimmune hepatitis related HCC

Autoimmune hepatitis is a fairly uncommon disease that
results from the progressive destruction of the hepatitis
parenchyma through a loss of immune tolerance toward
hepatocytes [63]. In a 4:1 ratio, females are afflicted
more frequently than males. The range of AIH preva-
lence rates per 100,000 people is 4.8 to 42.9. In Asia,
where the disease is more common and fatalities are
higher. Although we have a limited understanding of
the underlying causes of inflammation, mixed environ-
mental, genetic, and epigenetic factors are all thought to
be significant. For instance, significant links between
non-HLA genetic variants and disease risk have been
discovered, as well as human leucocyte antigen (HLA)
relationships. Some are common but without a clear
coding impact, such as in the gene locus for SH2B3,
while others are uncommon yet functional, like in the
genes AIRE, GATA-2, and CTLA-4. Two types of auto-
immune hepatitis have been identified based on the
presence of circulating autoantibodies in patient sera.
Anti-nuclear antibodies (ANA), anti-smooth muscle
antibodies (SMA), and anti-soluble liver antigen (SLA)
are the hallmarks of type 1 AIH. Anti-liver-kidney
microsome antibodies (LKM1) and/or anti-liver cytosol
1 antibodies (LC1) are markers for type 2 AIH patients.
According to studies, gene polymorphism plays
a significant role in AIH. Polymorphisms in the FAS
gene promotor (position 670), vitamin D receptor,
TNFA2 (TNF) gene (position 308) and CTLA4
(T-lymphocyte antigen-4) have all been connected to
type 1 AIH. In autoimmune hepatitis (AIH) patients,
liver histology shows portal and periportal inflamma-
tions. AIH does not follow the Mendelian pattern of
inheritance, and no genetic locus has been identified in
disease causation. Polymorphism in the human leuko-
cyte antigen (HLA) locus on chromosome 6p21.3 is very
common in AIH [64]. AIH causes cirrhosis and even-
tually HCC. Further research is required to survey the
occurrence of HCC in AIH patients. CD4+ and CD25+
Tregs-mediated immune responses play an important
role in the development of AIH-mediated HCC [65].
Mercaptopurine (MP) has recently been suggested as
an alternate treatment for azathioprine intolerance;
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however, there is currently insufficient proof of its effec-
tiveness in patients who do not react. Etiological causes
and background of HCC progression are briefly shown
in Table 1.

HBYV related HCC
Prevalence of HBV

Hepatitis B affects more than 296 million people glob-
ally, with a prevalence of 3.8%, a death rate of 820,000
cases, an incidence of 1.5 million people newly infected
and 8.3 million individuals receiving treatment [70].
CHB virus infection is a predominant risk factor for
HCC, with or without a high lining of liver cirrhosis,
due to various mechanisms to promote hepatocarcino-
genesis. HBV DNA is usually incorporated into the
human genome and forms covalently closed circular
DNA [71]. On molecular aspects, the HBV virus persis-
tently remains inside the nucleus and acts as a template
for viral replication [72]. Chronic HBV infection is the
leading cause in approximately 50% of the cases of
HCC, whereas currently, nonalcoholic steatohepatitis
(NASH) is rapidly becoming a growing etiological
concern.

HBV genome and HCC

HBV DNA can be randomly integrated into the host
cell genome. Although integrated HBV sequences can-
not sustain viral replication, they can generate viral
proteins, namely hepatitis B surface antigen (HBsAg)
and transcriptional regulator HBx protein [73]. HBx is
the key regulatory non-structural protein of the virus,
related to the host cell cycle regulation, integration of
HBV infection and carcinogenesis. HBx truncation can
activate FXR signaling (bile acid receptor) leading to
HCC [74]. HBx localizes its effect through signal trans-
duction in the cytoplasm, transcription in the nucleus
and mitochondrial activity in the mitochondria. There
are four primary processes that support the develop-
ment of HCC as a result of the transactivation of viral
and cellular genes [1]: integration of the HBx gene into
the hepatocyte genome, which encourages genetic
instability [2]; cause of oxidative stress through the
interaction with the mitochondrial as well as other
cellular proteins [3]; activation of cell survival signaling
pathways and inactivation of tumor-suppressors; and
[4] induction of acetylation of histone, methylation,
and microRNA expression (epigenetic modification)
[75]. ASPP1 and ASPP2 gene expressions are reduced
by HBx by DNA methylation modification, which pre-
vents association with the p53 a tumor suppressor
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Table 1. Etiological causes and background of HCC development.

Etiological Causes

Background of HCC Development

Metabolic Syndrome Chronic InflammationFat accumulation in Hepatocytes Insulin ResistanceDiabetes MellitusObesityHypertension

NAFLD

HBV

HCV

Autoimmune
disease

Nutritional
carcinogen

Alcoholic Liver
Disease

Fat accumulation in Hepatocytes Insulin Resistance

Diabetes Mellitus

Obesity

Hypertension

TNF alL6LeptinResistin

IL6

Leptin

Resistin

DNA integrationGenomic InstabilityChronic InflammationTissue DamageEpigenetic AlterationRegeneration, Scarring and Stellate Cell
ActivationFibrosis

Genomic Instability

Chronic Inflammation

Tissue Damage

Epigenetic Alteration

Regeneration, Scarring and Stellate Cell Activation

Fibrosis

Chronic inflammationNecrosisTissue damageEpigenetic AlterationRegeneration, Scarring and Stellate Cell ActivationFibrosis [66]
Necrosis

Tissue damage

Epigenetic Alteration

Regeneration, Scarring and Stellate Cell Activation

Fibrosis [66]

Epigenetic Variants Predisposition HLAD AllelesRegulatory mRNAs ExpressionsRisk Allele SH2B3CTLA4 VariantsFAS/FASL
mutationsFOXp3 generationsAIRE mutationsGATA2 dysfunctionAltered immune mechanism Impaired CD4+ cellsCD8 + cytotoxic
damageActivation of NK cellsB cell DifferentiationAutoantibodiesComplement activationSecreted cytokinesinterferon cell induced
liver damageDefectous T reglL signaling in liver damage [67]

Predisposition HLAD Alleles

Regulatory mRNAs Expressions

Risk Allele SH2B3

CTLA4 Variants

FAS/FASL mutations

FOXp3 generations

AIRE mutations

GATA2 dysfunction

Altered immune mechanism

Impaired CD4+ cells

CD8 + cytotoxic damage

Activation of NK cells

B cell Differentiation

Autoantibodies

Complement activation

Secreted cytokines

Interferon cell induced liver damage

Defectous T reg

IL signaling in liver damage [67]

Aflatoxin B1Chronic injuryGenetic and epigenetic alteration [68]

Chronic injury

Genetic and epigenetic alteration [68]

NecrosisInflammationRegeneration, Scarring and StellateCell ActivationEpigenetic AlterationFibrosisGenetic Features TERT promoter
MutationCTNNB1 MutationSignalling Pathways IL6-JAK STAT (more in steatotic Type) Wnt Beta catenin Signalling (more Cholestatic
type)Chromosome Stability Chromosome 7 amplificationSteatotic type CRP+ Cholestatic TypeNuclear beta CateninCluster B/S3/
iCluster 2G4 glass- InterferonPoly 7 subtypes WNT/Beta Catenine, CTTNNB1 Type -G5 G6 ClassIL6 -JAK STAT (more in Steatotic type)
Whnt-Beta Catetine signaling (more in cholestatic type)

Inflammation

Regeneration, Scarring and Stellate

Cell Activation

Epigenetic Alteration

Fibrosis

Genetic Features

TERT promoter Mutation

CTNNB1 Mutation

Signalling Pathways

IL6-JAK STAT (more in steatotic Type) Wnt Beta catenin Signalling (more Cholestatic type)

Chromosome Stability

Chromosome 7 amplification

Steatotic type

CRP+ Cholestatic Type

Nuclear beta Catenin

Cluster B/S3/iCluster 2

G4 glass- Interferon

Poly 7 subtypes WNT/Beta Catenine, CTTNNB1 Type -G5 G6 Class

IL6 -JAK STAT (more in Steatotic type) Wnt-Beta Catetine signaling (more in cholestatic type)

(Continued)
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Etiological Causes

Background of HCC Development

Age Up to 7-fold increased risk of HCC > 55Genetic Predisposition [69]

Genetic Predisposition [69]
Overweight and 8-fold increase risk of HCC

Obesity

protein, which inhibits HCC apoptosis, promotes HCC
growth and is closely related to the occurrence of early
liver cancer [76]. C- terminal truncated HBx promotes
HCC by induction of CD133+ LCSCs and its tumor-
initiating capacity by regulating FXR pathway and drug
metabolism [77]. Therefore, HBx has a tendency to
affect a variety of proto-oncogenic signaling pathways
implicated in inflammation and proliferation, including
the NFk-pB, JAK-STAT, protein kinase C, Src, Survivin,
and PI3K cascades [78]. The breakdown of the fibrous
capsules of the tumors by matrix metalloproteinases
(MMP) is how HBx increases epithelial-mesenchymal
transition (EMT) and metastasis. The direct transcrip-
tion product of cccDNA, HBV-pg RNA (Pregenomic
RNA), encourages the development of HBV-related
HCC [79,80].

HBYV induced epigenetic alterations and HCC

HBV affects m°A modification of several host RNAs,
including phosphatase-tensing homolog (PTEN),
a known tumor suppressor. HBV affects innate
immunity by inhibiting IRF-3 nuclear import and
development of HCC by activating the PI3K/AKT,
p38MAPK, JNK, ERK, NF-kf}, WNT £ catenin,
hypoxia-inducible factor 1a, Notch, and Hodge path-
ways [81,82]. PIVKA II des-gamma carboxypro-
thrombin an abnormal form of the coagulation
protein prothrombin and alpha-fetoprotein (AFP)
are both useful biomarkers for HCC [83]. In recent
years, microRNAs have been recognized in the diag-
nosis and prognosis of HCCs and influence the bio-
logical behavior of HBV-related HCC [84]. Fibrotic
degeneration and progression of HCC in chronic
viral hepatitis are related to the activity of immune
response in the liver. In HBV infection, the accumu-
lated CD4+ and CD8+ are incapable of clearing this
virus [85]. Some studies have reported the associa-
tion between mutations in the HBV preS region and
HCC [86]. Gao Q et al. study significantly five
mutated genes were identified, namely TP53 (58%),
CTNNB1 (19%), AXIN1 (18%), KEAP1 (7%), and
RB1 (6%). Moreover, other genes such as TERT
and RPS6KA3 hold repeatedly somatic mutations in
HBV-associated HCC. Also, even if HBV-associated
HCCs influence the latter mutations, they are more

significant in HCV-associated HCC (TERT), 60-80%
in HCV-HCC vs. 30-40% in HBV-HCC; ARID2,
18% in HCV-HCC vs. 2% in HBV-HCC [87]. The
deletion mutation in the pre-S region of HBV corre-
lates with the virus escaping from the host immune
attack [88]. CK19 belonging to the family of keratins
plays a key role in tumor malignancy through over-
expression and can be used as a potential biomarker
to predict adverse prognosis after surgery and adju-
vant therapy in HBV-related HCC patients [89].
HBV-related HCC is characterized by the upregula-
tion of genes associated with cell cycle control and
monocytes/macrophage activation and the downre-
gulation of genes involved in various cell metabolism
[90]. Tregs play a suppressive role in HBV-related
HCC by interacting with other cells or by secreting
cytokines such IL-2, IL-10, TGF-p and IL-35 [91].
HBV induces PD-1 overexpression in Tregs which
leads to a higher proliferation of HCC tumorigenesis
[92]. The higher PD-1 levels in peripheral blood were
associated with a higher rate of tumor recurrence
and progression [93]. HBV suppresses the activation
of CD8" T cells via granzyme A/B and perforin.
Higher accumulation of Tregs and reduced infiltra-
tion of CD8" T cells were observed at the tumor site
of liver [94]. Patients with chronic HBV infection
had higher expression of the inhibitory receptors
NKG2A, TIM-3, and PD-1, and their ability to
secrete IFN-y and TNF-a was lower, which was
related to the development of HCC [95]. Moreover,
the standard treatment of HBV-related HCC is cur-
rently unavailable. Blockade of T cell immunoglobu-
lin and ITIM domain (TIGIT) alone enhanced the
antitumor activity of CD8" T cells during the pro-
gression of HBV-related HCCs in a spontaneous
HCC mouse model [96]. ETV, TDF, and TAF have
potent antiviral activity and a high barrier to resis-
tance [97]. However, the effects of entecavir (ETV),
tenofovir disoproxil fumarate (TDF), and tenofovir
alafenamide (TAF) in the treatment of chronic hepa-
titis B (CHB) and its development/suppression of
hepatocellular carcinoma (HCC) remain unclear.
These contentious problems must be resolved and
a consensus reached by additional clinical research
or trials involving a larger patient population and
longer follow-up.
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NAFLD related HCC
Prevalence of NAFLD

It is estimated that 32.4% of the people globally have
NAFLD [98]. NAFLD includes nonalcoholic steatohe-
patitis, which is characterized by inflammation and
hepatocyte ballooning with or without fibrosis, as well
as simple hepatic steatosis [99]. There was 5.4-fold
increased risk of HCC in the non-cirrhotic liver for
NAFLD-related HCC and 5-fold for metabolic syn-
drome (MetS) related HCC [100]. Men are more
prone than women to acquire NAFLD, and the sixth
decade of life is when the incidence is at its highest
[101]. NASH is the second most common reason for
HCC liver transplants, and it increases the chance of
developing HCC compared to those with other liver
conditions [102,103]. Despite the fact that cirrhosis is
the main risk factor for the development of HCC,
a sizable part of HCC linked to NASH arises in livers
with or without liver fibrosis [104].

Impact of insulin resistance and type 2 diabetes
mellitus in NAFLD and HCC

Insulin resistance (IR) may be one of the most preva-
lent underlying risk factors for T2DM, which increases
the probability of developing HCC by two to three
times compared to other metabolic diseases [105]. IR
promotes lipolysis and the release of adipokines that
lead to ER stress, ROS-mediated oxidative stress, and
mitochondrial dysfunction. Additionally, it causes adi-
pocyte dysfunction and increased adipose tissue devel-
opment. The three main causes of the development of
NAFLD-related HCC are lipid buildup, lipotoxicity,
and insulin resistance [106]. The complex interplay
between environmental, genetic, and metabolic factors
results in an imbalance between intrahepatic lipid
retention and disposal. The relationship between
NAFLD and metabolic dysfunction has recently led to
the new term ‘MAFLD’ (metabolic-associated fatty liver
disease), which underlies the coexistence of hepatic
steatosis and metabolic syndrome [107].

NAFLD-induced epigenetic alteration and HCC

The development of HCC in NAFLD may also be influ-
enced by genetic variation. Single nucleotide polymorph-
isms (SNPs) in the immunoregulatory genes
(MICArs2596542, CD44rs187115, PDCDl1rs 7421861,
and rs10204525), superoxide dismutase 2 (SOD2) and
patatin-like  phospholipase domain containing 3
(PNPLA3) [108,109] may be involved in the

development of the HCC [110]. Due to its impact on
the activity of retinyl-palmitate lipase, PNPLA3 appears
to prevent hepatic stellate cells from producing and
releasing retinol [111]. Transmembrane 6 superfamily
member 2 (TM6SF2) gene is responsible for regulating
lipid metabolism in the liver. Polymorphism of this gene
is associated with elevated liver fat levels and advanced
liver fibrosis. Membrane-bound O-acyltransferase
domain containing seven transmembrane domains
(MBOAT?7) are integral transmembrane enzymes that
are found in all kingdoms of life. Acyl-coenzyme A:
cholesterol acyltransferase and diacylglycerol acyltrans-
ferase 1 are responsible for lipid biosynthesis or phos-
pholipid remodeling. Mutation in this gene causes lipid
accumulation in the liver cells with altered metabolism,
causing hepatocyte ballooning and leading to steatohe-
patitis. Glucokinase regulator (GCKR) is a protein that
inhibits glucokinase in the liver and pancreatic islet cells’
rare non-sense mutation in the GCKR gene that causes
the progression of NAFLD [112]. The GCKR mutation
that led to the P446L protein variant appears to be the
causative variant that underlies the link with hepatic fat
accumulation.

NAFLD induced alterations in cell signaling
pathways and HCC

In IR, obesity, metabolic syndrome, and NAFLD-
related HCC, PI3K-AKT-PTEN, osteopontin (SPP1),
and CXCL 10 [113] expression are frequently amplified
[114]. Adiponectin, which is secreted by adipose cells in
obesity, increases insulin resistance, plasma triglycer-
ides, LDL cholesterol, the amount of fat in the liver and
which leads to the likelihood of developing NASH and
NAFLD [115].

Autophagy, a self-cannibalistic process, in which
the cell digests its own contents, is a major pathway
for lipid catabolism. Lipid accumulation, ER stress,
and deregulated cytokines expression contribute to
autophagy deficiency [116]. Obesity also increases
the risk of HCC in populations already at a high
risk of HCC, such as those with cirrhosis [117].
Hepatokines and adipokines are organ-specific cyto-
kines released by the liver, which are important in
metabolic homeostasis of the liver, which is altered
in the NAFLD-related HCC, and both will be poten-
tial markers of disease progression [118,119].
Increased iron absorption and deposition are
observed in NASH patients, and it has also been
related to the development of HCC and the under-
lying mechanism might be related to oxidative DNA
damage [120].



Role of miRnas and exploring biomarkers in
NAFLD-related HCC

Non-coding miRNAs, miR-122, miR-192, and miRNA
194 are all reportedly decreased in both NAFLD and
HCC [121]. Some miRNAs is reportedly elevated in the
NAFLD-related HCC. miRNAs alter hepatic lipid meta-
bolism and enhance free fatty acid oxidation, contribut-
ing to NAFLD progression. miRNAs also interfere with
the c-myc and epithelial-mesenchymal transition
(EMT) pathways that promote HCC [122]. Serum bio-
markers are crucial in the diagnosis of HCC before
clinical symptoms appear, and miRNAs are crucial
therapeutic targets [123]. TNF-a an inflammatory cyto-
kine released by macrophages and monocytes during
acute inflammation and IL6 pro-inflammatory cytokine
expression were shown to be elevated in NAFLD-
related HCC [124]. miR-223, a miRNA with anti-
inﬂammatory functions, was reported to ameliorate
hepatic inflammation in NASH via targeting Cxc110
interferon-gamma-induced protein 10. It is secreted by
several cell types in response to INF y and transcrip-
tional coactivator with PDZ-binding motif (TAZ) in
hepatocytes [125]. Studies have shown that overt
NAFLD causes the loss of mitochondrial flexibility
and mitochondrial dysfunction in hepatocytes.
Additionally, these signals (mito DAMPs) cause inflam-
mation and fibrosis, creating an unfavorable microen-
vironment in which some hepatocytes choose anti-
apoptotic programs and mutations that may promote
survival and growth.

HCV related HCC
Global prevalence of HCV

Hepatitis C affects more than 56 million people glob-
ally, with a prevalence of 0.8%, a death rate of
290,000 persons, and 9.4 million people receiving treat-
ment from 2015 to 2019 [70,126]. According to meta-
analysis research, in patients with HCC associated with
HCV who are not subjected to direct-acting antivirals
(DAA), the recurrence rates of HCV infection at 6
months and 2 years were 7.4% and 47%, respectively
[127]. DAA treatment was linked to a significantly
lower chance of mortality [128].

HCV-induced epigenetic alterations and HCC

Downregulation of immune genes, particularly T cell-
related genes within the tumor, and overexpression of
oxidative stress genes associated with necroinflamma-
tory-mediated hepatocarcinogenesis outside the tumor
are characteristics of HCV-related HCC. HCV core
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protein epigenetically affects hepatocytes apoptosis. In
particular, the gamma Gly-Gly-Gly levels were substan-
tially greater in HCV-associated HCC than in HBV-
related HCC, while serum glutamic acid concentrations
were significantly lower in HCV-related HCC patients
than in HBV-related HCC [129]. Gene-specific hyper-
methylation or hypomethylation, global genomic hypo-
methylation,  aberrant  expression of DNA
methyltransferases, histone-modifying enzymes, altered
histone modification patterns, and aberrant expression
of microRNAs are all characteristics of the altered epi-
genome in HCC. These changes can affect the expres-
sion of oncogenes, tumor suppressor genes, and other
tumor-related genes, changing the cancer development
pathways over time [130]. The well-known elevated
expression levels of DNMT1 and DNMT3B associated
with the HCV core have been linked to the alteration in
host DNA methylation status, which was primarily
found in HCV core-expressing cells.

HCV-Induced epigenetic hallmark post cure of
infection and DAA therapy

SVR, post-treatment blood albumin levels, and liver
stiffness measurements are all linked to predicting the
risk of HCC [131]. Surveillance of HCC is mandatory
for patients who achieved SVR after DAA therapy
[132]. While DAA therapy removes the virus from the
cell, it is unable to reverse the concurrent epigenetic
marks that have already been created and linked to the
risk of HCC [133]. HCV protein NS5A is associated
with the epithelial to mesenchymal transition (EMT)
and somatic mutation in the telomerase reverse tran-
scriptase promoter (TERT), which promotes fibrogen-
esis and tumor development and metastasis [134,135].
Due to HCV infection, tumor suppressor genes become
hypermethylated and inactivated, disrupting the bal-
ance and causing malignant cancer hallmarks [136].
RAS protein activator like 1 (RASAL1), Egl-9 family
hypoxia-inducible factor 3 (EGLN3), CUB sushi
Multiple domains 1 (CSMD1), cyclin-dependent kinase
inhibitor 2A (CDKN2A), BCL6 corepressor like 1
(BCORL1), zinc finger protein 382 (ZNF382)
a member of zinc finger family, RUNX family
(RUNX3), lysyl oxidase (LOX), RB transcriptional cor-
epressor 1 (RB1), and tumor protein p73 homology to
p53, all tumor suppressor genes are downregulated in
HCV-related HCC [137]. The neuronal protein, synu-
clein gamma (SNCG), is highly expressed in advanced
hepatocellular carcinomas and demethylation in tumor
tissue of HBV and HCV-related HCC [138]. Autophagy
favors HCV replication and inhibits cell apoptosis
[139]. NS5A non-structural protein of HCV is shown
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to disrupt mitochondrial dynamics, thus increasing
ROS production [140].

Metabolic related syndrome (MAFLD)

Metabolic-associated liver disease (MAFLD) increases
the risk of the development of HCC [141]. Despite the
high prevalence of MAFLD and T2DM in India, there
is no clear evidence or data on the prevalence of
MAFLD-HCC among the general population. MAFLD
independently increases the risk of HCC development
by 7.3-fold in patients with CHB [142]. A recent esti-
mate suggested that potential staggering 9,30,000 peo-
ple in India might have MAFLD-HCC [143]. Control of
obesity and diabetes could be beneficial in MAFLD-
related HCC [141]. MAFLD is regarded as the main
catalyst of HCC, and numerous studies have suggested
that MAFLD could develop into HCC without progres-
sion through cirrhosis [144]. HCC is favorably corre-
lated with metabolic illness, insulin resistance, and high
BMI [142]. Strong correlations exist between the onset
of MAFLD and the genetic variants Rs641738 and
MBOAT?7 [145]. MAFLD differs from other common
causes of HCC, such as chronic viral hepatitis and
heavy alcohol use, and there are no simple, highly
effective therapies directed against MAFLD. Mostly
unlike other cases, MAFLD-related HCC can arise in
the absence of cirrhosis. Neutrophil infiltration is the
potential hallmark of MAFLD [146]. Zhou et al. study
showed that neutrophils could enhance the recruitment
and polarization of macrophages and suppress regula-
tory T cells to accelerate HCC progression [147].

Genetic Predisposition in HCC

Dysfunctional apolipoprotein B (ApoB 100) secreted
from APOB genetic variants leading to a series of
impairments of lipid export from hepatocytes within
very low-density lipoproteins are responsible for the
development of severe hepatic steatosis [148]. Somatic
mutation in APOB in NAFLD-HCC frequently occurs
but the mechanism behind it is not yet clear [149].
The gene Sequestosome -1 (SQSTM1) encodes for
p62, a component of Mallory Denk Bodies and hyaline
granules. SQSTMI1 buildup is a sign of defective
autophagy, which promotes carcinogenesis [150]. P62
is a classical receptor of autophagy involved in cell
signaling and survival which accumulates in the cyto-
plasm of damaged liver cells in NASH and HCC [151].
HCC Hepatoblastoma has been shown to contain
somatic mutations in the genes TP53, MET,
CTNNBI1, PIK3CA, AXIN1, and APC. HBV and
HCV are major causes of viral hepatitis that lead to

the development of cirrhosis and HCC. It involves the
interaction of HBV DNA integration into host genetic
machinery that may contribute to the malignant liver
transformation of benign liver cells. HBV integration
and viral particle replication lead to DNA hyper-
methylation and oxidative stress in mitochondria and
affect normal liver function. Immunological and
inflammatory responses induce the activation and
overexpression of telomerase reverse transcriptase
(TERT), a ribonucleoprotein polymerase that main-
tains telomere ends by adding the telomere repeat
TTAGGG. Telomere length changes brought on by
HBV integration with the TERT promotor sequence
result in the development of HCC [152]. HBx and
HBsAg gene integration into multiple domains of
myeloid/lymphoid or mixed-lineage leukemia 4
(MLL4) leads to promoting the tumorigenicity of
HCC via activation of the Wnt-p catenin signaling
pathway. The retinoic acid receptor beta (RAR-),
a nuclear transcriptional regulator belonging to the
thyroid hormone steroid receptor superfamily, binds
to retinoic acid. It is a biologically active form of
vitamin A which mediates cellular signaling, cell
growth, and differentiation by activating cyclin-
dependent kinase (E1/A2 (CCNE1/A2)) which is
important in the cell cycle. RAR-P plays an important
role in deactivating hepatic stellate cells. RAR-
expression is significantly reduced in cirrhosis and
HCC [153]. The extracellular matrix protein FN1
ROCKI is significantly expressed in HCC and is
implicated in cell adhesion, proliferation, migration,
and differentiation. It can be utilized as a biomarker
for the early identification of HCC coupled with AFP
[154]. Sentrin-specific peptidase 5 (SENP5), which is
mostly found in the nucleolus and is greatly overex-
pressed in HCC, is involved in the release of mature
ribosomes. According to research, SENP5 is necessary
for HCC cell proliferation. It could be a promising
therapeutic target for HCC in the future [155].
Angiopoietin 1 and angiopoietin-2 along with VEGF
are overexpressed in HCC. Angiopoietins are involved
in tumor angiogenesis in HCC [156]. TLR2/TLRY are
key innate immunity receptors participating in an
immune response which is activated by tumorigenesis
of the liver. Some studies have investigated and
reported on the connection between TLR2 poly-
morphisms and the development of tumors [157].
Platelet-derived growth factor receptor a (PDGFRa)
involves in the development of liver fibrosis and
deposition of collagen in a pericellular and perivenular
pattern, which is dysregulated and highly activated in
HCC [93]. TP53 and CTNNBI are the most prevalent
mutations affecting 25% —30% of HCC patients [158].



Table 2. Genetic Predisposition of HCC.
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Signatures of causes Mutations

Types of mutation References

Polycystic aromatic hydrocarbon
Liver-specific Alcohol Related
HBV and AAV2 Insertional Mutagenesis
Mismatch Repair Defect DNA modifications

Age Gene Modification
Aristolochic Acid Substitution Mutation
Aflatoxin B1 Substitution Mutation

Alcohol-related (CTNNB1)

Tobacco-Related (substitution mutation)

C to A substitutions

T to Cin ATN trinucleotide
TERT, CCNE1, CCNA2

C to T and Deletion Mutation
Demethylation of Methylcytosine
T to A in CTG trinucleotide

C to A in GCC trinucleotide,

Jessica L Petrick et al., 2018
Sandra Rebouissou et al., 2016
Cyriac A philps et al., 2021

Graeme A Macdonald et al., 2003
Manar Atyah et al., 2018

Jean Charles and Eric Latouze 2019
Laura Gramantieri et al., 2022

Mutational Process in the liver carcinogenesis [159]
AAV - (Adeno-associated virus), HCC - (Hepatocellular
carcinoma)

Summary of the mutational process operating in
hepatocellular carcinoma and chronic liver disease
and their relationship to the specific risk factors and
carcinogenesis Table 2.

Alcoholic liver disease related HCC

Oxidative stress by reactive oxygen species (ROS)
emerged from alcohol metabolism, increasing inflam-
mation, and iron deposition, leading to higher chances
of the occurrence of hepatocarcinogenesis [160]. ROS
aggregation affects DNA structurally and functionally,
leading to cell cycle arrest and apoptosis. Subsequent
genetic modification such as dimorphism in the 2
G-MPO alleles in combination with the 2A SOD2 allele
was found to be an independent risk factor for HCC
[161]. The HFE gene encodes the human homeostatic
iron regulator protein that regulates circulating iron
uptake and interaction of transferrin receptors with
transferrin. The HFE gene mutation leads to iron over-
load and the progression of HCC [162]. s Adenosyl
L methionine (SAMe) maintains the methylation pro-
cess of the genes in which alcohol interferes in the
synthesis of SAMe leads to direct induction of HCC
[163]. Excess fat accumulation in hepatocytes happens
through the activation of sterol regulatory element-
binding protein (SREBP-1) and downregulation of per-
oxisome proliferator-activated receptor-a (PPAR-a)
affects the fatty acid beta-oxidation (FAO) [164].
Activation of stellate cells from dying hepatocytes
transdifferentiates to myofibroblasts that secrete extra-
cellular matrix (ECM) components collagen type I, III,
and IV, fibronectin, hyaluronan, and proteoglycan
[165]. Ballooned and dying hepatocytes induce hedge-
hog ligands that trigger hedgehog-responsive genes
including the family zinc finger 2 (Gli2), alpha-
smooth muscle actin (a-SMA), and vimentin that acti-
vates hepatic stellate cells. Variants of alcohol dehydro-
genase (ADHIC), manganese superoxide dismutase
(MnSOD), and glutathione S transferase (GSTM1) can

be used to identify the early diagnosis and assist in the
management of ALD [166].

Future direction and research gap

The clear molecular mechanism behind the development
of HCC is yet to be elucidated. Genetic predisposition
and specific targets in gene therapy and immune-
targeted therapy are the recent new developments in
the medical management of HCC. Three areas will sub-
stantially benefit from this approach, prognosis assess-
ment, prediction of treatment response, and
identification of novel targets for molecular therapies.
Vaccinations and antiviral therapies reduce the risk of
HCC, meanwhile there is a steady increase in the occur-
rence of HCC. Awareness and strategic approaches are
needed to reduce the risk of NASH and HCC. Serum
biomarkers that replace the imaging and screening mod-
ality or even diagnosing modality in the future. Early
diagnosis and medical management of HCC are more
important in the future. The treatment plan for HCC is
being developed and made more specific as the molecu-
lar features of HCC are understood. More investigation
is required to comprehend the particular immunother-
apy resistance mechanism and find more predictive bio-
markers to aid therapeutic decision-making [167].

A combination of atezolizumab and bevacizumab in
advanced HCC as a first-line treatment has been shown
to be more successful than sorafenib. Alternatives for
follow-up therapy to immunotherapy, Phase III clinical
trials are being conducted in several settings. In immu-
notherapy, ICIs such as LAG3, TIM3, and GITR are
steadily proving their efficacy in targeting PD-1/PDL1
and CTLA-4. Additional research is being done on
ADCs, CAR-T, and BiTEs, among other immunother-
apeutic modalities. The therapy of HCC with clinical
medicines alone might not be enough.

LCSCs promote carcinogenesis by altering cell-
signaling pathways and gene expression related to spe-
cific proteins involved in normal biological processes.
The malignant characteristics of HCC, including plas-
ticity, heterogeneity, EMT, angiogenesis, and vascular
mimicry, are maintained and promoted by LCSCs.
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Figure 4. Combination of immunotherapies in HCC.

Multiple tyrosine kinase inhibitors, VEGF inhibitors, CTLA4 inhibitors, PD1 and PDL1 inhibitors are being tested in combination therapy. It
demonstrates some promising results in the treatment of hepatocellular carcinoma.

Future research will concentrate on increasing the pre-
cision of LCSCs isolation and patient-specific LCSCs
identification. Research in LCSCs needs to elucidate
processes regulating
LCSCs at different phases of tumor development. This
enhances the efficiency of pharmacological treatment
for treating HCC. We conclude that there is promise
for a treatment for HCC by focusing on LCSCs and
their biological characteristics.

Recently, CAR-T therapy has received attention
and is being researched for its potential therapeutic
use in a variety of tumors, primarily hematopoietic
tumors. Studies have shown that GPC3-targeted
CAR-T inhibits the development of HCC in vivo.
CAR-T, which is antigen-targeted for LCSCs, may be
employed to directly eradicate LCSCs. Combinations
of immunotherapies and ongoing clinical trials as
a recent advancement in the strategic therapy in
HCC (Figure 4). In a mouse model, BiTE demon-
strated its efficacy in eradicating HCC tumors. Due
to heterogeneity and complicated immunogenicity,
antibodies that were effective in animals may not be

and describe the molecular

effective in people. This is because various species
have varying immune rejection responses and the
human body may react differently to antibodies
derived from animals. Their efficiency and security
require improvement. The immunogenicity, poor sta-
bility, and high cost of the antibodies employed in
immunotherapy may have restricted their clinical
usage.

Advancement of transcriptomics and metabolomics
will help in early diagnosis and surveillance of HCC.
HCC is caused by multiple risk factors involving var-
ious pathways. The combination of biomarkers that
have been developed and optimized will be more useful
for detecting HCC early and predicting its prognosis.
The detection of cell-free DNAs in peripheral blood
will aid in the early-stage diagnosis of HCC. In the
later stages of HCC, circulating tumor DNA (CtDNA)
is useful for evaluating tumor heterogeneity. There is
a major gap in the determination of the early stages of
HCC with specific biomarkers. It stresses the impor-
tance of including genomic analysis in the clinical
practice protocol of HCC.



Conclusion

Several medications are now being developed that target
several molecules that are dysregulated in HCC and take
the role of hepatocarcinogenesis. A greater and better
understanding of the disease has resulted from the exten-
sive quest for biomarkers or molecular signatures linked to
the development of HCC. Using multi-omics technologies,
researchers have thoroughly studied the immunological
microenvironment, gut microbiota, liquid biopsy, and per-
sonalized medicine Numerous biomarkers have been
developed in research into the molecular biology of hepa-
tocarcinogenesis that would give additional information
about HCC biological behavior mutations and recurrence
to those derived from standard histological characteristics.

Abbreviations

AAV Adeno Associated Virus

ADHI1C alcohol dehydrogenase 1 C

AFP Alpha Feto Protein

ANGPT1 Angiopoietin 1

ANA Anti nuclear antibodies

APOB Apolipoprotein B

ARIDI1A AT rich interactive domain-containing protein
1A

ARID1B AT rich interactive domain-containing protein
1B

ARID2 AT rich interactive domain-containing pro-
tein- 2

ASSP1 Argininosuccinate Synthesae 1 pseudogene 1

AXIN1 Axis Inhibition Protein 1

BCORL1 BCL6 Corepressor Like 1

CAR-T chimeric antigen receptor T cells

CAR NK Chimeric Antigen receptor T cell (CAR-T cell)

CCNE1 Cyclin E 1

CDKN2A  Cyclin dependent kinase inhibitor 2A

CK 19 Cytokeratin 19

CMA Chaperone mediated Autophagy

CSMD1 CUB sushi Multiple domain 1

CTC Circulation tumor cells

CTNNB-1  Catenin Beta 1

DNMT-1 DNA cytosine 5 methyltransferase 1

EGLN3 Egl-9 Family hypoxia-inducible factor 3

EGFR Epidermal Growth Factor Receptor

EMT Epithelial-mesenchymal transition

ETV Entacavir

FN1 Fibronectin 1

GCKR glucokinase regulator

GPC3 Glypican -3

GSTM1 glutathione S transferase

HCC Hepatocellular Carcinoma

IGF2 Insulin like Growth Factor -2

IGF2R Insulin like Growth Factor 2 Receptor

JNK c-Jun terminal kinase

KEAP1 Kelch like ECH Associated protein —1

LC1 Liver cytosol 1

LOX Lysyl Oxidase

LKM Liver kidney microsome antibodies

MBOATI1

MnSOD
MET
MLL4

MMP
NFE212

NKT
OVé6
PDGF
PIK3CA

PIVKA II
RAR beta
RASAL 1
ROCK1
RUNX-3
RB1
RPS6KA3
SENP5
SAMe
SMA
SOD
SQSTM1
SLA
SMA
SNCG
TACE
TAA
TAF
TCR-T
TERT
TNFA2
TIL
TLR2/TLR9
TP 53
TM6SF2
TM6SF2
VEGF
ZNF 382
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membrane-bound o-acyl transferase domain
containing 1

Manganese superoxide dismutase
Mesenchymal Epithelial Transition (HGF)
Myeloid/lymphoid or Mixed-Lineage
Leukemia 4

Matrix metalloproteinase

Nuclear Factor (Erythroid-derived 2)like 2
(NRF2)

Natural Killer T cells

Oval cell marker

Platelet Derived Growth Factor
Phosphatidylinositol-4 5 Bisphosphate 3
Kinase

protein induced by vitamin 2

Retinoic Acid Receptor Beta

RAS protein activator like 1

Rho-associated coiled-coil containing protein —1
Runt related Protein

Retinoblastoma associated protein —1
Ribosomal protein S6 kinase A3
Sentrin-specific protease 5

s adenosyl L methionine

Smooth muscle antibodies

Super Oxide Dismutase 1

Sequestosome —1

soluble liver antigen

Smooth Muscle Antigen

synuclein gamma

Trans Arterial Chemo-embolisation
Tumor-associated antigen

Tenofovir alafenamide

T cell Receptor -Engineered T cell
Telomerase Reverse Transcriptase

Tumor Necrosis Factor alpha 2

Tumor infiltration Lymphocyte

Toll-like receptor 2/Toll like receptor 9
Tumor Protein 53

Transmembrane 6 superfamily member 2
Transmembrane 6 superfamily membrane 2
Vascular endothelial growth factor

Zinc Finger Protein 382
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