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Abstract

The specific genetic abnormality that leads to Hepatocellullar Carcinoma 
(HCC) is not yet known. Carcinogenesis and cancer progression does not only 
evolve from the mutation of DNA codings but from any effect on its expression 
i.e. epigenecity. There are several levels of epigenetic dysregulation involved in 
carcinogenesis and the stepwise progression towards metastasis or incurable 
disease. The advancement of next generation DNA sequencing has increased 
the understanding of the genetic and molecular pathology of liver cancer. By 
avoiding the confounding influence of consecutive genetic backgrounds, 
age, and cohort effects, epigenetic studies on monozygotic twins with HCC 
would improve the understanding of HCC. Unlike genetic events, epigenetic 
alterations are reversible and thus potentially considered to be an alternative 
option in cancer treatment protocols. Mechanisms of epigenetic control may 
also offer an alternative path to acquiring stable oncogenic traits. Electronic 
searches of the medline (PubMed) database, Cochrane library, and science 
citation index were performed to identify original published studies on liver 
epigenome, hepatic carcinogenesis and familial hepatocellular carcinoma. The 
aim was to briefly report on how monozygotic twins would be an excellent model 
for elucidating the disturbances of the hepatic epigenome in the manifestation 
of familial hepatocellular carcinoma. 
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Introduction
Hepatocellular Carcinoma (HCC) is the fifth most common 

cancer worldwide with greater than 80% found in endemic areas of 
hepatitis B in Africa and E. Asia. The World Health Organisation 
(WHO) 2012 reports an age-standardised death rate of 38-100/100,000 
inhabitants [1,2]. 70-90% develop on a background of cirrhosis. 
Hepatitis B Virus (HBV) infection provides a 100- fold increase in 
risk. Alcoholic cirrhosis and hepatitis C are the common causative 
factors in the Western world. The specific genetic abnormality that 
leads to HCC is not yet known [3]. A classical Mendelian inheritance 
is limited to the rare monogenic diseases such as haemochromatosis, 
tyrosinaemia type 1 and alpha1 antitrypsin deficiency [4]. The rare 
fibrolamellar variant of HCC which mostly occurs in non-hepatitis 
B endemic areas is due to a heterozygous deletion on chromosome 
19 that encodes a functional chimeric protein (DNAJB1-PRKACA) 
[5]. It is characterized by being less aggressive with a normal Alpha-
Fetoprotein (AFP) tumor marker and a female predominance [6]. 
Serum neurotensin, a new tumour marker may discriminate it from 
HCC especially as a negative or normal value of AFP tumor marker 
does not exclude an HCC [7,8]. Being rare, familial fibrolammelar 
clustering has never been reported. A multifactorial inheritance 
including novel DICER1 germline mutation and altered liver 
zonation contribute to the risk of HCC, regardless of viral hepatitis 
infection (Figure 1) [9]. In cancerous cells, more genes are affected by 
epigenetic changes than genetic changes. Different Single Nucleotide 
Polymorphisms (SNPs) may increase the risk of HCC and the effect 
on various biological pathways may predispose to the manifestations 

of other risk factors such as aflatoxin (from fermented crops) [10,11]. 
Global gene expression profiling reveals SPINK 1 as a potential 
hepatocellular carcinoma marker [12]. The over expression of the 
apolopoprotein family (ApoA1, ApoA2, ApoC3, ApoE) and serum 
amyloid A protein in comparative proteomic profiles from liquid 
biopsies in hepatocellular carcinoma familial aggregation indicate 
genetic factors are involved [13]. Assuming that these molecular 
processes may occur earlier in carcinogenesis and excreted in the 
circulatory blood, the identification of such sensitive markers may 
help to facilitate earlier diagnosis of HCC at a curable stage. 

Pathophysiology
 In cirrhosis, HCC occurs due to chronic injury, regeneration 

and dysplasia (Figure 2). Necroinflammation and telomere (TERC/
TERCT mutation) shortening are hallmarks of the early stages 
of chronic liver disease that finally lead to fibrosis and cirrhosis. 
The initial acute inflammation is protective, whereas chronic 
inflammation initiates necroinflammation, tissue remodeling and 
oxidative microenvironment [14]. The enzyme c-Jun N-terminal 
kinase (JNK) is a central mediator in integrating multiple metabolic 
signals critical in cellular homeostasis when conditions challenge the 
endoplasmic reticulum [15]. Oxidative bursts trigger DNA damage 
and genomic aberrations that finally culminates in neoplasia. This 
is corroborated by the fact that some regenerating nodules in the 
cirrhotic liver show atypical cells that progress towards dysplasia and 
culminate as a neoplastic lesion. Thus, HCC is accompanied with 
telomerase activation and accumulation of genetic and epigenetic 
alterations. TGF-B signaling and T cell activation is seen during the 
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acute and end stage of liver disease, whereas attenuation is noted 
during the chronic stage of infection (Figure 3) [14-16].

These inflammasomes activate caspase which cleaves the pro-
inflammatory cytokines Interleukin (IL)-4/ IL-16 to their active 
forms. Through activation of transcription factors by an unknown 
mechanism, they provide a hepatic milieu fertile for cellular 
transformation [14]. It takes 10 years to develop chronic hepatitis, 20 
years to develop cirrhosis and 30 years to progress to HCC. Therefore, 
HCC usually affects patients aged 50-70 years [17]. However, there is 
an earlier onset (25-40 years) in HBV endemic areas such as Africa 
and in patients with a family history [18-20]. This is associated with 
earlier exposure and aggressiveness. In some of these cases, HBV can 
be directly oncogenic by incorporating into host DNA and rapidly 
cause HCC in the absence of cirrhosis (Figure 4) [14,18,21]. 

In endemic areas where HCC is common, HBV infection is 
considered to be important risk factor for Familial Clusters of HCC 

Figure 1:  Germline and somatic DICER1 mutations in familial and sporadic liver cancer.

Figure 2: Diagrammatic representation of various pathological changes associated with liver disease progression [14].

Figure 3: Graphical representation showing Notch/TGF-B signaling and T 
cell activation during liver disease progression [14,16]. 

(FHCC), especially as the maternal transmission of HBsAg and 
susceptibility to HCC is suggested by the pattern of involvement 
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[22,23]. However, studies from the western world concluded 
that a family history of HCC increases the risk of familial HCC 
independently of hepatitis [24,25], but hepatitis B/C serum markers is 
associated with an over 70 - fold elevated HCC risk [24]. The highest 
risk for HCC may occur in families in which a hereditary component 

is acting in concert with environmental factors such as HBV, aflatoxin 
or other epigenetic factors [26,27]. As familial clusters of HCC are 
usually described in areas with endemic HBV infection, limited 
attention has been given to the role of primary genetic and epigenetic 
factors. Even in the presence of HBV infection, familial HCC seemed 

Figure 4: Chronological representation of histopathological events during progression toward HCC [14].

Figure 5: DNA methylation profile in cancer [34].

Figure 6: Micro RNAs in cancer [34].
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statistically unlikely to occur by chance [28]. Environmental and/or 
genetic factors are involved. Genetic and epigenetic contributions 
may also explain the presence of healthy or non-healthy carriers of 
HBsAg, and the carrier state being commoner in males [29-31].

Epigenetic modifications
As few genetic mutations are required in neoplastic 

transformations, there is the importance of the added influence of 

epigenomic alterations. Epigenetics are the reversible molecular 
changes of the DNA that do not arise from alteration of the DNA 
proper [32]. Alterations in epigenetic modifications in cancer 
regulate various cellular responses including cell proliferation, 
apoptosis, invasion and senescence. Through DNA methylation, 
histone modification, chromatin remodeling and non-coding RNA 
regulation, epigenetics play an important role in tumourogenesis. 
These main aspects of epigenetics are the reversible effects on gene 

Figure 7:  Schematic diagram of epigenetic regulation of DNA methylation, histone acetylation, and histone methylation [52]. (DNMTs: DNA methyltransferases; 
TETs: Ten-Eleven Translocation enzymes; HATs: Histone Acetylases; HAACs: Histone Deacytylases; HMTs: Histone Methyl Transferases; HDMs: Histone 
Demethylating Enzymes; niLL: Biphenotypic (mixed lineage) leukaemia).

Genetics Epigenetics

Genetic mutations Life time exposures (childhood-ageing)

• Chromosomal rearrangements

• DNA interaction
• Mutated epigenetic regulators ( CTNNB1, TERT 

promoters, TP53 gene)
• Epigenetic alterations
• DNA repair mechanisms (DNA methylation)
• Histone modifications(methylation, acetylation, 

phosphorylation)
• Higher order chromatin regulation.

• Non-coding RNAs (miRNAs/ IncRNAs)

• Cancer phases
• Tumour-promoting inflammation
• Deregulated metabolism
• Avoiding immune destruction
• Replicative immortality

• Multifactorial inheritance 
• DICER1 mutation
• Single nucleotide polymorphisms
• Fibrolamellar variant ( deletion of Chromosome 19)
• Classical Mendelian inheritance ( rare monogenic diseases)- 

haemochromatosis, tyrosinaemia type 1, alpha1 antitrypsin deficiency

Table 1: Summary of the genetic and Epigenetic factors of Hepatocellular Carcinoma.
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silencing and activation via epigenetic enzymes and related proteins. 
There are several levels of epigenetic dysregulation involved in 
carcinogenesis and the stepwise progression towards metastasis or 
incurable disease [33]. Epigenetic events may regulate expression 
of many hundreds of oncogenes e.g. K-ras gene involved in control 
of cell growth, Adenomatous Polyposis Coli (APC) gene central 
to ordered cell motility, the p53 gene for the repair of DNA and 
induction of programmed cell death, CDH 1, c-MYC, BRCA1/2 
gene, etc. These events are independent of DNA alterations. For 
example, the inactivation of Mismatch Repair (MMR) given by 
promoter methylation is not related to any inherited factor. The liver 
epigenome is extremely sensitive to its highly variable environment- 
from chronic inflammation –fibrosis-accumulation of mutation in 
regeneration- dysplasia to liver cancer. The epigenetic alterations 
and influence occur through life-time exposures, DNA interaction 
and the cancer evolutionary phases. The life-time exposure factors 
include HBV infection, metabolic risk factors (obesity, excessive 
alcohol), nutrition, physical activity, microbiome, toxins, aflatoxins, 
drugs/medications, pregnancy/in-utero, childhood, ageing and Asian 
ethnicity [34]. The DNA interaction includes (i) mutated epigenetic 
regulators (CTNNB1, TERT promoters, TP53 gene), (ii) epigenetic 
alteration of (a) DNA repair mechanisms- DNA methylation 
(hyper/hypo), (ii) histone modification (methylation/acetylation/
phosphorylation), and (iii) higher order chromatin regulation 
(Table 1). Liver cancer cells typically exhibit post-transcriptional 
DNA hypermethylation at promoter sites (CpG islands) of tumour 
suppressor genes resulting in silencing of these genes (Figure 5) [32-
34]. For example CDKN2A tumour suppressor gene is frequently 
silenced by DNA hypermethylation [35]. Hypomethylation of multiple 
CpG sites although not common in HCC lead to chromosomal and 
genomic instability with high risk of local recurrence and metastasis 
after surgical resection [36,37]. Molecular consequences from DNA 
methylation are increased tumour growth, invasion, metastasis and 
field susceptibility to malignant change. Aberrant DNA methylation 
and copy number are associated significantly with poorer survival 
[38]. Micro- RNA-122 (miR-122) over expression contributes to liver 
tumorigenesis [39]. Elevation of oncogenic miRNAs (OncomiRs) 
which is indirectly linked to DNA methylation results in silencing 
of tumour suppressor genes while down regulation of tumour 
suppressor RNAs leads to reduced inhibition of oncogenes [40]. 
These consequently lead to the development of liver cancer (Figure 
6). Micro-RNA-122 expression is found to be aberrant in IDH1/2 
mutant HCC, with reduced expression throughout tumour tissues 
which is associated with poor survival. It is thought that that miR-
122 has tumour suppressor functions by modulating the effects 
of TP53 through Mdm2 [41,42]. The influence in cancer evolution 
from the breakthrough, expansion and invasion phases include (a) 
the tumour-promoting inflammation that promotes growth and 
invasion, (b) deregulated metabolism that promotes angiogenesis and 
metastasis, (c) avoiding immune destruction that leads to evasion of 
immune cells and metastasis, and (d) replicative immortality from 
evasion of apoptosis [32].

Using monozygotic twins
Although Monozygotic (MZ) twins have very similar epigenetic 

profiles, detailed examination of MZ individuals has revealed that 
they have surprisingly high rates of disease discordance for many 

common disorders including metabolic disease, autoimmune 
disease and cancer. The older the monozygotic twins the greater the 
discordance [43]. This difference in disease occurrence between MZ 
twins is typically interpreted as the result of environmental factors 
although there will be some stochactic effects [44]. By avoiding the 
confounding influence of consecutive genetic backgrounds, age and 
cohort effect, epigenetic studies in monozygotic twins would improve 
the understanding of HCC. Dahms et al in 1971 reported hepatoma 
in familial cholestatic cirrhosis of childhood in twin brothers [45]. In 
2002, Debir et al [46] reported simultaneous HCC in identical twin 
brothers and Caglari et al in 2016 reported HCC in identical twins 
in Chile [47]. With the advent of new generation DNA sequencing 
[48] the identification of host factors such as Single Nucleotide 
Polymorphisms (SNPs) that may relate to various biological pathways 
involved in liver carcinogenesis such as aflatoxins should be much 
easier and robust in monozygotic twins with HCC [10,43]. Epigenetic 
variation analysis in these twins would identify the susceptibility loci 
that may be sensitive to modification by the environment. 

Therapeutic implications
Unlike genetic events, epigenetic alterations are reversible and 

thus potentially considered to be an alternative option in cancer 
treatment protocols [49]. Liquid biopsies provide access to the tumour 
genome by investigating circulating tumor cells, circulating cell free 
DNA, exosomes, microRNA and other genomic and proteomic 
biomarkers. Clinical applications would include diagnostic, 
prognostic or predictive markers. Circulating tumour alteration for 
DNA methylation provides an accurate test for detecting HCC and 
aids treatment stratification [32]. Therapy effect can be monitored 
and cancer clones followed for response or resistance to therapy, 
either as a before/ after effect of surgery, or as drug-related responses 
[50].There are few clinical trials of agents targeting epigenetic 
alteration for HCC. DNA methylation inhibitor-DNA Methyl 
Trasferase (DNMT) which is an analogue of the nucleoside cytosine 
(azycytidine) incorporates into DNA and prevents methylation 
in myeloplastic disorders [32]. It sensitizes HCC cells to sorafenib, 
the tyrosine kinase inhibitor which significantly improves median 
survival in patients with advanced disease [18,34]. The concomitant 
use of Histone Deacetylase (HDAC) inhibitor alongside sorafenib 
gives promising results in small trials [49,51]. Future goals should 
include therapeutic strategies to prevent chronic inflammation and to 
direct tissue homeostasis towards the normal. For example, to exploit 
NF-xβ, JNK STAT3 and monocyte polarization as therapeutic targets 
to prevent chronic inflammation and disease progression [14]. Cheng 
Y et al [52] summarized the inhibitors of or drugs targeted at the 
aberrant functioning epigenic enzymes in DNA methylation, histone 
acetylation and histone methylation during tumour progression 
(Figure 7). Although a positive family history is associated with 
earlier appearance and aggressiveness of HCC, a first degree family 
history is a prognostic factor for better oncological outcome and 
prolonged survival in early resectable tumours [53]. This may be due 
to no underlying liver disease or at most, the presence of a Child A 
cirrhosis [18]. 

Prevention is better than cure
HCC prone families of the familial type may provide a powerful 

model for studying preventive and therapeutic strategies [27]. The 
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hepatitis vaccination should be given the highest priority to those 
individuals where the HCC yield is increased [54,55]. As the impaired 
immunity of the baby increases the risk of developing persistent 
hepatitis B carriage, the optimum timing for immunization in 
conjunction with the administration of hepatitis B immunoglobulin 
at a contralateral site should be immediately after birth or within 12 
h [23,54,56]. It is also important to screen all first degree relatives of 
patients with HCC in order to detect and treat early, asymptomatic 
disease [27,53]. 

Conclusion
A greater attention should be given to the role of primary genetic 

and epigenetic factors and their interactions in the manifestation 
of HCC. Monozygotic twins with HCC are suitable models for 
elucidating the disturbances of the hepatic epigenome and the 
susceptible loci to the environmental factors. Studies would lead to 
robust epigenetic markers for the detection and risk assessment of 
cancer. Novel epigenetic therapies may improve drug targeting and 
delivery, optimize dosing schedules and improve the efficacy of pre-
existing treatment modalities. Mechanisms of epigenetic control 
may offer an alternative path to acquiring stable oncogenic traits. A 
primary neonatal hepatitis B immunization scheme would greatly 
reduce the incidence of HCC in endemic areas.
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