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ABSTRACT

Essential epigenetic mechanism i.e., DNA methylation in humans is being continuously acknowledged as a 
hallmark of various cancer. Hypo-methylation and CpG hyper methylation considered early events in cancer 
development hence; their understanding will provide us new tools for diagnosis. Hypo-methylation of repetitive 
sequences associated with genomic instability and may cause changes in the local chromatin environment and 
disrupt gene expression that contributes to carcinoma development. Additionally, hyper methylation of the 
promoter region of genes, including p15, p16, RASSF1A, accumulates during cancer development, which can 
influence the process of angiogenesis, DNA repair, regulation of cell cycle, apoptosis as well as tumour cell 
invasion. The methylation process mediated via DNA methyltransferases; hence, the variation in these enzymes 
may lead to hepatocellular carcinoma (HCC). Oncogenes activation and tumour suppressor genes inactivation 
during the growth and development of HCC, promotor hyper-methylation and hypo-methylation are the 
activaters. This review summarized recent DNA methylation information and role of aberrant methylation in 
cancer progression by using different research papers from NCBI between 2016-2020, that would be helpful in 
the diagnosis and treatment of hepatocellular carcinoma. 
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a multistage 
carcinogenetic process, includes the development of 
genetic and epigenetic alterations in various genes 
that later become a major reason for different 
oncogenes activation and tumour suppressor genes 
inactivation1, such as hyper-methylation induce silenc-
ing of numerous critical genes are an early event in 
HCC2. Epigenetic modifications are hallmarks of 
cancer; understanding of factors associated with the 
Cancer progression will have a significant impact on 
the management and treatment of the disease3. 
Previous studies suggested that the accumulation of 
methyl group on DNA is a highly dynamic process 
susceptible for pharmacological therapy and is an 
important therapeutic target4. Post-genomics era is 
now based on epigenetic modifications that are 
prone to suppression of genes due to association with 

methyltransferases5 activity and expression of these 
epigenetic enzymes including DNA and histone 
methyltransferases altered in hepatocarcinogene-
sis6,7. 

Previously it has been reported that human 
epigenetic markers are involved in the maintenance 
of DNA methyltransferase activity and its 
overexpression has been identified in several human 
malignancies8,10. DNA methylation is a frequently 
researched process essential for the advancement of 
almost all cancer11, 12. Tumours often have a lower 
methylation level of genomic DNA and 
hyper-methylation of CpG islands13-15. Oncogenes 
activation and tumour suppressor genes inactivation 
during the growth and advancement of human 
hepatocellular carcinoma (HCC), promotor 
hyper-methylation and hypo-methylation are the 
most dominating triggers16-18.
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DISCUSSION

Aberrant DNA methylation is one of the epigenetic 
changes that have a potential role in hepatocellular 
carcinoma (HCC). Genome-wide analysis revealed 
that in both cases of loss and gain in DNA methylation 
are frequent measures that happened in HCC. DNA 
methylation can change the activity of DNA without 
any change in the sequence6. A normal process 
occurs in all cells but if it gets abrupt that result in 
various types of cancer such as cervical cancer and 
gastric cancer means both global genome wide 
hypo-methylation and hyper-methylation linked with 
cancer, autoimmune and neurological diseases15, 18. 

Aberrant Methylation and Status of CpG Islands
Methylation of nucleotide bases originated from 
different taxonomic groups, in which N6-methylade-
nine (6mA), N4-methylcytosine (4mC), and 5-methyl-
cytosine (5mC) been clearly described. Among these 
4mC and 6mA delimited to firm eukaryotes but for all 
prokaryotes18-21. While the epigenetic modification 
mainly occurs in eukaryotic DNA is 5mC21. In 
mammals, 5mC plays a crucial role in X-inactivation, 
gene silencing as well as genomic imprinting21. 

It has been recognizing that for a certain period 
promoter CpG Island (CGIs) methylation does not 
occur unintentionally. A random border from the 
starting point of transcription displays those sixty 
percent of human genes subordinate by CpG 
islands22. Nevertheless, un-methylated CpG are not 
uniformly distributed, however, they typically assem-
bled in the regions called CGIs23. CGIs have a DNA 
sequence of ~1-kb short stretch CpG di-nucleotides24. 
Approximately thirty thousand CGIs found in the 
human genome and observed that CGIs in promoter 
region usually remain un-methylated in the normal 
cells25. In the promotor region of mammals, approxi-
mately 45000 CGIs exist. The results of promoter CGIs 
methylation incite an enduring X chromosome inacti-
vation, transcriptional silencing of the related genes, 
genomic imprinting26, and inactivation of genes. That 
play a role in tumour suppression like Growth Arrest 
and DNA Damage Inducible Alpha (GADD45A), Ras 
association domain family 1 isoform A (RASSF1A), 
cyclin-dependent kinase inhibitor 2B (CDKN2B or p16), 
Secreted Frizzled Related Protein 1 (SFRP1), these 
epigenetic aberrations occur throughout HCC devel-
opment27.
 
Other epigenetic alteration such as hypo-methylation 
of repetitive sequence that is linked with genomic 
instability is also recognized event in HCC27. In HCC rat 
model, initiation of the multistage carcinogenesis 
occurs by epigenetic alterations, such as 
hyper-methylation in the promoter CGIs of tumour 
suppressor genes p16, RASSF1A, suppressor of 
cytokine signalling 1 (SOCS-1), connexin 26 (Cx26), 
and Cadherin-1 (CDH1). These changes occur by 
disrupting the balance between cell proliferation and 

apoptosis that are the basic pro tumorigenic event in 
hepatocellular carcinoma28. These findings suggest 
that the production of abnormal methylation 
signature in healthy tissues or an epigenetic domain is 
predisposed to cancer development29. 

DNA Methylation in Transcriptional Start Sites, Gene 
Body and its Repetitive Sequence
On the other hand, transcriptional factors and their 
control in gene expression are extensively under the 
observation of scientists30. Hence, to start gene 
transcription, a promoter region would be willingly 
available to factors associated with transcription and 
further controlling elements31. In the normal cells of 
human genome, approximately 60% of the gene 
transcriptional start sites (TSSs) contain CGIs and are 
normally un-methylated. CGIs methylation in TSSs is 
commonly, invoked as a mechanism for transcription-
al silencing and can directly prevent binding of the 
transcription factor to its normal sites. For instance, 
PEG3-DMR sequence methylation in vivo inhibits the 
transcription factor YY1 binding, consequence in the 
maternal allele silencing32. While in paternal allele, YY1 
can resourcefully drag to un-methylated sequence of 
PEG3-DMR and form an appropriate assembly for 
transcription33. Whereas methylated CpG recruits 
methyl-CpG-binding domain (MBD) proteins that 
attract repressor complexes, ultimately modification 
in histone proteins occurs that leads to further 
compressed heterochromatin structure which is 
contrasting toward euchromatin required for transcrip-
tion34 (Figure 1).

Figure 1: Transcriptional mechanism of DNA 
methylation in TSSs. (a): The CpG Island is 
un-methylated and allows binding of transcription 
factor (TF) to un-methylated binding sites and thus 
allowing transcription. (b): The CpG Island is a 
methylated recruiting methyl-CpG-binding domain 
(MBD) that restricting access of transcription factors 
to gene promoter and results in gene silencing.
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Gene bodies’ methylation is essential mechanism 
for the management of promoter usage and 
contains CGIs, but most of them are CpG-poor and 
methylated heavily. Research reveals that an 
increase in the methylation of the gene body might 
associate with gene activation35. The research 
investigates that methylation among introns and 
exons were necessary for the regulation of the 
splicing process35.

Repetitive sequences mainly consist of interspersed 
repeats as well as tandem repeats, these 
sequences of the genome in normal somatic cells 
methylated densely and vital for genomic stability 
and normal gene expression, de-methylation of the 
repetitive sequence also referred to as global 
hypo-methylation, leads to genomic instability and 
frequently observed in tumour and/ or surrogate 
tissues36. 

Hypo versus Hyper-methylation and Hepatocellular 
Carcinoma 
Hypo-methylation is a modification, which 
predominantly grasped in solid tumours and is a sign 
of a progressive malignancy37. Repetitive genomic 
regions, which comprise of Alu-type repetitive regions 
and long interspersed nuclear element, various 
retroviruses classes and centromeric satellite repeats, 
encompass equal to 55 percent of the human 
genome, are sensitive to 5-methylcytosine loss38. The 
intragenic areas and introns in DNA sequence and 
promoter CGI of oncogene cause global 
hypo-methylation39. That linked to chromosomal 
instability, genomic imprinting loss and recurrence of 
transposable elements in the earliest step of HCC. 
Moreover, hypo-methylation of satellite alpha 
repetitive sequences results in increased expression of 

satellite alpha transcript (SAT), which induces 
abnormal segregation of chromosomes, leads to 
chromosomal instability40. In human HCC various 
hypo-methylated tumour-promoting genes identified, 
these groups of genes activated in tumours by 
hypo-methylation.

Furthermore, hyper-methylation can influence the 
process of DNA repair, angiogenesis, and 
regulation of the cell cycle, tumour cell invasion 
and apoptosis. In humans, cancer genes 
inactivated by hyper-methylation that is essential 
for the sustainability of stem cell appearances 
during cell regeneration41. Additionally, 
hyper-methylation can prime to the suppression of 
genes that are necessary to the common 
anti-tumour process. Aberrant methylation of CGIs 
of various genes responsible for tumour suppression, 
including RASSF1a, Glutathione S-transferase Pi 1 
(GSTP1), Adenomatous polyposis coli (APC), and 
SOCS-1, cause transcriptional silencing of these 
genes, that is the reason for the clinical outcome of 
HCC42.

Commonly Studied Hyper-Methylated Marker 
Genes in Hepatocellular Carcinoma
The down regulation of tumour suppressor genes via 
promoter methylation within CGIs is one of the key 
molecular mechanisms in HCC43. Research on 
alteration in DNA methylation of tumour suppressor 
gene, p16 plays a vital role to understand the 
mechanisms of oncogenesis44. Its promoter 
hyper-methylation thoroughly related to the damage 
of p16 appearance that is responsible for HCC 
development45. Hyper-methylation of common 
tumour suppressor genes in HCC listed in Table 1. 

Table 1: Targeted genes biological process, functions and pathways.

Gene 
Symbols

PTM Sites
(Phosphorylated) Biological Process Molecular Function Pathways

RASSF1A

S2-p,   R18-m1,  
K21-ac,  R36-m1,  
T38, T43, S135-p, 
K142-ub,  S179,  
S182, 
S183,K185-ub,S18
8-p,  R198-m1,  
S201,T206-p,  
S207-p,K216-ub,  
S222-p,  T224-p,  
K236-ub,K245-ub,  
Y259-p,K262-ub,  
L264,K281-ub,K32
6-ub

• Cell cycle arrest; 
• Ras protein signal
   transduction; 
• Regulation of
   microtubule
   cytoskeleton 
   organization  

• Protein binding; 
• Zinc ion binding

• Ras signaling pathway
• Hippo signaling
   pathway
• Pathways in cancer
• Micro RNAs in cancer
• Bladder cancer
• Non-small cell lung
   cancer

T2-p, T2-n-ub, 
K12-ub, K12-sm, 
K18-ub, K29-ub, 
S32-p, Y41-p

• Activation of 
MAPKKK activity; 
• apoptotic process; 
• cell cycle arrest; 
• cellular response 
to ionizing radiation;
• cellular response 
to mechanical 
stimulus;
• centrosome cycle; 
• DNA damage 
response, 
• signal transduction 
by p53 class 
mediator resulting in 
cell cycle arrest; 
• DNA repair; 
mitotic cell cycle 
arrest; 
• negative regula-
tion of protein 
kinase activity;
•  positive regula-
tion of apoptotic 
process; 
• positive regulation 
of JNK cascade; 
• positive regulation 
of p38MAPK 
cascade; 
• positive regulation 
of reactive oxygen 
species metabolic 
process; 
• regulation of 
cyclin-dependent 
protein serine/threo-
nine kinase activity; 

• Kinase binding; protein 
binding;
• promoter sequence-spe-
cific DNA binding; 
• RNA polymerase II core
• protein; 
• protein N-terminus 
binding homo/ heterodi-
merization activity

• G2/M DNA Damage 
Checkpoint,  
• T-Cell Receptor 
Signaling
• MAPK signaling 
pathway
• FOXO signaling 
pathway
• p53 signaling 
pathway
• Apoptosis
• Transcriptional 
misregulation in cancer
• Gastric cancer
Hepatocellular carcino-
ma
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RASSF1A

T2-p, T2-n-ub, 
K12-ub, K12-sm, 
K18-ub, K29-ub, 
S32-p, Y41-p

• Activation of 
MAPKKK activity; 
• apoptotic process; 
• cell cycle arrest; 
• cellular response to 
ionizing radiation;
• cellular response to 
mechanical stimulus;
• centrosome cycle; 
• DNA damage 
response, 
• signal transduction 
by p53 class media-
tor resulting in cell 
cycle arrest; 
• DNA repair; mitotic 
cell cycle arrest; 
• negative regula-
tion of protein kinase 
activity;
•  positive regulation 
of apoptotic process; 
• positive regulation 
of JNK cascade; 
• positive regulation 
of p38MAPK 
cascade; 
• positive regulation 
of reactive oxygen 
species metabolic 
process; 
• regulation of 
cyclin-dependent 
protein serine/threo-
nine kinase activity; 

• Kinase binding; protein 
binding;
• promoter sequence-spe-
cific DNA binding; 
• RNA polymerase II core
• protein; 
• protein N-terminus 
binding homo/ heterodi-
merization activity

• G2/M DNA Damage 
Checkpoint,  
• T-Cell Receptor 
Signaling
• MAPK signaling 
pathway
• FOXO signaling 
pathway
• p53 signaling pathway
• Apoptosis
• Transcriptional 
misregulation in cancer
• Gastric cancer
Hepatocellular carcino-
ma

CDH1

T66-p, Y68-p, 
S70-p, T211-p, 
T217-ga, T330-p, 
T576-p, T599-p, 
N637, Y663-p, 
K738-ub, T748-p, 
Y753-p, Y754-p, 
Y755-p, S770-p, 
T790-p, S793-p, 
Y797-p, S838-p, 
S840-p, S844-p, 
S846, S847-p, 
S850-p, 
S851,S853-p, 
K871-ub, Y876-p

• Adherens junction 
organization; 
• cell-cell adhesion; 
• cellular response to 
indole-3-methanol; 
cellular response to 
lithium ion; 
• entry of bacterium 
into host cell; 
• extracellular matrix 
organization; 
• homophilic cell 
adhesion via plasma 
membrane adhesion 
molecules; 
• negative regula-
tion of cell migration; 
• negative regula-
tion of cell-cell 
adhesion;
• neuron projection 
development; 
pituitary gland 
development;
• positive regulation 
of protein import into 
nucleus; 
• positive regulation 
of transcription, 
DNA-templated;
• protein localization 
to plasma 
membrane; 
• regulation of gene 
expression substance 

• Ankyrin binding; 
• beta-catenin binding;
• cell adhesion molecule 
binding; gamma- catenin 
binding; 
• GTPase activating 
protein binding; 
• identical protein binding; 
protein binding

• Rap1 signaling 
pathway
• Apelin signaling 
pathway
• Hippo signaling 
pathway
• Cell adhesion 
molecules (CAMs)
• Pathways in cancer
• Bladder cancer
Gastric cancer
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Gene families of Growth arrest and DNA 
damage-inducible 45 (Gadd45) comprises of 03 
members, Gadd45α, 5β, and 45γ. They remain 
concerned in numerous trials such as cell 
proliferation, apoptosis, epigenetic modification 
and DNA repair46,47. Up until now, various studies 
show that the key mechanism concerned with the 
down expression may be because of methylation 
at the promoter region in HCC48. They act as trauma 
devices also called stress sensors, arbitrating the 
multifaceted interchange of physical connections 
with proteins, responsible for cell cycle and stress 
stimuli regulation including Cdc2/cyclin B, PCNA, 
JNK stress response kinases P21, P3849. In addition, 
active de-methylation associated with MBD4 and 
TDG has directly under the surveillance of 
GADD4550. Furthermore, GSTP1, tumour suppressor 
gene defend cells from loss of DNA reconciled by 
various electrophiles are hyper-methylated in 
HCC51.

CDH1 is another well-known tumour suppressor 
gene that has an important role in the care of the 
environment and cell polarity. Inactivation of this 
gene allied with tumour progression, cell invasion 
and metastasis52. Aberrant methylation in CGIs is 
accountable for the loss of CDH1 expression in 
cancer also LOH (loss of heterozygosity) of this gene 
linked with hyper-methylation of CpGs53. Thus, 
correction of DNA methylation eminence in HCC 
cancer cell may prime to recrudescence of CDH1. 
Previously it revealed that, snail gene regulate via 
DNA methylation and directly inhibits the expression 
of E-cadherin, which provokes EMT-MET transition in 
HCC54. Expression of CDH1 not only repressed by 
snail during EMT transition but also aggravates the 
expression of mesenchymal markers and deviate 
the cell phenotype55. This gene is also responsible for 
cell death by removal of persistence aspects like 
ERK, PI3K and suppression of checkpoints of cell 
cycle like p21, which is cell cycle inhibitor in either 
G2/M or G1/S phase56.

Another gene RASSF1A is present in the 3p21.3 
region has crucial key role in cell cycle control, 
apoptosis, motility and cellular adhesion57. 
Hyper-methylation of RASS1A is the root cause of 
epigenetic silencing of RASSF1A in many tumours 
including HCC, kidney cancer, lung cancer, 
endometrial carcinoma, and breast cancer that 
result in the loss of gene expression58-60.

DNA Methylation Maintenance and Inheritance 
Methylation of DNA has vital role in storage of 
biological information that catalysed by key 
enzymes DNA methyltransferase. These are 
necessary for mammalian development and shift 
the -CH3 group from S-adenosyl-L-methionine that is 
methyl universal donor to the cytosine in fifth 
position61,62, possess methyltransferase activity and 
responsible for normal human development63. They 

encode the de novo methyltransferase to create 
methylation signature in DNA sequences, on the 
other hand mainly acted as maintenance 
methyltransferase and throughout replication 
regulate DNA methylation by replicating the 
methylation signature of the parental strand to the 
daughter DNA strand64,65. Instead of its methylation 
activity, these enzymes have a potent role in DNA 
damage response66. Research related to DNA 
damage response demonstrates that their activity 
as genome guardian in contradiction of double 
strand breaks of DNA in colon cancer and B cells 
(cell lines) 66.

The research revealed that knockout of 
methyltransferase induces premature lethality at 9.5 
embryonic days, subsequently after several 
developmental retardations namely rostral neural 
tube defects and growth deficit such as growth 
impairement67. It has a role in embryonic 
development and knockout induces early 
embryonic lethality68, 69. Unlike many other, they 
may not exhibit any intrinsic methylation 
catalytically function, but according to Bourchis et 
al. methyltransferases was the key to the 
development of maternal genomic imprinting70.

Furthermore, play an essential part in genomic 
integrity; interruption in these may lead to 
chromosomal instability and tumorigenesis. 
Research demonstrates that they are essential for 
silencing many sequence types, particularly 
inactive X chromosome genes, imprinted genes 
and transposable elements71 and inhibition of these 
genes are required to maintain chromosome 
stability. Research evident a strong association 
between DNA methylation and DNA repair 
mechanism in various types of cancer 66.

DNA Methyltransferases Expression in HCC
Methyltransferases involve in mRNA-increased 
expression from normal liver to HCC and numerous 
other cancer72. In knockout mice of glycine 
N-methyltransferase gene, hypo-methylation and 
abnormal expression of these enzymes reported in 
the development of different HCC stages73. In the 
HCC cell line of human, the suppression of DNA 
methyltransferases reduces proliferation and 
re-established Phosphatase and tensin homolog 
(PTEN) gene, that is a central tumour suppressor in 
HCC, suggested that PTEN seems to be the novel 
target74. According to the study of Fan et al. 
Metastasis suppressor protein 1 (MTSS1) is a target of 
this particular enzyme that has a role in tumour 
inhibition in HCC was suppressed by overexpression 
through a methylation-independent mechanism75.

Tian et al. found that Hepatitis B X-interacting (HBX) 
protein has a role in the epigenetic modification of 
hepaocarcinogeneis76. They observed that HBx 
decrease the expression of insulin-like growth factor-3 
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by de novo methylation76. Moreover, it causes 
hypo-methylation of satellite 2 repeat sequences by 
decreasing the expression of methyltransferases76. 
Studies have shown that Micro RNA has also a role in 
the control of altered methylation patterns in HCC 
caused by HBV. In hepatocellular carcinoma (cell 
lines), increased expression of microRNA 152 (miR-152) 
leads to the reduction in expression, contributed to a 
decline in methylation levels and increased the 
methylation status of tumour suppressor genes77. It also 
reported that HBx downregulated the miR-101 by 
targeting transferase enzyme that leads to abnormal 
DNA methylation78.

CONCLUSION

Methylation disruption is the molecular mechanisms 
responsible for the pathogenesis of hepatocarcino-
genesis; hyper-methylation of CpG islands of the 
promoter region of genes is a vital mechanism for 
transcriptionally silencing of tumour suppressor genes 
in HCC. In addition, hypo methylation of oncogenes is 
responsible for chromosome instability and reactiva-
tion of transposable elements in the earliest step of 
HCC. Aberrant DNA methylation of CGIs may take 
part in hepatocarcinogenesis, so it would be benefi-
cial to recognize the aberrant methylation role in HCC 
that would help to reduce the mortality and morbidity 
of the disorder by decreasing the abrupt methylation. 
This review covered the basic concept of methylation 
and its role in HCC development. 
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