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ABSTRACT
Cancer has become one of the fatal diseases since past few decades. There are many types of cancer
and liver cancer is one of them. It is asymptomatic at its initial stage and can be non- curative at severe
stage. HCC (Hepatocellular carcinoma) occurs in liver tissue or tissue or cells associated with it such as
cholangiocytes. Common symptoms include- nausea, vomiting, decrease in appetite, abdominal swelling,
enlarged liver, weight loss, weakness, fatigue etc. Liver cancer can originate due to various factors and
epigenetic mechanism is one of them. Epigenetic changes are the alteration in genetic structure of an
individual due to some external environmental factors. Histone modification, DNA methylation , RNA
associated silencing. Promoter hypermethylation of CpG island can lead to silencing of various tumor
suppressor genes that can cause liver cancer. These hypermethylated genes can be utilized as a biomarker for
the diagnosis of HCC. Some of these TSGs(Tumor Suppressor Genes)include PCHD8, DENN2D, CDN2KA,
ZHX2, RASSF1, DOK1, NAT2, SOX-17, SMPD3, FHL, TIP 30,CDH 1, RASGRF 1, FBP 1 etc.
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INTRODUCTION
Liver cancer is a type of cancer that originates in the liver(Ferlay et al., 2010; Jemal et al., 2011) and
affected by primary liver cancer (hepatocellular carcinoma), or through cancer which spread to the other part
of body and then spread to the liver. Several types of cancer can form in the liver and the most common type
of liver cancer is Hepatocellular carcinoma (HCC), it is a type of Primary liver cancer which begins in the liver
cell (hepatocytes). Other types of liver cancer such as hepatoblastoma, intrahepatic cholangiocarcinoma and
the most liver cancer is secondary or metastatic. Cholangiocarcinoma is arising from cholangiocytes and it is
the second most common primary liver malignant tumor. About 10% to 20% of liver cancer in the liver is
intrahepatic cholangiocarcinoma, they start in the bile ducts outside the liver. There are many symptoms
occur in liver cancer but they do not appear in early stages. The symptoms of liver cancer may differ for each
person. Common symptoms of cancer that develops in the liver may includeNausea and vomiting not
associated with other known conditions, decrease in appetite or a feeling of fullness after a small meal,
abdominal swelling, enlarged liver (hepatomegaly) felt as a under the ribs on the right side, weight loss not
associated with changes in diet, general weakness or fatigue etc that contributes to HCC metastasis, invasion,
DNA methylation, expression of noncoding RNAs and histone modification. All these changes are associated
with initiation and progression of HCC. Hypermethylation of promoter CpG islands is an epigenetic
mechanism of gene silencing Primary liver cancer (HCC) is an invasive tumor that occurs in the chronic liver
disease such as hepatitis B virus (HBV) and hepatitis C virus (HCV) (Perz et al.,2006), hemochromatosis and
cirrhosis. The risk factors prompt chronic liver damage usually leading to cirrhosis, which is present in HCC
about 80-90% of patients.(EI serag et al.,2011) Liver cancer is the second leading cause of cancer, about
700,000 deaths take place due to liver cancer.(Lovet et al.,2003) Primary liver cancer or hepatocellular
carcinoma (HCC) is the seventh most common cancer in females and fifth most common cancer in males
(Ferlay et al.,2010; Jemal et al., 2011) . Liver cancer is emerging as one of the fastest spreading cancers in
India. India sees about 3-5 cases of liver cancer per 1, 00,000 people which translates to 30,000- 50,000 new
cases per year.
Hepatocellular Carcinoma (HCC) is predominant malignancies with high fatality rate. In HCC and
other wide range of tumors, specific promoter hypermethylation and global hypomethylation have been
associated with inactivation of tumor-suppressor genes (TSGs) and genomic instability. Different epigenetic
changes cing that are involved in a wide range of human cancers, including HCC (Herceg et al., 2007)
EPIGENETICS
Epigenetic changes are the alteration in genetic structure of an individual due to some external
environmental factors, i.e, there is genetic control by factors other than an individual’s DNA sequence, that
can influence some diseases and these changes are heritable in humans. They are able to switch genes on or
off and determine the transcribed protein. They refer to changes in chromosome that alter gene activity and
expression and can be on physiological and phonotypical traits. Three systems are there that can interact
with each other to gene silencing (Egger et al., 2004)
Histone Modification
Histone is the core component of chromatin. Histone modification can lead to various altered
phenotypical effects. Histone can be modified in two ways either by methylation or acetylation
RNA-associated silencing
When RNA is in the form of antisense transcripts (non-coding RNAs), it can turn off the genes.This
phenomenon is also known as RNA interference. (Egger et al., 2004)
DNA Methylation
This is a phenomenon in which DNA is methylated chemically. It is highly specific and occurs in CpG
site. CpG site is a region in which a cytosinenucleotide is located next to guanine nucleotide that is linked by
phosphate. DNA methyltransferases (DNMTs) are responsible for this phenomenon to occur (Egger et al.,
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2004;Robertson.,2002). Methyl group insertion changes structure and appearance of DNA and also modifies
gene’s interactions within cell’s nucleus
PROMOTER HYPERMETHYLATION
Promoter region consists of CpG islands which is methylated and can cause various carcinoma in
humans. Liver cancer is one of them .Tumor can be caused by hypermethylation of CpG islands of tumor
suppressor genes.
TUMOR SUPPRESSOR GENES THAT ARE PROMOTER HYPERMETHYLATED IN HCC (Hepatocellular carcinoma)
PCDH8
It is a subgroup of cadherin superfamily which plays multiple roles in cell adhesion, proliferation,
differentiation and migration. Most of the members of protocadherin family (PCDH10, 17, and 20) are
frequently silenced by methylation of promoter in nasopharynx carcinoma, gastric and colorectal cancers or
non-small lung cancers. If promoter of cadherin family genes are hypermethylated then it can lead to various
types of carcinoma. HCC or liver cancer is one of them. PCDH8 acts as tumor suppressor but on methylation
and mutation it is able to changeexpression. Hypermethylation of PCDH8 are more frequently detected in
liver cancer but very low in normal liver tissues.Thereby, PCDH8 promoter hypermethylation can serve as an
esteemed diagnostic biomarker for liver cancer.It has been shown that methylation of PCDH8 is significantly
correlated with the level of AFP.AFP is an alpha fetoprotein which is a protein substance produced by liver
cells.It is one of the first alpha-globulins appeared in mammalian sera during embryo development and
dominant serum protein in early embryonic stage. Being a serum marker, AFP level is broadly used for
diagnosis as well as surveillance of liver cancer. During the early stage of liver cancer patients, AFP level may
be normal upto 40%(low sensitivity). Elevation in the level of AFP,i.e., greater than 400 ng/ml will be
considered to have diagnostic biomarker for liver cancer.It has been studied that PCDH8 promoter
methylation seems to more frequently occur in patients with AFP level greater than 50ng/ ml that aids in
early diagnosis of liver cancer by combining AFP level and PCDH8 methylation status. Promoter
hypermethylation of PCDH8 is also associated with tumor size,tumor differentiation,OS (overall survival) and
PFS (Progression free survival).OS is the length of time from either the date of diagnosis or the start of
treatment for a disease, such as cancer, that patients diagnosed with the disease are still alive.PFS is the
length of time during and after the treatment of a disease, such as cancer, that a patient lives with the
disease but it does not get worse.Tumor size, tumor differentiation are elevated due to methylated
PCDH8.OS and PFS is shorter in methylated PCDH8 individuals than unmethylated PCDH8 individuals.
DENN2D
The DENN (Differentially Expressed in Normal and Neoplastic cells) domain is a poorly characterized
protein module conserved throughout evolution, with DENN domain proteins found in species as diverse as
humans. There are 18 genes encoding DENN domain-containing proteins in humans. DENN domain proteins
interact with Rab GTPases provided the first insight into the superfamily of monomeric G-proteins.Rab ,like
other GTPases , switch between two confirmations as inactive form of it bound to GDP and active form of it
bound to GTP. A GDP/GTP exchange factor (GEF) catayses the conversion from inactive form to active form.In
the active state, they recruit effectors that control multiple aspects of membranetrafficking.DENN domain
acts as a GEF for Rab.The DENN2D family is the only example wherein the DENN domain is found in the Cterminal region.DENND2 protein acts as GEF for Rab9a/b. Rab9 functions in retrograde trafficking of the
mannose phosphate receptor from late endosomes to the trans-Golgi network , and consistently, depletion
of DENND2D disturb this trafficking process.Gene DENN2D is located on chromosome 1p13.3, encodes a
protein, which suppresses the proliferation and tumorigenicity of non-small cell lung cancer cells
.Downregulation of DENN2D leads to hepatocarcinoma it can occur due to hypermethylation of its
promoter.The expression level of DENN2D m RNA is significantly lower in liver cancer tissues than in
corresponding normal tissues.
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CDN2KA
Itis a tumor suppressor gene and encodes p16 which is a cyclin-dependent kinase inhibitor and
located in chromosome 9.It plays an important role in cell cycle regulation by ceasing the progression of cell
from G1 phase to S phase and hence acts as a tumor suppressor which aids in prevention of cancers.This
CDN2KA reports to be inactivated through extensive CpG methylation in hepatitis virus induced HCC.
Epigenetic changes of CDKN2A evaluating the methylation status of CpG islands on the first exon as this gene
generates many transcript variants that differ in their first exons. It has also been indicated that methylation
of CpG islands at the 5’end of the first exon of CDN2KA which may serve as a specific biomarker for HCC as it
can be frequently found in HCC patients.(Matsuda et al.,1999;Csepregi et al.,2010)
ZHX2
It encodes Zinc fingers and homeoboxes protein 2 and located in chromosome 8q24.13 .They are
nuclear homodimeric and ubiquitous transcriptional repressors. It has been also revealed that ZHX family is
involved in the expression of number of nuclear factor –Y(NF-Y) or)regulated genes via an organized
transcription network.It has been found that hypermethylation mediates silencing of ZHX2 gene which may
take part in development of HCC.The expressionlevel of ZHX2 mRNA in HCC is low in HCC compared with
adjacent noncancerous tissue samples, but there may be no significant difference in the expression between
low- and high-grade HCCs, indicating that the negative expression of ZHX2 mRNA is related to the
carcinogenesis of HCC and might have no relationship to progression. Methylated ZHC2 lost the
transcriptional repressor activity which results inuncontrolled proliferation of liver cells by the loss of
regulation of NF-Y mediated genes. Perhaps the ZHX2 gene may be regarded as a tumor suppressor(Kawata
H.,2003)
RASSF1 (Ras Association Domain-containing protein 1)
Ras association domain-containing protein 1 is a protein in humans that encoded by the RASSF1
gene, located at 3p21.31, appoximately 11,000 bp, and contains eight exons. RASSF1A tumor suppressor gene
is ubiquitous in human liver cancer, often silenced through epigenetic mechanism in a variety of human
malignancies and it is one of the most inactivated proteins identified in human cancer. The epigenetic
inactivation of genes often involves the methylation of CpG islands in their promoters.RASSF1A contains a
RAS associationdomain. RASSF1A regulates many biological processes that include apoptosis, microtubule
stability and cell cycle progression. ( Palakurthy et al., 2009).RASSF1A, has properties compatible with a
tumor suppressor function. Moreover, the gene appears to suffer frequent transcriptional inactivation in
tumor cells due to aberrant promoter methylation (Burbee et al., 2001;Dammann et al., 2000)progenitors
cause HCC in humans. As gene silencing cannot lead to perform its normal function and hence cancer can
occur frequently.
SOX-17
SRY-box containing gene 17 (SOX-17) has role in the WNT/β-catenin pathway and acts as a tumor
suppressor gene that stops the transcription of activated β-catenin. WNT oncogene plays a crucial role in liver
carcinogenesis and has been shown to correlate with poor survival .Promoter hypermethylation of SOX-17
results in silencing of SOX-17 gene which causes overexpression of WNT. Silencing of SOX-17 gene through
promoter hypermethylation results in WNT overexpression.(Chelis et al.,2013)
DOK1(Docking protein 1)
DOK protein is enzymatically scaffolding proteins which provide a docking platform for the assembly
of multimolecular signaling complexes. Docking protein 1 is encoded by the DOK1 gene in human. The protein
encoded by this gene is a part of a signal transduction pathway downstream of receptor tyrosine kinases.
Docking protein 1 is localised on human chromosome 2p13.1, which is frequently rearranged in many human
tumors. Docking protein 1 is constitutively tyrosine phosphorylated in hematopoietic which isolated from the
chronic myelogenous leukemia (CML) patients. DOK1 contains a putative plecksrin homology domain at the
amino terminus(Nelms et al,1998). Hypermethylation of DOK1 was found in the majority (88%) of the HCC
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cases. The level of DOK1 methylaion in HCC samples was higher in the group of younger patients.(Nelms et
al.,1998;Ling Y et al.,2005)
NAT2
NAT2 gene encodes an enzyme N-acetyltransferase 2 (arylamine N-acetyltransferase) .This enzymes
activates and deactivates arylamine and hydrazine drugs and carcinogens.NAT2 gene is located on
chromosome 8p22. Hypermethylation of this gene can ssive behavior in hepatocellular carcinoma (HCC).
SMPD3
SMPD3 is located in chromosome 16q22. It is a tumor suppressor gene which can be inactivated or
silenced by promoter hypermethylation in HCC patients.SMPD3 encodes an enzyme sphingomyelinase which
breaks sphingomyelin to produce ceramide via the phosphoinositide-3-kinase/AKT pathway and ceramide has
roe in growth arrest, cell differentiation and apoptosis. Loss of SMPD3 impairs apoptosis and increase
phosphorylation of AKT which exhibits down regulated expression in numerous primary HCCs
FHL 1
Four and a half LIM domains protein 1 is a protein that in humans is encoded by the FHL1 gene and
located on human chromosome Xq26. It involves in regulation of cell proliferation, differentiation and
apoptosis and also functions in skeletal and cardiac muscle growth.( Morgan et al.,1999).It is a tumor
suppressor gene on chromosome X and has a high risk to be affected as a single hit of genetic and/or
epigenetic changes on only one active allele can lead to complete inactivation of FHL1 gene. Its tumor
suppressor effect can occur via multiple mechanisms that includes the activation of the transforming growth
factor- β- l like andthe mitogen activated protein kinase signaling pathways and protein interaction with
zonula occludens-1 , hypoxia- inducible factor 1- α and estrogen receptor- α(Niu et al.,2012;Sakashita et
al.,2008;Ding et al., 2009;Shen et al.,2006)
TIP 30
It encodes Tat interacting protein 30. It is a tumor suppressor gene or metastasis suppressor gene. It
plays an important role in predisposing of hepatoblastoma cells to programmed cell death through regulating
the expression levels of these genes. Promoter hypermethylation of TIP30 cause abnormal expression of
tip30 protein in Hepatocellular carcinoma. CpG island methylation of Tip30 gene was ion not found in normal
liver tissues, whereas it was detected in 47%of the tumor tissues and 20% of the adjacent tissues. These
depict that hypermethylation of Tip30 gene might be a frequent event in HCCs.(Chen X et al.,2010)
CDH1
It encodes E-cadherin which helps in cell adhesion, transmitting chemical signals, control cell
maturation and movement and regulates various genes .It acts as a tumor suppressor genes. Promoter
hypermethylation of CDH1 gene can lead to downregulation of CDH1 and due to which early development of
HCC can occur and allelic deletion of it contribute to malignant progression of HCC.The level of E-cadherin
expression may contribute to the determination of the characteristics of HCCs.(Ghee Y et al.,2005)
FBP1
It is a protein in humans which is encoded by the FBP1 gene. Fructose-1,6-bisphosphatase catalyzes
the hydrolysis of fructose-1,6 bisphosphate to fructose-6-phosphate and inorganic phosphate. This reaction is
an important regulatory site of gluconeogenesis. The human FBP1 locus resides on chromosome 9q22.3; FBP1
gene contains 7 exons and spans more than 31 kb. The expression and DNA methylation of FBP1 in primary
HCC was low expressed in 80% human hepatocellular carcinoma, 66.7% liver cancer cell lines, which was well
correlated with its promoter methylation status. Fructose-1, 6- diphosphatase deficiency is associated with
hypoglycemia and metabolic acidosis. FBP1 underwent promoter CpG hypermethylation-associated silencing
in human liver, that FBP1 functions as a TSG to suppress cancer cell growth through the induction of G2-M
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phase cell cycle arrest and an increase in ROS generation levels. Fructose-1, 6-diphosphatase deficiency is
associated with hypoglycemia and metabolic acidosis.(Chen M et al.,2011)
CONCLUSION
It has been reported that the TSGs could be utilized for identifying epigenetic markers in future, for the better
treatment of cancer patients across over the world. They could be prove to a potent source in early
detection of tumor that will be enhancing or increasing the rate of recovery. Consequently, biomarkers that
can also be termed as tumor markers have a great biological and clinical importance in future to fight cancer.
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