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Abstract

Epigenetic approach in treating different diseases has gained importance as the 
inhibition of the enzymes involved in epigenetic modifications can reverse the disease 
condition. The major epigenetic markers include DNA methylation, histone acetylation 
and methylation that alter chromatin structure resulting in changes in cellular functions.  
The DNA methylation and histone modifications in cancer cells are thought to be 
important in tumorigenesis and the epigenome modifying enzymes are considered as 
epigenetic targets in cancer drug discovery.  This review will discuss about different 
epigenetic dysregulations in tumors as well as epigenetic targets for drug discovery 
and development of novel cancer agents. This article also highlights the recent success 
in identifying new epigenetic targets and cancer epigenetic drug discovery. 

ABBREVIATIONS
DNA: Deoxyribonucleic acid, RNA: Ribonucleic acid, ATP: 

Adenosine triphosphate, DNMTS: DNA methyl transferase, 
HDAC: Histone deacetylases, HMT: Histone methyl transferase, 
HAT: Histone acetyl transferases, HDM: Histone demetylases, 
SAM: S-adenosyl methionine, LINEs: Long interspersed nuclear 
elements, CDKI: Cyclin-dependent kinase inhibitor, MAGE: 
Melanoma – associated antigen, AML: Acute myeloid leukemia, 
TSG: umour Suppressor Genes, HCC: Hepatocellular carcinoma, 
PRC2: Polycomb repressive complex 2, EZH2: Enhancer of zeste 
homolog 2, DOT1L: DOT1-like histone methyltranferase, MLL: 
Mixed lineage leukaemia, MRTs: Malignant rhabdoid tumours, 
ATRTs: Atypical teratoid rhabdoid tumours, BRD: Bromodomain 
family, BCP: Bromodomain containing proteins, BET: 
odomaiBromn and Extra terminal, NMC: NUT midline carcinoma, 
NUT: Nuclear protein testis.

INTRODUCTION
Epigenetics is defined as “the study of mitotically and /

or meiotically heritable changes in gene function that cannot 
be explained by change in DNA sequence”. The expression of 
mammalian genes is regulated by different mechanisms such as 
change in DNA sequence, ATP dependent chromatin remodelling, 
DNA methylation, Histone modifications, and non-coding RNA 
molecules regulating transcription, post-transcriptional control 
and translational control [1]. In this article we focus on DNA 
methylation and Histone modifications which are associated with 
different types of cancers.

DNA methylation

DNA methylation plays a critical role in the control of 
embryonic development, transcription, X chromosome 
inactivation, and genomic imprinting [2]. In mammals, DNA 
methylation takes place at the 5th position carbon of the 

pyrimidine cytosine residues within CpG dinucleotide which 
is carried out by DNMTS (DNA methyl transferase) and a 
methyl donar SAM (S-adenosyl methionine).  Methylation is 
mainly carried out by 3 types of DNMTS: DNMT1, DNMT3a and 
DNMT3b which require methyl donar SAM to add methyl group 
to cytosine residues [3]. In normal cells, the methylation of CpG 
dinucleotides maintains chromosomal stability and protects 
from abberent transcription of repetitive elements like LINEs 
(long interspersed nuclear elements) and Alu repeats which may 
result in insertional mutagenesis. In normal genome, 70 – 80% of 
all CpG dinucleotides are methylated and the un-methylated CpG 
islands are actively transcribed. Hyper-methylation of promoter 
CpG islands is found to silence the tumour suppressor genes and 
CpG sites outside the island are hypo-methylated in cancer cells 
[4]. Aberrant methylation is associated with cancer as it alters the 
normal gene regulations and these alterations are of three types: 
hypermethylation, hypomethylation and loss of imprinting.  This 
kind of aberrant methylation occurs mainly in the promoter CpG 
island regions which are un-methylated in the normal condition. 
DNA hypermethylation has been associated with transcriptional 
repression of tumour suppressive genes which results in tumour 
genesis [5]. For example, p16INK4 gene acts as a cyclin-dependent 
kinase inhibitor (CDKI) during the cell cycle and it is silenced by 
hyper-methylation of CpG islands on the promoter of the gene. 
This gene has been found silenced in different types of cancers [6]. 
Tumour suppressor genes such as Rb in retinoblastoma, MLH1 
in colon cancer, and BRCA1 undergo tumour specific silencing 
through hyper-methylation.  DNA hypo-methylation increases 
genomic instability, reactivation of transposable elements, and 
loss of imprinting. DNA hypo-methylation may activate growth-
promoting genes such as R-Ras and MAPSIN in gastric cancer, 
MAGE (melanoma – associated antigen) in melanoma, and S-100 
in colon cancer. DNA hypo-methylation results in abberent 
activation of genes and non-coding regions that may contribute 
in tumour genesis [7]. 



Central

Kaithoju (2014)
Email: 

J Cancer Biol Res 2(3): 1052 (2014) 2/4

Histone modifications

Histones are abundant proteins in eukaryotes which are 
considered a hub for gene regulation. The DNA is wrapped 
around histone octamer of two copies of each of the core histones 
(H3, H2B, H2A and H3). Post-transcriptional modifications of 
histones regulate the chromatin accessability and recruit specific 
binding proteins.  Post-transcriptional modifications of histones 
such as methylation, phosphorylation and acetylation were found 
to be associated with tumour genesis [8].  Histone acetylation 
facilitates the transcriptional machinery by neutralizing the 
histone charges and weakens the histone – DNA interaction. 
Histone acetylation along with other modifications (methylation, 
phosphorylation and ubiquination) to form histone codes which 
dictate gene transcription and various biological outcomes [9].  
Loss of acetylated H4K16 and H4K20me3 is commonly found 
in human cancers. Decrease in histone acetylation is involved 
in tumorogenesis, invasion and metastasis in gastro-intestinal 
tumours [10].  Histone methyl transferase (HMT) such as PRDM5 
is down regulated in breast cancer, colorectal cancer, liver and 
ovarian cancer. Down regulation of SMYD4 a HMT is associated 
with medulloblastoma and breast cancer. HMTs such as NSD3, 
EHMT1, SMYD2 and PRDM12 are either deleted or amplified 
in different types of cancers [11]. Histone methyltransferases 
(HMT), histone acetyl transferases (HAT) and histone 
deacetylases (HDAC) are directly or as a part of oncofusion 
proteins have been implicated in pathology of leukaemia. For 
example, the HATs such as MOF, MOZ or p300 and HMT MLL are 
found in translocations in acute myeloid leukemia (AML) [12]. 

CURRENT EPIGENETIC APPROACHES 
DNMT

DNA methyl transferases are enzymes that are responsible 

to maintain CpG methylation which regulate the expression of 
various genes.  Hypermethylation of CpG is a common feature of 
carcinogenesis which leads to silencing of Tumour Suppressor 
Genes (TSG) such as P14ARF, P15INK4Bb, P16INK4a, CDH1 or EXT1 
[13]. Each type of cancer has a typical hyper-methylome such 
as P15INK4b in leukaemia and P16INK4a, P14ARF, RARβ2, RASSF1A, 
MGMT, TIMP3, in colon cancer and together with GSTPi in prostate 
cancer.  Azacitidine and Decitabine are two DNMT inhibitors 
which are FDA approved for the treatment of Myelodysplasic 
syndrome [14] (Table 1).

HDAC

HDAC enzymes act as transcriptional repressors through 
histone deacetylation which causes DNA condensation. HDAC act 
through removal of acetyl groups and allowing the interaction 
between negatively charged DNA and positively charged histones 
which results in hetero-chromatin and silencing of genes.  HDAC 
is responsible in modulating the function of proteins involved in 
regulatory process including proliferation and angiogenesis [15]. 
Over expression HDAC2 and HDAC3 in colon cancers and HDAC6 
has been reported in cutaneous T-cell lymphoma [16]. Vorinostat 
is a HDAC inhibitor which has been approved by FDA for 
treating different haematological malignancies such as Hodgkin 
lymphoma, diffuse large B-cell lymphoma, and cutaneous T-cell 
lymphoma. Romidepsin has been approved by FDA for treating 
patients with cutaneous T-cell lymphoma [17] (Table 1).

EZH2 

EZH2 is a catalytic subunit of polycomb repressive complex 
2 (PRC2) which catalyses the mono-, di-and tri-methylation of 
H3K27. Hyper-trimethylation of H3K27 has been associated with 
different human cancers and elevated levels are often seen at 

CLASS Enzyme Condition Investigational stage
DNA methyltransferase Inhibitors
Azacitidine
Decitabine
SGI-110

DNMT
DNMT
DNMT

Myelodysplasic Syndrome
Myelodysplasic Syndrome
Advanced Hepatocellular Carcinoma 
(HCC)

FDA approved(14)
FDA approved(14)
Phase II (ClinicalTrials.gov Identifier: 
NCT01752933)

Histone deacetylase Inhibitors 
Vorinostat
Romidepsin

Resminostat

HDAC
HDAC

HDAC

Hodgkin lymphoma, Large B-cell 
lymphoma & Cutaneous T-cell 
lymphoma
Cutaneous T-cell lymphoma
Relapsed or refractory Hodgkins 
lymphoma

FDA approved(17)
FDA approved(17)

Phase II (ClinicalTrials.gov Identifier: 
NCT01037478)

Histone methyltransferase Inhibitors 

E-7438

EPZ-5676

EZH2

DOT1L

B-cell lymphomas or Advanced Solid 
tumors
Leukaemias involving translocation of 
MLL genes

Phase I/II (ClinicalTrials.gov Identifier: 
NCT01897571)
Phase I (ClinicalTrials.gov Identifier: 
NCT02141828)

Bromo domain inhibitors 

GSK525762

OTX015

RVX208

BET

BET

BET

NUT midline Carcinoma

Acute leukemia

Stable Coronary artery disease

Phase I (ClinicalTrials.gov Identifier: 
NCT01587703)
Phase I (ClinicalTrials.gov Identifier: 
NCT01713582)
Phase II (ClinicalTrials.gov Identifier: 
NCT01058018)

Table 1: Different Classes of epigenetic inhibitors in clinical development.
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tumour suppressive gene loci in variety of cancers. Progression 
of different cancers like prostate, breast, kidney and lung cancer 
have been associated with dysregulation of EZH2. The loss of 
demethylase activity at H3K27 also results in hyper-methylation 
in an equivalent manner to elevation of PRC2 methyl transferase 
which would cause transcriptional repression of tumour 
suppressor genes. EZH2 inhibition has been a new approach for 
the treatment of different cancers [18-21].

Recent studies have shown that EZH2 inhibition results in 
selective killing of lymphoma cells with EZH2 mutations which 
suggests that EZH2 acts as a driver of proliferation in the mutation 
bearing cells [22-23]. SWI/SNF complexes are considered as 
tumour suppressors, and specific inactivating mutations in SWI/
SNF units are found in human cancers. Inactivated SMARCB1 
subunit (SNF5, INI1 or BAF47) mutations are found in nearly 
all malignant rhabdoid tumours (MRTs), and atypical teratoid 
rhabdoid tumours (ATRTs) which don’t have any effective 
therapy. SMARCB1 –deficient tumours show elevated expression 
of EZH2 and co-deletion of EZH2 suppressed tumorigenesis 
completely which suggests the antagonistic interaction between 
PRC2 and SWI/SNF [24]. E-7438 is an EZH2 inhibitor that is 
being studied in Phase1/2 clinical trials in subjects with B-cell 
lymphomas or advanced solid tumors (ClinicalTrials.gov 
Identifier: NCT01897571). 

DOT1L

DOT1L is a histone methyl transferase that catalyzes the 
specific methylation of histone H3 at lysine 79 (H3K79) and 
this leads to transcriptional activation. In MLL (Mixed lineage 
leukemia) the recruitment of DOT1L leads to enhanced expression 
of different leukemogenic genes including HOXA9 and MEIS1. 
Chromosomal translocation at MLL gene can result in fusion 
between MLL and number of proteins result in translocation 
complexes that recruit DOT1L at aberrant loci which leads to 
activation of different leukemogenic genes. Recent studies have 
shown that DOT1L inhibition caused a selective killing of mixed 
lineage leukaemia (MLL) [25-26]. Deregulation of MLL accounts 
for 70% of ALL (acute lymphoblastic leukaemia) in infants and 5 
to 10% of AML (acute myeloid leukaemia) in adults which shows 
the requirement of an effective therapy [27].

In-vitro studies have displayed the anti-proliferative effect 
of DOT1L inhibitor EPZ-5676 and its synergistic effect in 
combination with hypomethylating agents in MLL-rearranged 
leukaemia cells [28]. In-vivo study of EPZ-5676 in a rat xenograft 
model of MLL- rearranged leukaemia showed that EPZ-5676 
a potent DOT1L inhibitor that causes tumour regression [29]. 
EPZ-5676 is currently being studied in phase I clinical trials in 
patients with leukemia’s involving translocation of MLL gene 
(ClinicalTrials.gov Identifier: NCT02141828).

BET

Bromodomain family (BRDs) has been studied most 
intensively as it is recognized as a key component of variety of 
physiological process that involves abnormal expression that 
leads to tumour genesis.  Bromodomain containing proteins 
(BCP) have been found to play a vital role in cell cycle, apoptosis, 
metastasis, and proliferation which proves that they are the most 

ideal targets for developing treatment.  BET (Bromodomain and 
Extra terminal) subgroup of BRDs, this includes BRD2, BRD3, 
BRD4 and BRDT. BRD3 or BRD4 has been associated with NUT 
midline carcinoma (NMC) where chromosomal translocation 
results in in-frame fusion of BRD4 and nuclear protein testis 
(NUT). NMC has been an aggressive cancer with no effective 
treatment which makes it more vital to study BET inhibitors 
[30-31]. Over expression of BRD4 in NMC, c-MYC in multiple 
myeloma and acute myeloid leukaemia has been associated with 
tumour genesis. BET inhibitors in pre-clinical studies have shown 
therapeutic potential through down regulating BRD4 and MYC 
expression.  But, exact mechanism of action of these inhibitors is 
still not fully understood [32-34].  (Table 1) shows the epigenetic 
drugs that are in different phases of clinical trials. 

LIMITATIONS 
The major limitation of epigenetic therapies is the lack of 

specificity. Drugs targeting DNMTs or DNA methylation may 
cause global demethylation which is considered cytotoxic [13].  
The major limitation of HDAC inhibitors is their lack of specificity 
especially the lack of isoform selectivity and lack of known targets. 
Identifying genomic targets of HDAC complexes in relevant tissue 
and resolving the interaction of HDACs with other proteins 
is important for better specificity [35]. Epigenetic therapies 
targeting HDACs and HATs may cause unintended consequences 
as they are a part of macromolecular protein complexes. The 
inhibitors of HMTs and HDMs mainly target cofactors and cofactor 
binding sites which are involved in multiple processes can cause 
non-specific inhibition of these processes [36]. Studying these 
processes would be beneficial for better targeting of the drugs. 

CONCLUSION
The epigenetic modifications are important in activating and 

silencing of different genes maintaining cellular functions. The 
dysregulation of these modifications are observed in different 
diseases and these modifications are reversible. Dysregulation of 
these modifications and modifying enzymes have been studied in 
detailed in different types of cancers. Epigenetic enzymes have 
been successful targets in discovery and development of novel 
cancer drugs.  New epigenetic inhibitors such as EZH2, DOT1L, 
and BET inhibitors are currently in clinical trials and this shows 
the success of this approach. The limitation for the epigenetic 
inhibitors has been their specificity and better understanding 
of epigenetic mechanisms, histone codes and macromolecular 
protein complexes will help in targeting specific epigenetic 
modifications. 
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