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Epigenetic changes are targeted to the DNA, as well as chromatin 
core histones and unlike genetic mutations these changes are reversible, 
making them attractive targets for therapeutic purposes [1]. Multiple 
levels of epigenetic regulatory mechanisms provide orchestration of 
chromatin structure for gene expression in healthy cells; however, result 
inappropriate silencing or activation of gene expressions, finally leading 
to various disease states such as cancer [2]. Epigenetic modifications 
can be a determinant factor to characterize the disease states, and 
detailed profiling of these modifications may allow predictions of 
disease outcome or therapeutic strategies. Epigenetic therapy can 
offer promising tools to restore/reverse changes. Interestingly, several 
epigenetic inhibitors such as DNA methyltransferase inhibitors 
(DNMTis), and histone deacetylase inhibitors (HDACis) approved 
by the US Food and Drug Administration (FDA) are in clinics for 
the treatment of various hematological malignancies. Potential 
epigenetic modifications, such as DNA methylation, covalent histone 
modifications, such as histone acetylation/deacetylation, histone 
methylation/demethylation, histone phosphorylation, non-covalent 
mechanisms, such as incorporation of histone variants, nucleosome 
remodeling and positioning, microRNAs (miRNAs) expression are 
important targets for therapeutic purposes [2,3]. How these effectors 
interact to each other to affect gene expression and cause disease is the 
active field of study in epigenetics.

Epigenetic Mechanisms and Clinical Relevance
DNA methylation is the most extensively studied epigenetic 

modification, provides a stable gene silencing and works in association 
with histone modifications. DNA (cytosine-5)-methyltransferase 
(DNMT)-3A and DNMT3B are responsible for de novo DNA 
methylation patterns, which are then copied to daughter cells during 
S phase by DNMT1. DNMTs mostly act as oncoproteins. Cancer is 
characterized by global hypomethylation and hypermethylation at the 
CpG island contributes to tumorigenesis by silencing tumor suppressor 
genes [3]. Acetylation/deacetylation and methylation/demethylation 
of nucleosomal histones tails are critical components of an epigenetic 
indexing, that demarcating transcriptionally active or inactive chromatin 
domains for gene expression. An imbalance in the equilibrium of 
these modifications has been associated with carcinogenesis and 
cancer progression. Cancer cells are characterized by dysregulation 
of histone methyltransferases (HMTs) and histone demethylases 
(HDMs), overexpression of histone deacetylases (HDACs), and a 
global reduction of H4K16ac and H4K20me. HDACis have long been 
studied in the clinical setting as potential therapies and development of 
HDACis has become the subject of intense interest. Several HDACis 
are FDA approved, including the hydroxamic acid-based compound 
SAHA and the depsipeptide romidepsin, whereas others are currently 
in clinical trials for cancer (phenylbutyrate and entinostat) and 
neurologic diseases (entinostat) [3]. Alterations in H3K9 and H3K27 
methylation patterns are associated with aberrant gene silencing in 
various forms of cancer. EZH2, H3K27 HMT, inhibition had been 
shown as a potential therapeutic strategy for lymphoma [4]. Increased 
levels of G9a, another H3K9 HMT, have been found in liver cancer and 
are implicated in perpetuating malignant phenotype possibly through 
modulation of chromatin structure. MLL, the H3K4 HMT, lead to 

ectopic expression of various homeotic (Hox) genes and play a key role 
in leukemic progression. LSD1, the first identified lysine demethylase, 
increased levels of H3K4me2 and H3K9ac histone modifications, 
reduced H3K9me2 modification and promoted expression of p53 
target genes (p21 and PUMA), leading to apoptosis of glioma xenograft 
tumors [3]. The never-ending lists of specific HMTs and HDMs are 
deregulated in cancers and have therapeutic potential. In addition, 
targeting histone H3 phosphorylation by histone-modifying enzymes 
may have therapeutic potential for cancer treatment. Nucleosome 
positioning and histone variants (H2A.Z and H3.3) incorporation into 
the nucleosomes is greatly enhanced the complexity of the landscape of 
epigenetic gene silencing in cancer. H3.3 and H2A.Z are preferentially 
enriched at promoters of active genes. H2A.Z is overexpressed in 
several types of cancer and has been associated with the promotion of 
cell cycle progression.Therefore, histone variants as potential drivers 
of cancer initiation and/or progression, and, therefore, targeting 
histone deposition or the chromatin remodeling machinery may be 
of therapeutic value [5]. MicroRNAs (miRNAs) are able to induce 
heritable changes in gene expression without altering DNA sequence 
and thus contribute to the epigenetic landscape. In addition, miRNAs 
can both regulate and be regulated by other epigenetic mechanisms. 
Expression of miRNAs is dysregulated in several diseases including 
cancer and certain neurodegenerative disorders [3]. For example, 
miR-101 degrades EZH2 is down regulated in several types of cancer, 
leading to increased EZH2 expression (and consequently higher 
H3K27me3 levels) and decreased expression of tumor suppressor 
genes. Interestingly, miR-506 can suppress epithelial-mesenchymal 
transition (EMT), and reduce tumor growth in serous ovarian cancer 
mouse model [6].

Concluding Remarks
Epigenetics is the most rapidly expanding field in biology. Detailed 

understanding of epigenetic processes and mapping the epigenetic 
marks in disease states compare to the normal mammalian cells 
will allow designing more effective treatment strategies. Further, 
development of very specific epigenetic drugs with fewer side effects 
will be used with great hope to reset the abnormal epigenome in disease 
states such as cancer.
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