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HDAC Inhibitors as Anticancer Therapeutics

Epigenetics and Cancer Development
Epigenetics include the modifications that may influence 

the gene expression without directly inducing any changes in 
the genetic code itself. Genomic structure consists of double 
helix DNA coiled around nucleosomes in a compact manner. 
Nucleosomes consist of pairs of four histones including H2A, H2B, 
H3 and H4 while H1 is the connecting histone. 146 base pairs of 
DNA are organized around one nucleosome whereas the histone 
fold domains depend upon the interactions between histones 
themselves in addition to between histones and DNA double helix. 
Amino-terminal tails of histones extend out helping to maintain 
the DNA super helix structure. The acetylation and methylation are 
the most studied histone modifications in addition to many others 
recently discovered. Acetylation of histones plays an important role 
in chromatin remodeling [1].

Histone acetyltransferase (HATs) enzymes relax the DNA coiled 
around nucleosomes and the transcription factors are able to access 
the gene promoters. Histone deacetyl transferases (HDACs) are the 
enzymes that remove the acetyl groups from the histone tails thus 
change the DNA configuration towards more compact state and 
decreasing the accessibility of transcription factors resulting in 
decrease in transcription. The switching between acetylation and 
deacetylation which is reflected in transcription regulation is the 
central dogma in cellular differentiation. 

The cellular differentiation is the key step during embryonic 
development as well as cancerous change in dividing cells. HATs 
result in differentiation while HDACs over-expression results in 
non-differentiated state of cells [2].

Methylation status as an epigenetic modification plays an 
important role in cancer development. CpG islands in the genome 
consist of DNA regions where Guanine nucleotide is preceded by the 
Cytosine nucleotide while separated by a phosphate group. Hypo 
and hyper-methylation status of promoter regions and CpG islands 
act as on and off switch for gene expression and gene silencing. 
Whether over-expression of proto-oncogenes or silencing of 
tumor-suppressor genes, both may result in cancerous aberration 
in actively dividing cell system and produce the first cancer cell that 
refuses to die by apoptosis in spite of being abnormal. For example, 
about 659 CpG islands studied by microarray approach have shown 
significant gain or loss in ovarian cancer [3,4]. H4 modification 
has been identified as a hallmark of cancer cells. More specifically, 
loss of acetylation at the Lys16 in association with tri-methylation 
loss of Lys20 residues is evidenced in association with the hypo-
methylatin of repetitive DNA sequences in tumor cells [5].

Cancer cell population bears a lot of heterogeneity resulting 
in the distinct cell populations in same cancer cell mass. Cancer 
stem cells (CSC) are identified as one of these sub-populations 
that have unique characteristics depending upon and resulting 
from the tumor microenvironment. Targeting the stem cells as a 
treatment strategy is expected to be successful in context with the 
knowledge of the causative epigenetic modifications resulting in 
the production of these cells. The morphology of the CSC depends 
on the expression of specific surface markers. These cell markers let 
the plasticity of the cancer cells allowing them being differentiated 
and de-differentiated back and forth into cancer stem cells, 
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Abstract 
Underlying mechanisms of carcinogenic aberrations in genome stems from genetic mutations and epigenetic modulations 

followed by a cascade of mechanistic events in signaling pathways. Acetylation status have been identified as one of the key markers 
of cancerous cells along with the over expression of Histone deacetylases (HDACs). In this context, HDACs are the focus of cancer 
research both from the cause and the treatment perspectives. HDAC inhibitors are one of the time-tested therapeutics and have 
recently been used as an effective adjuvant with the combination therapeutic regimens of cancers such as breast cancer. Here, we 
discuss the HDAC inhibitors as cancer treatment option in context with carcinogenic role of epigenetic modifications.
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progenitor-like cells and differentiated tumor cells. The two popular 
proposed models of Hierarchic CSC and Dynamic CSC models may 
largely determine the therapeutic response to cancer treatment 
and recurrence that in turn is largely directed by the epigenetic 
coding of these cells. Breast cancer studies have been proto-type 
to study the cancer stem cell identification, such as CD44+/CD24–, 
ALDH+ circulating stem cells phenotype play an important role in 
breast cancer metastasis [6]. Another example of epigenetic role in 
CSC is depressed immune response by immune system. Immune 
response to cancer cells by T cells occurs through the antigen 
processing genes (TAP). Epigenetic dysregulations in cancer stem 
cells have been shown by the downregulated expression of TAP 
genes due to DNA hypermethylation indicating the epigenetic 
modifications being a candidate niche for therapeutic targets and 
drug development [7].

HDACi as Prospective Cancer Therapeutics
HDACs are shown to be over-expressed in various human 

tumors. HDAC I, II and III in gastric, breast and colorectal cancer. 
Therefore, HDACs have been studied as biomarkers of tumors to 
identify the normal tissue and also as the prognostic indicators such 
as prostate cancer [8]. HDACs are over-expressed in cancer cells and 
are considered to play a key role in cancer cells survival. HDAC 1, 2, 
3 and 6 knock down induce cell cycle arrest and apoptosis in lung, 
breast and colon carcinomas thus advocating HDACi as promising 
cancer therapeutics [2].

HDAC classes include I, II, III and IV. HDACs in class III 
have NAD-dependent catalytic sites and have the overlapping 
functions with classical HDACs [2]. (West & Johnstone, 2014). 
HDAC downregulation and inhibition by small molecules such as 
SAHA, TSA and Valproic acid produce hyperacetylation of genome, 
for example HDAC3 deletion results in increased H3K9, K14ac; 
H4K5ac; and H4K12ac [9,10]. 

HDACi results in hyperacetylation which results in induction of 
apoptosis-inducing genes such as encoding the proapoptotic BMF 
indicating the interaction between apoptotic signaling pathways 
and the genetic modification. BMF is shown to play a central role in 
HDAC-mediated apoptosis [11].

The mechanistics of HDACi resulting in biological processes are 
not fully understood and largely depends on genetic signature of the 
tumor itself. Nevertheless, the most elucidated outcomes include 
differentiation, growth arrest, apoptosis induction, inhibition of 
angiogenesis and last but not the least immunogenicity. Around 
twenty clinically tested HDACi have been documented being 
effective in hematological malignancies such as multiple myeloma 
and acute myeloid leukemia. No HDACi has been seen effective as 
a monotherapy against cancer by now but mostly are used as an 
adjuvents in combination treatments [2].

HDACi are used as small molecule therapeutics in various 
diseases including malignancies. Based on the chemical structure, 
HDACi include hydroxamic acids (TSA (trichostatin A), vorinostat 
(SAHA), carboxylic acids (valproate, butyrate), aminobenzamides 
(entinostat), cyclic peptides (romidepsin) epoxyketones 
(trapoxins), and hybrid molecules. Out of these vorinostat and 

romidepsin have been approved for clinical use in cutaneous T cell 
lymphoma (CTCL), while active research is being on valproic acid 
and TSA [2].

Vorinostat (SAHA) is a pan HDAC inhibitor that modifies the 
acetylation status and induces apoptosis [12]. HDAC not only 
acetylate the histones but also affect the acetylation and thus 
activation status of non-histone proteins. Therefore, evidence 
suggests that HDACi are also effective in cancer therapy through this 
mechanism of action. Thus, SAHA increases the acetylation of heat-
shock protein 90 (HSP90) in HER2-overexpressing breast cancer 
cell lines. The acetylated HSP90 is dissociated from HER2 resulting 
in the degradation of HER2 [13]. Similarly, Valproic acid affects 
relatively better against HER2-overexpressing breast cancer cells 
than HER2-negative [14]. HDAC inhibitors have proven relatively 
successful for the treatment of hematological malignancies as 
compared to solid tumors. Therefore, these are used as an adjunct 
with current regimens of chemotherapies.

Conclusion
“Science seems slow and cancer fast” by the pace of epigenetic 

modifications and resulting heterogeneity in cancer cells and CSCs. 
Histone code and epigenetic changes are the most widely accepted 
mechanism of the tumerogenesis, maintenance and the progression 
of cancer cells regulating the gene expression in heterogenous 
tumor cell populations. The evidence suggests key role of HDACs 
in cancer development and progression. One of the limitations 
of cancer treatment include resistance to the treatment. A well-
studied mechanism of resistance is the expression of anti-apoptotic 
genes by the cancer epigenome. HDACi induce apoptotic gene 
expression. Apoptosis is evidenced as a preferential pathway of 
HDAC inhibitors to induce cell death. Although, HDACi have proven 
to be effective as a component of combination therapy, their side 
effects in high doses limit their use as independent therapeutics. 
Better understanding of epigenetic changes in the cancer stem cells 
may improve the outcomes by HDACi therapies as these have broad 
targeting capacity. Targeting the epigenetic aberrations in histone 
code remains an area of active research in order to reach the goal of 
developing successful cancer therapy with minimal side effects and 
maximum efficacy.
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