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ABSTRACT 
Post translational modifications of histones play a significant role in regulation of physiological and 
pathological processes in the body. Acetylation is one of the most important chromatin modifying 
mechanisms being controlled by histone acetyl transferases and histone deacetylases. The histone 
deacetylases (HDAC) are basically responsible for silencing of gene transcription. Cancer involves 
silencing of a large number of genes. Inhibition of such gene silencing could possibly lead us to 
alleviatin or control of cancer progression. Natural HDAC inhibitors, a highly researched topic thus 
seems an attractive method to conquer the kingdom of cancer and thus prove to be the ‘bull’s eye’ like 
target for cancer treatment. 
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Abbreviation: 
Histone deacetylases (HDAC), Histone deacetylases inhibitor (HDACi), Histone acetyl transferases 
(HAT), Short chain fatty acid (SCFA), Cyclin-dependent kinase (CDK), signal transducer and 
activator of transcription 5 (STAT5), Androgen receptor (AR), Trichostatin A (TSA), Suberoylanilide 
hydroxamic acid (SAHA) 

 
1. Introduction 
The chromatin configuration is a dynamic 
feature being controlled by myriad signals and 
inputs which modulate the covalent 
modifications so as to facilitate or hinder the 
binding of promoters to the binding site by 
opening or closing the chromatin network.  
These post translational modifications occur 
generally at the N terminal amino acid 
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functional groups in the tail region of the 
histones [1-3]. The well-known modifications 
are acetylation, methylation, phosphorlyation, 
ubiquitylation, sumoylation, ADP-ribosylation, 
deimination and proline isomerization [4, 5]. 
Acetylation, occurring majorly on lysine 
residues alters the electrostatic charges in the 
nucleotide and thereby regulates gene 
expression [6, 7]. Histone acetyltranferases 
(HAT) transfers acetyl group from acetyl-CoA 
to ε-amino group of lysine residues on N-
terminal region histones in tail regions. This 
relaxes the chromatin structure and  allows 
transcription to proceed [8]. While 
deacetylation catalyzed by histone deacetylases 
(HDAC) restores positive charge on histone 
coupling negatively charged DNA to it [9]. In 
general, histone and other proteins’ acetylation 
promotes gene transcription and deacetylation 
leads to repression or gene silencing [10, 11]. 
HDAC plays an important role in all walks of 
life, may it be cell cycle progression, 
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inflammatory response, cell death or any other 
aspect of cell functioning. The wide application 
of the enzyme in physiological and pathological 
conditions makes it a hit in the research 
community, especially due its role in cancer 
development. HDAC inhibitors, which inhibit 
the gene silencing phenomenon facilitated by 
HDAC, have been found to decelerate the rate 
of tumor development in various in vivo, in 
vitro models as well as in clinical trials. Both 
synthetic and natural HDAC inhibitors are 
promising anticancer agents, but the inhibitors 
from nature’s store have proved their worth and 
win the race by a significant margin over the 
synthetic ones. This review discusses the 
natural HDAC inhibitors, their mechanism of 
action their uses and stages in drug 
development. 
 
2. HDAC and its role 
2.1. HDAC classification 
Till date, eighteen human HDAC enzymes are 
well recognized and categorized in to 4 classes 
based on their structural similarity with yeast 
proteins as Classes I, II, III and IV. Classes I, II 
and  IV are Zinc (Zn2+) dependent  for 
deacetylase activity and Classes III are NAD-
dependent subfamily and are structurally related 
to yeast sirtuins, Sir2 [9, 12]. These have 
sequence homology to yeast transcriptional 
proteins and each class are grouped based on 
their domains, Class I are homologous to Rpd3 
yeast proteins and subdivided in to HDAC1, 
HDAC2, HDAC3, and HDAC8. Class I 
HDACs are abundantly available in the nuclear 
region and are expressed throughout the body 
[13].  Class II resembles closely the yeast Hda1. 
It can be further divided into subclasses IIA and 
IIB, IIA is constituted by HDAC4, HDAC5, 
HDAC7, and HDAC9 while HDAC6 and 
HDAC8 belong to sub class IIB. Class II 
HDAC is abundant, tissue specific and is 
localized both in cytosol as well as nucleus 
[14]. Class IV contains HDAC11 and has 
structural similarity with class I and II HDAC’s. 
Although not much is known about its function 
and regulation, assumptions are made as to its 
possible role in immune responses [15]. The 

expression of genes depends upon the degree of 
compaction of packaging of nucleotide, because 
as the DNA becomes more tightly wrapped 
around the histones, the exposure of promoter 
region to the transcription factors. Acetylation 
adds the negative charge to the histone and 
reduces the interaction of DNA with histones, 
to loosen the complex and promote 
transcription. The site responsible for enzymatic 
activity is constituted by a sequence of 390 
conserved amino acids forms a slightly curved 
pocket  
with wider bottom (16). Deacetylation occurs 
from two adjacent histidine molecules, two 
aspartic residues and one tyrosine (17). Zinc ion 
forms the essential component of the charge 
relay system as it gets bound to the zinc binding 
site in the HDAC structure. 
 
2.2. HDAC in health and diseases 
HDACs play a deciding role in development, 
proliferation, differentiation, and cell death 
[18]. HDAC1 knockout mice show embryonic 
lethal phenotype, with severe growth and 
proliferation defects [19] which may be 
attributed to increased expression of CDK 
inhibitors, p21 and p27 [20]. The knockout of 
HDAC2, HDAC3, HDAC5, and HDAC9 has 
been found to be associated with severe heart 
complications that culminate in death within 24 
hours of birth [19]. An up regulation of ligand 
induced drug storage in heart occurs due to 
HDAC3 ablation which decreases their life span 
to 2-3 months [19]. The ablation of either 
HDAC5 or HDAC9 alone is not lethal whereas 
simultaneous deletion of both leads to lethal 
ventricular septal defects and a thin-walled 
myocardium [18]. HDAC4 regulates RUNX2 
and MEF2C expression and modulates 
chondrocyte hypertrophy and leads to death of 
excessive ossification [21]. HDAC7 and 
HDAC8 knockouts lead to impaired vascular 
development and craniofacial features 
respectively [18]. HDAC6 knockout mice do 
not show any defects other than 
hyperacetylation of tubulin [22]. HDAC10 and 
HDAC11 genes’ knockout have not been 
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explored much. HDAC8 has been found to play 
a significant role in skull morphogenesis [23]. 
Owing to their global presence,HDAC’s are 
implicated in gene regulation of cell growth, 
survival, and proliferation and aberrant changes 
in epigenetic regulation of chromatin by 
acetylation/deacetylation leading to many 
diseases such as cancer [2]. HDAC and HAT 
form multiprotein complexes as co-activators 
and co-repressors in the process of gene 
regulation [24]. The process of acetylation and 
deacetylation affects more than 50 non-histone 
protein substrates like transcription regulators, 
signal transducers, DNA repairing enzymes, 
nuclear import regulators, nuclear transcription 
factors  p53, E2F, c-Myc, nuclear factor кB 
(NF-кB), hypoxia-inducible factor 1 alpha HIF-
1α [25-27].  
 
3. HDAC inhibitors and their mechanism of 
action 
3.1. HDAC inhibitors  
Different chemical compounds from synthetic 
and natural sources have been discovered. 
These may be different structural background 
like acyclic molecules, cyclic peptides, aliphatic 
compounds and benzamides [28, 29]. HDAC 
inhibitors show inhibitory activity on different 
HDACs. MS-275, also known as Entinostat 
inhibits HDAC1 and HADC3 (IC50 0. 3mM and 
8 mM, respectively) whereas in case of HDAC6 
and HDAC8no inhibition was observed [30]. 
The molecules, SK7041 and SK7068 exhibit 
growth inhibibitory activity owing to their 
capacity to target HDAC1 and HDAC2 in in 
vitro and in vivo cancer models. A small 
molecular weight molecule, tubacin is a cell 
permeable molecule with specific HDAC6 
inhibitory characteristics which does not affect 
histone acetylation and associated changes in 
cell cycle progression. It inhibits second 
deacetylase domain (DD2) and induces 
expression of the transcription factor like 
DDIT3 (CHOP/GADD153) 
(www.abcam.com/Tubacin-ab142183.pdf) [22]. 
Treatment with HDACi has been found to show 
profound effect on gene expression pattern by 
affecting the gene promoter directly or the other 

secondary and downstream effectors  [31]. TSA 
alters about 2% of the 340 genes, as shown by 
differential display experiments [32, 33]. Based 
upon the microarray analysis it was discovered 
that expression of about 7–10% of the genes get 
altered in various cancer cell lines with 
butyrate, TSA, MS-275, vorinostat or FK228 
(depsipeptide) [31, 34, 35].  
 
3.2. Natural HDAC Inhibitors: Classification 
and mechanism of action 
3.2.1. Acyclic molecules 
3.2.1.1. Hydroxamic acid derivatives 
These are early compounds that are recognized 
for potent histone deacetylase activity, with 
antitumor and cell differentiation effects [36, 
37]. This class of compounds has general 
formula R'-C(=O)NROH with a hydroxylamine 
derivative substituted to carboxylic acid moiety, 
where R and R’ are substituted organic residues 
[38]. Trichostatin A (TSA) fungal antibiotic, is 
a well-known histone deacetylase inhibitor 
belonging to this class [39]. It is metabolite 
isolated from Streptomyces hygroscopicus 
bacteria with  antifungal activity against 
Trichophyton [40]. The structure and function 
of deacetylase is determined from binding 
studies with TSA and suberoylanilide 
hydroxamic acid (SAHA) [16]. Finnin and 
colleagues were first to elaborate the structure 
of deacetylase enzyme based on crystal 
structure of HDLP (structural homologue of 
HDAC in bacterium Aquifex aeolicus), that 
HDAC1 have 31% structural homology to 
HDLP, with similarity of active site. 
Crystallographic studies revealed open pocket 
like structure leading to tunnel of ~7 Å 
narrowing to ~4.5 Å by 5.5 Å, at end of tunnel, 
Zn2+ cation is coordinated by two aspartic acid 
residues, one histidine residue and a water 
molecule [16]. 
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Figure 1. Chemical structures of natural 
HDAC inhibitors (a) Trichostatin A (TSA) 
(b) SAHA 
 
Structure of SAHA bound to an HDAC-like 
protein   
The postulated mechanism of deacetylase 
enzyme is, acetylated lysine coordinates with 
zinc cation forming a tetrahedral intermediate 

complex, followed by nucleophilic reaction 
with water liberating acetic acid and free 
deacetylated lysine [41]. Moreover, catalytic 
activity of deacetylase is inhibited due to false 
substrate complex formed from interaction of 
TSA with zinc cation regarded to be active site, 
preventing the access of acetylated lysine 
residues on histone tails. It is assumed that 
hydroxamic moiety chelates zinc at the active 
site, long aliphatic chain span over hydrophobic 
tunnel from hydrophilic sites to surface, 
blocking entrance to pocket. Further, from these 
interactions, a pharmacophore for inhibiting 
deacetylase activity has been developed. The 
key features include a metal binding site to 
interact with zinc at active site, a hydrophobic 
recognition domain  to interact with surface 
amino acid residues and a linker connecting 
both (n=6 optimal chain length) (16, 42-44). 

         

Figure 2. Proposed mechanism of action of Zn2+dependent HDACs and TSA binding model with 
zinc ion in HDAC8 active site. 

a

b
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Vorinostat (SAHA), the only HDACi 
approved by FDI from this class is marketed 
by Merck Pharmaceuticals in the trade name 
Zolinza for the treatment of cutaneous T cell 
lymphoma.. Although it is not naturally 
occurring, it’s worth mentioning that based on 
its structural similarity with TSA, it found to 
inhibit histone deacetylases [45].  Though 
TSA and SAHA were potent in sub micro and 
nano molar range, these are comparatively 
short lived, non-specific, with solubility, 
bioavailability, pharmacokinetic discrepancies 
and toxicities especially cardiac toxicity due 
non-specific activity on pan HDAC classes 
[44, 46].  

 
 
3.2. Aliphatic acids 
Carboxylate butyric acid is the first molecule 
to be discovered in inhibiting histone 
deacetylase, although later it was observed to 
induce differentiation in Friend leukemia cells 
[47]. Butyric acid is a short chain fatty acid 
(SCFA) produced from intestinal micro flora. 
Other fermentation metabolites from intestine 
like acetate, propionate and valerate were also 
identified as HDAC inhibitors albeit with low 
potency [48-51]. Although butyrate’s effect in 
preventing colorectal cancer is dubious yet it 
was shown to have exceptional HDAC 
inhibiting activity [48]. Butyrate acts on both 
class I and IIA. It is seen that butyrate act on 
cell proliferation, differentiation and induces 
apoptosis, a positive correlation is also 
observed with gene expression, due to 
intracellular butyrate concentration affecting 
gene regulation at colonic epithelium [52-54].  
 
In 1882, Burton synthesized valproic acid (2-
propylvaleric acid, 2-propylpentanoic acid or 
n-dipropylacetic acid), a synthetic derivative 
of valeric acid that occurs in plant Valerian 
species (Valeriana officinalis) [55]. The use of 
valproic acid (marketed as Convulex, Pfizer 
and Byk Madaus), Depakene (Abbott 
Laboratories), Depakine (Sanofi Aventis), 
Epival (Abbott Laboratories, U.S. & Canada), 

Stavzor (Noven Pharmaceuticals) as 
antiepileptic and mood stabilizer is well 
established since the 1960’s.  Yet its HDAC 
inhibition (in millimolar range) was 
highlighted in the past decade only [56-58]. 
Although anticonvulsant and mood stabilizing 
properties are not attributed to HDAC 
inhibition, teratogenic defects are assumed due 
to HDAC inhibition, early in embryonic 
development [56,57,59]. It inhibits both class I 
and IIA enzymes [60, 61] and affects 
proliferation, differentiation, and apoptosis 
[62].  
It is reported that induction of peroxisomal 
proliferation, activation of a glucocorticoid 
receptor and altered gene expression and from  
inhibiting  co-repressors complexes of HDAC 
it relieves transcriptional repression [57, 63]. It 
is seldom used alone in treatment of cancer yet 
combination therapies are reported to have 
additive effect and seem to be promising in 
chemoresistant cancers [64-66]. 
 
 
3.3. Bromotyrosine derivatives 
Bromotyrosine derivatives are natural products 
isolated from different marine sponges, mostly 
belonging to the order Verongida [67]. 
Psammaplin A is the first identified member of 
bisulphide bromotyrosine derivatives from 
numerous marine sponges, containing both 
oxime functional groups and carbon–sulphur 
bonds [67-69]. 3-bromo-4-
hydroxyphenylacetonitrile, also known to be 
Psammaplin A is isolated from 
psammaplysilla sp [70]. It inhibits class I 
HDAC’s at nanomolar range, and has DNA 
methyltransferase inhibitory activity [71, 72].  
Although mechanism of action is unclear, free 
thiol’s formed by reduction with 
glutathione(reducing agent) are assumed to be 
responsible for zinc chelation at active binding 
site of enzyme [71].  
 
NVP-LAQ824 a synthetic analogue of 
psammaplin A is made to overcome 
stability issues of Psammplin A,with 
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potent activity  (IC50 =32 nM) against 
class I and class II HDAC’s but dropped in 
phase II clinical trials in 2005 [73-76].  
 

3.2. Mechanism of action 

HDAC inhibitors function by removing the 
zinc ion, which is an important component of 
charge relaying system from the enzyme’s 
structure to make it non-functional. TSA the 
most potent reversible non selective HDACi, 
[29] with an IC50 in low nanomolar range [39] 
gets attached to the active site using its 
hydroxamic acid group and the 5-C linker to 
phenyl [16].  

The mechanism through which HDAC 
modulates cancer development is not 
completely understood.  

However, various propositions have been 
made regarding the mechanism involved in 
regulation of cell death by HDAC mediated 
gene expression causing histone 
hyperacetylation at promoters of apoptosis-
inducing genes such as TNFSF10 which codes 
for TRAILand BMF; transcription factors such 
as inhibition of SP1 and C/EBPα, leading to 
down regulation of the anti-apoptotic protein 
Bcl-2, following HDACi treatment. HDAC 
induced cell death promotion proceeds by two 
mechanisms- (i) alteration of JAK/STAT 
pathway (ii) human RAD23 homolog B 
(HR23B) [47].  

The correlation between HR23B expression 
and clinical response to vorinostat [48], and 
the interaction between Hsp90 and HDAC6 
were found to be crucial factors to decide 
sensitivity to HDACi-induced apoptosis [49].  
Various mechanisms involved in antitumor 
activity of HDAC inhibitors are shown in the 
figure 3. 

 

 Figure 3: Various mechanisms involved in 
antitumor activity of HDAC inhibitors  
 
HDAC inhibitors lead to alterations in cell 
cycle progression by inducing the expression 
of the cyclin dependent kinase inhibitor p21 
(WAF1/CIP1) [11]. These alterations are 
independent of role of p53 protein [77]. The 
drug, vorinostat leads to post translational 
histone modifications like acetylation and 
methylation at lysine in histone H3 and H4 
associated with the p21 promoter region in 
ARP-1 cells. It also leads to a marked 
reduction in non-nuclear HDAC1 and Myc, 
and recruitment of RNA polymerase II, with 
insignificant alterations in HDAC2 or other 
proteins in the complex [78]. The activation of 
promoter gene of p21 gene leads to increased 
expression of HDAC1, HDAC2, Myc, 
BAF155,Brg-1, GCN5, p300 and Sp1 [78]. 
The alteration of gene activity by HDACi 
depends upon the composition and 
configuration of proteins. HDAC activity is 
required for transcriptional activation mediated 
by signal transducer and activator of 
transcription 5 (STAT5) [79], thus HDACi 
results in the repression of genes like androgen 
receptor (AR) [80]. 
 
4. Conclusion 
Based on the above discussions, it can be 
concluded that natural HDAC inhibitors have 
surfaced as one of the most successful HDAC 
inhibitors. Though in a very nascent stage of 
drug development, these molecules appear to 
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be alluring anticancer agents. Further research 
prodding the application of these molecules to 
combat cancer is necessary to confirm their 
utility. 
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