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Review on Histone Deacetylase Inhibitors:
Mechanism of action and Therapeutic Uses
in Cancer.

*Kruti D. Maniya, Zinal H. Patel, Radhika B. Panchal, Payal S. Jain,
Malleshappa N. Noolvi.

Shree Dhanvantary Pharmacy College,
Department of pharmaceutical chemistry.

Abstract:

Histone deacetylases (HDACSs) are the class of enzymes that remove the acetyl groups of &-N-
lysine amino acid residues of histone tails leading to chromatin compaction and transcriptional
repression. HDACs can also influence transcription-independent such as mitosis or
deoxyribonucleic acid (DNA) repair and deacetylate non histone proteins involved in cell
proliferation and death, altering their function. Histone deacetylase inhibitors (HDACI)
interfere the function of the HDACs. HDACi have been shown to induce differentiation, cell-
cycle arrest, and apoptosis and to inhibit migration, invasion, and angiogenesis in many cancer
cell lines. These compounds inhibit tumor growth in animal models and show antitumor
activity in patients. HDACI alone and in combination with a variety of anticancer drugs are
being tested in clinical trials, showing significant anticancer activity both in hematological and
solid tumors. SAHA (vorinostat, Zolinza) was the first HDACi approved by the US FDA.

Key words: Histone deacetylase inhibitors, Anticancer, Treatment.
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Lysine deacetvlation of HDACSs in the presence of water molecule.

There are four main class of histone
deactylase based on the cellular localization
and function. Class I, II, IV considered as
classical whose activity are inhibited by
trichostin A and Zinc dependent active site.
Where, class III considered as sirtuins and
NAD™" dependent protein.

Class I includes HDACs]I, 2, 3 and 8 that

are primarily nuclear. Class II are primarily

localized to the Cytoplasm, these class
divided into class Ila and class IIb. Class
ITa includes HDACs 4, 5, 7 and 9 and class
IIb includes 6 and 10 which contain two
catalytic site. Class III includes SIRTs 1, 2,
3,4,5,6, 7 and Class IV include HDACs
11.
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Different types of HDACs.

A typical characteristic of human cancer is
the deregulation of DNA methylation and
posttranslational histone modifications, in
particular histone acetylation, which has the
fatal consequence of gene transcription-
deregulation.

The role of HDACs in cancer is not
restricted to their contribution to histone
deacetylation, but also to their role in
deacetylation of non-histone proteins. For
example, HDAC] interacts with the tumor
suppressor p53 and deacetylates it in
vivo and in vitro p53 is phosphorylated and
acetylated under stress conditions. Since
lysine residues acetylated in p53 overlap
with those that are ubiquitinated, p53
acetylation serves to promote protein
stability =~ and  activation,  inducing
checkpoints in the cell-division cycle,

permanent cell-division arrest, and cell

death.

HDAC Inhibitors

The association of HDAC enzymes and
carcinogenesis has increased interest in the
use of HDAC inhibitors as antitumor
agents. HDAC inhibitors have been shown
to induce cellcycle

arrest, growth

inhibition, chromatin  decondensation,
differentiation and apoptosis in several
cancer cell types.
HDAC inhibitors are classified by
structure.
1. Short-chain fatty acids — Butyrate
and valproic acid (VPA).

2. Hydroxamates — Trichostatin A,

SAHA (suberoylanilide
hydroxamic acid or Vorinostat)
Panobinostat (LBHS589),
Oxamflatin, Tubacin and Belinostat
(PXD101).

3. Benzamides - Entinostat
(SNDX275), Mocetinostat
(MGCDO0103).
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4. Cyclic tetrapeptides — Romidepsin
(FK228), Trapoxin A, Apicidin.

The compounds are vary in structure as well
as they have also the distinct affinity for the
different HDACi. The Short chain fatty
acids (Butyrate and Valproic acid) and
Trapoxin A are the class I and class Ila
HDACI. Entinostat (SNDX275) is more
specific that inhibit class I HDACs but not
HDACS. Romidepsin (FK228) inhibit
HDAC1 and HDAC2. Tubacin inhibit
HDAC6. The HDAC inhibitory activity of
the naturally occurring compound Butyrate
and Valproic acid which are responsible for
the ability to cause the cell cycle arrest and
differentiation of the transformed cell.
Hydroxamates like Vorinostat (SAHA) was
the first new HDACi which approved by the
FDA October 2006 for the clinical use in
the cancer patient for the treatment of

cutaneous T-cell lymphoma. Vorinostat

HDAC Mechanism of Action

Closed chromatin
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(SAHA) was evaluated in phase I clinical
trials as an iv. and orally administered
drug. Patients included those with
hematologic (Hodgkin's lymphoma, non-
Hodgkin's  lymphoma, and multiple
myeloma) and solid malignancies (prostate,
bladder, breast, colon, ovarian, and renal).
In the both trials, there was significant
anticancer activity at doses that were well
tolerated by patients. More than 50 clinical
trials with combination therapy with
Vorinostat (SAHA) and various agents
(carboplatin, paclitaxel, 5-fluorouracil,
etc.) in patients with advanced hematologic
and solid tumors are in progress.
Hydroxamates induce the differentiation or
apoptosis of the cancer cell line or both.
Mainly use in the treatment of cutaneous T-
cell lymphoma. Panobinostat (LBH589) is
a hydroxamic acid-based HDACi with a

structure similar to Vorinostat.
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Chemistry of HDAC: inhibitors

HDACi can be divided into several
structural classes including hydroxamates,
cyclic peptides, aliphatic acids, and
benzamides TSA was the first natural
hydroxamate discovered ti inhibit HDACs.
Vorinostat is structurally similar to TSA. A
series of aminosuberoyl hydroxamic acids
have recently been discovered to inhibit
HDACSs and transform cell proliferation at
nanomolar concentrations. Vorinostat is the
first HDACi to be approved for clinical use
by the Food and Drug Administration.
Vorinostat is a pan-inhibitor of class I and
class II  HDAC proteins. M-
Carboxycinnamic acid bishydroxamate is a

Hydroxamate HDACi
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Vorinostat

potent HDAC: and is the structural basis for
several derivatives including LAQ-824,
LBH-589, and a sulfonamide derivative,
(PXD-101),
AS/Cure Gen Coop; ref. These HDACI
inhibit class I and class II HDACsS.
Panobinostat (LBH-589; Novartis AG) is a

belinostat TopoTarget

cinnamic hydroxamic acid analogue of M-
carboxycinnamic acid bishydroxamate.
IF2357 (Italtarmaco SpA) is an HDAC: that
contains a hydroxamic acid moiety linked
to an aromatic ring. A series of
aryloxyalkanoic acid hydroxamides have
been synthesized that are HDACi at

nanomolar concentrations.
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Romidepsin
HDAC Biological activity
Class I HDACs are mostly localized within
the nucleus where Class II shuttle between
nucleus and cytoplasm. Class I play a role
cell survival and proliferation, and class II
HDAC have HDACs have tissue specific
roles. Class III contains the structurally
diverse NAD" dependent sirtuin family,
which does not act primarily in histones.
Class IV which is previously as a part of
both Class I and Class II.
Non target HDACs include p53, E2F,
GATA-1, YY1, RelA, MaD-Max, c-Myec,
NF-kB, HIF-1a, Ku70, o-tubulin, STAT3,
Hsp90, TFIIE, TFIIF, and hormone
receptors explain some biological activity.
HDACs expression and activity can be
altered in many cancers and in both
lymphoma and leukemia HDACs is
associated with the function of oncogenic-
translocation products, such as PML-RAR«a

in acute promyelocytic leukemia.
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REVIEW ON NUCLEIC ACID STRUCTURE,DYNAMICS ,COMPUTATIONAL
METHODS AND INTERACTIONS

Bhavini Gharia ,M.N.Noolvi
Department of pharmaceutical Chemistry, Shree DhanvantaryPharmacy College, Kim.
ABSTRACT

Nucleic acids are an important class of biologicalmacromolecules that carry out a variety of
cellular roles. Formany functions, naturally occurring DNA and RNA moleculesneed to fold
into precise three-dimensional structures. Due totheir self-assembling characteristics, nucleic
acids have alsobeen widely studied in the field of nanotechnology, and adiverse range of
intricate three-dimensional nanostructureshave been designed and synthesized. Different
physical termssuch as base-pairing and stacking interactions, tertiarycontacts, electrostatic
interactions and entropy all affectnucleic acid folding and structure. Here we review
generalcomputational approaches developed to model nucleic acidsystems. We focus on four
key areas of nucleic acid modelling:molecular representation, potential energy function,
degrees offreedom and sampling algorithm. Appropriate choices in eachof these key areas in
nucleic acid modelling can effectivelycombine to aid interpretation of experimental data and
facilitateprediction of nucleic acid structure.

INTRODUCTION

Unfortunately, experimentally determiningRNA and DNA structures at high resolution is
tedious,expensive and not always tractable, particularly for largecomplex systems, which can
show significant molecularflexibility. A complementary approach is to study nucleic acid
structurein silico. With recent discoveries of RNA’s variousgene regulation roles and the
potential applications ofnucleic acid nanostructures to biocomputing [1] andnanotechnology
[2,3], there has been extensive researchinto developing computational tools for modeling
andmanipulating nucleic acid structure .Since computational modeling can be used to address
awide range of problems that vary in complexity andresolution (time/size/precision), an
appropriate choiceof algorithm or modeling platform is required. Wediscuss four main
aspects of nucleic acid modelling here: firstly, molecular representation; secondly,
potentialenergy function; thirdly, degrees of freedom; andfourthly, sampling algorithm. We
focus on generalmodeling techniques and strategies that are applicableto an array of modeling
purposes such as generating anensemble of plausible molecular models, identifying anative-
like molecular structure, studying foldingkinetics, probing the effects of base mutations,
refiningmolecular models and modeling with limited experimentaldata.

MOLECULAR REPRESENTATION

Modeling nucleic acids with an all-atom representationand consequent precision is
computationally expensive, particularly for large systems. Analogous toproteins, coarse-
graining nucleic acids is a commonapproach to handle larger molecular systems

Eachnucleic acid base can be represented by a subset of atomsor pseudo-atoms for DNA and
for RNA. Alternatively, each base can berepresented as a plane and modeled by rigid
bodyparameters . These different coarse-grainedrepresentations have been successfully
implemented inRNA structure prediction .For very large nucleic acid systems with many
nucleotides,modeling can still be intractable even with suchextensive coarse-graining.
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Because base-paired helices ofDNA and RNA are rigid compared to single strands ofbases,
another coarse-graining strategy is to depart fromatomic-level detail and instead represent
each nucleicacid helix as a cylinder. Clearly this coarsegrainingis only applicable for
exploring global conformationsrather than for extracting fine molecular information.What

\ molecular representation is most suitable? Forpractical considerations, it makes most sense to
use theminimum possible representation that is still able tocapture the phenomenon of interest
with reasonablecomputational cost . While all-atom molecularmodelling is usually favoured
due to the high level ofstructural detail, the cost could become astronomical for large
systems, making coarse-graining an absolutenecessity. Perhaps an appropriate compromise
wouldbe to coarse-grain selected regions, and model importantinteracting sites at all-atom
representation, however sucha choice would require development of an interactionpotential to
traverse different molecular representations.Alternatively, one could also retain a high level
of detail inthe molecular representation, but decrease the number ofdegrees of freedom
(DOFs) that are used in the samplingprocess . A lessstraightforward process is to first model
with a coarsegrainedrepresentation, then restore all-atom resolutionbased on known or
idealized nucleotide geometry.It is also important to note that here we have onlydiscussed
different representations of the nucleic acidstructure, not those of its surrounding solvent or
counterions,which can be expressed implicitly and/or explicitly.Nucleic acids carry high
negative charges and hencesolvent and ions must be correctly treated in order toaccurately
model RNA and DNA.[2]

POTENTIAL ENERGY FUNCTION

In molecular modeling, a potential energy function isrequired to distinguish physical and
biologicallyrelevant conformations. These potentials come in varyingdegrees of precision and
complexity,ranging from a primitive function considering onlysteric restraints to one that
depends on quantum mechanicalcalculations. The choice of potential is critical tothe efficacy
of molecular modelling: the accuracy ofmodeling depends on the correctness of the
potentialwhereas sampling efficiency varies with the nature ofthe potential guiding the
simulation.Traditional physics-based potentials such as AMBER  and CHARMM
approximate  atomic-level interactionsas bonded (bond, bend-angle stretching,
torsionalrotations) and pairwise non-bonded terms, each describedby analyticalmathematical
formulas. Parameters for thesemathematical expressions were optimized using
experimentalobservations on small molecules or else by fittingto quantum chemical
calculations. A significant advantageof such physics-based potentials is their applicability
tomolecular dynamics simulationsCoarse-grained systems are usually modelled with
knowledge-based potentials that are typically derived from structuralinformation gathered
from high-resolutionexperimental structures , from molecularmodels produced by all-atom
simulations with physicsbased potentials , or both . A major advantage ofknowledge-based
potentials is the ability to tune potentialsto the particular molecular representation just by
adjustingthe information that is extracted from known structures. Forinstance, one could use
different nucleotide representationsto generate potentials based on known physical
interactionssuch as nucleic acid base-pairing and stacking , or from interatomic distances or
torsional angles, or a combination of the above.Recently, a coarse-grained potential was
developed forRNA using parameterized bonded and non-bonded termslike those in traditional
physics-based potentials .Another advantage of knowledge-based potentials is thattheir
mathematical forms can be easily adjusted. In somecases, these potentials are discontinuous;
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