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ABSTRACT

Histone deacetylases 1 and 3 (HDAC1 and HDACS) enzyme chromatin remodeling and gene
transcription altering activities are implicated in tumor behavior and progression. Their inhibitors
promising pre-clinical model therapeutic efficacy makes them likely anti-cancer targets for breast.
cancer therapeutic intervention. In this study, both natural and synthetic Histone Deacetylase
Inhibitors (HDACi) were screened wusing in stlico docking, molecular descriptors and
pharmacophaore models to design new molecules with potential HDACT and HDACS selectivity and
inhibitory activity. Three dimensional (3D) homology models of HDAC1 and HDACS were built
based on the crystal structure of human Histone deacetylase 2 (HDACZ2). Liead optimization by
docking several natural and synthetic compounds were carried out and compared. There are several
natural HDACi available and curcumin was found to be best docked to HDAC1 and HDACS.
Through Virtual Screening {VS) top-scored compound curcumin was identified but it shows poor
drug hkeness property. To overcome this problem pharmacophaore modeling of the curcumin based
on virtual screening of (1K, 4K)-1,5-bis (3, 4-dimethoxyphenyl) penta-1, 4- dien-3-one was studied.
This study was found to be best docked to HDACI and HDACS2 with highest binding energies -
10.20 and -10.27 keal/mol, respectively and interacts with active site of catalytic Zn?" trihedrally
coordinates to the side chains of amino acids. Curcumin analogue was predicted as a potential lead
drug-like molecule that selectively inhibits HDAC1 and HDACS that may prevent the progression
and pathogenesis of breast cancer.

Key words: Breast cancer, curcumin, histone deacetylase (HDAC), molecular docking, virtual
screening

INTRODUCTION

Cancer i1s a disease characterized by uncontrolled growth of cells. Recently, a considerable
increase in their global burden and cost of care is witnessed. A study was conducted by United
States National Cancer Institute’s (NCI) population growth says that, by 2020, medical
expenditures of cancer should be reaching around $158 billion, an increase of about 27% from the
year 2010 (Mariotto et al., 2011). There are many types of cancer, out of which breast cancer is

more commeoen in human especially women. Previous study showed that in the year 2008, out of the
women cause by cancer, 23% (1.38 million) have breast cancer and 14% (458,400) leads to death
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{Jemal et al., 2011). Several clinical studies on chemoprevention have shown that the risk among
high-risk group women may be reduced considerably by using the drugs tamoxifen and raloxifene.,
However, administration of tamoxifen shows some threats as an increased danger for endometrial
cancer (Alteri et al., 2011) and no beneficial effect on Estrogen Receptor (ER) negative cancers. The
efficacy of Raloxifene and tamoxifen are same but both it results in histologic profile of
thrombo-embdic events. Hence, now the challenge is to find new agents achieving same or better
efficacy with sparingly favorable benefit to risk ratios (Oyama et al., 2009).

Breast carcinogenesis is associated with well-known genetic alterations including specific gene
amphfications, deletions, point mutations, chromosome rearrangements and aneuploidy. Besides,
epigenetic alterations resulting in aberrant gene expression are well known key contributors. An
epigenetic alteration including Cytosine Phosphate Guanine (Cp@G) island dinucleotide methylation
and chromatin structure changes may lead to tumor suppressor gene silencing and oncogene
activation through post-translational modifications of histone acetylation or DNA conformation.
Unlike germ line mutations, epigenetic alteration may potentially be reversed making them
attractive targets for breast cancer drug investigation and treatment (Dworkin ef al., 2009).
Numbers of epigenetic modifiers are either in use or under investigation as a single agent or in
combination with other systemic therapies for cancer treatment.

Histone Acetyl Transferases (HAT) acetylates the lysine residues thus producing active
chromatin and histone deacetylases as another process that deacetylates lysine residues in
producing silenced chromatin., The dual process of HAT and HDAC plays an important role in
modulation of chromatin topology and regulation of gene transcription. HATs preferentially
acetylate specific lysine substrates between nonhistone protein substrates and transcription factors,
affecting DNA-binding properties and in turn, altering gene transcription. HDAC alter the e-amino
groups of lysines into neutral e-acetamido groups and the cause altering chromatin structure and
access of gene transcription (Tambunan and Wulandari, 2010). The super family of HDAC
comprises 18 members that are classified into four groups (I to IV) based on sequence homologies.
HDAC Class I enzymes comprises HDACT, HDACZ2, HDACS and HDACS, all nuclear proteins with
ubiquitous expression. The diversity of HDACs suggests their tissue or cell line dependent
differential roles (Duong et al., 2008), The HDAC activity inhibition by specific inhibiters induces
growth arrest, differentiation and apoptosis of transforming cells as well as several cancer cells.
Subha and Kumar studied assessment. for the identification of better HDACH class through binding
energy calculations and descriptor analysis (Subha and Kumar, 2008),

In spite of many HDAC: are in clinical trials, only two Suberoylanilide Hydroxamic Acid
(SAHA) and Romidepsin are the therapeutic HDACi approved by US Food and Drug
Administration (US FDA) for cutaneous T-cell lymphoma treatment. Combining epigenetic therapy
with existing cytotoxicity and endocrine therapy would be a promising choice for breast cancer
patients (Lustberg and Eamaswamy, 2011). Recent studies on HDAC class I, the HDAC1 and
HDACS expression in breast tumors established their potential therapeutic and prognostic
significance in breast cancer. Both interact either directly or indirectly with Estrogen Receptor (ER)
and Progesterone Receptor (PR), as well as with pb3. In addition, HDAC1 association with breast
cancer susceptibility gene breast cancer 1 (BRCA1) playing an important role in breast cancer
pathophysiology is well known documented (Krusche ef «l., 2005). HDACS represses gene
expression by directly binding to the transcriptional corepressor of Silencing Mediator for Retinoid
and Thyroid (SMRT) hormone receptors and nuclear receptor corepressor (N-CoR). Though the
numbers of HDAC1 were developed, they are yet to be available in the market and are only in
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clinical phases. I'n stlico approach of drug discovery reduce the cost and time of drug discovery and
development. Synergistic combination of pharmacophore method with other molecular modeling
approaches as docking is a good strategy to give key information and further improve the response
of compound activity (Yang et al., 2002),

Therefore, in the present study, modeled the HDAC1 as well as HDACS3, analyzed their
interaction with the known natural and synthetic HDAC1 including those in phase I/I1 clinical trals
to find the apposite breast cancer specific inhibitors. The Virtual Screening (VS) resultants for
HDAC1 and HDAC3, curcumin have highest binding energy and improve its drug-likeness
property. Hence, the aim of present study is identification and development of best breast cancer
progression preventing drug leads by selectively inhibiting HDAC1 and HDACS.

MATERIALS AND METHODS

Homology modeling: For solving the structures of HDAC1 and HDACS proteins, HDAC1
comprising 482 amino acids (Genbank accession number CAG46518.1) and HDACS3 consist of
428 amino acids (Genbank accession number NP 003874.2) were obtained from the National
Center for Biotechnology Information (NCEBI) (Geer et al., 2010). Basic Local Allignment Search
Tool (BLAST) search against the protein blast (blastp), three dimensional structure of HDAC2 (PDB
1D 3MAX) showing high sequence similarity with both proteins and used as a template for both
proteins (Friedrich ef al., 2007). Modeller 9V8 was used to generate the three dimensional structure
(Paramasivan et al., 2011). The stereochemical quality of the constructed homology models was
assessed by running the structure assessment tocl PROCHECEK (Laskowski et al., 1993). Finally,
the refined 3D structures were visualized by PyMoL Viewer (Seeliger and de Groot, 2010),

Active site prediction: The active sites of both proteins were identified by using a CASTp server
{Binkowski et al., 2003). It detected all the feasible pockets in the protein structure. The first pocket,
was chosen as the biclogically most favorable active site for docking studies.

Ligand molecules: The higand molecules comprising natural and synthetic HDACI retrieved from
NCBI-PubChem (La et al., 2010) and DrugBank database (Wishart ef al., 2008) were used in the
present study. Best compound similar structures were collected from a ChemBank database
(Seiler et al., 2008). The structures were drawn using Chem©Sketch 12.0 Software. (Osterberg and
Norinder, 2001} and energy minimized by Discovery studio [http:/accelrys.com/products/discovery-
studio/fvisualization].

Molecular docking: The docking simulation was carried out by performmng docking ligands to
their macromolecular receptors using AutoDock 4.0 (Morris ef al., 1998). In the semi-flexible
docking performed, the target protein was kept as rigid whereas the ligands as flexible and their
torsional roots were detected. During docking, Kollman united atom charges, solvation parameters
and polar hydrogens were added to the receptor PDB file. Gasteiger charge was also assigned for
ligand molecule manually and the non-pelar hydrogens were merged. For each ligand, 100 docking
runs conformers were specified. The ligand-protein interaction images showing the type and
distance of interacting atoms, pocket information or functional sites of protein interacting with the
ligand molecule were viewed.

Molecular property screening: The molecular descriptors LogP, Molecular Weight (MW),
number of hydrogen bond deonor (DON) and acceptor (ACC) were calculated by Molinspiration
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server [http://’www.molinspiration.com/cgi-bin/properties]. Violation of “Lipinski’s Rule of Five®
(LipViol) was recorded, if LogP>4, MW=>500, DON>5 and ACC>10 (Ertl, 2012). Solubility,
drug-likeness and drug score were studied by Osiris molecular property prediction server
[http:/fwww. organic-chemistry.org/progfpeo/].

RESULTS AND DISCUSSION

Homology Modeling of HDAC1 and HDACS proteins: HDAC1land HDACS three dimensional
structures were modeled using human HDACZ as a template. The search was done using the Basic
blastp exhibited the highest sequence similarity (84%) and E Value (0.0) between the modeled
target HDAC1 and the template. HDACS sequence also shared 85% sequence similarity and E
Value 1e717% with the template. The local geometry of the optimized structures was revealed by
Ramachandran plot. Both modeled structures show good sterecchemistry (Fig. 1a, b). Three
dimension (31)) modeled HDAC1 and HDAC3 PROCHECK torsion angle analysis shown that 93.1
and 91.86% of residues were in the most favered regions respectively (Fig. 2a, b). The active sites
in the modeled proteins grid box with dimension of 63.71x29.05x3.780A° were used.

Virtual sereening: Docking simulations were performed for 25 natural and 23 synthetic HDAC:
using AutecDock program. Docking study revealed each inhibitors different affinities with the
protein. The natural compound binding energy scores, interacting amino acids shown in Table 1.
The natural HDACI, curcumin was found to be best docked to HDAC1 and HDACS with highest
binding energies -10 and -10.3 kecal/mol, respectively (Fig. 3a, b) and it interacts with the active
site of catalytic Zn®" trihedrally coordinates to the side chains of amino acids. Only one natural
HDAC1 approved by FDA, romidepsin shows sparingly low binding energy of -4.55 kcal/mol
for HDAC1 and for HDAC3 -3.45 keal/mol and it doesn't interact with the active

Fig. 1(a-b): Three dimensicnal structure of (a) Modeled histone deacetylase 1 and (b) Histone
deacetylase 3 proteins, Zn (Ash) shown in sphere
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Fig. 2{(a-b): Ramachandran plot statistics of {(a) Histone deacetylase 1 model shows, 93.1%

present in allowed regions and (b) Histone deacetylase 3 shows 91.86% of the
residues in the allowed regions

Fig. 3(a-D):

Curcumin interact with (a) Histone deacetylase 1 (HDAC1) protein zinc ion is
gshown as sphere (ash), (b) Curcumin interact with histone deacetylase 3
(HDACS3), (c) Food and Drug administration (FDA) approved natural compound
romidepsin interact with HDAC1 no interaction with zinc ion is shown as sphere,
(d) Romidepsin interaction with HDACS, (&) FDA approved suberoylanilide
hydroxamic acid (SAHA) interaction with modeled HDAC1 and {f) SAHA interact
with HDACS

29



Trends Bioinform., 6 (2): 25-44, 2013

9L TdsY-FEN ‘9L1d5V-G20 (D9FUR-920 BETAHD

30

FTAB6EN GETST-0T0 ‘Z9T4D-Z10 G20 ‘TOEAE-920 ‘LOLILL-Z20 BPIAID-EZ0 BLISUI-9E0  8TF- Z9'6- TFLO0F9 v undewures
ggedsy-uz jL1dsy pLidsy-ug ‘gLisniyg
UZ, UZ-TZ0 TLISTI-TZ0 BETIALTZ0 ZTEAE-RZ0 9TUH-8Z0 ‘66d5V-120 BedSY-0E0 918 9'9- 1L8Y ULISJTUIO
£6dsy-910 FOZILL-B0 BLISIH-80 QLISTH-LTIO ‘ROSIAL-9T0  29°C- 89'G- 188ELFY sprjousiIIEJ
- BEBIEL020 Bgadsy
020 BLTSH-020 Beedsy-ug ‘oL1dsy ‘Dardsy
Uy, [ZLISH-UZ, UZ-0Z0 UZ-610 BLISTH Fogdsy-ug j9r1dsy ‘oL 1dsy-uz BLISTH-AUZ ‘UZ-0%) F9zdsy
610 0L14sV ‘0L1dsy-610 GETSTH-610 FEISTH 610 -020 9LT1dSY-0Z0 ‘L0SIAL-020 BLISTH-OZ0 OFISIH-6I0  98'8- 18'9- 0S¥08ES P1Ie JouT"]
£6dsy-9£0 BLISTI60  L8'S- £F'L- £16LELVE apozeIe]
£65V-L2N ‘£6dsv-620 ‘6eedsvy
uy, ‘ZLIST-UZ, L1dsy ‘0L1dsy-ug UZ-20 ‘GETSTH-Z0 LZAD-6Z0 B6dsV-7EN BedSV-1EZN T'9- £8°G- 9TLOEES a[oZEqIed0[opU]
ZLISTH-FO ‘86TIAL-F0 ‘6gzdsy-uy ‘oL1dsy DL1dsy 1LZ09T-610 ‘BLISTH-FO F9gdsy-uz BLISH-UZ ‘9L1dsy
U7, ‘ZLISTH-UZ UZ-870 892d5Y-820 QEISTH-820 ‘gL1dsy-ug ‘gr1dsy-870 UZ-830 BLISTH-8Z0 TFISTH-8Z0  16°L- 89L- FO8L0T urxo)-JH
ZLISTH-UZ ‘sgzdsy-ug {pL1dsy ‘oL 1dsy-ug 'ug-oro 0L1dsvy oLrdsy
010 B22d5V-0T0 FEISUI-0T0 86ZIAL-LTO LETAH0IO  8E8- 1L 08901 SUDAE]]
ggzdsy ‘ggzdsy-uy fnL1dev ‘0L1dsv PEBIV-GTO OETVIV-STO EOLIALUZ ‘BLIST U7 Fozdsy
Uy, UZ-F1O FEISTOT0 ‘0LTISV-FI0 96240 F10 uy ‘gL1dsy ‘gLTdsY-UZ UZ-FTO F92dSV-FIO BLISTIFIO  29°L- LE9- GELRETY ursepnde(g
SETSTH-Z10 BTITY-LT0 BTEIY 9ETelY-F20 FTILL-GIO ‘9L1dsy ‘gL1dsy
-20 ‘BLISTH-9Z0 0L1dsy ‘OL1dSy-uZ ZLISTH-CIO Uz DFISTH-G10 ‘9L1dsy-g10 F92dSV-Z10 ‘ROEISL-ZI0  S98LIF  B'LBSE 6103 UTAWoUT)Je(]
SETSTH-ZTO BTIIV-LEO 8231V -20 ‘pogdsy-uy (oL1dsy ‘pr1dsy 9ETeIV-F20 BLISTH-UZ ‘gL1dsy ‘9L1dsy-uz DFISIH-210
U7, UZ-GTO ‘GETSTH-GTO BLIS-GT0 652dsv-510 02148V -G10 UZ-GTO UZ-Z1O BLISIH-ZTI0 F92d5y- 210 £0T- 01- 912696 UTUINDIM,)
ZLTSTII-010 ‘egedsy-ug 0L1dsy ‘DuL1dsy-uy ZL1sm] SLTSTUI-6T0O BLISII-UY ‘or1dsy-uy Fozdsy
Uy, uz-L7 0L1dsy 0L1dSV-LZ0 FPEISHI-LEO GEISHI-A20  UZ F92dsy-L20 oL1dsv ‘oL1dsv-L20 BLTASY-LE0 (OFISTII-L20 994 TOL- FETFET ursopAurery;)
ZLTST-UZ (0L 1dsy-ug gegdsy-uz UZ-£20 R6EIAL-EE0 BLISTI-Z0  LE'S- LG £GET SULIBQ 1Y
) - T £T7- 9FEZ  9)EUBADOT]-0ST [AZUsg
86TIAL-BTO ‘TLISTH-UZ ‘0L1dsy ‘DL1dsy-ug uz-9£0 ‘6ogdsy SLISTH-90 QLIS -UZ ‘gx1dsy ‘gr1dsy-uy, F9zdsy
-9£0) UZ-LE0 0LTASY QLTASV-LEQ TLISTI-LED U7, UZ-LEO OLTASY-LED BLTSII-LED Fo2dSV-LE0 ‘COCIAL-LEQ  ET6- 668" 10796091 [ SpTIEUM.ZY
ZLTSII-UZ ‘egzdsy-uy L1dsy ‘Da1dsy gL1dsy-uz Fozdsy-uz ‘9.1dsy-uz
uy, uz-re0 B52dsy-re0 0L1dSY-FEO FEIFUIFLO UZ-FEO OLTASY-FEO BLISTH-FEO OFISTI-FEO  LO8- S68- £1T9609T (I eplureumzy
ZLISTH-90 ‘0L1dsy-ug ‘ZListyg
ug uz-pe0 $9545V-FE0 0L1dSY-FEO BLISTHFEO LOLIAT-LEN Fozdsy-uy gr1dsy ‘gr1dsy-uz
BLISTH-UZ ‘UZ-980 ‘BLISTH-9L0 ‘BOSIAL-980 TFISH-980  69'8- 9£'8- Z0196091 ¥ oprueumzy
99zZ09T-L0 £6dSY-6T0 ‘BETILL-GE0 ‘ZESUI-EFO - ¥g £O°TT T08L9T urpntdy
EJVUH IDVAH €0VAH T1QVAH dID weyxng punoduos femyeu
................................................................................................................................................................................................................. 811 JO oUIE ]
SPIdE oUTUre Hur)deleiur urejold ILa ) V([ Tednyeu usamiaq Surpuoq usBoIpAf] (Towr,Te0y) 81028
ASreue Surpurg

SOV(IT PUe TOV(T 10F SPIJe OUTre SUTeleut pue A31eus SUIPUIG )V TT TeIIeN 1T 9198,



Trends Bioinform., 6 (2): 25-44, 2013

£ osepf1e0eap eUOISTH (VL ‘T @Serfledesp suosT TV I0IqIUUT ese[Aledesp SU0ISTI THV(IH

Fr1oyd 6FLATD
610 ‘BTIAL-BI0 Bgedsy-uz GLISTHUZ ‘0s1dsy ‘DL1dsy 50 BLISTH-E10 ‘F9gdsy-ug ‘gL 1dsy ‘9L1dsy-ug ‘8LTSTH
UZ, UZ-E10 BETIALETO DLISV-E10 BLISTH-EIQ  -UZ UZ-TTQ BLISTH-TT0 ‘9L 1dSY-110 OFISIH-T1O ‘TFISH-T10 1¥'9- 689 TELFFY V UTpe)soyoLL],
66d5V-60 ‘E0LILL-EFO BLISIH-UZ ‘gr1dsy ‘gr1dsy
£6dsv-60 UZ UZ-0F0 *ROEIAL-OFO BLISTH-0FO TFISH-0FO G- £7°L- £0BY6E g urxodesy,
sgzdsy-ug r1dsy ‘oL1dsy-uz gLIsTH gL 1dsy ‘gL1dsy-uy Fogdsy-uz 8LISTH
uZ UZ-T1F0 0LTASV-TFO FEISTH-TFO GETSTH-TFO  -UZ UZ-T70 F92dEV-170 BLISTH-TFO OFISIH-TFO THFISH-TFO 18°9- 80L- SL8T 2T v urxoder],
£6410-60 Berdsy-uy, (oL 1dsy QLidsy-ug ZLIsTH SLTSTH-UZ ‘gL1dsy ‘g 1dsy-ug Fozdsy
UZ UZ-g0 BGEAEV-G0 BLISTH-GO 0L1d8V-G0 ‘GETSTH-GO ug, Uz-G0 F9ZIEV-G0 BLISTH-G0 TFISTH-G0 OFISTH-S0O 8L'Y LSS 18201 suoumbouriyy,
0L1dsy ‘pLidsy-uy ‘segdsy-ug gLISTUZ UZ-£0 00£410-8N ‘9L 1dsy ‘gz 1ds-uy Fozdsy-uy BLTSTH
‘ou1dsy ‘0L T1dsY-£0 652d8V-20 BLISTH-EO FEISTH-E0 Uz UZ-£0 F9245Y-£0 BLISTH-£0 96TdSV-£0 TFISIH-£0 18°5- 97°g- 05 eueyderorng
- - JANN qr'9- F6L083S [om)sEWEng
99zMe-#10 £6d5v-G0 664sv-60 i 99" T0029E9 ursdopruiey
EO0VAH IDVAH E0OVJH 1OVAH  JID weyxqng punoduios [emyeu
................................................................................................................................................................................................................ a1]] JO 9 UIEN]
SPIJe ourTwe SumnJeejur ureiold ITA IOV TeIEU Usamieq SUTpuoq UeSoIpAf] ([our,Teoy) 81008
ASreus Surpurg

QNUIUI0 T IT @[qE],

31



Trends Bioinform., 6 (2): 25-44, 2013

site of the Zn% ion (Fig. 3¢ and d). Interestingly, the well known Trichostatin A (TSA) also exhibited
a binding energy of -6.89 keal/mol with HDAC1 and -6.41 keal/mol with HDACZ2, The other natural
HDACi including berberine, flavenes, indolocarbazole, largazole, parthenoclide, pomiferin,
psammaplin A, romidepsin as well as trapoxin B exhibited interaction with amine acid but not with
the Zn?". Apicidin, Benzyl iso-thiocyanate and Stigmasterol not suitable for both proteins because
it dosen’t interact with HDACT, for HDACS except apicidin, other two compounds doesn’t show
interaction.

Among all 23 synthetic compounds in Table 2, CRA 024781 has shown a high binding energy
of -9.99 keal/mol with HDAC1 however, it does not shown interact with the Zn*". For HDACS,
MGCDO0103 showed the high binding energy of -9.86 keal/mol. The reference standard SAHA
exhibited as much close binding energy -7.28 and -7.86 kecal/mol (Fig. 3e and f) with HDAC1 and
HDACS, respectively. Trithio carbonate doesn’t show interaction and Tubacin interacting with
amino acids but no interaction in Zn? in both proteins. The following synthetic HDACI APTA,
BMLZ210, CI-994, CRA 024781, CUDCI101, seriptaid and tubacin which were good binding energy
with HDAC1 but doesn’t intract with Zn?". The natural compounds Methotrexate and Pyroxamide
for HDAC3 showed interaction with amino acids, dosen’t show any interaction with Zn* in both
the proteins.

The molecular properties of high score molecular docking hit HDACI compounds when
subjected to Lapinski’s screening, curcumin, trichestatin A and indclocarbazole are resulted as
Lipinski positives (Table 3) among natural compounds making them potentially promising
agents. The synthetic HDACi Viz N-(Z-aminophenyl}-4-[N-({pyridin-3-yl-
methoxyearbonyl)aminomethyl|benzamide derivative (MS-275), 3-(4-dimethylaminophenyl)-N-
hydroxy-2-propenamide (IN-2001), Oxamflatin, Pxd101, Scriptaid, SAHA, Dacinostat, An-9,
Panobinostat (LBH-589), Phenyl butyrate, CUDC101 and N-(2-Aminophenyl)-IN' phenyloctanol
diamine (BML-210) are also found as non violators of Lipinski's (Table 4) parameters, compare to
curcumin shows less binding energy. Even though CUDC101 and BML-210 followed the Lipinski’s
rule, there is no interaction with Zn*.

Out. of the forty eight molecules, curcumin showed high affinity with both proteins. The
catalytic Zn” trihedrally coordinates to the side chains of amine acids, interacts through hydrogen
bonds and satisfies the Lapinski’s rule. However, curcumin showed poor drug-likeness and
necessitates generation of their analogues for overcomng this hitch and improvement of their
drug-likeness property. Based on pharmacophore model, thirteen different analogues of curcumin
were retrieved from ChemBank database. Thirteen analogue compounds binding energies and
interacting amino acids are in Table 5, ocut of 13 analogue compound (1K 4E)-1,5-bis(3,4-
dimethoxyphenyl)penta-1,4-dien-3-one secures high binding energy of -10.20 and -10.27 kcal/mol
for HDAC1 and HDACS3, respectively. Physicochemical properties (Table 6) were calculated for
13 analogue compounds; interestingly all satisfies the Lipinski’s rule. Further study of drug likeness
and drug score (Table 7) property, only three compounds satisfy, they are (2E, 6E) -2, 6-
bis (3, 4-dimethoxybenzylidene) cyclohexanone, (1K, 4E) -1, 5-bis (3,4-dimethoxyphenyl) penta-1,
4-dien-3-one and (2K 5E) -2, b-bis (3,4-dimethoxybenzylidene) cyclopentanone. Even though only
(1E, 4K)-1,5-bis (3,4-dimethoxyphenyl) penta-1, 4-dien-3-one only interacting with the active site
of Zn%, the His140, His141, Asp176, His178, Asp264, Aspl76 and Tyr24 amino acids interacts
through hydrogen bond. It exhibited about -10.27 keal/mol of binding energy when it interacts
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Table 3: Molecular and bicactivity property measured for natural compounds

Molecular property Bioactivity property
Name of the
natural compound LogP TPSA MW noy  Newny GPCR lon Cha Mod Kinase Imh Nuc Rec Lig Protease Inh Enzyme Inh
Apicidin 3.41 13884 623.80 11 3 0.1 -0.62 -0.4 -0.75 0.28 0.07
Azumamide A 0.86 15949 513.64 10 6 0.29 -0.06 -0.11 -0.22 051 017
Azumamide D 0.08 15949 48559 10 6 0.3 0.05 -0.12 -0.13 0.47 0.17
Azumamide E 1.38 153.69 bBl4.62 10 5 0.34 -0.01 -0.19 -0.1 0.52 0.23
Benzyl
isoThiocyanate 3.01 1236 137.00 1 0 -352 -2.89 -3.92 -3.99 -3 -2.94
Berberine 0.20  40.82 336.37 5 o -011 0.71 -0.27 -0.78 -0.35 0.82
Chlamydocin 0.88 137.20 526.63 10 3 0.41 -0.08 -0.08 0.04 0.8 0.38
Curcumin 230 93.07 368.00 6 2 -0.06 -0.2 -0.26 012 -0.14 0.08
Dactinomycin 0.78 35998 125544 28 6 491 -5.32 -5.37 -5.41 -4.66 -5
Depudecin 0.20 6551 212.25 2 03 -0.03 -0.12 0 -0.16 0.6
Flavone 3.74 3021 222,24 2 0 03 -0.21 -0.12 -0.18 -0.52 0.03
HC-toxin -1.06  137.20 436.51 10 3 0.31 -0.03 -0.1 0 0.75 0.37
Indolocarbazole 3.81 9998 385.38 7 3 -007 -0.14 0.58 -0.26 -0.14 0.28
Largazole 196  7.77 478.81 2 o] 017 -0.41 -0.61 -0.36 0.48 0.49
Linoleic acid 6.86 37.30 280.45 2 1 0.29 0.17 -0.16 031 012 0.38
Parthenclide 2,09 38.83 248.32 3 o] 0.43 -0.07 -0.55 1.16 0.04 1.1
Pomiferin 5.24 10013 420.46 6 3 01 -0.31 0.01 0.69 -0.24 0.47
Psammaplin A 3.43 163.84 664.40 10 6 0.09 -0.41 -0.22 0.08 -0.1 0.14
Romidepsin 1.60 14270 540.71 10 4 0.26 -0.34 -0.47 -0.53 0.48 0.45
Stigmasteral 7.87 20.23 412.00 1 012 -0.08 -0.49 0.74 -0.02 0.53
Sulforaphane 1.15 2044 177.29 0 -035 -0.59 -1.98 -0.84 -0.72 0.44
Thymogquinone 1.90 34.14 164.20 o -14 -0.31 -1.27 -1.47 -1.44 -0.4
Trapoxin A 236 137.20 602.73 10 3 01 -0.58 -0.36 -0.43 0.45 -0.02
Trapoxin B 1.86 137.20 588.69 10 3 0.21 -0.43 -0.24 -0.15 0.59 0.08
Trichostatin A 268 6964 302.37 5 2 0.05 -0.16 0.16 0.38 0.22 0.63

LogP: Logarithm of partition coefficient, TPSA: Total Polar Surface Area, MW: Molecular weight, noy: No. of Hydrogen bond acceptor,
Tiouwy: No. of Hydrogen bond donor, GPCR.: (G protein-coupled receptor, Ion Cha Mod: lon channel modulator, Kinase Inh: Kinase inhibitor,
Nuc Rec Lig: Nuclear receptor ligand, Protease Inh: Protease inhibitor, Enzyme Inh: Enzyme inhibitor

Table 4: Molecular and Bioactivity property measured for synthetic compounds

Molecular Property Bioactive property

Name of the

synthetic compound LogP  TPSA MW Ty  Tegwy GPCR Ton Cha Mod Kinase Inh Nue Rec Lig Protease Inh  Enzyme Inh
AN-9 2.86 5261 202.25 4 0 -033 0.08 -0.57 -0.29 -0.22 0.04
APHA 1.58 79.29 284.32 5 2 013 0.01 -0.01 0.01 012 0.24
BML 210 3.92 84.22 339.44 5 4 -0.07 -0.15 0 -0.27 0.01 0.06
CBHA 031 9865 222.20 6 4 -028 -0.53 0.15 -0.44 0.43 0.75
CI-994 148 84.22 269.30 5 4 025 -0.32 -0.03 -0.61 -0.22 0.05
CRA024781 1.99 104.04 397.43 8 3 -001 -0.44 -0.01 -0.42 0.35 011
cuDciol 3.86 10561 10561 8 3 0.27 0.05 0.75 -0.07 0.3 0.53
Dactinostat 258 8858 379.46 6 4 0.38 -0.06 0.42 0.07 0.45 051
IN-2001 215 8166 339.40 6 3 0.08 -0.26 0.22 0.02 0.39 0.39
LBH-589 319 77.14 349.43 5 4 0.27 -0.11 0.27 -0.08 0.34 051
Methatrexate -1.97 210485 4b4.45 13 7 0.51 0.23 0.38 -0.38 0.27 0.72
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Table 4: Continue

Molecular Property Bioactive property
Name of the
synthetic compound LogP  TPSA MW Ty  Tegwy GPCR Ton Cha Mod Kinase Inh Nue Rec Lig Protease Inh  Enzyme Inh
MGCDO0103 294 10582 396.45 7 4 013 0.03 0.61 -0.18 -0.1 0.27
MS-275 203 10635 37642 7 4 0.23 0.21 0.29 -0.14 0.4 0.37
Oxamflatin 219 9550 342.38 6 3 0.28 -0.06 0.27 0.45 0.72 0.71
Phenyl butyrate 219 2631 204.27 2 o0 -041 -0.05 -0.79 -0.27 -0.66 -0.06
PXD101 219 9550 318.35 6 3 0 -0.45 -0.04 -0.02 0.42 0.42
Pyroxamide 140 9132 265.31 6 3 0.03 -0.14 0.24 -0.41 0.48 0.52
SAHA 247 7842 264.33 5 3 -007 -0.3 0.03 -0.39 0.42 04
Scriptaid Suberic = 240  88.40 326.35 6 2 012 -0.33 0.09 -0.26 0.45 0.45
bishydroxamate 045  98.65 204.23 6 4  -0.33 -0.36 -0.31 -0.72 0.33 0.46
Trithiocarbonates  4.84  0.00 262.42 0 o0 05 -0.2 -0.56 -0.48 -0.52 0.1
Troglitazone 5.03  84.87 441.55 6 2 0.22 -0.48 -0.79 0.74 0.05 011
Tubacin 7.65 143.15 721.88 10 4 -l1.02 -2.28 -1.46 -1.63 -0.49 -1

LogP: Logarithm of partition coefficient, TPSA: Total Polar Surface Area, MW: Molecular weight, n.y: No. of Hydrogen bond acceptor,
Doy No. of Hydrogen bond donor, GPCR: G protein-coupled receptor, Ion Cha Mod: Ion channel modulator, Kinase Inh: Kinase inhibitor,
Nuc Rec Lig: Nuclear receptor ligand, Protease Inh: Protease inhibitor, Enzyme Inh: Enzyme inhibitor

Fig. 4(a-b); (1K,4K)-1,5-bis (3,4-dimethoxyphenyl) penta-1,4-dien-3-one interact with histone
deacetylase 1 (HDACT) (a); (1K,4K)-1,5-bis (3,4-dimethoxyphenyl) penta-1,4-dien-3-
one interact with histone deacetylase 3 (HDAC3) (b)

with HDACS amino acids His134, His135, Asp170, His172, Asp259, His172 and Arg28 were found
as interacing through hydrogen bond. It contains twenty one carbon atoms, twenty two hydrogen
atoms and five oxygen atoms, specifically the tenth carbonyl oxygen interacts with the active site
of the Zn®*" ion by the distance of 1.9A° in both proteins (Fig. 4a, b), molecular properties such as
LogP value 3.53, solubility-4.6, drug likeness 3.31 and drug score 0.71 which were well within the

acceptable range. Remaining curcumin analegue compounds interaction with HDAC1 (Fig. 5) and
HDACS (Fig. 6) were also given,
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Table 7: Solubility, Drug likeness and Drug score for Curcumin and curcumin analoguies

Curcumin and IUPAC Name of curcumin analogue Solubility Drug likeness Drug score
Curcumin -3.62 -3.95 0.39
1-(3, 4-dihydroxyphenyl)-7-(4-hydroxy-3-methoxyphenylhepta-1, 6- diene-3, 5-dione -3.31 -3.27 0.42
1, 7-bis(4-hydroxy-3-methoxyphenyhhepta-1, 6-diene-3, 5-dione -3.62 -3.95 0.39
(1K, 6K)-1, 7-his(4-hydroxy-3, 5-dimethoxyphenylhepta-1, 6-diene-3, 5-dione -3.66 -3.13 0.38
(1K, 6K)-1-(3-hydroxy-2-methoxyphenyl)-7-(3-hydroxy-4-methoxyphenyDhepta-1, 6-diene-3, 5-dione  -3.62 -3.14 0.4
1, 7-bis(4-methoxyphenyl)hepta-1, 6-diene-3, 5-dione -4.21 -4.42 0.36
1, 7-bis(1, 3-benzodioxol-5-yl)hepta-1, 6-diene-3, 5-dione -5.6 -4.14 0.27
1-(3, 4-dimethoxyphenyl)-4, 4-dimethylpent-1-en-3-one -3.09 -3.62 0.43
(2E, 6E)-2, 6-bis(3, 4-dimethoxybenzylideneeyclohexanone -4.66 0.51 0.46
(2E, 6K)-2, 6-bis(4-hydroxy-3-methoxybenzylidene)cyclohexanone -4.03 -1.25 041
(3K)-4-(3, 4-dimethoxyphenyl)but-3-en-2-one -2.48 -0.07 0.44
(1K, 4K)-1, 5-his(3, 4-dimethoxyphenyl)penta-1, 4-dien-3-one -4.06 3.31 0.71
2K)-2-(3, 4, 5-trimethoxybenzylidene)kyclohexanone -3.25 -3.66 0.43
(2E, BE)-2, 5-bis(3, 4-dimethoxybenzylidene)cyclopentanone -4.39 2.39 0.59
DISCUSSION

Virtual screening is now became an alternative drug development strategy for many
challenging areas including cancer drug development. The vast array of natural and synthetic
products demonstrating the anticancer activity against tumor cell lines demands computational
screening for rapid identification and development of potential therapeutic leads. Hence, worldwide
pharmaceutical industries are investing torrential in virtual screening technologies. As suggested
{(Lapinski et al., 2001), the current trend of carrying out lead optimization for selecting the
compound or compounds with the greatest potential to be developed into safe and effective
medicines was applied in this research. HDACi have been shown to bind directly to the HDAC
active site and thereby inhibits deacetylation through blocking substrate access. A wide range of
structures has been shown to inhibit the Class I/Il HDAC enzyme activity., Almost all HDAC
inhibitors have a common characteristic pharmacophore including of a metal binding demain, a
linker domain and a surface recognition domain (Noureen ef al., 2010). Hence, general
pharmacophore having these characteristics can be proposed for the HDAC inhibitors. Already
several Zn”" dependent HDACI classified as short-chain fatty acid, hydroxamic acid, benzamide and
cyclic tetra peptides are well known. The Food and Drug Administration (FDA) approval given to
SAHA and romidepsin validates the prospects of HDACI as anticancer therapeutics (Chou et al.,
2011).

The natural compound repository by virtue of their vast array of chemical diversity and unique
properties could continue to act as a promising source for developing new-targeted anticancer
agents. As a part of this study continuing effort to identify novel breast cancer implicated HDAC1
and HDAC3 inhibitors, a panel of small molecules including both natural and synthetic compounds
were virtually screened. Natural compounds likes the Curcuma longa plant derivative curcumin
{Akram et al., 2010) and Streptomyces hygroscopicus metabolite TSA (Izawa ef al., 2009) has shown
high molecular interaction with the modeled breast cancer specific HDAC1 and HDACS. Earlier
attempts to determine the relationship between the structure information and the breast cancer
implicated HDAC inhibitory potency was scarce in the literature. The analysis of the best docked
ligands allowed knowing the likely binding mode of these HDACi compounds and their possible role
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Fig. b{a-l):

Curcumin analogues interact with histone deacetylase 1 (HDAC1) protein, 1-(3,4-
dihydroxyphenyl)-7-(4-hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione  (a);
1,7-bis(4-hydroxy-3-methoxyphenyDhepta-1,6-diene-3,5-dione  (b): (1E,6E)-1,7-
bis(4-hydroxy-3,b-dimethoxyphenylhepta-1,6-diene-3,56-dione  (e¢): 1K 6E)-1-(3-
hydroxy-2-methoxyphenyl)-7-(3-hydroxy-4-methoxyphenyl) hepta-1,6-diene-3,5-
dione (d); 1,7-bis{4-methoxyphenylhepta-1 6-diene-3,5-dione {e): 1,7-bis(1,3-
benzodiozol-b-yDhepta-1,6-diene-3,5-dione ) 1-(3,4-dimethoxyphenyl)-4,4-

dimethylpent-1-en-3-on (g); (2E ,6K)-2,6-bis(3,4-dimethoxybenzylidene)
cyclohexanone (h): (2K 8K)-2 6-bis{4-hydroxy-3-methoxyvbenzylidene)
cyclohexanone G): ((3K)-4-(3 4-dimethoxyphenylbut-3-en-2-on (j); (2K)-2-(3,4,5-
trimethoxybenzylidene) cyclochexancne (k); (2E,BE)-2,5-bis(3,4-

dimethoxybenzylidene) cyclopentanone (1)
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Fig. 6(a-l):

Curcumin analogues interact with histone deacetylase 3 (HDACS) protein, 1-
(3,4-dihydroxyphenyl)-7-(4-hydroxy-3-methoxyphenyl )hepta-1,6-diene-3,5-dione
(a): 1,7-big(4-hydroxy-3-methoxyphenylhepta-1 6-diene-3,5-dione (b): (1K 6EK)-
1,7-bis(4-hydroxy-3,5-dimethoxyphenylhepta-1,6-diene-3,5-dione  (c);1E 6E)-1-
(3-hydroxy-2-methoxyphenyl}-7-(3-hydroxy-4-methoxyphenyl) hepta-1,6-diene-
3.b-dione {(d) :; 1,7-bis(d-methoxyphenylhepta-1,6-diene-3,5-dione (e); 1,7-
bis(1,3-benzodioxol-5-yDhepta-1,6-diene-3 5-dicne  (£):1-(3,4-dimethoxyphenyl)-
4,4-dimethylpent-1-en-3-on  {g); (2E ,6K)-2,6-bis(3,4-dimethoxybenzylidene)

cyclohexanone (h): (2K 8K)-2 6-bis{4-hydroxy-3-methoxyvbenzylidene)
cyclohexanone §): ((3K)-4-(3,4-dimethoxyphenyDbut-3-en-2-on §): (2K)-2-(3,4,5-
trimethoxybenzylidene) cyclohexanone k): (2E,BE)-2,5-bis(3,4-

dimethoxybenzylidene) cyclopentancne (1)

41



Trends Bioinform., 6 (2): 25-44, 2013

as chemo preventive agent. Binding energies of the drug-enzyme (receptor) interactions are
important to describe their fitness to bind with the target macromolecule. The obtained results were
useful to understand the structural features required to enhance the inhibitory activities
{(Phosrithong and Ungwitayatorn, 2010),

Although curcumin is known as non-toxic, anti-inflammatory and anti-cancer active agent, the
preclinical as well as clinical studies indicated their poor bicavailability and pharmacokinetic
profiles, limiting its application in anti-cancer therapies. Though many synthetic modifications of
curcumin aimed at their bicactivity enhancement were intensively studied, only a few focused on
the pharmacokinetic profile improvement (Tsai ef al., 2011; Reuter et al., 2011). Even though the
anti carcinogenic property of curcumin is known, the exact mechanism of its action or the identity
of the target receptor is not completely understood till yet (Chakraborti ef af., 2011). The present,
prediction information on curcumin breast cancer HDACI activity would provide a novel lead for
breast cancer research. During drug design, more than a few factors including the normal
“drug-like” and Absorption, Distribution, Metabolism and Excretion (ADME) concerns have to be
taken into consideration to reduce late-stage attrition (Tambunan and Wulandari, 2010).
Therefore, the present study, ADME parameters were calculated according to the Lipinski's “rule
of five”

Synergistic combining of molecular docking with pharmacophore modeling based breast cancer
targeting HDACH identification has not been studied earlier. Although HDACT and HDACS shares
some structural and functional similarities with other class I HDACs, it exists in multi subunit
complexes separate and different from other known HDAC complexes, implying that HDACs might
function in a distinet manner (Yang et al., 2002). Hence, the potentiality of breast cancer specific
HDACI targeting regulation of their global gene expression by epigenetic modification would offer
potential anticancer therapeutic leads.

CONCLUSION

The HDAC1 and HDACS proteins play major role in breast cancer, both protein structures were
modeled and the FROCHECK result showed reliability of the proteins. Based on virtual screening
result curcumin has best compound for both proteins but it has poor drug likeness property, to
overcome this problem to further study the curcumin analogue compounds. Based on this study
(1E, 4K) -1,b-bis (3,4-dimethoxyphenyl) penta-1,4-dien-3-one was predicted as a potential lead
drug-like molecule that selectively inhibits HDAC1 and HDACS. The lead active analogue
compound suggested as novel feature candidate may serve as useful leads for breast cancer
therapeutic intervention study.
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