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ABSTRACT

Jumonji domain-containing protein 2 (JMJD2C) playsole in increasing the production of Mdm2 oncogém
overproduction condition. Further, it will inhibthe cell cycle of p53 to suppress tumor growth. pingose of this
research was to study Quantitative Structure AwtiRelationship (QSAR), design new compounds, giréugir
toxicity, and interaction of new compounds with teeeptor. Optimization of three-dimensional sttuet was
performed using HyperChem 8.0.3 with Semi-empifddllL method with iteration limit of 50 and convenge limit
of 0.01. Leave One Out Cross Validation (LOO-CV} wane for predictor value calculation and deteration of
outlier compounds using MOE 2007.09. Multilineagmession analysis was conducted by SPSS Statlstifs The
best QSAR equation was used to find new compouitkdsbetter activity than the parent compound. Stofly
toxicity of new compounds to humans was performtdxtree 2.1.0 and that to aquatic organisms whtained
with Ecosar 1.00a. The interaction of new compouwith receptors was observed using Argus Lab 4ahd
AutoDock Vina. The best QSAR equation wagy #C-3914.398(369.478) - 277.686(329.758M1 HOMO -
176.811(+18.602)logS + 2.820(x0.206ASA H - 368.008(+20.701)ogP(o/w). Three new compounds were
obtained with better activity than that of the pareompound. Compound 1 and 3 were potential catel&dfor
better interaction with receptors JIMJD2C.
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INTRODUCTION

People are reported suffering from diseases sedccalincer. Boyle (2008) stated an estimation that &2 million
cases was found and diagnosed. The mortality detaedd 7 million deaths and 25 million persons livéhe world
together with cancer. World population is growinigder and will increase the incident of cancer.ureiprediction
in 2030, 27 million incident cases of cancer, 1Tiam cancer deaths per year and 75 million carpagents are
exist [1]. In United States, about 63,300 casedsrelst carcinoma in situ and 55,560 cases of melario situ are
expected to be newly diagnosed in 2012 [2].

Due to the high mortality by cancer, many reseaded to the development of new compounds. Hetetiacy
compounds are currently available as anticancegsdriResearcher has been urged to identify candidate

780



Sophi Damayantiet al J. Chem. Pharm. Res., 2014, 6(4):780-785

anticancer drug discovery and its target[3]. JMIGRE reported to be associated with cancer. Oveugton of

JMJD2C will demethylate histones and increase egiwa of Mdm2 oncogene resulting in decreasing yrton

of tumor suppressor gene p53 in cells [4,5,6,7itHarmore, IMID2C has been involved in oesophagedalers by
amplification [8, 9].

Hamadaet al have synthesized a series of inhibitor Jumonjim@m-Containing Protein 2 (JMJD2C) [4].
Quantitative study of the structure and activithatienship series of that IMJD2C inhibitor has heen found to
date. Therefore, the purpose of this study wasterchine the equation which describes the modptedictors that
influence the activity of inhibitor, designing neeompounds with better activity than the parent coumul,
prediction of toxicity and docking study with prote IMID2C.

EXPERIMENTAL SECTION

The research method included the preparation bfeetdimensional model of the structure of the coumgl using
the software HyperChemTM 8.0.3. Then, the model wssd to measure the value of the predictor udieg t
software Molecular Operating Environment (MOE 2@@j.and performed statistical analysis using SPafs8cs
17.0 software to obtain QSAR equation that bestt rieecriteria.

Preparation of three-dimensional model of the $tmaéc of compounds was done by drawing the structire
molecules in two-dimensional plane and the addibbmydrogen. Three-dimensional structure of mdieswas
further optimized by semi-empirical AM1 method witbnvergence iteration limit and limit 00:01 50.

The predictor models were selected with criteria ®f0.8 and the Ftable/ Fcalculated. with a significance level
of 95%. g2 value of each predictor models that haet the criteria was calculated and that with datgf was
selected. LOO-CV was done by eliminating outliemmpounds in order to obtain the best QSAR equation.

Design of new compounds was done by selecting tdpoands of the series JIMJID2C protein inhibitor Hase
research by Hamads al as the parent compound (Figure 1) [4]. Parent cam@ was substituted with variation of
substituents on the aromatic ring structure by isgcheme [10,11]
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.
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Figure 1 Structure of Parent Compund [4]

Best QSAR equation was used to obtain thg & new compounds. Toxicity of parent and new courgbwere
predicted using Toxtree 2.1.0 software and Ecod20. 1Lastly, docking study of their interaction kiteceptors
JMJD2C using software Arguslab 4.0.1 and AutoDoakaivas examined.

RESULTS AND CONCLUSION

Fifteen compounds were structure geometrily optadiand further their predictors were calculatece Value of
each compound was statistically analyzed to olitaénbest QSAR equation that describes the influeficertain
predictors of the IMID2C inhibitor activity. Stéitigl analysis of the first step was through minléhr regression
analysis with 1G, of each compound trial as the dependent variatjeafd the value of each predictor as the
independent variable (X). Multilinear regressionsvémne by combining g with 2, 3, and 4 predictors. In general,
the regression equation can be accepted on QSANR Btthe correlation coefficient (r) to be arouadbetter than
0.8, and if the value of F indicates a significateeel better than 95% [12]. 167 combinations timaets these
criteria were obtained.

The g2 values were calculated by performing LOO46\all models with R value of 0.8 and F ratio to the F table
value of> 1.0. From the calculated value &f gnly 6 models were obtained a positiVevalue indicated [13].
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Table 1 Predictors combination that meet the criteia and has positive g2 value

MOde' qz r Fcalculatec/Ftable
AM1_Eele, log S, log P(o/w), AM1_E 0.071 0.977 4
AM1_HOMO, log S, ASA, log P(o/w) 0.24 0.977 14.784
glob, log S, ASA, log P(o/w) 0.218 0.97 11.576
glob, log S, AM1_E, log P(o/w) 0.095 0.948 9.623
AM1_dipole, log S, ASA, log P(o/w) 0.0004 0.965 3
glob, log S, AM1_HF, log P(o/w) 0.034 0.941 5.577

The combination of the six models showed Awajues> 0.5 (Table 1). Based on the result on Table 102efs
have the highest value of.cFurther, the value of $ Z-SCORE was calculatédgudOE 2007.09. $ Z-SCORE
value of each compound is shown by Table 2.

Table 2 $Z-SCORE value of each compound

Compound  $Z-SCORE  Compound  $Z-SCORE

1 0.093 10 0.590
2 0.834 10 0.346
3 0.446 11 0.106
4 0.058 12 0.823
5 0.071 13 1.240
6 0.372 14 1.106
7 0.096 15 3.116
8 0.562

According to the Table 2, it was found that compburb acted as outlier. Therefore, it was eliminafiean
multilinear regression since the Z-score was ougfiirement¥ 2.5). Then, the newly calculated value 6fand
R? value equation model was reexamined. Having obththe value of 4> 0.5, the model that fit QSAR equation

was a model equation which has an acceptable wélB&> 0.8 [14].

The best QSAR equation in
*AM1_HOMO-176.811(+18.602)*logS+2.820(x0.206)*ASA -868.008(+20.701)*logP(o/w) withR= 0.987.

this

study was 5IC=

-3914.398(+369.478)

-277.686(+29.759)

Best QSAR equation can be used to calculate threeolss between gtalculation and 16 experimental results.
This can be done by plotting both values in grdggyre 2).
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Figure 2 The plot of experimental IGo and calculated G,
Tabel 3 Relationship between predictors and 16
AM1 HOMO logS ASA_H log P(o/w) 1Go
AM1_HOMO 1 -0.488 0.883 0.703 -0.673
log S 1 -0.808 -0.944 0.338
ASA_H 1 0.931 -0.546
log P(o/w) 1 -0.572
ICsc 1
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Table 3 stated that the most influence predictorewAM1 _HOMO (correlation coefficient = -0673) and
AM1_HOMO interdependence with ASA_H (correlatioretficient = 0833) [15]. Therefore, addition of gpsuin
designing new compounds was done base on the ghligl1_HOMO and ASA_H in order to obtain a bett€g
values. Furthermore, the value of Log S and Log/R were examined to other parameter as impodastriptor
for QSAR antimicrobial and anticancer agents [1B,17

Design of new compounds can be done by first satpet compound of the series IMID2C inhibitor. Comml 14
(ICs0 = 1.3) was chosen as the parent compound. Thegeigf the design of new compounds was to disaoser
compounds with better activity than the parent conmal and the whole series IMJD2C inhibitor. Topdisseme
for aromatic subtituen was used for design of nemmounds.

The aromatic ring substituents on the parent comgowas replaced at different substitution positi¢X3$

ie,-Cl,-OMe,-CH3,-But (tertiary butyl),-CF3,-NMe2NH2, and-F. Substitution was done also by comlginkh
substituents (X and Y) on the Topliss scheme & dint positions. Substituent replacement was tigyneombining
2 identical and different substituents in sequefte used substituents were -Cl, -OMe, -CHS3, -Berti@ry butyl),
-CF3, -NMe2, -NH2, and -F [18,19].

Design of the new compound resulted 486 compouslisthe compounds were then optimized with Hyper@he
8.0.3, semi-empirical AM1 method to limit repetitiditeration) 50 and centering limit (convergen@e)1. The
values of each predictor newly designed compourete wsed in the best QSAR equation to find preatfictif IG,
values. The three compounds with lowegyl@lues in comparison to parent compound are showigure 3.
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Figure 3 Three new compounds with higher activity IC 5o of compound 1: 0.296214; compound 2: 1.213421; cpaund 3: 0.702227)

Toxicity and interaction with the receptor protdiklJD2C of 3 new compounds were further examinediclty
estimation on human was conducted especially imthtagenicity and carcinogenicity studies using@Toxtree
Benigni/Bossa whereas on marine organisms usingdEcb.00 [20, 21]. Results of toxicity using Toetr2.1.0
shows that the compound 1 and compound 3 were toaie than the parent compound and the compound 2.
Toxicity studies using Ecosar 1.00 was done by @nng the predicted number of compounds/L of watdheir
solubility in water. The least toxic to most toxiempound was the compound 3, compound 1, parenpa@and and
compound 2.

After estimating the toxicity of new compounds, tthecking study of the new compounds with its receptas
estimated using Argus Lab 4.0.1 and AutoDock ViRasult of AG value, Total Hydrogen Bonding and Bond
Distance by Argus Lab 4.0.1 are shown in Table 4.

Hydrogen bonding occurs when the distance betweemldnor atoms and acceptor atoms are shorteittieasum
of the atomic radii acceptor atoms (~ 1.5 A), thdius of atomic hydrogen (1.2 A) and the bond lesdietween
the atoms and the hydrogen donor (~ 1 A). Therefire hydrogen bond length is ~ 3.5 A. Longer dists are
considered as dipole-dipole interactions. Good tyen bond has a distance of ~ 2.8 A. Compounds bt
receptor interaction is a compound that has theb\ibbs free energy[22].
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Table 4 Result ofAG value, Total Hydrogen Bonding and Bond DistanceyArgus Lab 4.0.1

Compound  AG (kcal/mol)  Total hydrogen bonding  Bond distanceA)

Parent -8.158 3 2.997
2.468
2.969
1 -6.94 2 2.359
2.093
2 -7.69 2 2.9998
2.592
3 -7.93 1 2.9997

The affinity conformation was given by AutoDock \@nThe affinity values (kcal / mol) of new composrahd the
parent compound are shown in Table 5.

Table 5 Affinity value of parent and new compoundwith their receptor using AutoDock Vina

Compound  Affinity (kcal/mol)

Parent -5.9
New 1 -5.9
New 2 -4.7
New 3 -6

By combining the results of docking from the Ardiab 4.0.1 and AutoDock Vina, compound 1 and 3 slibthe
closest free energy to the parent compound. lizheldse affinity to the conformation of parent campd.

In conclusion, QSAR model equation statedgI& -3914.398(+369.478) - 277.686(+29.758M1 HOMO -
176.811(+18.602)ogS + 2.820(x0.206)\SA_H - 368.008(+20.701)ogP(o/w) with R* = 0.987, Fcalculated/Ftable
= 47.69358067, 7= 0.644794. Three new designed compounds werénebitavith better activity prediction than
that of the parent compound. Compound 1 and 3 petential candidates as hew JMJD2C inhibitor.

Acknowledgement
Thankful are adressed to Kusnandar Anggadiredjadauithika Bintang Mahardhika during manuscript pragan.

REFERENCES

[1] P Boyle and B Levinworld Cancer ReporfARC Press, Lyon2008 9-42.

[2] S Rebecca; D Naishadham; A. JenGdncer J. Clin2012 62, 10-29

[3] SP Dholakia; BN Suhagia; AK Patel; PP Kapupara; fi#feja,J. Chem. Pharm. Re2011, 3(4), 315-332.

[4] S Hamada; T Suzuki; K Mino; K Koseki; F Oehme; afiime; H Ozasa; Y Itoh; D Ogasawara; H Komaarashi;
A Kato; H Tsumoto; H Nakagawa; M Hasegawa; R Sasalizukami; N Miyata,J. Med. Chem.201Q 53(15),
5629 — 5634.

[5]1 A Ishimura; M Terashima; H Kimura; K Akagi; Y SuzuksS Sugano; T SuzukiBiochem. Biophys. Res.
Commun.2009 389, 366 - 368.

[6] A Akihiko; M Terashima; H Kimura; K Akagi; Y SuzukS SuganoBiochem. and Biophys. Res. Coma®09
389, 366-371

[7] F Lan; AC Nottke; Y ShiCurr. Opin. Cell Biol, 2008 20, 316-325.

[8]1 ZQ Yang; | Imoto; Y Fukuda; A Pimkhaokham; Y Shirad Imamura; S Sugano; Y Nakamura; J Inazawa,
Cancer Res200Q 60, 4735-4739.

[9] RJ Klose; EM Kallin; Y ZhangNat Rev GeneR00§ 7(9), 715-727.

[10] JE Brady, FA Senese, ND Jespersen. Chemistryeds, John Wiley & Sons Inc., New YorkQ09 236 - 241,
290, 312-313.

[11] YC Martin. Quantitative Drug Design: A Critical haduction, 2% ed., CRC Press, Boca Rat@01Q 73-74.

[12] H Kubinyi. Drug Discovery Technologies, Volume 3 @b6mprehensive Medicinal, Chemistry Il, JB Taylor
and DJ Triggle, Eds., Elsevier, Oxfo2D07.

[13] T Puzyn, J Leszczynski, MT Cronin. Recent Advarine®SAR Studies, Oxford University Press, New York,
201Q 3-11.

[14] JC Chen; L Qian; Y Shen; LM Chen; KC Zhe®sgi China Ser 2008 51(2), 111 - 119.

[15] K Laarej; M Bouachrine; S Radi; S Kertit; B Hammio@-Journal of Chemistr201Q 7(2), 420-421.

[16] S Vahdani; Z Bayat]. Chem. Pharm. Re2011, 3(4), 565-575.

784



Sophi Damayantiet al J. Chem. Pharm. Res., 2014, 6(4):780-785

[17] Z Bayat; M ZanooziJ. Chem. Pharm. Re201Q 2(6), 416-423

[18] P Bultinck; HD Winter; W Langenaeker; JP Tollenae@omputational Medicinal Chemistry for Drug
Discovery, Marcel Dekker Inc., New YorRD04 642 — 643.

[19] HJ Smith; H William. Introduction to the Principle$ Drug Design and Action, CRC Press, Boca Ra2605
170-190.

[20] RG Clements. Estimating Toxicity of Industrial Cheals to Aquatic Organisms Using Structure-Activity
Relationship, Environmental Effects Branch Healtid &Environmental Review Division Office of Pollutio
Prevention and Toxics U.S. Environmental ProtecAgency, Washington D. (1,996 1-7.

[21] R Benigni; C Bossa; N Jeliazkova; T Netzeva; A WoEur. Comm, 2008 1-4

[22] T Steiner;Angew. Chem. Int. Ed. EngP002 4, 41(1), 49-76.

785



