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Xay dung mé hinh lién quan dinh luong giita cau tric
va tac dung irng dung trong sang loc tim kiém
chat trc ché histon deacetylase

Pham Thé Hai', Poan Viét Nga Nguyén Thi Ngoc
Bui Thanh Tung?, Lé Thi Thu Huong™

IBai hoc Duoc H’d Noi, 13-15 Lé Thanh Tong, Hd‘Néi, ’Viét Nam
’Khoa Y duoc, Dai hoc Quoc gia Ha Ngi, 144 Xudn Thuy, Cau Gidy, Ha Ngi, Viét Nam

Tém tit

Ung thu hién nay 1a méi quan tim hang dau trén thé gii voi rat nhidu nghién ctru da duoc thyc hién nham
tim kiém hop chit c6 kha niang diéu tri tring dich. Enzyme histon deacetylase (HDAC) dugc danh gia 1a mot
trong nhitng dich phan tr quan trong nhat. Trong nghién ctru nay, ching toi da phét trién va danh gia mé hinh
QSAR dé xéc dinh hoat tinh ctia cac hop chit c6 kha niang (rc ché HDAC2 chi dya trén cdu tric phén tir. Nghién
ctru st dung mo ta phan tir DRAGON, k¥ thuat LDA vé&i phan mém STATISTICA 10.0 dé xay dyng mo hinh.
Mo hinh nay duge danh gia véi do chinh xéc hon 86% va dam bao cac nguyén taic OECD. Phuong phap nay
giup cho qua trinh nghién ctru phan loai, sang loc dugc nhanh, gidm chi phi va tang hiéu qua. Ngoai ra, cac két
qua dat dwoc tao co sé cho viéc phat hién va thiét ké hop chat méi e ché HDAC2, hudng t6i phat trién thanh
thudc didu trj ung thu nhim dich.

Nhan ngay 16 thang 9 ndm 2015, Chinh sira ngay 07 thang 10 ndm 2015, Chdp nhan ddng ngay 05 thang 12 nim 2016

T khoa: Histone deacetylase 2; dinh lugng moi quan h¢ giira cAu trac va hoat tinh; mo ta phéan tt DRAGON;
LDA; STATISTICA.

1. Pit van dé [1]. Viéc tc ché cenzyme HDAC2 s€ giup ngan
) . chan qua trinh téng hop ADN tur d6 ngan chan

Trén the gidi hién nay, day lui can bénh ung té bao ung thu phat trién [2]. Tai Viét Nam, da
tl}u luép 1a van dé dugc dat 1én héng dau. ba <0 c¢6 mdt sO nghién ctru tim kiém céac hop chét
rat nhi€u nghién ctru trude day nham tim kiém méi co kha ning e ché HDAC2 va dua ra mot
cac hop chat diéu tri nhim dich phan t. Trong huéng méi trong tim kiém cac thudc diéu tri
nghién cltu nay, chung t6i da xac dinh va lua ung thu [3-7]. Tuy nhién, cac phuong phap nay
chon dich phin tor la enzyme histone con ton nhiéu thoi gian va kinh phi. Vi vay, dé
deacetylase 2 (HDAC2), mdt enzyme quan tiét kiém va nang cao hiéu qua nghién cim,
trong thuoc ho HDAC cé chirc nang loai bd chiing toi da tinh toan cac tham sb phéan tir dua
nhom nhom acetyl tir &-N-acetyl lysin amino vao dic diém céu tric va tir d6 xdy dyng thanh
acid ctia phan histon trong ciu tric cia gen cong mo hinh dinh luong giita cu triic va hoat

tinh sinh hoc (QSAR - quantitive structure
activity relationship). Trén co s¢ do, viéc sang
loc va dinh hudng phat trién hop chat trc ché
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HDAC2 tr6 nén dé dang va hiéu qua hon, tao
tién dé cho budc - nghién ctru hop chét chita ung
thu nhim dich tiép theo.

2. Nguyén liéu va phuwong phap nghién ciru
2.1. Nguyén liéu

Co so dir liéu ChemBL va thong tin tir cac
bai bao cdo khoa hoc c6 lién quan trudc day
dugc khai thac va kiém tra dé chuan bj co s¢ dir
lidu (CSDL) du 16n va da dang cac chit c6 hoat
tinh rc ché HDAC2. CSDL dau tién gém 1181
hop chét c6 hoat tinh sinh hoc dugc xéac dinh
qua ndng do trc ché 50% dbi tugng thur (ICs -
inhibitor concentration 50%), hang sé tc ché
(K;) hodc thong s6 khac. Sau d6, 184 hop chat
duoc thém vao co hoat tinh ¢ ché ca HDACI
va HDAC2. Cudi cing, CSDL duoc xay dung
bao gdbm 1471 hop chit trong d6 715 hop chét c6
hoat tinh trc ché HDAC2 va 756 hop chat giéng
thude [8] nhung khong c6 hoat tinh e ché.

2.2. Phwong phap

Mo hinh QSAR biéu dién mébi lién hé giira
cAu triic va tac dung sinh hoc cua cac chét duéi
biéu thtc toan hoc. Dé xay dung dugc cac mo
hinh nay thi ca cAu tric va tac dung sinh hoc
déu phai duogc dinh lugng hdéa. M6 hinh
QSARcoO dang: Y = ai(x;) + ax(xo)*...+ ay(xy,).
Trong d6, Y 1a bién dap tmg (mang 2 gia tri: +1
dbi v6i cac hop chat co tac dung trc ché
HDAC2 va -1 dbi v6i cac hop chat khong co
tac dung rc ché HDAC2); x;, X.. s Xn la cac
tham s6 phén tr dac trung cho cau tric; a,
a,...a, 12 cac hang s6 thé hién trong s cua timg
tham sb phan tir x; d6i v6i tac dung sinh hoc.

2.2.1. Tinh toan tham s mo ta phan tir

Tham s6 mé ta phan tir 1a két qua cia mot
qua trinh toan hoc va logic chuyén di théng tin
dugc méd hoa trong ciu trac hoéa hoc thanh mot
s6 ¢ kha ning dic trung cho phén tir day [9].
Pé thyc hién tinh toan, tit ca cac ciu trac cua
CSDL dugc chuyén doi thanh hé théng don
gian hoa véi dau vao duoc biéu dién dudi dang

dong SMILES (Simplified Molecular Input Line
Entry System) bang viéc st dung phan mém
ChemDraw v.10.0 [10]. Can c&r vao cac ma
code, hon 2000 mé ta phan tir thuoc ho 0D, 1D
va 2D dugc tinh toan bang phan mém Dragon
v.6.0 [11]. Dé tinh toan mo ta phan tir, t6i wu
hoéa céu trac ban thuc nghiém da dugc thyc hién
cho mdi hop chit. Quy trinh nay dugc thue hién
dua trén cac thuat toan Polak - Ribiere sir dung
trong HyperChemv.8.0 [12]. Thuat toan t6i
thleu hoa nang lugng thong qua viéc thay dbi
ciu trac khong gian phén tu dé dat nang luong
thap nhét, tang do bén cho hop chat [13].

2.2.2. Thiét ké tap hudn luyén va tap kiém tra

Sau khi tinh todn md ta phan tr, CSDL
dugc chia thanh tap huan luyén (TS - training
sef) va tap kiém tra (PS - prediction sef), sit
dung phuong phap phan tich cum k-MCA (k-
mean cluster analysis) v6i phin  mém
STATISTICA 10.0 [14]. Tap huin luyén
(chiém 75% CSDL) duoc sir dung cho viéc xay
dung (hudn luyén) md hinh. Tép huin luyén
cho phép phét hién mdi quan h¢ c6 kha nang du
doan. Con tap kiém tra bao gdm cac phan tir ma
mé hinh chua bao gid gip duoc st dung dé
danh gia d6 manh va kha nidng ngoai suy cua
cac cac mo hinh xay dung dugc.

2.2.3. Phat trién md hinh

Nghién ctru st dung ky thuat phan tich su
khéac biét tuyén tinh (LDA - linear discriminant
analysis) & xac dinh mdi quan hé gitra tham s6
phan tir va hoat tinh trc ché.

Lwa chon tham sé phan ti: Ky thuat dua
vao dan timg budc cic bién (FS - Forward
stepwise) dugc st dung dé lua chon budc dau
tap hop cac tham s6 phan tir. Day 1a thuat toan
ket hop dan din véi mot bién moéi dya trén tri
s6 p va ty 18 phan phdi Fisher (F). Sau do,
nghién ctru da dung phuong phap tap hop con
t6t nhat (BS - best subset), tinh gia tri lambda
Wilks (L) dé lua chon cac tham sb phén tir co
kha nang du doan hoat tinh tdt.

Phat trién mé hinh: Md hinh LDA duoc ti
uu hoéa va phat trién bang phuong phap phan
tich su khac biét tuyén tinh téng quat (GLDA -
General Linear Discriminant Analysis) trong
STATISTICA 10.0 dua trén 1y thuyét xac suat



12 P.T. Hdi va nnk. / Tap chi Khoa hoc PHOGHN: Khoa hoc Y Duoc, Tdp 32, S6 2 (2016) 10-16

théng ké. O day, phuong phap phan bo tuyen
tinh Fisher dwoc st dung dé giai quyét van dé
phéan loai.

Mo hinh tbt nhat d6i v6i mdi ky thuat duoc
lga chon dya vao cac thong $6 théng ké khi
danh gia trén TS va PS la: dg chinh x4c hay ti 1€
phan trim cic chan doan chinh xic (Ac -
Accuracy), 36 nhay (Se - Sentivity), d0 dac hi¢u
(Sp - Specificity), hé sb twong quan Matthews
(MCC- matthews correlation coefficient), ti 1&
duong tinh gia (FP..- False Positive Rate),
dudng cong dic trung ROC (Receiver
operating characteristic) [15] thong qua thong
s0 ve gia tri dién tich dudi duong cong (AURC-
area under the ROC curve). Trong do:

Ac=(Tp+ Tn)/(Tp + Tn + Fp + Fn)

Se =Tp/(Tp + Fn)

Sp =Tn/(Tn + Fp)

MCC = (Tp x Tn— Fn x Fp)/[((Tp + Fn)(Tp
+ Fp)(Tn + Fn)(Tn + Fp))'”]

ROC = ((Su-br * Se)/ ( 1- br); Se);

O day: Su = (Tp + Fn)/(Tp + Tn + Fp+ Fn);
br = (Tp + Fp)/(Tp + Tn + Fp + Fn)

Tp: S6 dwong tinh that; Tn: sé duong tinh
gia; Fp: s6 4m tinh that; Fn: s6 am tinh gia.

2.2.4 Panh gia mo hinh

Mo hinh QSAR dugc danh gid theo 5
nguyén tic cia OECD nhur sau:

(1) Cé dich xac dinh.

(2) Cac thuit toan duoc st dung dé xay
dung mé hinh 15 rang (mé hinh c6 thé dugc tai
xy dung lai nhitng hop chit méi).

(3) C6 mién ciu trac tng dung (AD -
applicability domain) dugc xac dinh (st dung
phuong phap don bay).

(4) Thoa man cac danh gia noi trén tap TS
dé kiém tra muc do khép, d6 manh va 6n dinh
cua mo hinh.

(5) Giai thich duoc co ché (néu co thé).

3. Két qua va ban luan

Déu tién, CSDL da dugc chia ra thanh TS
va PS. Céac hop chit co hoat tinh dugc chia
thanh 10 cum va cac hop chét khéng c6 hoat
tinh thanh 12 cum. Tt mdi cum, khoang 75%

céac hop chét duoc lua chon dé xady dung thanh
TS. Két qua, 536 hop chit co hoat tinh va 676
hop chit khong c6 hoat tinh dwgc chon vao TS;
368 hop chét con lai duoc xép vao PS.

M6 hinh LDA (M1): Két qua da lya chon
dugc 9 tham s6 mo ta phén tir t6t nhat. M6 hinh
c6 dang:

Class (+/-) =29.75 — 1.87 x GATS2e + 2.19
x nRNHO + 2.29 x Uc — 8.11 x SpMax1_Bh(e)
+1.13 x C038 — 0.42 x N-067 — 0.53 x GGI3 —
7.20 X Eta_epsi A+ 0.89 x nCRX3 (M1)

N =1103; 1 =041; A’ =577, F =
130.73; p <0.0001

TS: MCC=0.76 Ac =0.88 Se =0.84
Sp=0.86 AURC=0.94

PS: MCC=0.74 Ac =0.86 Se =0.81

Sp=0.84 AURC=0.91

Tir két qua danh gia trén c6 thé thiy mo
hinh M1 c6 gia tri F 16n, p nhé cung véi Wilks
A thip c6 ¥ nghia trong thdng ké. Hon nita, mo
hinh M1 cho két qua thuc hién phan loai véi gia
tri Ac la 88.1% va 86.7% tuong ung trén tap TS
va PS; hé s6 MCC trén ca 2 tap ~ 75% ching to
mirc d6 cao va cin bang cua ty 1& gia tri dwong
tinh va am tinh that. Ngoai ra, AURC > 0.9 ma
gi4 tri AURC cang gan 1 cang tot; do vy gia tri
nay ciing cho thdy mé hinh c¢6 d6 chinh x4c cao.
Tom lai, chung ta da co thé chtirng minh dugc
rang moé hinh LDA - QSAR (M1) duogc phat
trién tr 9 mo ta phén tu dugc lya chon c6 do
manh, kha ning dy doan va c6 y nghia thong
[1-22] ké cao.

Danh gia mo hinh QSAR: duya vao 5
nguyén tic cia OECD d3 néu ¢ trén

Tiéu chi 1. O day dich xac dinh 13 phan loai
cac hop chit thanh: nhém c6 hoat tinh @c ché
va nhom khéng c6 hoat tinh e ché HDAC2
dua vao nhiéu thong s6 khac nhau nhu ICs,
phan tram ¢ ché (1%) hay K.

Tiéu chi 2. Thuat toan 4p dung ro rang: Cac
phuong phap xay dung md hinh trong nghién
ctru ching t6i da néu ¢ phan 2. Do tinh 1 rang
va dung din cia phuong phap ma cac mé hinh
c6 thé duoc st dung lap lai dé phat hién cac
hop chit méi e ché HDAC2.

Tiéu chi 3. Bé dat duoc kha nang du doan
tdt trong sang loc do, viéc xac dinh duoc AD
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ctia md hinh QSAR 14 v6 cung can thiét. AD c6
thé tmg dung voi tit ca cac md hinh di duoc
danh gid bang phuwong phap diém Williams.
Biéu d6 dudi day (Hinh 1) cho thdy mdi quan
hé gitra phan du chuin (Standardized Residual -
xac dinh boi LDA) va gia tri “don bay”
Leverage (h). Chi s6 h cho biét mot chat c6 anh
hudng t6i khong gian cu trac cua bién nhu thé
nao va h dugc dinh nghia nhu sau:
ho=x/ (X" X)"x; trong d6 x; 1a vecto md ta
phan tir, tri s6 don bay cang cao thi hidu qua mo
hinh cang kém. Gié tri don bay canh bao h* 1a
mot ngudng quan trong dé tham chiéu cac du
doan boi md hinh QSAR cho hop chét trong TS
va PS; h*= 3xp’/n trong d6 n 1a kich thudc ciua
tap TS va p’ 1a s6 luong cac bién mo hinh.

Outlier Zone

(=]
High levaerage Zone o

a
I:I&:I a [=]

O Training set
+ Testset

Standardized Residual
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0.08 0.08 0.10 012
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Hinh 1. Mién Umg dung cia md hinh QSAR xdc dinh
hop chat c6 kha nang trc ché HDAC2.
Nguon: Két qua xu ly so li¢u

Sau khi tinh toan, ta thay phan 16n céac hop
chat trong TS nim trong mién Umg dung gioi
han boi khung vuéng + 3 dbi véi phan du chuin
va h* bang 0.0272. Bay hop chit wc ché
HDAC2 c6 gia tri du chuan 16n hon 3: bao gdm
bbén hop chat duoc san xuét hoan toan tir vi
khuén gram am C.violaceum [16]. Cac hop chat
khac co céu truc hydroxamate twong dong véi
nhidu hop chéat khac trong TS. 44 hop chat
(gdm 13 hop chit c6 hoat tinh va 31 hop chit
khong c6 hoat tinh) dugc tim thay trong vung
vuot qua so voi gia tri h*. Cac miu hudn luyén
nay c6 thé khién mo hinh thdng ké c6 y nghia
kém va chung nén duoc xéa khoi tip huin
luyén. Hau hét cac hop chit dugc phan bd lién
tuc véi gia tri h trong khoang 0.0273 dén

0.0529; bao gdm céu tric co trong phan tir lién
két amide nbdi triflouromethyl ketone, a-
aminoanilide, polipeptides va steroids. Ngoai ra,
4 hop chat co gi4 tri don biy rat cao bao gom:
pyrrole-imidazole polymaide SAHA (& = 0.112),
cefpodoxime (4 = 0.099), I-Coeleneterazine (h =
0.094) va ticarcillin (£ = 0.066).

Bén canh d6, nhiéu bién khong c6 y nghia &
c4c md hinh dy doan trén tap PS va 14 hop chat
c6 gia tri don bay cao da bi loai.

Tiéu chi 4. Két qua cua qua trinh danh gia
da duoc trinh bay & trén voi do chinh xac va do
on dinh kha tdt trén cac mo hinh.

Tiéu chi 5. Giai thich co ché: Giai thich 9
mo ta phan tir cia mo6 hinh M1.

GATS2e: phan bb nguyén tir mang dién am
clia cac cau ndi co do dai xac dinh (lag =2).

SpMax1_Bh (e): cung cip thong tin moi
truong dién tir clia cac nguyén tur ¢6 trong mo
phong cau triic phan tir ma dinh hydro bi x6a.

Eta epsi A, GGI3: mo6 ta dugc dinh nghia
la Zei / N trong d6 ¢;: nguyén tir thori i =1, ...
,N) dugc tinh toan dya trén phﬁn 16i va hoa tri
electron lién két dén mot dinh trong moé ta ciu
truc cé dinh Hydro bi x0a.

C-038 va N-067: 1a hai dang mé ta phan tir
ménh trung tim. Thuat ngit Al d¢ cap dén nhom
béo (Aliphatic groups) va X 1a nguyén tir c6 do
am dién cao (O, S). Tinh toan cho thdy cac yéu
t6 nay lai cho hiéu qua nguoc lai khi gop mat
trong ciu triic cac chat e ché HDAC trong khi
cac nhom Cacbonyl hoac cacbothionyl gitp
taing hoat tinh rc ché, trong khi d6 nhom
ketimine cling cho hi€u qua dong gop nguoc
voi1 hoat tinh mot phén.

nRNHO va nCRX3 lién quan dén sé luong
nhém hydroxylamine va nhém thé halogen
(MHSs- multiple halogen substituents), thanh
phin ciu trac dong gop kha tbt vao hoat tinh trc
ché. Dya vio CSDL céc dan xuét cua acid
hydroxamic v6i nhom quan trong la
hydroxylamine, phan tich mdi quan hé ciu trac
va hoat dong (SAR — Structure activity
relationship), ching t6i xac dinh dwoc co ché
tao phic v6i Zn*" cia cac dan chat
hydroxylamic tai vi tri hoat dong [20]. Viéc
thém cac nhom thé halogen (Cl, Br, F, CF; ...)
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cling dugc nghién ctu ki dé thiét ké cac hop
chat méi. Ngoai ra, theo cac nghién ciru thi
nhom thé ceton trifluoromethyl ciing duoc
danh gia c6 hoat tinh trong cau tric acid
hydroxamic. Nhu vdy, MHSs cin duogc luu y
trong thiét ké hop chat méi thong qua danh
gia mo ta phan tir nay.

Uc 1a mot trong nhitng mo ta anh huong
nhat, c6 kha ning tc ché HDAC tét véoi ciu
tric bat bio hoa, dugc tinh nhu sau Uc = log2
x (I + nDB + nTB + ndAB) 6 day nDB, nTB
va nAB tuong tng 1a sb lién két doi, lién két
ba va vong thom.

Nhu vay, dé téi da hoa hoat tinh, ching toi
tap trung ting cac manh cdu trac nRNHO, Uc,
C-038 va nCRX3 song song voi viée giam thiéu
GATS2e, SpMaxl Bh (e), N-067, GGI3 va
Eta epsi_A; cudi cung diéu kién tét nhét cho
tirng mo ta da dugc xac dinh nhu sau: GATS2e
= 0.18, nRNHO = 1 hoac 2, Uc = 5.33,
SpMax1 Bh (e) = 3.80, C-038 = 1 hoac 2, N-
067 =0, GGI3 = -0.42, Eta_epsi A = 0.49 va
nCRX3 = 1. Tuy nhién thyc té kho c6 thé xay
dung duoc cAu tric hoan toan chinh xéc tur
thong s trén nhung noé ciing di dua ra duoc
huéng tim kiém va phat trién cac hop chét tc
ché HDAC2.

Duya trén mo6 hinh xay dung dugc va vai tro
c4c manh céu trac da xac dinh, trong bude thiét
ké cac hop chat méi tiép theo can tap trung
thém cac nhom thé halogen (Cl, Br, F..), nhém
chtric cacbothinyl, cacbonyl, hydroxylamin trén
cac suon cau tric, dic biét 1a dan chét cua acid
hydroxamic. C4u triic bat bio hoa (lién két doi,
lién két ba, vong thom) ciing gop phan ting tinh
rc ché HDAC2. DPay chinh 1a cac nhém chuc,
nhém thé, phﬁn cAu tric tiém nang cbt 161, co s
dé thiét ké cac chit co hoat tinh tGtc ché méi can
duogc chu y.

4. Két ludn va kién nghi

Nghién ctru dé xay dung thanh cong mé hinh
toan hoc biéu dién mbi quan hé dinh lugng gitra
ciu trac va tac dung tc ché enzyme HDAC2
thoa min ca nim nguyén tic OECD. M6 hinh

xdy dung dugc gitip phan loai cac hop chit co
hoat tinh sinh hoc duoc nhanh chéng va dé
dang hon. M6 hinh nay con c6 thé dugc tng
dung dé sang loc cac CSDL 16n nham tim kiém
cac hop chét e ché HDAC2. Ngoai ra, két qua
nghién ciru ciing giup dinh hudng thiét ké cac
hop chat méi ¢ hoat tinh e ché cao hon bang
viéc tim ra cac manh cAu tric chiu trach nhiém
tang hoat tinh. T4t ca hudng dén viéc tim kiém
cac hop chit dan duong cho qué trinh nghién
ctru va phat trién cac thudc chdng ung thu
huéng dich méi.

Loi cam on

) Nghién cliru dugc thyc hién trong khuQn
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DPHQGHN, ma so 0G.16.24.
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Model for Discovery of Novel Histone Deacetylase 2 Inhibitors
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Abstract: Treatment cancer has interested the top of many countries with a lot of investigations

for finding novel molecularly targeted compounds. Histon deacetylase (HDAC) was known as an
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enzyme in epigenetics way; that means it is an important target to explore. In this study, we have
developed and validated succesfully QSAR model for the identification of HDAC2 inhibitors only
from molecular structures. Firstly, we computally described these molecules by DRAGON software,
latter we used LDA approach with STATASTICA 10.0 for buiding model. The OECD principles were
used to assess the QSAR model validation. The model accuracy was higher than 86% and this model
fulfilled all OECD principles. The developed method helps us saving time, money in screening step in
discovery of new lead compounds. Moreover, these results were provided the basis for designing new
HDAC?2 inhibitor compounds towards developing the targeted cancer theraphy drug.

Keywords: Histone Deacetylase 2; Quantitative Structure-Activity Relationship; Molecular
Descriptors DRAGON; LDA; STATISTICA.



