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Tém tit: Nghién ctru thude diéu tri ung thu méi dang 1a mdi quan tim hang dau cta thé gii. Mot
trong sd cac muc tiéu phan tir dang chu y 1a enzym Histon Deacetylase 2 (HDAC2). Hién nay,
khoa hoc mdy tinh ngdy cang dugc sir dung rong réi trong tim kiém va phat trién thuoc méi. Trong
nghién clru nay, m6 ta manh céu trac ISIDA dugc tinh toan dwa trén khung chu trac acid
hydroxamic, nhim xay dung mé hinh toan hoc mé ta mdi turong quan dinh luong gitra chu truc va
hoat tinh e ché HDAC2 (QSAR) ap dung k¥ thuat hoi quy tuyen tinh da bién (MLR) va thuat giai
di truyén. Ket qua, chung t61 da xay dyng thanh cong ba m6 hinh QSAR trén ba tp hop manh cau
trac, c6 hé sé xac dinh R>>0,7. Tir cac mé hinh nay, cic manh ciu trac quan trong dugc xac dinh
va (mg dung trong thiét ké cac dan chat acid hydroxamic méi c6 hoat tinh trc ché HDAC2. Két qua
ctia nghién ctru gop phan dinh huéng cho qua trinh tong hop va thir hoat tinh trong tim kiém ligu
phap moéi diéu tri ung thu.

Tir khéa: Histon deacetylase 2; méi tuong quan dinh lwong giita cdu trac va hoat tinh (QSAR); md

ta phan tir ISIDA; hdi quy tuyén tinh da bién (MLR); Acid hydroxamic.

1. Pit van dé

HDAC?2 la enzym quan trong thuéc HDAC
nhém I tham gia vao qua trinh sao chép, kiém
soat trang thai acetyl hoa va chirc nang cua
nhleu protein trong t& bao chét va trong nhiing
yéu t6 phién ma khac [1]. Nhiéu nghién ctru cho
thdy HDAC2 biéu hién qua muc trén nhiéu
loai ung thu: ung thu va [2], ung thu dai trang
[3], ung thu da day, biéu mé té bao [4, 5], ung
thu biéu mé phdi [6]. Chinh vi vy, HDAC2 di
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tré thanh mot muc tiéu phan tir tiém ning trong
tim kiém thudc diéu tri ung thu méi [1].

Trong cac nhém chét (rc ché HDAC2, cac
acid hydroxamic 1a nhém chit dugc quan tdm
nhiéu nhit vi ¢6 ciu tric don gian, dé tong hop
va c6 nhom -NHOH tao duoc phirc bén véi Zn”
O trung tam hoat dong cuia HDAC2, nho do co
hoat tinh trc ché enzym tét. Cuc quan 1y thuc
pham va dugc pham Hoa Ky (FDA) da phé
duyét mot acid hydroxamic e ché HDAC dién
hinh 1a vorinostat (thuong goi la SAHA) vao
nim 2006 st dung trong diéu tri u lympho da
té bao [7].

Trong nghién ctru nay khung hydroxamic
dugc lya chon 1am dinh hudng thiét ké cac hop
chat tc ché HDAC2 méi. M6 hinh vé tuong
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quan dinh luong gilta cAu tric - hoat tinh
(QSAR) duoc xay dung gitip dy doan chinh xac
hoat tinh trc ché HDAC2 cuia hop chit méi thiét
ké. Chiing t6i tmg dung phuong phap thiét ké
dwa trén manh cdu trc (FBDD - Fragment
based drug design) dya trén md ta phan ti
ISIDA (In Sllico design and Data Analysis) dé
t6 hop ra cong thac hoi hoc cua acid
hydroxamic méi, du doan hoat tinh cua ching
tir d6 tim ra mot sd hop chét c6 hoat tinh manh
nhit, 1a tién dé& cho cac nghién ctru tong hop
trong tuong lai.

2. Nguyén liéu va phwong phap nghién ctru
2.1. Nguyén liéu

Co s¢ dir liéu (CSDL) cho xdy dung mo
hinh bao gdém 45 hop chit c¢6 cau triic acid
hydroxamic trc ché HDAC2 véi gia tri ICsg
(dugc chuyén doi thanh 1gICs,, don vi pM) thu
thap tir cac bai bao khoa hoc trong nudc va
quoc té di cong bd [7-12]. Hoat tinh dugc xéac
dinh trong cung diéu kién thi nghiém (st dung
Kit dinh lugng Bioscence [13]). Cac gia tri ICsp
mg voi mdi hop chéat duge hiéu chinh, ldy gia
tri trung binh sau khiloai bo cac gia tri nam
ngoai khoang gidi han [gia tri trung binh + do
1éch chuan (SD)].

2.2. Phuong phap

Mo hinh QSAR biéu dién mdi twong quan
dinh luong cAu tric va tac dung sinh hoc cua
cac hop chét duéi biéu thirc toan hoc, c6 cong
thirc toan hoc: Y = ajx; + ay+...+ apx, [14].
Trong nghién ctru nay, Y 1a bién phu thudc
(1gICsy), tuong irng voi hoat tinh; xy, x5, ...x, la
cac md ta phan tir ddc trung cho cdu truc; a,
ay,... a, 12 cac trong sd tuong (mg vai cac bién
doc lap.

2.2.1. Tinh toan mo ta phan tu ISIDA

Céac ciu tric trong CSDL dugc luu dudi
dang tép ciu tric (SDF-Structure Data File).
Phuong phap ISIDA duoc st dung trong tinh
toan mo ta phan tir va phan tich dit li¢u. Phan
mém ISIDA Fragmentor2015 dwoc 4p dung
[15], c6 uu diém 14 tich hop sé luong 16n va da
dang manh céu trac ¢6 mit trong phan tir, cho
phép tuy bién tao manh cau triic méi tily theo
muc dich. Phuong phap nay sir dung céac ki hiéu
dan nhin mang dic tinh manh céu trac dé xay
dung m6 hinh QSAR va thiét ké hop chit moi.
Céc manh cau tric duoc biéu dién thong qua co
ché mo ta theo mau (ki hiéu, tinh than dau, do
pH,...) d&am bao lién quan giita mau sic va tinh
chit hoa hoc; gan nhan dya trén gia tri dién thé
va déc tinh dugc hoc (Hinh 1).
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Hinh 1. Biéu dién cong thic
N-(5-hydroxypyridin-2-yl) acetamide theo chuwong trinh t6 mau va gin nhan. Phan tir diu tién duoc x4c dinh cac
dang déng phén, t6 mau theo nguyén td & cac dinh; sau d6 két hop véi dan nhan dya trén d6 am dién; cudi cung
1a két hop v6i dic tinh duge hoc.
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Budc cudi cung la s dung ngén ngtr lap
trinh Pascal tim kiém va dém sy co mit cac
manh ciu triic dd danh dau trong phén tu.

2.2.2. Thiét ké tap huan luyén va kiém tra

Tap huin luyén (TS-training set) bao gdbm
30 phan tir dugc lya chon theo tiéu chi gia tri
ICso ndm trong khoang 0,008 dén 35 pM duoc
sit dung xdy dung md hinh va tip kiém tra
(PS-test sef) voi 15 phén tir con lai dé danh gia
kha nang du doan chinh xac cia cdc mo hinh da
xay dung duoc.

2.2.3 Phat trién md hinh

St dung k¥ thuat phan tich hdi quy tuyén
tinh da bién (MLR-Multiple Linear Regression)
trong chuong trinh STATISTICA v8.1 dé xay
dung mé hinh twong quan hoat tinh tc ché véi
mo ta phan tir ISIDA.

2.2.4. banh gia m6 hinh

Danh gia noi trén tap TS cho biét do khop,
d6 manh cﬁa mo hinh théng qua céc thong sb
thong ké: - hé s6 tuong quan, 0 <r*< 1, trong
phuorng trinh hdi quy tuyen tinh da bién gi4 tri
#* can dat trén 0,70; sai sd toan phuong trung
binh (RMSE-root mean square errors); sai sO
tuyét d6i (MAE-root mean square errors); tinh
phi hop cua hé sb tuwong quan (CCC-
concordance correlation coefficient), gia tri co

M1
loglCgy =
40246 xV, —0.162x V,

M2
loglC_, =

v nghia théng ké phai cao hon 0.85 [14]; F 1a
phan phdi Fisher, 7* cang 16n thi F cang 16n.

Bén canh d6, d6 on dinh ctia mé hinh thong
qua danh gi4 chéo trén tap TS bang cac hé s6
quoo (hé $6 leave-one-out), quMO (hé¢ $b
leave-more-out) [14].

Panh gia ngoai mé hinh MLR trén tap PS
dé kiém tra kha niang dy doan chinh xac:
RMSE,,,va MAE,., O'F;, O°F, va O°F; (gia tri
ngudng cho phép 1a 0,7), CCC.., va rm’ (gié tri
ngudng thip nhét 13 0,5) [16].

Cudi cung, mé hinh MLR dugc danh gid
trong quan ngiu nhién tuong phan bang kiém
tra ng?lu nhién Y v&i 2 hé sb 17, va qzw. Néu
dinh truc Y khong vuot qua 0,3-0,4 ddi voi
va 0.05 ddi v6i ¢’s,thi mé hinh ty do trong
tuong quan, cac bién doc 1ap khong anh huong
13n nhau va anh huéng dén két qua du doan cua
mé hinh. Qua trinh tinh toan gia tri 1, va ¢’y
dugc lap lai 2000 1an.

3. Két qua va ban luin

Mé hinh MLR: D6i véi mdi tap hop md ta
phan tir, chung t6i thu dugc mdt mé hinh tuwong
ung nhu sau:

0.130xV;, —5.408xV, —2.047 xV; + 6.466 xV, + 2011 x V, + 2.179 x 1}

1.573 —5.589 x V, — 1.021 xV,; — 0.907 xV,;, + 6.190x V,, +2.501 x V,

— 1542 xV,, + 1.056 3V, + 2.036 xV,,

M3
loglC,

= —4.160 — 4348 xV,, — 1371 xV,g + 3.336 x V5 + 1.558 x V;, + 0.487 x V,

- 2330xV,, + 2416 xV,, + 0332x1V,,

Céc bién V,— V>, twong tmg v6i ting md
hinh 1a van tay cAu tric dai dién cho cac manh
cAu tric dugec ma hoa thanh tham sd nhan cac
gia tri 0 va 1 Ung v&i sy xuét hién cua ching
trong phan ta.

Ddnh gida mé hinh QSAR: Pau tién md
hinh QSAR xay dung dugc thoa man yéu cau
dau tién 1a dya trén dich phan tir xac dinh d6
chinh 1a HDAC2, thuat toan xay dung va danh

gia cu thé rd rang hoan toan tai xay dung duoc
cho hop chat méi. V& danh gia do 6n dinh,
chinh xé4c ctia mé hinh ta xét cac théng sb thong
ké dudi day:

Panh gia ndi trén tép TS

Cac gia tri thuc nghiém va Kkét qua du doan
cua mo6 hinh MLR cho tap TS dugc dua ra
trong bang 2 dudi day.
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Hinh 2. Cac manh ciu triic quan trong duoc Iya chon trong mé hinh M1, M2 va M3
phan anh moi tuong quan dinh lugng gitra cau tric va hoat tinh sinh hoc ttc ché enzyme HDAC2.

Bang 1. Cac thong sb danh gia chéo va do thich hop cua cac mé hinh tuyén tinh trén tap TS

¥ Qoo RMSE MAE CCC v'(scr) q'(scr) F
M1 081 076 052 041 089 0,13 -034 178
M2 0,79 077 049 038 085 0,14 -031 185
M3 082 080 054 043 09 0,13  -0,35 19,0

Xét tong quat & ca 3 md hinh déu cho gia tri
#* 16n hon 0,70 do d6 cac mé hinh xdy dung
dugc déu dat do tuyén tinh tbt trong d6 mo hinh
M3 cho gia tri cao nhét 13 0,82. Gia tri ¢°;00 O
moé hinh M1 14 0,76 va khi thay d6i cac bién tir
V, —Vs theo xu hudng kéo dai mach C, tang dan
do bat bdo hoa, thém cac nguyén t6 c6 do 4m
dién cao nhu CI, O, N, S ta dugc mo6 hinh M2,
M3 véi ¢°100 tuong tng ting 0,01 va 0,04. Bén
canh d6, thong sb kiém tra ngu nhién ¥ cho
cac md hinh M1, M2, M3 véi gid tri #(scr) cao
nhit 13 0,14 (M2) va ¢°(scr) cao nhét 1a -0,34
v6i mo hinh M1; két qua nay ching t6 ca 3 mé
hinh khéng mo ta twong quan ngiu nhién giita
bién doc 1ap va bién phu thudc. Ngoai ra, cac

md hinh déu c6 y nghia thong ké khi gia tri
CCC déu khong thip hon 0,85.Tir d6 ching t6
do manh, on dinh va d6 khép cao cua ca 3 mo
hinh MLR.

Panh gia ngoai trén tap PS

Bang 2. Tinh toan kha nang dy doan ciia mo
hinh tuyén tinh trén tdp PS

O’F, O°F, (Q°F; RMSE,, MAE,, CCC
M1 077 0,78 0,81 039 0,31 0,84
M2 076 0.79 0.76 0.40 0.32 0,80
M3 080 0,79 082 0,37 0,29 0,85

Duya trén cac chi tiéu thong sé danh gia da
néu, cad ba md hinh déu dat yéu cau tham chi gia
tri O” rat cao, mo hinh M3 cho két qua t6t nhat
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v6i O°F, O°F, O°F;lan luot 14 0,80, 0,79, 0,82.
Céc gia tri nay ching t6 kha ning du doan tbt
cta ca 3 mé hinh nhit 14 mé hinh M3.

Gidi thich co ché

DPay 1a budc quan trong dé tr do dinh
huéng thiét ké hop chat mgi. Ca ba mo hinh
M1, M2, M3 xay dung dugc trén 3 tap manh
ciu tric khac nhau déu cho két qua tbt, tir d6 ta
hoan toan tim ra dwoc cac bién c6 anh hudng
téi hoat tinh sinh hoc.Hinh 2 1a cac m6 ta manh
cdu trac dugc st dung trong cac md hinh
QSAR. Cac manh c6 hé $6 nhan gia tri am la
cac yéu tb ting cuong hoat dong trc ché (giam
gia tri 1Csq). Nguoc lai, hé sb co gia tri duong
{mg voi cac manh ciu tric 1am giam hoat tinh
Grc ché.

Két hop ca 3 md hinh, 10 manh ciu tric giir
vai trd quan trong nhit déng gop vao hoat tinh
trc ché HDAC2 bao gdm V2, V3, V8, V9, V10,
Vii, Vi4, V17, V18, V22 (Hinh 2).

Day 1a cac manh ciu tric duoc st dung
trong thiét ké nhom nhan dién va cu ndi dua
trén cau tric ¢ dinh nhom gin voi kém acid
hydroxamic dé ting cuong kha ning gin két va
hoat tinh trc ché HDAC2. T4 hop cic manh cu
tric nay dé tao thanh cac hop chét modi mt cac
ty dong bang Thuat giai di truyén giip tao ra
hang nghin hop chét [17]. Cac khung ciu tric
nay duoc loc 1an thtr nhat bang viéc kiém tra
xem da timg dugc cong bd chua bing cach tim
chu trac dong dang theo SMILES trén trang
web https://scifinder.cas.org/.

Budc loc tha hai 1a du doan hoat tinh (ICs)
clia cac hop chit dugc thiét ké bang chinh
nhitng mé hinh d3 xay dung dugc.Str dung
phin mém ISIDA Fragmentor2015 tinh toan
cac mo ta phan tir va thay vao cac mé hinh M1,
M2 va M3, lay trung binh cong cac két qua du
doan. Tl cac cAu trac méi d3 tinh toan, loc ra
céc céu tric cb gia tri ICso du doan tdt va kha
thi trong tong hop (Bang 3).

Béng 3. Cac khung céu triic méi dugc dé xuit cho thiét ké

STT Cau trac Du doén ICs, (uM)
0
0 0
mN/\/LNHOH 1,60125
H
2a °,
¢ >CN\)K 3.10026
NHOH .
H/\/\o‘/
3a N,OCH3
\_o
ST
(0]
4a HO
ST~ 0,30018
Ny NHOH
5a Q
oS NAQ\/\/\WNHOH 1,11231
o
6a
NN
W OH 4,62709
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4. Két luan va Kién nghi

Nhu viy, dua trén co so 1y thuyét cia mo ta
ménh cau tric ISIDA, nghién ciru da xay dung
thanh cong 3 mo6 hinh QSAR c6 kha niang du
doan gia trj ICs, trong tc ché hoat dong cua
enzyme HDAC2. Ngoai ra nghién ctu da t6
hop 10 manh ciu trac trén nén khung acid
hydroxamic nhim tao ra mot sé khung dan xuét
moi, duge du doan 1a cé tac dung tic ché manh
trén HDAC2. Pic biét nghién ciu nay dé
xuétkhung cAu truc dan chit 4a duoc voi hoat
tinh manh, c¢6 dic diém hoa hoc khong qua kho
dé tong top, 1a tién dé cho cic nghién ctru tim
kiém hop chat din duong méi trong tuong lai.

Loi cam on

7Ng‘hién cuu dugc thyc hién trong khu@n
kho D€ tai khoa hoc va cong nghé cap
PHQGHN, ma s6 QG.16.24.
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Application of in Silico Fragment and Data Analysis (ISIDA)
Approaches for the Design of Novel Hydroxamic Acids
Targeting HDAC2
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Abstract: Finding a new treatment for cancer is one of the most interested fields for
pharmaceutical research worldwide. Enzyme histone deacetylase 2 (HDAC2), being a member of
HDAC class I appear to be an important druggable target.This study focused on rational design of
novel HDAC?2 inhibitorsusing molecular descriptors derived from ISIDA fragmentor methodology.
Quantitative structure-activity relationship was explored to develop mathematical models able to
predict HDAC2 inhibitory bioactivity of acid hydroxamic derivatives. Multiple linear regression
(MLR) algorithm implemented in STATISTICA 8.0 was used for model development. Consequently 3
QSAR models were obtained showing acceptable performance r*> 0.70 for further use. Based on these
models 10 important fragments attributing to better inhibitory potency were identified. Finally several
novel hydroxamic derivatives were designed and screened for HDAC?2 inhibitory activity.

Keywords: Histone Deacetylase 2; Quantitative Structure-Activity Relationship (QSAR);
molecular descriptors ISIDA; multiple linear regression (MLR); acid hydroxamic.



