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Sang loc in silico, thiét ké phan tir va tong hop cac hop chat

hoa hoc co tac dung trc ché enzym histon deacetylase (HDAC)
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Tém tit: Nghién ciru thudc diéu tri ung thu méi hién nay dang 1a mdi quan tim hang diu cua thé
gidi. Mot trong s6 cac muc tidu phan tir dang cha y 1a enzym Histon Deacetylase (HDAC). Hién
nay, khoa hoc may tinh ngay cang dugc sir dung rong rai trong tim kiém va phat trién thuoc moi.
Trong nghién ctru nay, cac cong cu may tinh, bao gobm cac mé hinh lién quan dinh lugng chu tric-
tac dung (QSAR) va phuong phap m6 phong phén tir docking da dwoc sir dung dé thiét ké va sang
loc nhdm tim klem cac hop chét hoa hoc méi, c6 hoat tinh e ché manh enzyme HDAC2, ¢6 tiém
ning dé phat trién thanh thudc chéng ung thu. Két qua quan trong nhit ctia dé tai 1a da sang loc
tim duoc 3 nhém ciu triic méi, chua timg duge nghién ctru tac dung trén dich HDAC ciing nhu tac
dung khang ung thu. Trong d6 hop chat acid ibandronic nay trc ché 50% hoat tinh cua enzym
HDAC chiét tir t& bao ung thu va & nf“)ng d6 15 pM va c6 ddc tinh té bao manh & mirc néng do
<50 uM trén 3 dong té bao ung thu (vi, tién liét tuyén va phdi). Ung dung phuong phép thiét ké
chu trac phan manh ISIDA, 6 diy dan chit cua acid hydroxamic méi duoc thiét ké. Trong d6 hop
chét tich hop nhéan oxoindolin dugc lya chon dé téng hop va thir hoat tinh {rc ché HDAC2. Két qua
cho thiy 3 hop chét dwoc tong hop c6 hoat tinh trc ché enzym ICs, tir 1,70-6,24 pM. Pic biét hop
chét 4a c6 hoat tinh manh tuong duong véi mot thuc e ché HDAC manh hién dang luu hanh
trén thi truong la Vorinostat (SAHA). Nghién ctru dac diém 1y hoa cung nhu m6 phong phan tir
cho thy céac hop chét nay c6 dic diém gidng thudc phu hop cho nghién ctru sdu hon nham phat
trién thanh thudc chong ung thu méi trong twong lai.

Tir khéa: QSAR, Docking phén tir, chdng ung thu, thiét ké thude hop 1y, enzym HDAC.

1. Pit van dé

Theo théng ké cua t6 chiuc Y té gidi
(WHO), ung thu dang tr¢ thanh can bénh gict
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ngudi hang dau thé gidi, véi khoang 14 triéu ca
mdi phat hién va 8,2 triéu truong hop tir vong
moi nim (sé lidu tinh dén hét nam 2012, theo
bao cdo s0 297, cép nhat thang 6 nam 2014).
Dy kién s6 lugng bénh nhan méi mic s& ting
1én hon 70% trong 2 thap ky toi. So voi thé gidi
thi Viét Nam thudc nhom nudc c6 ty 16 méc
bénh cao nhat dbi v6i nhiéu loai ung thu. Udc
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tinh hang nam tai Viét Nam c6 khoang 150-200
nghin bénh nhin méi phat hién mic ung thu,
70.000 truong hop tir vong, véi xu hudng gia
tang nhanh trong nhitng nim gan day.

Trudc tinh hinh d6, viéc nghién clru va phat
trién cac thudc méi chong lai ung thu hién 13
mdi quan tim hang dau cua gidi khoa hoc trong
nuée cling nhu qudc té. Cac thude didu trj ung
thu hién dang gip rat nhiéu van d& lién quan
dén doc tinh va ty 16 khang thudc cao. Do do6
yéu cau cap bach dit ra 1a phai nghién ctru va
phat trién thude chdng ung thu méi, ¢6 tac dung
chon loc trén dich phéan tir nham phét huy tbi da
hiéu qua, 1au bi khang va it doc hon.

Qua hon hai thap ky, cung véi su phat trién
vugt bac ctia cong nghé sinh hoc va sinh hoc
phan tir, hang trim dich phan tir lién quan dén
ung thu da dugc phat hién, phan lap va kiém
chung. Trong do, cac enzym dong vai tro quan
trong trong diéu hoa chu trinh sinh truéng, phat
trién té bao hién 1a dich tac dung chinh ma céac
thudc didu tri ung thu huéng dén [1]. Histon
deacetylase (HDAC) la mét trong nhiing dich
phan t& dugc chlil ¥ hién nay, enzym nay xuic
tac cho qua trinh deacetyl hoa nhom &-N acetyl
lysine amino acid & phdn dudi cta histon.
Trong nhiéu t& bao ung thu c¢6 sy huy dong qua
muc cac enzym HDAC, gdy nén hién tuong
giam sy acetyl hoa cua histon. Céc chat trc ché
HDAC c6 thé ngin chin quéa trinh nay thong
qua viéc 1am thay d6i biéu hién gen giy ung thu
hay cac gen trc ché khéi u do gy cudng acetyl
hoa céc protein histone [2]. Hién nay da biét
dén 18 loai HDAC khac nhau, chia thanh 4
nhom, trong d6 HDAC2 thugc HDAC nhém 1
dugc danh gia la mot trong nhiing dich phan tir
quan trong nhat do c6 vai tro trong qué trinh
deacetyl hoa cta cac histon H3K56 va H4K16
xay ra trong hau hét cac dong té bao ung thu
nguoi [3, 4].

Qué trinh nghién ctru tim kiém chat trc ché
HDAC nhim phat trién thanh thudc chdng ung
thu da kéo dai hon mét thap ky [5]. Trong
nhitng nam gin day, nghién ctu sang loc tim
kiém hay thiét ké hop chat uc ché HDAC dya
trén cac phuong phap trg gitp boi may tinh,

hay con goi la phuong phap in silico da tr6
thanh mot huéng di méi, dy tiém ning va dang
duoc trién khai tai nhiéu trung tdm nghién ctu,
truong dai hoc va cong ty duge phdm hang dau
trén thé gidi [6]. Do d6, nghién ciru nay duoc
thiét ké v6i 2 muyc tiéu: (i) Xac dinh duoc cac
hop chat héa hoc véi dac diém vé ciu triic hoa
hoc va tuong tac phan tir c6 kha ning tc ché
enzyme HDAC in silico; (i) Thiét ké phan tir
va tao duogc cac cAu tric hoa hoc méi, co kha
ning trc ché HDAC in vitro.

2. Xac dinh cac hop chit héa hoc cé kha
ning wc ché enzyme HDAC in silico

2.1. Nguyén liéu va phwong phap nghién ciru

Sang loc tim kiém hop chét héa hoc c6 hoat
tinh tc ché HDAC2 tir co s& dit liéu (CSDL)
Drugbank (https://www.drugbank.ca/) bao gém
8206 hoat chit, trong d6 c¢6 1991 phan tir co
khéi lugng nhé duge cip ding ky boi FDA (cuc
quan 1y Dugc phim Hoa Ky, 207 hop chat
ngudn gbc cong nghé sinh hoc (protein/peptide)
dugc cap ding ky boi FDA, 93 thuc pham chirc
ning va hon 6000 hoat chit khac dang trong
giai doan thtr nghiém. Ung dung hai mé hinh
QSAR vé& mbi quan hé dinh luong giita cu trac
hoa hoc va hoat tinh trc ché HDAC2 d3 cong bd
[7, 8], bao gérn:

Y(1/-1) = 29,75- 1,81xGATS2e +
2,19xnRNHO + 2,29xUc—
8,11xSpMax1_Bh(e)+ 1,13xC-038 — 0,42xN-
067 - 0,53xGGI3 - 7,20xEta_epsi A +
0,89xnCRX3 (M1)

LoglCsy = 2.2289 + 0.9054xVEl B(m) —
0.1586xMor02m  +  0.2589xMor05m  —
1.2673xMor31v ~ +  16.0534x(R7m+) -
98.0143%(R5v+) + 0.5295xB0O7[N-O] (M2)

Cac budc tién hanh:

Budc I: Tinh toan cac tham sd phéan tir
tuong Ung trong md hinh M1 va M2 cho céc
hop chat trong cac CSDL DrugBank. Trong d6
md hinh M1 nhan gid c¢6 hoac khong co tac
dung e ché HDAC2. Trong nghién ciru nay,
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chon céc chat c6 AP% > 0,45 nhiam lwa chon
cac hoat chét ¢ x4c suét roi vao nhom c¢6 hoat
tinh cao hon.

Buée 2: Ap dung mé hinh M1, chon loc cac
hop chat dy doan 1a c6 tic dung wc ché
HDAC?2.

[ CSDL DrugBank ]
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Hinh 1. Tém tat quy trinh sang loc in silico chit L
ché HDAC?2 tur cac thude va hop chat giong thude
(DrugBank).

Bude 3: Docking cac hop chat nay vao phan
tr enzym HDAC2. Kiém tra twong tac giita cac
hop chit nay voi enzym HDAC2, tinh toan
nang luong lién két (kCal/mol), so sanh v6i mot
hop chét ¢6 hoat tinh tc ché HDAC2 manh 1a
Vorinostat (SAHA).

Buéc 4: Ap dung mo hinh M2 cho cac hop
chat qua Docking nhim xac dinh ICs, cta
ching. Xép tht tu theo hoat tinh giam din
(ICs tang).

Bude 5: Chon tir 3-5 hop chit tiém ning
nhat sau khi sang loc in silico dem thur hoat tinh
in vitro va doc tinh té bao.

Thir tac dung sinh hoc in vitro bao gém: (i)
Danh gia tac dung dugc 1y tc ché enzym
HDAC?2 stt dung Kit dinh luong c¢6 phat huynh
quang; (i) Tht tac dung wc ché HDAC trén
dong t& bao MCF-7; (iii) Thir doc tinh trén 3

dong té bao ung thu: t& bao ung thu vii (MCF-
7), té bao ung thu tién liét tuyén (LNCaP), té
bao ung thu phdi (SK-LU-1) bang phwong phap
sulforhodamine B (SRB).

2.2. Két qua va ban ludn

Tién hanh sang loc 8206 hoat chét trén co
s¢ dir liéu Drugbank qua sang loc bang cic mo
hinh in silico thu duoc két qua nhu sau:

Ap dung mé hinh M1: thu duoc 120 hoat
chét du doan co tac dung uc ché HDAC2. Lua
chon cac hop chét co xac suét hau nghiém Y >
0,45 nham chon ra céac hop chét c6 xac suit co
hoat tinh cao hon.

Ap dung phwong phdp Docking phan tir: thu
dugc 39 hop chét co kha ning tuong tic véi
trung tdm hoat dong cuia HDAC2.

Ap dung mé hinh M2: du doan dugc ICs,
ctia 25 hop chat.

Tu két qua néu trén, ba hop chat da duoc
chon dé tién hanh thir nghiém in vitro. Két qua
dugc biéu dién trong bang 1.

Cac két qua thu duoc cho thiy quy trinh
sang loc in silico ¢c6 do 6n dinh va chinh xac
cao. Tt ca cac hop chit duoc chon déu thé hién
tac dung trc ché HDAC2 véi ICsy xac dinh cho
acid ibandronic cao nhét (46,7 uM). Hop chat
¢6 tac dung trc ché HDAC2 ciing ¢6 thé c6 hoat
tinh trén cac loai HDAC khac qua do6 lam tang
tac dung cua cac chat. Két qua cho thiy tac
dung trc ché HDAC trén dong té bao ung thu via
(MCF-7) cua acid ibandronic manh nhit (15,8
uM). Poc tinh té bao ciing tuong tng voi hoat
tinh trén HDAC, theo d6 acid ibandronic va acid
3-hydroxymyristic cé hoat tinh manh nhét, dac biét
1a trén dong té bao ung thu via va ung thu phoi.

Toém lai, mét quy trinh sang loc in silico da
dugc phat trién thanh cong va tmg dung budc
dau trong tim kiém cau trac mai co kha ning trc
ché HDAC2 tir CSDL DrugBank. Két qua thuc
nghiém di gitp kiém chimg do chinh x4c cua
quy trinh nay.
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Béng 1. Két qua sang loc tim kiém hop chét trc ché HDAC2 sir dung cac mé hinh QSAR

Hop chat dugc chon %zod(os& : Thue nghiém ICso (M) I"l;ailga(ili;l)g duogc ly da biet (Pubchem
Acid 3-hydroxymyristic 69,95 + (HDAC2) 61,66 + 5,13 Chat trung gian trong qué trinh tong
-OH 3,25 (HDAC) 25,12 + 2,31 hop axit béo [9], ¢6 tac dung khang
HO. (;I—F\OH NN (MCF-7) 34,64 +£2,35 mot s6 ching ndm ngoai da nhu
s OH | Eégi%’);;ﬁg%; 3,;883 Kluyvelronzzces m;zlrxlan:;sl Pichia
« -LU- JTx2, anomala, Aspergillus nidulans va
AG =-97,0217 (keal/mol) Penicillium commune.
C6 tac dung khang mot s6 chung vi
khuén Gram am.
Acid ibandronic 31,72 £ (HDAC2) 46,77 + 3,27 La mot thuoc thudc nhém
OH 0 2,16 (HDAC) 15,85 £ 1,12 bisphosphonate ¢6 chtra gbc N, gén
NVVV\MOH (MCF-7) 48,26 + 1.34 vao bé mat xuong va tc ché hity c6t
AG = -86,1940 (kcal/mol) (LNCaP) 61,20 + 3,67 bao (Hoffman La Roche Inc.). St
(SK-LU-1) 57,19 + 3,02 dung trong di€u tri va ngan chan
loang xuong & phu nit man kinh.
Ngoai ra ibandronic acid c¢6 hi¢u qua
ngan nglra gy xuong di can trong da
u tity xwong, ung thu vii va mot sd
ung thu khac [10, 11].
Sulfasalazine 80,80 + (HDAC2) 128,27 £5,98  La mdt sulfonamid khang khuan,

AG = -86,8343 (kcal/mol)

(HDAC) 52,48 + 2,35
(MCF-7) 89,12 + 3,51
(LNCaP) 102,32 + 4,78
(SK-LU-1) 128,82 + 3,19

dugc chép thuan 1a thude tai Hoa Ky
nam 1950. Pugc su dung diéu tri
viém rudt (hién nay it), bao gém viém
loét dai trang va bénh Crohn. Ngoai
ra sulfasalazine cling dugc chi dinh
trong viém khép dang thap va mot so
truong khop khac nhu viém khép véy
nén. Nghién ctru tai dai hoc
Newcastle phat hién thude con c6 tac
dung hd trg diéu tri xo gan [11].

Hién str dung nhiéu trong diéu tri
may day tu phat khong dap vng thude
khang histamin [12, 13].

*Nang lugng lién két voi muyc tidu phan tir HDAC2; **Dy doan n@)ng d6 te ché 50% hoat tinh cia enzym HDAC?2.

3. Thiét ké phan tir va tdng hop cac ciu tric
moi, c6 kha nang e che HDAC in vitro

3.1. Nguyén li¢u va phwong phap nghién ciru

Trong nghién ctru nay khung hydroxamic
dugc lya chon lam dinh huéng thiét ké céc hop
chat trc ché HDAC2 méi. 'Phuong phap thiét ké
ciu trac dua trén manh ciu trac duoc ap dung.
Phan mém ISIDA Fragmentor2015 duoc ap
dung, st dung cac ki hi¢u dan nhan mang dic
tinh manh céu trac dé xay dung md hinh QSAR
va thiét k& hop chit méi [14]. Cac manh ciu

truc duge biéu dién thong qua co ché mo ta theo
mau (ki hi¢u, tinh than dau, do pH...) dam bao
lién quan giita mau sic va tinh chat héa hoc;
gan nhan dua trén gia tri dién thé va dic tinh
duge hoc. Bude cubi cung 1a sit dung ngdn ngit
1ap trinh Pascal tim kiém va dém su ¢c6 mat cac
manh ciu triic dd danh dau trong phén tir [15].

Dbi voi mdi tip hop mé ta phan tir, thu
duoc mot mo hinh twong g nhu sau:

LogICso = 1,62 + 0,13xV; — 541xV, —
2,05xV; + 6,47xV, + 2,01xV;5 + 2,18xVs +
0,25xV;—0,16xV;
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LOgIC50 = 1,57 — 5,59>< Vo — 1,02>< Vie —
0,91xV;; + 6,19XV12 + Z,SOXVB - 1,54XV14 +
1,06xV;5—2,04xV 4

LOgIC50 = 416 —435xV;~1,37xVg
+3,34xV ;9 + 1,56>< Vs + 0,49>< Vo — 2,33>< Vs +
2,42>< Vo —0,33%xV,

Céc bién V, — V5, tuong ung voéi tirng mo
hinh 1a van tay ciu trac dai dién cho cac manh
cAu trac duoc ma hoa thanh tham $6 nhén cac
gia tri 0 va 1 ng v&i sy xuét hién cua ching
trong phan ttr (Hinh 2).
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Hinh 2. C4c manh cau tric quan trong duoc lya chon
trong mo hinh ISIDA1-3 phan anh méi twong quan
dinh lugng giita cu tric va hoat tinh sinh hoc e
ché enzyme HDAC2.

3.2. Két qud va ban ludn

Két hop ca 3 mé hinh, 10 manh ciu trc gitr
vai trd quan trong nhit déng gop vao hoat tinh
trc ché HDAC2 bao gom V2, V3, V8, V9, VI,
Vil, Vi4, V17, V18, V22 (Hinh 2).

Pay 1a cac manh ciu tric dwoc st dung
trong thiét ké nhom nhan dién va cAu ndi dua
trén cdu trac ¢ dinh nhém gin véi kém acid
hydroxamic dé tang cuong kha ning gan két va
hoat tinh trc ché HDAC2. T hop cac manh ciu
tric nay dé tao thanh cac hop chat méi mot cac
ty dong bang Thuat giai di truyén gitp tao ra

hang nghin hop chat [16]. Cac khung cau tric
nay duoc loc lan thir nhét béng viéc kiém tra
xem d3 timg duoc cong bd chwa bang cach tim
chu tric dong dang theo SMILES trén trang
webhttps://scifinder.cas.org/.

Budc loc tha hai 1a duy doan hoat tinh (ICs)
cia cac hop chit duoc thiét ké bang chinh
nhitng mé hinh d3 xay dung dugc.Str dung
phin mém ISIDAFragmentor2015tinh toan céc
mo ta phan tir va thay vao cac mé hinh M1, M2
va M3, liy trung binh cong cac két qua du
doan. Tir cac ciu trac méi da tinh toan, loc ra
céc céu tric cb gia tri ICsy du doan tdt va kha
thi trong tdng hop.

Két qua 1a thiét ké dugc cdu trac méi c6 tac
dung trc ché HDAC?2 t6t nhét (c6 gia tri ICso du
doan thap nhét 0,3uM) 1a 4a.Tr cau tric nay dé
xuét tong hop 3 chat véi cong thirc nhu sau:

R A
T
N (o]
\\(/\N/\/ZAN’OH
N=N H

4a:R=H
4b: R=5-F
4c: R =5-Cl

Hinh 3. Cau trtic dan xuat acid hydroxamic moi.

Céc hop chét 4a-c déu c6 khdi luong phan
ti (MW) nho hon 500 dalton, c6 it hon 5 trung
tam cho lién két hydro (OH, NH) (HBdon) va
déu c6 10 trung tdm nhéan lién két hydro
(HBacc) (O, N), c6 gia tri logP nhé hon 5 va
dién tich bé mit phan cuc (TPSA) 16n hon 75
A? vanho hon 140 A?. C6 thé thiy cac hop chat
4a-c c6 ddc diém 1y hoa phu hop cho phit trién
thanh thudc trong tuong lai.

Két qua docking cho thay mirc d¢ tuong tac
tét trong trung tdm hoat dong cia HDAC2,
tuong tw v6i két qua docking cia SAHA, 1
thudc c6 hoat tinh e ché HDAC2 manh. Ciu
dang 3D cua cac hop chat 4a-c trong trung tim
hoat dong dugc biéu dién trong Hinh 4. Hop
chat 4a va 4¢ giau twong tac ky nudc véi cac
acid amin c6 tinh than diu nhu Phel55,
Phe210, Leu276, Tyr209 va Pro34. Hop chit 4b
tao dugc nhiéu lién két hydro nhét, sau do 1a 4a
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va 4c. Ning luong twong tic clia 4c 1a thip nhat
(-8,2 kCal/mol), sau d6 1a 4a va 4b cho thiy
hop chét 4c tao phuc trong protein 6n dinh nhat
s0 v6i cac hop chat khac. Tt ca cic mirc ning
luong cua 4a-c déu thip hon SAHA. Cac phan

tich nay giup giai thich co ché tac dung ciing
nhu mdi lién quan ciu truc-tic dung cua cac
hop chét méi thiét ké.

Quy trinh tdng hop cac dan xuét nay duoc
biéu dién trong So dd 5.
<

¥I.LI U208
-

TYR208

LEU276

PHE210

;'”‘h

ASP181 =y
145

Hinh 4. Tuong tac giira 4a (xanh 13), 4b (vang), 4c (xanh lam) va trung tdm hoat dong cia HDAC2.

NaN3, MeOH,

0 [0}
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[0}
Acetonitril, Cul, (o] OCH
50°C, 4h N=N 3
R N N—"(
Vg/ 0
3a-c
a:R=-H
b:R=5-F
c:R=5-Cl

So d6 1. Quy trinh tong hop hop chit méi 4a-c.

Két qua di téng hop dugc 3 dan chét cua
acid hydroxamic:

Hop chit 4a: (N-Hydroxy-3-(4-((3-
(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)propanamid.

Chét ran, mau da cam, khdi lugng 13 0,21g,
hidu sudt 64,12%, nhiét d6 néng chay 187,5-
188,5 °C, Ry = 0,42 (DCM : MeOH : AcOH =
90:5:1). "H-NMR (500 MHz, DMSO-d,, ppm):
o 10,47 (1H, s, NH); 8,82 (1H, s, OH); 8,02
(1H, s, H-5%); 7,99 (1H, d, J = 7,0 Hz, H-4”);
7,39 (1H, t, J= 8,0 Hz, H-6”); 7,11 (1H, t,J=
8,5 Hz, H-5”); 7,07 (1H, d, J = 7,5 Hz, H-7”);
4,96 (2H, s, H-6’a, H-6’b); 4,51 (2H, t, J= 7,0

Hz, H-3a, H-3b); 2,57 (2H, t, J= 7,0 Hz, H-2a,
H-2b). FAB-MS m/z: 353,1001 [M+Na]".

Hop  chat  4b:  3-(4-((5-Fluoro-3-
(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)-N-hydroxypropanamid

Chét ran, mau da cam, khdi lugng 13 0,22g,
hiéu sudt 63,15%, nhiét d6 nong chay 187,5-
188,5 °C, Ry = 0,41 (DCM : MeOH : AcOH =
90:5:1). "H-NMR (500 MHz, DMSO-dy, ppm): 3
10,38 (1H, s, NH); 8,05 (1H, s, H-5"); 7,74 (1H,
dd, J=8,0 Hz, J’=2,0 Hz, H-4”); 7,28 (1H, td,
J=138,5Hz, J'=2,0 Hz, H-6”); 7,13 (1H, dd, J
= 8,5 Hz, J' = 4,0 Hz, H-7); 4,97 (2H, s, H-
6’a, H-6’b); 4,53-4,48 (2H, m, H-3a, H-3b);
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2,86 (1H, t, J = 6,75 Hz, H-2a) 2,57 2H, t, J =
6,75 Hz, H-2b). FAB-MS m/z: 347,0897 [M-H]J .

Hop  chit  4c: 3-(4-((5-Cloro-3-
(hydroxyimino)-2-oxoindolin-1-yl)methyl)-1H-
1,2,3-triazol-1-yl)-N-hydroxypropanamid.

Chat ran, mau da cam, khdi lugng 13 0,23g,
hiéu sudt 63,21%, nhiét d6 néng chay 187,0-
189,0 °C, "H-NMR (500 MHz, DMSO-dy, ppm):
6 14,70 (1H, s, NH); 10,48 (1H, s, NH); 8,83
(1H, s, OH); 8,03 (1H, s, H-5"); 7,96 (1H, d, J=
1,75 Hz, H-4”); 7,48 (1H, dd, J = 8,5 Hz, J" =
1,75 Hz, H-6”); 7,14 (1H, d, J = 8,5 Hz, H-77);
4,98 (2H, s, H-6’a, H-6’b); 4,52 (2H, t, J= 6,75
Hz, H-3a, H-3b); 2,57 (2H, t, J = 6,75 Hz, H-
2a, H-2b). FAB-MS m/z: 365,0754 [M+H]".

Céac dan chit 4a-c duoc thir tac dung uc ché
HDAC2 theo phuong phap huynh quang. Két
qua dugc trinh bay trong bang dudi day.

Béng 2. Két qua thir tac dung trc ché HDAC cuia cac
dan chat 4a-c

0
2

NHOH

Chat R HDAC2 ICs,
(ng/ml)

4a  H 0,56+ 0,77
4b  5-F 2,17+1,98
4c  5-Cl 1,02 + 0,56
SAHA 0,28 + 0,03

Két qua thu duoc trong Bang 2 cho thay cac
dan chat tong hop dugc c6 ICs, tir 0,28-2,17
pg/ml. Nhu viy, cac chét tong hop duoc, dic
biét 1a chit 4a, c6 hoat tinh ttc ché HDAC2
tuong dbi tot (twong dong véi SAHA, chat dbi
chtng). Hoat chit 4a c6 thé tro thanh hop chat
din duong tiém ning mdi, phéat trién thanh
thudc chita ung thu.

4. Két luan va Kién nghi

Cac két qua cua dé tai cho thiy phuong
phap nghién ciru sang loc ao ciing nhu thiét ké
hop ly thuoc dya trén tinh toan (in silico) la mot
huéng di rat tiém ning trong tim klem cac hoat
chét c6 tac dung dugc Iy mong mudn, ciing nhu
trong dinh hudng cac nghién ctru phat trién
thudc huéng dich. Quy trinh sang loc a0 két
hop thu hoat tinh sinh hoc in vifro da dugc xay
dung thanh cong trong nghién ctru nay va hoat
dong véi d6 6n dinh va chinh xac cao. Ngoai ra
dé tai da phat trién mot phuong phap t& hop
manh céu trac ISIDA giup thiét ké s6 lwong 16n
cac dan xuét cta acid hydroxamic va danh gia
ty dong hoat tinh rc ché enzym HDAC?2, gitp
tim kiém va tdi wru hoa hop chat dan duong méi
mang khung cdu truc acid hydroxamic dinh
hudng cho téng hop thude diéu tri ung thu méi.
Nghién ctru di t6 hop 10 manh ciu tric trén
nén khung acid hydroxamic nhim tao ra mot s6
khung dan xuat méi, dugc du doan 1a c6 tac
dung wc ché manh trén HDAC2. Dic biét
nghién ctru ndy d& xudt khung ciu tric dan chat
4a duoc voi hoat tinh manh, c6 dac diém hoa
hoc khong qua kho dé tong top, 1a tién dé cho
cac nghién ctru tim kiém hop chat din duong
mdi trong tuong lai.

Dé co thé phat trién va sir dung rong rai quy
trinh sang loc in silico-in vitro cling nhu
phwong phép thiét ké cdu trac manh ISIDA, dé
tai xin kién nghi mot sb ndi dung:

Xay dyng phan mém (hé chuyén gia, expert
system) tich hop cac mé hinh QSAR mot cach
don gian dé ngudi dung co thé sir dung trong
sang loc va tim kiém hop chit trc ché HDAC2
méi tr cac co so dir liéu khac. Mo rong dbi
tuong tim kiém nhu co sé dit liéu cac hop chat
thi€n nhién Viét Nam, cac hop chét khac trong
co 8O dif liéu 16n hon nhu Pubchem, ChEMBL,
hay ZINC...

Tiép tuc nghién ciru t6i wu hoa va téng hop
cac din chat cua acid hydroxamic mdi, nhim
tang hoat tinh wc ché HDAC2 cua cac khung
ciu trac tim dugc. Tién hanh cac nghién ciu
tién 1am sang, doc tinh té bao in vitro, tic dung
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trc ché khdi u rén st dung mo hinh in vivo, va
cac nghién ctru thuc nghiém xac dinh tinh tham,
kha ning chuyén hoa va doc tinh cua cac chat
tim duoc.

Loi cam on

Nghién ctru dugc thuc hién trong khuodn

khoé Pé tai khoa hoc va cong nghé cip
PHQGHN, ma s6 QG.16.24.
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In Silico Screening, Design and Synthesis of Novel Inhibitors
against Histone Deacetylase (HDAC)
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Abstract: Finding a new treatment for cancer is one of the most interested fields for
pharmaceutical research worldwide. As a member of HDAC class I, histone deacetylase 2 (HDAC?2)
appears to be an important druggable target. Today, computer-aided drug design is increasingly used
in the drug discovery and development processes. In this study, computational methods, including
Quantitative Structure-Activity Relationship and Molecular Docking approaches, have been explored
for virtual screening as well as rational design of potential inhibitors of HDAC enzymes. The main
results included the identification of 3 novel structure scaffolds, which had never been studied in anti-
HDAC or anticancer activities. In particular, ibandronic acid showed very good half-maximal
inhibitory concentration against HDAC extracted from MCF-7 cell line (ICsy of 15 uM) and
citotoxicity of < 50 uM against three cancer cell lines (MCF-7, LNCaP, and SK-LU-1). On the other
hand, six novel series of HDAC2 inhibitors were rationally designed using molecular descriptors
derived from ISIDA fragmentor methodology. A series of novel hydroxamates incorporating
oxoindoline aromatic system was synthesized and evaluated in the inhibitory activity against HDAC2
enzyme. The results showed that three synthesized compounds (4a-c) exhibited very good inhibitory
potency, with ICso ranged from 1.70-6.24 pM; notably, compound 4a displayed similar potency to that
of Vorinostat (SAHA), a commercial drug currently used in the management of cutaneous T cell
lymphoma. Physicochemical and molecular simulation profiling assays suggested that this compound
was drug-like and suitable for further study towards developing it into new anti-cancer drug.

Keywords: QSAR, Molecualr Docking, anticancer, rational drug design, HDAC.



