NGHIEN CUU SANG LOC THU VIEN HOP CHAT HOU CO THUONG MAI

TiM KIEM NHONG CHAT 'C CHE MOI CHO PROTEIN MMP13
TRONG DIEU TRI BENH VIEM XUONG KHOP

NGUYEN VAN DIN - Khoa Hos, Trudng Dai hoc Su pham, Bai hoc D3 Nang, téc gia chinh;
NGUYEN TRUGNG TIEN, NGO MINH KHOI - Trung tam K§ thudt Tieu chudn Bo ludng Chét ugng 2, tc gia chinh.
DANG THI MY HUE - Khoa Duge, Dai hoc Ky thugt Y Dugc 3 Nang

SUMMARY:

Osteoarthritis is the most common form of arthritis, affecting over hundred million people all
over the world. Enzyme matrix metalloproteinase-13 plays a vital role in cartilage destruction
involved in osteoarthritis, thus protein matrix metalloproteinase-13 is considered as an attractive
therapeutic target. Molecular dynamics simulations were performed on the crystal structure of matrix
metalloproteinase-13 to generate dynamic conformations. A database that contains over 1.5 millions
commercial small molecules was screened using structure-based drug design. Herein we report 10
new selective matrix metalloproteinase-13 inhibitors that can be optimized in order to develop drugs

Jor osteoarthritis treatment.
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I. GIOI THIEU

Viém xuong khdy (Osteoarthritis (0A)) 1a mot trong
nhing can bénh phd bién, anh hudng dén hang tram trigu
ngudi 16n tudi trén toan thé gidi[1]. OA dugdc chia thanh
ba dang: viém khdp Péi, tay, hodc héng. Trong do, viém
khdp gdi la dang pho bién nhét, chiém gan 60% téng so
bénh nhan Idn tudi (trén 65 tudi) 6 khu vic Bic My va
chau Au[2]. Tinh dén thoi diém hién tai viéc diéu tri OA
chi tap trung vao khia canh giam dau bang cach st dung
céc thudc acetaminophen (paracetamol), khong steroid
(NSAID), corticosteroids[3]. OA dudc chdng minh ¢6 quan
hé dén su thay ddi cau triic dién ra trong syn khdp, I6p
xong dudi sun, day chang, bao khdp, mang hoat dich,
va cd nhu dong(4]. Do d6, trong nhiing nam gan day, liéu
phap diéu tri dac trung hudng tdi sy (ic ché thoai hoa I6p
sun, sy tai tao I6p sun; hay su tc ché thodi hoa Xuong
dude quan tam cao[5]. Tuy nhién nhing liéu phap nay van
chua dugc dudc cong nhan trong diéu tri OA.

Enzym matrix metalloproteinase-13 (MMP-13) c¢6 vai
ro trung tam trong qua trinh thodi hod IGp sun[6], vi vay,
Uc ché hoat dong cua cac protein nay dugc xem la mot
frong nhing ligu phap hiu hiéu cho diéu tri OA. Nhiéu
chét tic ché non-zinc MMP13 chifa céc b khung céu trac
khac nhau nhu ethers, biaryls (aryltetrazoliums, arylfurans,
pyrazole-indoles), pyrimidines, and aryl/cycloalkyl-fused
pyrimidines d&@ dudc nghién cuu[7]; nhung van chua cé
¢hét nao dudc cong nhan st dung cho diéu tri OA. Vi véy,
nghién cuu nay hudng dén tim kiém hdp chét dc ché non-
zinc MMP13 mdi. Nhiing chat nay co thé dudc xem nhu
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hdp chét lead trong viéc phat trién loai thude méi trong
diéu tri bénh viém xudng khdp.

Trong bai bdo nay, chiing toi stf dung phudng phap thiét
k€ thudc dua trén cdu tric (structure-based drug design
(SBDD)) dé du doan cac chat dc ché méi cho MMP13.
Thong qua phudng phap SBDD véi 2 giai doan chinh: sang loc
pharmacophore va sang loc docking phan tlf; ching toi da tim
ra 10 phan tif hitu cd méi c6 kha nang tc ché chon loc cho
MMP13. Nhiing phan tif nay nay dudc dy doan co tinh ddc
trung cho MMP13 so vdi céc protein con lai cia ho MMP.
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Hinh 1. Cau trdc tinh thé MMP13 vdi cac ligand. (A).
ligand pyrimidinetrione lién d tam zinc chelating cia protein
(PDB 1YOU). (B ) ligand lién két v6i tam non-zinc chelating

(B) (PDB 3WV1). Tam nay gém vung lién két chinh §’

va viing md réng S”.



1. PHUONG PHAP NGHIEN CUU

1. Céu tric protein va thw vién phén tir
hiru co’

Céu tric tinh thé cla phiic MMP13-ligand gom hai
oai: tinh thé ligand c6 thé lién két vdi tam hoat tinh kém
(zinc chelating) hodac lién két vdi tdm khong hoat tinh kém
(non-zinc chelating). Vi du, trong phic hop tinh thé ma
PDB 1YOU[8], ligand pyrimidinetrione lién két véi tam
zinc chelating (Hinh 1A). Ligand lién két vGi tam non-zinc
chelating ¢6 tinh chon loc cao véi MMP13; do do, trong
nghién ciiu nay, cdu tric tinh thé phiic hgp MMP13 non-
zinc chelating ligand c6 ma so protein PDB 3WV1 [9] dudc
sl dung. Tam non-zinc chelating gém hai tam: tam lién két
chinh S’ va tam lién két md rong S”, tuong tac tai ving S”
dudc xem la yéu t6 quyét dinh tinh tic ché chon loc cla
chat tc ché MMP13[10] (Hinh 1B). Cau triic protein dudc
XUt ly bang phdn mém MOE phién ban 2018[13].

Thu vién chifa hon 1,5 triéu phan ti hiu co thudng
mai dang 2D dudc sang loc theo quy tac Lipinski114] va
veber[15]. 1,2 triéu chat dudc gid lai va dudc chuyén sang
cdu dang 3D. Céc phan tli hiu cd trong thu vién dudc dua
vé dang ton tai chinh trong mdi truting cd thé (pH = 7).

2. M6 phong dong hoc phan tir

Phan mém mo phong dong hoc Gromacs phién ban
2018[11] dudc ap dun. Qud trinh md phong st dung céc
tham s0: trudng Iyc amber99sb, hop dung méi rhombic
dodecahedron, md hinh phan ti nuéc TIP3. Toan bd hé
thong chda protein va hop dung moi sau dé dugc dua
vé trang thai can bang nhiét NVT, va can bang bang ap
suat NPT. M6 phong dudc tién hanh trong khoan thdi gian
20ns, dudc Iap lai 3 1an. Trong qua trinh md phong, thudt
toan LINCS, va phudng phép Ewald PME dugc dung. Dé
tao tham s6 mo phong cho ligand, chudng trinh ACPYPE
(AnteChamber PYthon Parser interfacE) dudc ap dung.

3. M6 hinh pharmacophore
Trong nghién cliu nay, mé hinh pharmacophore dudc
xay dung dua trén cdu tric tinh thé ligand trong phic hgp

vdi protein c6 ma s6 cdu tric PDB 3WV1[9]. M6 hinh
bao gom 4 diém nhan lién két hydro (acceptor), 1 diém
cho trong lién két hydro (donor) va 2 diém vong thom
(aromatic) (Hinh 2). Tudng téc tinh dién gila nhom mang
dién tich am cua ligand va Lys140 ctia MMP13 dong vai
quyét dinh tinh dac trung cua chat dc ché MMP13 so vdi
céc chét tc ché MMP khac[10]. Do do, hai diém nhan lién
két hydro gan Lys140 sé dugc chon la diém chinh yéu
trong sang loc. Diéu nay co nghia la nhdng hgp chat thu
dugc clia qua trinh sang loc phai chifa nhém chic tao lién
két hydro vdi Lys140.

* | Avomanic centar or pl rieg comter

Hinh 2. M6 hinh pharmacophore ctia ligand trong tam lién két
non-zinc chelating cia MMP13 vdi ma s6 PDB 3WV1.
M0 hinh bao gém céac diém nhén lién két hydro (acceptor)
(mau xanh lam), diém cho lién két hydro (donor) (mau hdng),
diém vong thom (aromatic/pi ring) (mau cam).

4. Docking phéan tir

Cac chat thu dugc tii giai doan sang loc pharmacophore
dugc dock vao tam lién két non-zinc cta protein MMP13
vdi sy hé trg cua hai phdn mém docking phan ti GOLD
(Genetic Optimisation for Ligand Docking) phién bén
2018[12] va MOE phién ban 2018[13]. Thuat toan GA va
ham GoldScore dugc thiét Iap trong GOLD. Trong khi do
MOE st dung thudt toan Triangle Matcher va ham GBVI/
WSA dG. 10 cdu dang lién két c6 nang lugng thap nhat cua
méi chét dudc ghi lai 6 két qua dau ra.

1. KET QUA NGHIEN CUU VA BINH LUAN

1. Khio sat cac cAu dang dong cia MMP13
Dé xem xét do léch gida cdu tric tinh thé ban dau va
cdu tric mo phong lic @ trang thai can bang, gia tri RMSD
dudc phan tich. Trong 3 lan mo phong, hé dat can bang
sau 5ns, véi gia tri RMSD gitia 0,35 — 0,45nm (3,5 — 4,5)
(Hinh 3A). Ldn m6 phéng thit nhat dudc chon dé khao sat

cdu dang dong cua protein theo phudng phap phan tich
hgp phédn cd ban, (principle component analysis (PCA))
(Hinh 3B). Theo d6, chuyén dong MMP13 phan b trong 3
viing khong gian chinh: viing xanh nudc bién (vung |, tudng
(ing khoan thdi gian 0 — 5ns), viing xanh da trdi — xanh l2
cay — vang (vang Il, tudng ting khoan thdi gian 5 — 15ns),
viing do (vung Ill, tuong Ung khoan thoi gian 15 — 20ns).
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Hinh 3. M phdng ddng hoc cho tinh thé MMP13.
(A) Gia tri do léch chudn RMSD ciia cau tric MMP13
trong ba lan mo phong ddng hoc. (B) Chuyén dong cla protein
trong khoan thdi gian md phong qua phan tich PCA

Drojection on elgenvector 2 (nm)

Viing | bi loai b6 vi ving nay tuong ting vGi khoén thai
gian hé chua dat can bang Qua trinh ghép nhom céau dang
dugc dp dung cho hai viing khong gian II, ll. 3 nhém cau
dang dau tién ctia méi viing dugc chon. Do vay, c6 tng
¢ong 6 nhom cau dang MMP13 thu dudc tif qua trinh mo
phong ddng hoc phén ti. Moi nhém dugdc dai dién bdi mot
cdu dang trung binh.

2. Sang lgc hop chit irc ché méi

Tu thu vien 3D cua 1,2 triéu phan tU hiu cd, qua
trinh sang loc pharmacophore gid lai hon 5.000 phan tu
hifu cd khép v6i mo hinh pharmacophore, ¢ thé dudc
goi la pharmacophore hits. Dé dam su tudng téc gia
nhiing phan ti hitu cd va tam lién két cla protem 5.000
pharmacophore hrls dudc dock vao tam I|en két non-zinc
chelatmg cla 7 cdu tric MMP13 (gém 1 cdu tric tinh thé
va 6 cdu dang mo phong dong hoc). Qua trinh docking sé
tao ra tong cong 50.000 cdu dang lién két.

Nhing cdu dang lién két khong khdp véi mé hinh
pharmacophore, hodc cho cac tudng tac bat Igi véi cac
amino acid trong tam lién két cla protem sé bi loai bo.
Trong budc cudi cung, nhiing phan ti chiia cac nhém
chiic dé bi chuyén hod dudi sy tac dong cua céc enzym
gan, hay nhiing phan tf chifa nhém chtic c6 kha nang gay
ddc tinh sé bi loai. K&t qua thu dugc 21 phan tf hiu cd co
kha nang tc ché MMP13.

3. Khido sat tinh dic trung cua nhirng

chit irc ché moi

| Tinh dac tring cla cac chat dc ché MMP13 dugc
| qui dinh boi kha nang tudng tac cla chung véi Lys140
trong khong gian md rong S” thudc tam lién két non-
zinc chelating (tam S°)[10]. Cau tric tinh thé cla nhiing
protein thugc ho MMP bao gém MMP1, MMP2, MMP3,
MMP7, MMP8, MMP9, MMP10, MMP11, MMP12, MMP13,

Hoéa hoc & Ung dung
;5(?’18 (60B)/ 5

-2022

MMP14, MMP16, MMP20 dugc xem xét. Tam lien két cla
cé4c cau trdc tinh thé dugc khdo sat bang st dung phan mém
thap[16] va MOE phién | ban 2018[13]. Chi ¢6 céu tric tinh
thé ctia MMP2 v6i ma s6 PDB 1HOV[1 7] va MMP8 v6i ma
s0 PDB 3DNG[18] chifa tam lién két S' véi ving md rong
S"‘ tuong tu nhu tam lién két cia MMP13. Do do, c6 thé
khang dinh céc chét tc ché mdi cho MMP13 trong nghién
cliu nay khong c6 kha nang tc ché cac protein khac trong
ho MMP, ngoai trit MMP2 va MMP8.

Dé khéao sat mic do dc ché cla cac chat Gc ché mdi
trong hai protein MMP2 va MMP8, 21 chét tc ché thu
dugc (ki higu ti mi1, mi2, ... , mi20, mi21) dudc dock
vao tam S’ cta hai protein nay. Két qua nang Iugng lién két
docking chi ra ring 15/21 chat lién két vdi MMP13 tot hon
MMP2, MMP8 (Hinh 4).
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Hinh 4. Gié tri nang lugng lién két cia 21 chat dc ché
trong tam lién két non-zinc chelating cia MMP2, MMP8 va MMP13

Théng qua phan tich tudng tac cla 15 chat nay vdi
amino acid cua tam lién két, 5 chat bi loai vi ching khong
cho lién két tot vai Lys140. Nhu vay 10 chat dugc chon
trd thanh chét tc ché mdi, tiém nang cho MMP13. Mé s6
thudng mai ctia cac chat dugc chi ra trong Bang 1.

Bang 1: Ma sd thuong mai clia cac chat ic ché mdi

Tén chat Ma so Tén chat Ma so
mi2 7234975458 mil4 230001678
mi5 751154290 mil7 791933543

mi10 719456090 mi19 2237846856
mi11 225417557 mi20 2241266150
mi12 225505246 mi21 798049818

mit4

Hinh 5. Vi tri tung tac ca hgp chat mi5 va mi14
trong tam lién két MMP13 (mau ca hdi), MMP2 (mau xanh da trdi),

MMP8 (mau xanh la cay).



Vi tri chiém gilf clia hai chat mi5 va mi14 trong cac tam
lién két non-zinc chelating cia MMP13 (mau cé hoi), MMP2
(mau xanh da trdi), MMP8 (mau xanh la cay) dudc chirad
Hinh 5. Qua d6, dé dang thay rang tuong tac & viing S” chi
dién ra trong MMP13. Nhin chung céc chat mi5 va mi14 tao
ratudng tac khong phén cyc va lién két hydro @ ca haiving S’
va S’ trong tam lién két non-zinc chelating cia MMP13 (Hinh
6). Céc vong thom cua céc ligand nay tudng tac khong phan
cyc véi cac amino acid Phe217, His222, Tyr246, Phe252.
Trong khi do céc nhém chic phan cuc clia céc ligand cho
tuong tac hydro vdi Thr247, Asn215, Lys140. TU tuong tac
véi Lys140, co thé n6i rang cac chat dc ché nay mang tinh
chon loc dac tring véi MMP13.
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Hinh 6. Tudng tac cia cac chat mi5 va mil4
trong tam lién ket non-zinc chelating cia MMP13.

IV. KET LUAN

Trong nghién cdu nay, ching toi da du doan thanh
cong 10 phan ti dc ché méi cho protein MMP13 bang
céch &p dung thanh cong qua trinh thiét ké thubc dya trén
nén tang cAu tric tinh thé. Qua trinh nghién clu suf dung
cac tinh chat cdu tric cla hop chat thudc cua qui tac
Lipinski and Veber. Bén canh do, cac phudng phéap sang
loc pharmacophore, sang loc docking phan ti dong vai tro
chinh trong sang loc thu vién kich thudc 16n chtia hon 1,5
triéu cht hdu cd. Dé dam bao tinh chon loc dac trung,
lién két cia 21 phan tif trong tam lién két cla cac protein
MMP2, MMP8 dudc khao sat. Khao sat gidp loai bo nhiing
chat c6 tinh dac trung thdp, nham gidp tranh dudc hiéu
{ing off-target. 10 chat dudc chon nhu la chat tc ché chon
loc tiém nang cho MMP13. Dé kiém chiing nhiing két qua
dy doan, trong tuong lai chang ti sé hudng tdi cac thi
nghiém sinh hoc dé do hoat tinh va doc tinh cua cac hdp
chat tim dudc trén t& bao MMP13.
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