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Summary

Immunotherapy is a revolutionary in cancer treatment, especially in advanced stage, combined
with radiotherapy and/or chemotherapy. PD-1/PD-L1 is an important checkpoint, has been applied in
treatment and is being continued in clinical trial in the form of monoclonal antibodies in the recent
years. However, the disadvantages of therapeutic antibodies may limit their applications due to
immune-related adverse effects (irAEs), poor bioavailability and cost. Thus, inhibitors of the
PD-1/PD-L1 by small molecules may be a promising alternative for cancer immunotherapy. We
performed a five-point pharmacophore modeling to screen database libraries for substance targeting
PD-L1. Then, an online ADME assessment on SwissADME helps to review physicochemical
descriptors as well as to predict ADME parameters, pharmacokinetic properties, drug-likeness and
medicinal chemistry friendliness of small molecules. Molecular docking study revealed that these
2668 substances have high binding affinity for the central cavity (docking scores ranged from
-45.38 kJ/mol to -13.12 kJ/mol) All of them bind with residues Tyr56, Asp122 are the two most
important roles in interaction between protein and ligand. The study recommended 7 potential

substances conducting molecular dynamics simulation, free energy binding and invitro testing.

Keywords: PD-L1, immune
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Dit van dé

Hé mién dich dwoc xem nhw mét hang rao
bdo vé co thé khdi cac tac nhan gay bénh cho
co thé, d&c biét trong bénh Iy ung thw. Sw gan
két cia PD-L1 (programmed death ligand) cla
té bao ung thw voi PD-1 (programmed death)
clia bach cau T bdo vé cac té bao ac tmh chéng
lai sy dao thai ciia hé théng mién dich ", Do do,
viéc ngan chan PD-L1 hoac PD-1 bang khang
thé don dong co6 thé lam mét tac dung bao vé
nay va cho phép hé théng mién dich nhdm vao
cac té bao 4c tinh. Tuy nhién, ching van c6 mot
sé nhuwoc diém nhw thoi gian ban hay rat dai,
tac dung phu lién quan dén mién dich (irAEs),
tinh thdm thap, qué trinh san xuét phirc tap va
chi phi didu tri qua cao @ . Tuy nhién, hién chua
thudc phan t&r nhé nao dwoc (rng dung trong
diéu tri, do d6 viéc nghién ciu d& tim kiém
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phan t& nhd c6 kha ndng (e ché cac protein nay
la can thiét. Bén canh dé, PD-L1 biéu hién &
mirc dd cao trong khdi u va cac té bao mién dich
sau khi tiép xtc véi cac cytokine nhu interferon
gamma nén cac nghién ctru tap trung khao sat
trén thu thé nay. Trén nhu ciu dd, cac phwong
phap sang loc do ra doi giup gidm thoi gian va
chi phi cta qua trinh kham pha thubc méi.
Nghién ctru in silico sang loc cac chét cé kha
nang c ché PD-L1 dwoc tién hanh thwc hién
véi muc dich xdy dwng mé hinh
3D-pharmacophore, danh gia dwgc déng hoc
ADME va mo hinh mé ta phan tl docking tw tap
co s& dir liéu ZINC, MayBrigde HitCreator va
ngan hang thuéc DrugBank.

P6i twong va
nghién ctru

Co s& div liéu

CéAu trac tinh thé phirc hop PD-L1 va ligand
déng két tinh BMS-1001, dwoc lay tr ngan hang
dir liéu Protein Data Bank (ma PDB: 5NIU).
Péi twong thér nghiém cla dé tai gom
21.800.167 chét tir cac co s& dir liéu ZINC
Purchasable (ZINC), MayBrigde HitCreator,

phwong phap
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DrugBank. Vi ZINC la tap di liéu lwu tri truc
tuyén nén phai dung céng cu ZINCPharmer dé
sang loc pharmacophore. Tét ca cac co s& dir
liéu trén déu duoc dwa qua phan mém MOE
2015.10 dé xoa trung Iap sau khi thyc hién sang
loc trén mdé hinh pharmacophore. DPanh gia
ADME duwoc thuc hién tryc tuyén bang cong cu
SwissADME. Céac hop chét thod man cac danh
gia nay sé dwoc dock vao mé hinh mé td phan
t&r docking nham tim ra cac chét tiém nang nhét.

Phwong phap nghién ctru

Qua trinh sang loc cac phan ti nhé cé kha
nang trc ché PD-L1 dwoc thuc hién qua cac giai
doan: Xay dwng mé hinh 3D-pharmacophore;
Banh gia ADME; Xay dwng mé hinh mé ta phan
tlr docking

Xay dwng mé hinh 3D-Pharmacophore

Mé hinh 3D-pharmacophore duwgc xay dwng
bang phwong phap dwa trén céu tric ligand
(ligand-based). Ttr nhirng chét trc ché PD-L1 da
dwoc cong bb tir 5 bang sang ché B~ 10 chét
c6 hoat tinh ¢ ché PD-L1 manh (gia ICs, nhd
hon 10 nM) dwgc chon ra, xép vao Tap xay
dwng. Tap hop dung dé danh gia md hinh
pharmacophore bao gdm hai tap: 58 chét c6
ICso tbt nhét (trong d6, bao gébm 10 chét xay
dwng mdé hinh pharmacophore), goi la tap hoat
tinh va 259 chét c6 ICs, chwa xac dinh, ¢ tinh
chat dbi lap v&i 10 chat e ché manh trong tap
xady dung, duwoc tao bang phadn mém
DecoyFinder 2.0, goi la tap khéng hoat tinh.

banh gia ADME

Céc hop chét sau khi dwoc sang loc qua md
hinh pharmacophore sé& dwoc chuy&n thanh
danh phap SMILES trong phan mém MOE
2015.10 bang cach chon cdt mol > File > Save
as 2> Output: SMILES/Text (.txt). Tép .txt tao
thanh chira danh sach cac hop chét theo thr tw
twong ng voi tap div liéu gbc sé& dwoc sao
chép lén clra s& SMILES clia SwissADME
(http://www.swissadme.ch) > chon Run! dé
tién hanh danh gia. Két qua dwoc tai vé & muc
Retrieve Data - CSV va dwa vao Microsoft
Excel dé thwc hién sang loc bang chirc nang
Filter. Cac tiéu chi sang loc la: Khong co vi
pham trong cac mé hinh PAINS, Brenk, Ghose
(Amgen), Verber (GSK), Egan (Pharmacia) va
Muegge (Bayer); mé hinh BOILED-Egg va
khoéng wrc ché tat ca 5 cytochrom cé trong md
hinh (CYP1A2, CYP2C19, CYP2C9, CYP2D6,
CYP3A4).

Re-docking

Nh&m chirng minh d6 tin cdy cta quy trinh
docking, cac ligand ddng két tinh can duoc
re-docking vao khoang gén két v&i phdi tir da toi
thiéu héa nang lwong bang cong cu Minimize
Energy cia phan mém MOE 2015.10. Két qua
redocking bao gdm gia tri RMSD thé hién
khoang cach gira cac cau dang cua phdi tir
dock vo&i ligand dong két tinh nguyén thiy va
kha nang tai tao lién két véi cac acid amin quan
trong. M6 hinh dang tin cay khi gia tri RMSD cua
ba trwdng hop redocking khong qua 2 A o1,

Xay dwng mé hinh docking phan tw

Protein da dwoc chuan bi béng MOE 2015.10
sé& dwoc tai 1én LeadIT 2.1.8 dé& tién hanh
docking. PAau tién, cac vi tri quan trong trong
khoang gén két duwoc lwa chon bang céng cu
Define Binding Site. Sau dé tr vi tri hoat dong
clia protein mé réng 6,5 A xung quanh ligand
déng két tinh. Qua trinh docking dwoc thyc hién
bang céng cu FlexX dwoc tich hop sdn trong
phan mém LeadIT 2.1.8 va lwvu két qua 1a diém
s6 docking du¢i dang tép *.sdf. Diém sb docking
(don vi kJ/mol) thé hién &i lwc gén két phéi ti -
protein dwa trén m&c d) twong thich véi vi tri
gan két tai dich tac dong. Diém sb docking cang
nhd, ai lwc gan két cang tbt.

Két qua

M6 hinh 3D-Pharmacophore

Két qua thu dwoc tbng cong 697 mé hinh
3D-pharmacophore. Trong dé c6 544 md hinh 5
diém va 153 md hinh 4 diém. Cac mé hinh nay
dwoc danh gia qua thang diém ctia MOE va
diém sé GH, cu thé: dd chinh xac (Accuracy
scoring) 1a 1,0000, diém chéng phi (overlap
scoring) > 6,5 va GH (Goodness of hit list) > 0,7.
Trong d6, mé hinh A001 c6 diém sé GH cao
nhét 1a 0,91 cho thdy kha nang dw doan tét cac
“hit” tiém nang cé kha nang &c ché PD-L1. M6
hinh A001 Ia md hinh 5 diém gém 2 vong thom,
2 nhém ky nwéc va 1 trung tdm mang dién tich
dwong dwoc trinh bay & hinh 1. Ngoai ra, d6
dac hiéu (Sp) cta mo hinh la 0,98, nghia la ti &
nham 1an chat khéng hoat tinh thanh chét cé
hoat tinh clia mé hinh chi c6 0,02. D6 nhay cao
(Se = 0,93) cho thay kha ndng dy doan dung
hon 90% céac chat c6 hoat tinh. Diéu nay cé y
nghfa rat quan trong trong viéc sang loc trén cac
co sé& div liéu Ion, giup han ché viéc gianh thoi
gian va chi phi nghién ctru cho cac chét khong
¢6 hoat tinh.
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Hinh 1. M6 hinh pharmacophore cho cac chét cé kha ndng gan két véi PD-L1
vGi Aro: vong thom, Hyd: nhém ky nuéce va Cat: trung @m mang dién tich duong

Két qua re-docking tao dwoc lién két véi acid amin Tyr56, Asp122,

Két qud re-docking v&i gia tri RMSD la Lys 124 va Arg125 la cac acid amin quan trong
0,7384 A (nhd hon 2,00 A), cho thay sy sailéch  quyét dinh hoat tinh ¢ ché PD-L1 " Taj
cu dang trwdc va sau khi docking la khéong khoang gan két & hinh 2 nhém amino cla phéi
dang ké. CAu dang cla ligand déng két tinh tai  tt tao cac lién két hydro chat ché véi Asp122.

Hinh 2. Két qua re-docking ligand BMS-1001 vao protein (PDB ID: SNIU)
A: Tai tao lién ket voi cac acida min quan trong, B: Cau tric 3 D cda
ligand dbng két tinh BMS-1001 trwéc (mau xam) va sau (mau vang) docking
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('ng dung sang loc ao

Qua trinh dwoc trinh bay & hinh 3 va két qua
7 chét c6 két qua tét nhat khi sang loc do duoc
trinh bay & bang 1. CSDL 21.800.167 chat dwoc
sang loc qua mé hinh 3D — Pharmacophore
A001 da dwoc xay dwng. Két quad thu duoc
14.529 dan chét thda man mé hinh. Tiép tuc st
dung céng cu Unique trén phan mém MOE
2015.10 dé xda trung I1ap, chon ra dwgc 14.520
chat. Cac chét sau khi dwoc sang loc tiép qua
SwissADME dé thoa nhirng tiéu chi sé& cé kha
nang dat nhitng tiéu chudn cho cac hop chét
dung lam thudc dwdng udng, cling nhw cé6 mot
dod an toan vé dwoc dong hoc nhét dinh. Téng
s6 2668 vuwot qua dwoc cac danh gia ADME.

Két qua phan tich cho thay ca 2668 chat déu

docking thanh cong vao khoang gan két. Diém
sb docking dao déng trong khoang tir -45,3840
kJ.mol™ dén -13,1230 kJ.mol™. Trong d6 c6 285
chat co6 diém sb thdp hon - 30 kJ/mol, chiém ti lé
11% trong sb cac phéi t&r dwoc khao sat. Ty Ié
cac phéi t&r hinh thanh dwoc twong tac véi cac
acid amin quan trong Tyr56, Asp122, Lys124,
Arg125 1an lwot 1a 99,4 %, 99,7 %, 36 % va 29 %.
Dé&c biét, hu hét cac phdi tir déu tao lién két H
v&i Asp122 trong khi d6 lién két ky nwédc (t — )
gita vong thom clha phdi t& va phenol cla
Tyr56 lai it dwoc quan sat thay. Phan tich twong
tac v&i acid amin trong khoang gan két, nghién
ctru chon ra 7 chét co diém s docking tét, vira
tao lién két hydro hoadc lién két ly nuwéc voi
Tyr56 va Asp122 — 2 acid amin quan trong nhét.

DrugBank 9.074 chét
MBHC 14.000 chat
ZINC 21.777.093 chét

A

A

3D — Pharmacophore

14.520 chat

y

banh gia ADME

2.668

chat

A

y

Docking

7 chéat tiém nang

Hinh 3. So db mé t4 téng quat qua trinh sang loc do céc chét cé kha néng trc ché PD-L1

Bang 1. Két qué 7 chét thu duoc sau khi sang loc do

] ] Diém sé
STT Tén chat Cau truc docking
(kJ/mol)

1 - 45,38

7z |N
H
DB03916 CD/N\(N\ x N/\

3
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2  ZINCB89864841 - 36,03
3  ZINC91312677 - 35,85
4  ZINCB84604166 - 35,40
5 ZINC90632186 - 35,15
6 ZINC78262976 - 34,90
7 ZINC39356574 - 34,90

Ban luan

M6 hinh pharmacophore va danh gia ADME
da cho hiéu ndng sang loc ban dau tbt, voi
100 % sb chat thda pharmacophore va ADME
da dwoc docking thanh cong. Céac chét sau khi
duwoc sang loc tiép qua SwissADME dé thoa
nhirng tiéu chi sé cé kha nang dat nhirng tiéu

chudn cho cac hop chét dung lam thubc duwong
ubng, cling nhw ¢ mét dd an toan vé duoc
dong hoc nhét dinh. Tir két qua sang loc thu
duwoc, phan Ién cac chat dwoc chon 1a nhivng
chat mang cac nhém thé nhw amid, amin dwoc
gan vao dj vong thom 5 hodc 6 canh. Trong do,
cac di vong tao lién két ky nwéc véi Tyr56, cac
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nhém amino tao lién két hydro v&i Asp122 va
tao twong tadc Van der Waals v&i cac acid amin
khac (Tyr123, Lys 124...) trong khoang gop
phan 1am tang kha nang gan két cta cac chét.
Nghién ctru sé tiép tuc hwéng tdi viéc st dung
mé hinh pharmacophore dé tién hanh sang loc
cac tap co s& dir lieu khac nhw ngan hang
thubc c6 truyén Trung Hoa (TCM
tcm.cmu.edu.tw), thw vién cac manh clu tric
clia ChemDiv (www.chemdiv.com)... nham tim
ra nhitng chét trc ché méi c6 hiéu qua chon loc
cao. Vi 7 chét tiém nang tim dwoc, nghién cru
sé tién hanh chay Mé phdng déng hoc phan t
va tinh toan nang lwong gan két tw do, tir d6 tao
tién dé cho cac phwong phap thir sinh hoc in
vitro, in vivo.

Két luan

Nghién ctru da xay dwng dwgc md hinh sang
loc &0 cac chéat e ché PD-L1 dwa trén mé hinh
3D-Pharmacophore, danh gia ADME va mé hinh
mo ta phan tl docking va tién hanh sang loc
trén 3 co s& dir liéu ZINC, Maybrigde HitCreator
va DrugBank. Mé hinh pharmacophore la mé
hinh 5 diém gdm 2 vong thom, 2 nhém ky nwéc
va 1 trung tdm mang dién tich duwong. Bay la
nhirtng diéu kién can cé cia mot chat Gc ché
PD-L1. Cac chat nay sau khi duoc sang dé thoa
nhirng tiéu chi ADME sé c6 kha nang dat nhirng
tiéu chuan cho cac hop chéat dung lam thudc
duwong ubng, cling nhw ¢c6 moét d6 an toan vé
duwgc dong hoc nhat dinh. Két qua docking cho
thdy cac chat nay cé ai lwc gan két cao Voi
khoang trung tam (diém sé docking giao déng t
-45,38 kJ/mol dén -12 kJ/mol) va gan nhu tat ca
céac chat tao lién két véi Tyr56, Asp122 14 2 acid

amin quan trong nhat, ciing nhw danh gia duoc
khd nang tao lién két ky nuwéc, lien két hydro
gitra protein va phéi .
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