Nghién ciru sang loc in silico cac phan tir nho
co tiem nang gan két chon lgc trén CXCR2 so voi CXCRI1
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Summary

Reducing expression of CXCR1/2 may lead to a decrease in the inflammatory response that in
turn provides the therapeutic effect of autoimmune diseases. The selective binding on CXCR2 can
provide a broader therapeutic application and reduce undesirable effects on the immune system.
Therefore, in this study 3D-pharmacophore, 2D-QSAR, docking models are used for in silico
screening process of small molecules with selective binding potential on CXCR2 compared to
CXCR1. With data from various atrticles, the study has built a virtual screening process through the
following steps: 3D-pharmacophore, 2D-QSAR, ADMET assessment, docking on CXCR2 and
CXCR1 protein. In this study, 21.777.093 substances from ZINC database were used for screening
potential inhibitors. As a result, 51 substances with the selective binding affinity to CXCR2 could be

used as candidates for further in vitro and in vivo testing.
Keywords: CXCR2, CXCR1, 3D-Pharmacophore, 2D-QSAR, docking.

Dat van dé

CXCR1/2 déng vai trd quan trong trong hé
mién dich cGia con ngudi va cé lién quan dén
cac bénh ly nhu viém khép, bénh phéi téc
nghén man tinh, lupus, hen suyén, xo nang, ung
thw... Viéc giam biéu hién cta CXCR1/2 cé thé
dan dén gidm dap (rng viém, tr d6 mang lai tac
dung diéu tri d6i v&i cac bénh ly néi trén. Trong
diéu kién mién dich binh thwéong, chemokin
duoc tiét ra mot lwong nhd & md hach bach
huyét va tang lén cao nhat khi c6 dap (ng viém.
Trong co thé, chemokin gén két voi thu thé
CXCR1/2 nhwng &i lwc gan két ctia chemokin
v&i thu thé CXCR1 va CXCR2 cé suw khac nhau.
CXCR2 gén két ai lyc cao véi tat cad ELR"
chemokin, trong khi CXCR1 gan két ai luc yéu
voi cac ELR" chemokin ngoai trv CXCL8. Tw
do, thiét ké thubc co tac dung dbi khang chon
loc trén CXCR2 c6 thé cho ng dung diéu tri
rong hon so véi trc ché chon loc CXCR, dong
thoi han ché dugc tac dong khong mong muodn
dén dap wng mién dich so v&i (rc ché kép
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CXCR1 va CXCR2. Vi vay, viéc xay dwng mo
hinh in silico d& sang loc cac phan t& nhd cé
tiém nang gan két chon loc trén CXCR2 so véi
CXCR1, dwa trén twong tac cla cac chat voi
céc thu thé CXCR1/2 la can thiét.

Phwong phap nghién ciru

Qua trinh sang loc cac phan t& nhd co tiém
nang gan két chon loc trén CXCR2 so Voi
CXCR1 thyc hién qua céac giai doan dwgc mo ta
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Xay dwng mé hinh 3D-pharmacophore
CXCR2: M6 hinh 3D-pharmacophore xay dwng
bang phan mém LigandScout dwa trén phéi tcr,
do chua c6 cAu truc tinh thé cia CXCR2 ciing
nhw phirc hgp githa CXCR2 va ligand trén Ngan
hang di¥ liéu Protein (PDB). Co s& dir liéu duwgc
xay dwng tlr 252 chét co cac gia tri ICs déu
dwoc quy ddi v& phwong phap thir thay thé
CXCL8 dwoc danh dau %I & CXCR2 tai td hop,
duwoc biéu hién bdi té bao CHO tir 8 bai bao.
Tap xay dwng bao gdm 4 chat c6 tac dung ddi
khang chon loc trén CXCR2 tai vung allosteric.
Trong d6, navarixin 1a mot chat déi khang chon
loc trén CXCR2 gép 80 lan so v&i CXCR1 va ¢
ICs01a 2,6 nM 1. Lay ngwéng 26 nM (gép 10 1an
hoat tinh cGia navarixin) dé& chia co s& di liéu
thanh: Tap hoat tinh ch®*a cac chat co
ICs £ 26 nM va tap khdng hoat tinh chiva cac
chat co ICs > 26 nM. Cac md hinh can dwoc
danh gia dwa trén céc tiéu chudn bao gdm do
nhay (Se), d6 dac hiéu (Sp), d6 dung (Acc), ty
suat hoat tinh (Ya) va diém GH .

Xay dwng mé hinh 2D-QSAR: Co s& dir
liéu ban dau la 110 chét c6 ICs, dao dong trong
khoang tir 3,98 nM dén 15840 nM dwoc chon ra
tr t€p sau budc xay dwng va sang loc md hinh
3D-pharmacophore. Vi gia tri ICs, clia cac chéat
nay cé khoang bién thién rat Ién nén duoc quy
ddi thanh gia tri pICso. Cac chat dwoc nhap vao
MOE va tbi thiéu héa ndng lwong bang cong cu
Energy Minimize. Sau khi tinh toan, cac théng
s6 md ta khoéng cé y nghia cla tap xay dwng mo
hinh duwoc loai thd bang cac phadn mém MS
Excel 365 va RapidMiner 9.7. Sau d6, st dung
phan mém Weka 3.8.4 dé tim ra cac thong sbé
mo ta cd gia tri lién quan nhét v&i plCsy thuc
nghiém. Phwong trinh QSAR dwgc xay dwng
bang phwong phap PLS, loai nhiéu théng qua
phan tich thanh phan chinh PCA, théng qua
Z-score va Zx-score. M6 hinh duwgc danh gia
bang cac danh gia ndi (danh gia trén tap xay
dwng), danh gia ngoai (dung mé hinh xay dwng
trén tap xay dwng dé danh gia trén tap kiém tra),
danh gia Roy.

Danh gia ADMET: Nghién ciu sl dung
phan mém ADMET Predictor 9.5 cla Céng ty
Simulation Plus (My) ®!. Cac thong s6 ADMET
dwoc tinh toan cac rii ro (risk) nham han ché
that bai cho viéc phat trién thuéc sau nay. Cac
gia tri rui ro thi khong cé don vi va cé khoang ti
0 dén vo cung. Néu gia tri cla rti ro cang cao thi
kha ndng vuwot qua cac danh gia trén tién 1am
sang va lam sang cang thap. Gia tri nguwéng

clia rdi ro chung va rai ro hap thu, chuyén héa,
doc tinh dwoc trinh bay trong bang 1.

Bang 1. Gia tri ngudng cda cac rdi ro ADMET
theo ADMET Predictor ¥

Hép thu
3,50

Chuyén héa
2,50

Chung
7,50

Déc tinh
2,00

Xay dwng mé hinh mé ta phan tdr docking
CXCR2: Céu truc protein duwgc sir dung trong
nghién ctu nay la céu tric homology dugc xay
dung bdng may chi I-TASSER, st dung ky
thuat moé ta tinh twong déng (homology) dwa
trén trinh tw acid amin dwoc cung cép (s6 acid
amin tr 10 dén 1500) ™. P& tai tién hanh
redocking navarixin va lay diém sb docking lam
nguwdng dé sang loc cac chat gan két manh trén
CXCR2. Navarixin cdn dwoc chudn bi bang
phdn mém Sybyl-X 2.0 trwdc khi tién hanh
docking. Théng qua ZINID, 5000 chét c6 gia tri
plICso tot nhét tlr trang web
http://zinc15.docking.org/ dwoc tai vé dwéi dinh
dang tép *sdf. Qua trinh docking dwoc tién hanh
bang phan mém LeadIT 2.1.8. Vung allosteric
duwoc tap trung nghién ciu do dé khoang gan
két s& dwoc xac dinh bdi cac acid amin quan
trong la: Thr83, Asp84, Asp143, Ala147, Ala249,
Tyr314, Lys320, Phe321 . K&t qua docking cho
biét ai lwc gan két cla ligand v&i protein va
twong tac gitba acid amin v&i ligand do.

Xay dwng mé hinh mé ta phan td docking
CXCR1: CXCR1 c6 sdn c4u tric 3D trén ngan
hang PDB (Protein Data Bank) v&i ma 2LNL. Dé
tai s dung DF2156A Iam phdi t& redocking trén
CXCR1 tlr d6 xac dinh diém sb docking, day
cling chinh 1a diém sb docking dwoc dé tai chon
lam ngwdng phan biét gitta gén két chon loc
trén CXCR2 va khéng chon loc trén CXCR2.
DF2156A cilng duwoc chuan bi 3 budc bang
phan mém Sybyl-X 2.0. Qua trinh docking dwoc
thwc hién trén LeadIT 2.1.8 véi khoang gan két
clia CXCR1 bao gébm 5 acid amin quan trong la
Tyr46, Lys99, Asn120, Tyr258, Glu291 ©.

Két qua

M6 hinh 3D-pharmacophore

Sau khi xdy dwng mdé hinh 3D-
pharmacophore, két qua xuét ra 200 mé hinh,
lwa chon dwoc 10 mé hinh. Tién hanh danh gia
d6 nhay, d6 dac hiéu, ty suat hoat tinh, do dung
va diém GH cua tirng mé hinh. Két qua danh gia
10 mé hinh 3D-pharmacophore duwgc trinh bay
& bang 2.
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Bang 2. Két qua déanh gia cac mé hinh 3D-pharmacophore

Fit Non-Fit . s Ty suat i g .z
M6 hinh 130 122 bonhay  DOdac  hoattinn 29,399 Dg;_’,"
P FN __FP N (Se) ieu(Sp) " (yg) (Acc)
PhO01 109 21 48 74 08385 0,6066 _ 0,6943 _ 0,7262 __ 0,4430
Ph025 95 35 35 87 0,7308 0,713 07308 0,7222 __ 0,5211
Ph045 117 13 57 65 0,0000  0,5328 __ 0,6724 __ 0,7222 __ 0,3886
Ph047 115 15 50 72 08846 0,5902 __ 0,6970 0,742 0,4390
PhOG0 107 23 22 100 _ 0,8231 _ 0,8197 _ 0,8295 _ 0,8214 __ 0,6786
Ph064 88 42 177 105 _ 06769 __ 0,8607 __ 0,8381 0,7659 __ 0,6866
PhO79 120 10 49 73 09231 0,5984 _ 0,7101 __ 0,7659 __ 0,4567
Ph082 117 13 44 78 0,0000 _ 0,6393 __ 0,7267 __ 0,7738 __ 0,4923
Ph155 110 20 43 79 08462  0,6475 _ 0,7190 _ 0,7500 0,486
Ph156 128 2 95 27 09846 0,2213 __ 0,5740 __ 0,6151 0,1497

Trong sb cac két qua danh gia, mé hinh
Ph060 va Ph064 déu cho két qua do dung va
diém GH cao cho thay kha nang dy doan cua 2
mé hinh nay la kha tét. Md hinh Ph060 c6 do
nhay cao hon so v&i md hinh Ph064 (0,823 >
0,6769), tuy nhién md hinh Ph064 lai c6 ty suéat
hoat tinh cao hon mé hinh Ph060 (0,8381 >
0,8295). Giira do nhay va ty suéat hoat tinh, dé
tai chu trong ty suat hoat tinh hon vi khi ty suét
hoat tinh cang cao thi xac suét lay dwoc chat
duong tinh that trong sé cac chét dwong tinh
cang cao.

M6 hinh 2D-QSAR

Tw 206 théng s moé t& 2D ban dau, dé tai
tién hanh loc thd bang Microsoft Excel 365, loai
cac théng sd mé ta c6 twong quan > 0,40 bang
RapidMiner Studio 9.7, loai cac théng s khéng
phu hop béng phan mém Weka 3.8.4, thu duoc
7 théng sb: h_pKb, PEOE_RPC-, PEOE_VSA-3,
Rsynth, SlogP_VSAO, SMR_VSA3, vsa_ acc.
Dung cac théng sé mo ta nay dé xay dwng mo
hinh 2D- QSAR, 3 chat gay nhiéu dwoc loai bd
bang PCA, 11 chat gay nhiéu dwoc loai bd bang
z-score va zx-score, con lai 96 chat. Sau khi xay
dwng md hinh toan tap 2D-QSAR, chia tap d
liéu thanh tap xay dwng (80% toan tap, XD) va
tap kiém tra (20% toan tap, KT) theo phwong
phap phan chia ngdu nhién dé& danh gia noi,
danh gia ngoai va danh gia trén md hinh toan
tap. Tién hanh phan chia 5 lan, danh gia méi lan
mot cach ddc 1ap rdi lay trung binh ca 5 1an. Két
qua danh gia cho thdy binh phuong hé sb
twong quan R? trén cac tap trung binh,
ngdu nhién va trén toan tap déu I&n hon 0,70.

Danh gia ndi (Q* > 0,50) va danh gia ngoai
(R%yeq > 0,50) déu dat trén tat ca cac tap. Vé
danh gia Roy, gia tri yzm déu dat Ién hon 0,50 &
tht ca cac tap, gia tri yzm mac du khéng dat & 2
tap KT4 va KT5 nhwng dat trén hau hét cac tap
khac trong d6 c6 tap trung binh va toan tap, do
do két qua nay la chap nhan duoc.

Phuwong trinh 2D-QSAR xéy dung duwoc co

dang:
plCs, = 6,24033 + 1,81004 * h_pKb
- 086256 * PEOE_RPC- -0,37833 ~*

PEOE_VSA-3 — 0,69499 * rsynth + 0,52543 *
SlogP_VSAOQ + 0,69728 * SMR_VSAS3 + 0,25629
*vsa_acc

VéiN =96, R2 = 0,79 va RMSE = 0,30.

Panh gia ADMET

103.772 chét sau khi sang loc qua mé hinh
2D-QSAR duwoc dwa vao phan mém ADMET
Predictor 9.5 d& dy doan céac rdi ro hép thu,
chuyé&n hoa va doc tinh. Két qua c6 86.673 chat
vwot qua dwoc danh gia ADMET va dwoc st
dung cho cac buéc sang loc tiép theo.

Mo hinh homology CXCR2

Trinh tw 360 acid amin clia CXCR2 duorc tai
lén may chi I-TASSER dé xay dung mé hinh
protein CXCR2 dwa vao ky thuat mdé ta tinh
twong ddong mét cach tw ddng cho ra 5 mé hinh
homology ctia CXCR2. Tiép tuc danh gia 5 mé hinh
v&i cac thong sé bao gébm C-score, TM-score,
RMSD va mat do dam. Dwa vao két qua danh
gia, moé hinh 1 c6 C-score = -0,57, TM-score =
0,64 £ (-0,13), RMSD = 7,8 + (-4,4), mat d6 dam
=0,1406 cho thdy mé hinh 1 1a md hinh tét nhéat
va dang tin cay nhat trong 5 mé hinh.
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Hinh 2. M6 hinh homology sé 1 cta cau tric
CXCR2 duworc tai ve tir may chu I-TASSER
va duoc thé hién trén MOE

M6 hinh mé ta phan
trén CXCR2

Tién hanh redocking tat ca cac ciu dang gan
két navarixin trén khoang allosteric noi bao. Két
qua c6 tébng cong 1264 pose voi diém sb
docking tir -8,7887 kJ/mol dén -0,0057 kJ/mol.
Dé c6 co s& so sanh vé tiém nang gan két véi
cac chat sau sang loc, nghién ciru tién hanh
phan tich sy twong tac gilba navarixin voi cac
acid amin quan trong trong khoang gan két cla
CXCR2 bang coéng cu Ligand Interactions cla
phan mém MOE 2015.10. Két qua chon duoc
cAu dang cla navarixin twong tac véi 5 acid
amin quan trong Thr83, Ala249, Tyr314, Lys320,
Phe321 v&i diém sb docking 1a -8,7887 kJ/mol.

Trong s6 5000 chat c6 plCs, tét nhat duoc
chon ra tir két qua sang loc sau cac md hinh
3D-pharmacophore, 2D-QSAR, danh gia
ADMET, c6 4848 chét docking thanh coéng
(96,96%) v&i diém sbé docking trai dai tw
-25,0510 kJ/mol dén 6,8340 kJ/mol. L4y diém sb
docking am nhét cta navarixin lam nguwong
(-8,7887 kJ/mol), chon ra duwoc 2245 chét co
diém sb gén két bang hodc tét hon navarixin.

M6 hinh mé ta phan tr docking
trén CXCR1

Két quéd DF2165A redocking dwoc 567 pose
v6i diém sb docking tlr -18,9839 kJ/mol dén
0,7337 kJ/mol. 2245 chét docking thanh cong
trén CXCR2 duoc tiép tuc tién hanh docking
trén CXCR1 tai vi tri gan két ndi bao allosteric.
L4y trung binh diém sb cla pose c6 diém am
nhat va pose cé diém dwong nhét lam ngudng
(-9,1251 kJ/mol). Cac chét khéng gén dwoc trén
CXCR1 hodc c6 diém sd docking dwong hon
ngudng nay dwoc xem la gén két khong tot trén
CXCR1. Két qua c6 4 chéat khong docking dwoc

tr docking

trén CXCR1 va 47 chét ¢ diém sé docking I&n
hon -9,1251 kJ/mol. Vay co tdng cong 51 chét
duwoc xem la co tiém ndng gén két chon loc trén
CXCR2.

Keét luan

T 4 chat e ché chon loc CXCR2 dang
duwgc thtr nghiém trén [dm sang, nghién clru da
xay dwng dwgoc md hinh 3D-pharmacophore
5 diém véi ty suat hoat tinh Ya = 0,83; d6 dung
=0,77 cho théy kha nang dw doan cdia mé hinh
la kha tét. Tiép dén, mo hinh 2D-QSAR dwo’c
xay dwng tir tap di liéu gdbm 96 chét voi R? =
0,79 va RMSE = 0,30 dwgc ng dung dé dL_P
doan gia tri ICs clia cac chét. Sau d6, tién hanh
danh gia ADMET va loai di cac chat khong thda
man ngwéng tham chiéu. Vi chwa c6 ciu truc
tinh thé trén Ngan hang protein PDB nén cu
truc protein CXCR2 trong bai duwoc xay dung
bang ky thuat mé ta tinh twong déng homology
v6i diém sb tin cay C-score = -0,57 va diém
TM-score = 0,64 cho thdy mé hinh homology
xay dwng duoc co do tin cay cao va cau truc
hinh hoc khdng gian dung so voi céu trac gbc
clia CXCR2. Cudi cuing, dé tai thuc hién docking
top 5000 chat cé gia tri pICs, tét nhat 1&n hai thu
thé CXCR1 va CXCR2 nhdm so sanh diém sb
gan két cling nhw twong tac véi cac acid amin
quan trong dé& chon ra cac chét cé tiém nang
gan két chon loc trén CXCR2. Mé hinh duwoc
danh gid bang cach redocking navarixin va
DF2165A va so sanh v&i cac két qua da duoc
nghién ctu trvdc doé, két qua cho thdy mé hinh
docking khé tin cay. Két qua ng dung sang loc
do tr 21.777.093 chét thudc thw vién ZINC da
thu dwoc 51 chéat tiém nang dwoc doan la co
kha n&ng gan két chon loc trén CXCR2. Nghién
clru can duwoc tién hanh chay mé phdng dong
lwc hoc 51 chét trén dé& ¢ thé hwéng dén viéc
thr nghiém in vitro va in vivo.
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