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Summary

IL-18 is a cytokine belonging to a member of the IL-1 family. In conditions such as rheumatoid
arthritis, gout or auto-inflammatory diseases are often associated with overexpression of IL-15.
Therefore, inhibition of IL-15 receptor is a potential therapy in the treatment of these conditions. In
this study, the 3D-Pharmacophore is built with the database based on protein-protein interaction
(PPI) between canakinumab monoclonal antibodies and IL-1p using software such as MOE 2015.10
and ZINCPhamer. The crystal structure was used as the intercrystalline complex canakinumab and
IL-18 downloaded from the Protein Data Bank (PDB) code 5BVP. The virtual screening process
used developed models on ZINC Purchasable (ZINC), Universal Product Database (UNDP),
MayBridge HitCreator (MBHC), MayBridge Protein - Protein Interaction (MBPPI), ChemDiv
Peptidomimetics (CDPM), ChemDiv PPl (CDPPI), DrugBank (DB). The substances will be subjected
to ADME assessment, docking and result evaluation by LeadIT 2.1.8 of BioSolvelT and SwissADME
software. This research recommended further screening on other databases, conducting molecular
dynamics and free binding energy calculation, in vitro and in vivo testing of potential substances.

Keywords: Interleukin-1p, receptor interleukin-1, pharmacophore, docking, molecular dynamics

simulation.

Dit van dé

IL-1B Ia mét cytokin thudc thanh vién ho IL-1.
Trong cac bénh ly nhw viém khép dang thép,
gout hay cac bénh tw viém (autoinflammatory)
thwong di kém voi sw biéu hién qua murc cula
IL-1P 1 Do do, viéc rc ché sy biéu hién qua
mlrc cha IL-1p 1a mét huwéng nghién céu tiém
nang trong qua trinh phat hién thubc dé diéu tri
cac bénh ly néu trén. Hién nay, chi cé 3 thubc
dwoc chap nhan diéu tri IL-1p & canakiumnab,
anakira va rilonacept. Tuy nhién, cac thuéc nay
déu 1a nhirng thudc co kich thwéc phan tir 16n
va phai dung dwong tiém dwoi da (SC) nén gay
kho chiu cho ngwoi diing va tén chi phi 2. Hién
nay, viéc tim kiém va thiét ké cac thudc phan tr
nhd trc ché IL-1B nhe sw hd tro may tinh 1a can
thiét. Dé tai nay dwoc thwc hién dwa trénmuc
tiéu sang loc hon 22 triéu chéat tv 7 CSDL
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khac nhau dé tim cac phan tir nhé co tiém nang
e ché IL-1p.

P6i twong
nghién clru

Dé tai nay dwoc thire hién bang cach xay
dwng md hinh 3D-Pharmacophore bang phan
mém MOE.2015.10, sau dé sang loc
pharmacophore véi hon 22 triéu chét tiy 7 CSDL
khac nhau: ZINC Purchasable (ZINC), Universal
Product  Database @ (UNDP),  MayBridge
HitCreator (MBHC), MayBridge Proten - Protein
Interaction (MBPPI), Chemdiv Peptidomimetics
(CDPM), Chemdiv PPI (CDPPI), DrugBank (DB)
trén ZINCPharmer va MOE.2015.10, cac phan
tr sau khi sang loc dwoc tién hanh docking
bang LeadIT 2.1.8 cia BioSolvelT.

Xay dwng mdé hinh 3D-Pharmacophore

M6 hinh 3D-Pharmacophore dwgc xay dwng
dwa trén twong tac protein - protein gilra
canakinumab va IL-1B, dac biét la cac twong tac
v&i acid amin Glu64, acid amin c6 nhiéu twong
tac véi canakinumab nhéat . Tai nhanh bén cda
Glu64 (trong vong B5 - p6) twong tac véi 4 vung
quyét dinh bé khuyét (CDR) clia canakinumab:

va phwong phap
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L-CDR1, L-CDR2, L-CDR3 va H-CDR3 ™. pé
xay dwng dwoc md hinh nhw trén thi can sl
dung 2 cbng cu trong phan mém MOE 2015.10
la cdng cu twong tac protein - protein (Protein

contact) va cébng cu xay dwng pharmacophore
(Pharmacophore Editor). Mé hinh sé dugc tinh
chinh nho cbng cu ZINCPharmer
(http://zincpharmer.csb.pitt.edu)

Hinh 1. Bé mat tuong tac cua IL-1p tai vong p5 - p6 cta canakinumab
(Canakinumab: Chuoi xanh luc, Ca hong; IL-15: Chuoi xam, Ca xanh pastel)

Bang 1. Nhiing tinh chinh pharmacophore trém ZINCPharmer

Tén mé hinh Hinh anh Thao tac tinh chinh
Ph-IL1p p5_f36 Rang budc 4/6 thudc tinh
M6 hinh cho (F1, F2, F3, F4).

chét gén IL-1p
tai vj tri g5 -pp6

Ph-IL13-A M6

hinh cho chét

gén IL-18 tai vi
tri A

Rang budc 4/8 thudc tinh
(F3, F4, F5, F8)

Ph-IL15-B M6

hinh cho chéat

gan IL-1p tai vi
tri B

Rang budc 3/8 thudc tinh
(F2, F3, F4). Phai co it
nhat mét thudc tinh F7

hoac F8.
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Panh gia ADME

Cac phan t&r nhd sau khi sang loc qua md
hinh Pharmacophore dwoc danh gia ADME
théng qua cong cu trwc tuyén SwissADME
(http://www.swissadme.ch) . Két qua dwoc tai

vé & muc Retrieve Data > CSV va dwa vao
Microsoft Excel dé thwc hién sang loc béng
chirc néng Filter. Cac mé hinh ma phan mém st
dung dwoc trinh bay trong bang sau:

Bang 2. Cac mé hinh va tiéu chi danh gia ADME

M6 hinh Tiéu chi sang loc
PAINS Sé vi pham (violation) = 0
Brenk S6 vi pham =0

Ghose (Amgen) S6 vi pham =0
Verber (GSK) S6 vi pham =0
Egen (Pharmacia) Sé vi pham =0
Muegge (Bayer) S6 vi pham =0

BOILED-Egg

Kha nang hap thu dwéng ubng cao (Gl absorption:muc tiéu sang loc
hon 22 triéu chat ttr 7 CSDLHigh)

Twong tac trc ché
cytochrom P450

Khong rc ché tat ca 5 cytochrom co trong mé hinh
(CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4)

Docking phan tor

Phuwong phap mé t& phan t& docking can div
liéu dau vao la cau tric 3D cua protein va phdi
ttr. Dbi voi LeadIT 2.1.8 ¥ cAu trac phéi tir sé
dwoc tao ciu dang va gan vao khoang gan két
cta protein. Phan mém sau d6 sé tién hanh
danh gia két qua théng qua diém sé docking va
twong tac v&i acid amin cla tng ciu dang
trong vi tri gan két. M6 hinh docking phan to
dwoc tién hanh gdm cac buéc: Chuén bi ciu
tric 3D protein — Chuén bj c4u tric 3D phéi tor
— Xay dwng mé hinh khoang gan két — Tién
hanh docking va xuét két qua. Két qua docking
dwoc danh gia dwa trén cac diém sbé gén két
clia cac phdi t& trén cac dich tac dong. Tuy
nhién, do chinh xac cla cac diém sb thuwong
thay ddi rat nhiéu khi dich tac dong thay dbi 1.
Do dé, nghién ciru ap dung phwong phap phéan
tich dau van tay twong tac protein-phdi to
(Protein-ligand interaction fingerprint — PLIF) két
hop véi diém sé docking dé phan tich két qua
gitp lwc chon cac ciu dang tiém nang chinh
xac hon.

Két qua va ban luan

T khodng 22 triéu chét qua 7 mé hinh in
silico, nghién ctu da chon ra 1 chat cé tiém
nang gan két v&i IL-1p tai vi tri vong B5 - B6. Két
qua cla trng md hinh dwgec trinh bay tivng muc
cu thé.

Két qua sang loc pharmacophore

M6 hinh Ph-1IL1B5 - g6 nay dwoc xay dwng
dwa trén twong tac cta canakinumab va IL-1p 1,
Trong téng s6 7 CSDL, c6 1 CSDL la ZINC
Purchasable phdi thwc hién sang loc
pharmacophore  riéng bang céng cu
ZINCPhamer ), 6 CSDL con lai sé duwoc sang
loc bang phan mém MOE 2015.10 "% Két qua
sang loc tr ZINCPhamer va MOE 2015.10 sé
duwoc gop lai dwa trén vij tri tac ddng cla IL-1p.
Trén moé hinh Ph-1IL1B5 - 6 c6 6 diém, v&i 4
diém bat budc la F1, F2, F3 va F4. Diém F1 va
F2 1a 2 ion dwong va cho twong tac trén acid
amin Glu64, F3 va F4 1a 2 vi tri nhan lién két
hydro va cho twong tac trén acid amin Lys65, F5
va F6 la cho hydro va cho twong tac trén acid
amin Asn66.
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Hinh 2. M6 hinh Ph-1L15-$5_p6
Trai: M6 hinh Pharmacophore Ph-1L1p-$5_$6; Phai: Giong hang mé hinh trén IL-15;
Duwéi: Giong hang mé hinh trén cac acid amin tuong tac (xanh: IL-15, hdng: canakinumab).

Tém lai, két quad sang loc pharmacophore Bang 3. Két qua sang loc ADME
trén IL-1p thu dwoc 2.235 chat duoc danh gia Vi tri IL-18
ADME véi 7 CSDL, trong dé sau khi céng gop . A B B5-p6
& 3 vitri A, B va B5 - p6 trén IL-1p sé& co lan Sochat sau khisang loc g o 1500 5go

lwot 543, 1222 va 560 chét. pharmacophore
Bang 2. Két qua sang loc pharmacophore SO chat thoa cac mé 18 82 102
trén 7 CSDL hinh SwissADME 202
e IL-18
Cosodi liéu A B 55 - 36 Cac mé6 hinh mé ta phan tir Docking
6 CSDL: MBHC, Nghién ctru thire hién docking trén tbng cong
MBPPI, CDPM, CDPPI, 316 983 552 5 vi tri (A, B, p5 - p6), do két qua docking cua vi
UNDP, DB tri p5 - B6 dwoc str dung dé mo phéng dong lwc
ZINC 227 239 8 hoc phan tir nén sé dwoc trinh bay trong phan
Téng 543 1222 560 nay.
2235
Asn66
Két qua danh gia ADME ps
Két qua sang loc pharmacophore tir 7 CSDL
trong bang 3 sé dwgc dy doan ADME dya trén
nhiéu tiéu chi khac nhau. Cac tiéu chi dwoc dw
doan trén SwissADME nhw da trinh bay & trén
bao gdm PAINS, Ghose (Amgen), Veber (GSK),
Egan (Pharmacia), Muegge (Bayer), Brenk, ~~GluB4
BOILED-Egg va khéng w(c ché cytochrome
P450. Cac chét sau sang loc néu thda man hét . o o
cac tiéu chi trén thi c6 kha nang dat nhirng tiéu _Hinh 3. Viitri docking trén 5 - 36
chudn cho cac hop chét dung 1am thubc dwong Hinh 3 cho thay hinh anh vi tri docking f5 - 6
lai sau khi d& sang loc qua nhirng tiéu chi trén. p6 la Glu64, Lys65 va Asn66 deu duoc lam rd
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trong hinh vi tri gan két. T& hinh 3 c6 thé nhan
thay bé mat tai vong 5 - p6 c6 dién tich kha nhé
va lién mach (vi 1a 3 acid amin lién ké& nhau), tao
diéu kién cho cac phdi t& dé dang gan két.
Tuy vay, bé mat nay lai kha phang, khéng tao
thanh khoang hay hé sau nén cac phdi tir co
kha ndng khong thé duy tri dwoc gan két 1au dai.

T két qua sang loc SwissADME tai vj tri p5 - $6
thu duoc 5 chat co diém sbé docking am nhét |a
MHC09481(MBHC), SA08-1111 (CDPPI), T428-
0731 (CDPPI), P634-0250 (CDPPI) va S978-
0388 (CDPPI). Diédm sb docking va cac acid
amin quan trong c6 twong tac véi cac chat nay
dwoec trinh bay & bang 3.

Bang 4. Diém s6 docking va cac acid amin quan trong tuong tac
vOi 2 chat dai dién mé hinh p5 - p6

Acid amin quan trong cua

STT Tén hop chat  Diém sé docking (kJ/mol) IL-1§ trong tic

1 MHC09461 -18,56 Glub4, Lys65, Asn66

2 SA08-1111 -18,55 Glu64, Lys65, Asn66, Pro87, Glu37, GIn38

3 T428-0731 -18,11 Glu64, Lys65, Asn66, Lys63

4 P634-0250 -17,72 Glu64, Lys65, Asn66, Met20, GIn39, Leu62

5 S$978-0388 -17,43 Glu64, Lys65, Asn66

Két luan 3. Rondeau J. M., Ramage P., Zurini M., Gram

Tw 22 trieu chat cia 7 co s& div liéu, dé tai H. (2015), “The molecular mode of action and
da t|én hanh Xéy du}ng va Séng |0C Species SpeCIfICIty of Canakinumab, a human

pharmacophore thu dwoc 2.235 chét, sau do
danh gia ADME con 202 chét ¢ thé dung lam
thuéc dworng ubng. Tiép theo, tién hanh mo ta
docking phan tt tai vi tri B5 - p6 xac dinh dwgc 5
chat cé tiém nang trong nghién ctu phat trién
cac thuéc phan t& nhé cé thé e ché IL-1p 1a
MHC09481(MBHC), SA08-1111 (CDPPI), T428-
0731 (CDPPI), P634-0250 (CDPPI) va S978-
0388 (CDPPI) voi diém sb docking am hon
-17 kJ/mol. Trong d6, MHC09461 la chét tiém
nang nhat véi diém sé docking -18,56 kJ/mol va
twong tac véi cac acid amin quan trong la
Glu64, Lys65, Asn66.

Dé tai kién nghi tiép tuc sang loc in silico
bang phwong phap mé phdéng déng lwc hoc
phan t& va tinh toan nang lwong gén két tw do
cla phirc hop nhdm danh gia sau hon vé kha
nang gan két cling nhw dod dn dinh cla cac chéat
e ché tiém nang trong phirc hop. Cac hop chéat
tiém nang nhat sé dwoc tién hanh thir nghiém in
vitro, in vivo. Hién nay, thw vién protein c6 thém
cAu trdc dong két tinh gitra gevikizumab va IL-1B,
m&c du chwa hoan tat thr nghiém lam sang,
nhwng twong tac cla gevikizumab trén IL-1B
cling 1a mét huwéng nghién clru day hira hen
trong twong lai.
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