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HWE BH WIEELIE 3 By (PI3Ky) 7R RGMTET h R R B, i — S RAEIR T I T A 25 0 05
H BRI PI3Ky #0130 TIRI7 AR AT N IE 2, PI3Ky 303 09 R RE A7 RO Rtk — 48R . P, AR e
Hrc s A RIFZE 09 PI3Ky F KA ZE (Eganelisib) #FATH0 RAEF K PRKy it FEMALHIIR . Ak EhEdEE
B (LPS )15 RAW264.7 40, 4 £ 5 i 41 BAS R AG INAR I A ZE AP R AR FH L] . BfS , 38 s B 207 SR IR RRAE 25544
ZIR-BUARE AW . - F e I AR, 1R A AR N A 2E 1Y PI3Ky s BEVEAE FHIIHIMLA] . &R K
TR ZE R L3 3 4] 2 ik 40 A 1) PI3K {553 B o410 il 4 A DR 1 1 BRI 5 24 AT B 48 7 S e R i AR S AR i ) 2 7=
PI3Ky S PRI 1 DGR AT RRIE 5 50 3 14450 & B T 41500 5 PI3Ky 2R (kB4 & I B S LR, 4046 Val8s2 .,

Met804., Trp812, 11e963. ZHit AWFEHILIAUE T UM ZERIBLRIEM, FHAEDTIKF4E78 T 5 PIBKy B #6145 &

BLED, B PI3Ky # i 70 A 0T K Bt — 7 B 45 A

EEEE PI3KyIMRIF,
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RAE (inflammation), JEALAXTIMALEGE | 4
AU SR = A1), DAAERAILAR B B IR EE AR
E FIVIE 5 A A 16 B0 AR A (8 — R R Pk B iy
SAEPEI AP 2, 0 H O RIE MR
SE, VAT IRIME, DA S5 R HAEE s, anZe X
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LR EE AN I AE 25 d. PI3Ky B FE /) BB B 3
W, RBR PI3Ky A2 UGB, (H 2™ 5
N RE T Y KRR, PI3Ky 1Y
WG AT BT rhe A 4 AR SR RSSO SR AR,
1R R i fe . R E T TR R
(ROS) 4 ", PI3Ky 78 HAth 6 72 40 il S H Dy
WEEHEEMEH, Hlin, ik anisk 5 mgan
L AE RAEFRAL RS . BE RO E Tl E 4
S Bbah, fEZ AR R S PI3Ky 1]
DA SOHIRTY 2R R AP, HFE TR . ZLBER
W WEWG RTS8 AE AAT dE AL U Wt
PI3Ky PRI HLAE G5 22 4 v 114 JE 2R FH I sk —
FB bR 255

H RO A — e 5 PRKy 08, A
%€ (Eganelisib, IPI-549) O #F Al IR SE 56 (A
la) "% IPI-549 E 2 — A M o 8 16 7 I 1k &
Y, FERTIRITIRES B . FUIE . DA S
i e 950, Y24 A TPI-549 JH T R AE VA IT YR
i HATC A 2/ SCER R T PI3Ky M il 571 1)
TR, FHod FTH B R PI3Ky il 71 i
e/l e 2020 BRI R A ) PI3Ky i 50 T
RAEIRIT HA T 0 FH A R R o SR,
H AT LT A 18 PI3Ky il 5148 2 Bl 58 5L ATP 25 45
CHARHEA T 2503t ), B ATP se 4+ dmiilsa,
T 1R PI3K (17 AR S ATP AR s, 15
TF & e R PI3Ky P41 351 HA e R iy Pk ik =, A
U, BRI I BE R DL A BTk
PI3Ky A o ASCHUR I IPL-549 1528 T B 254,
RSN SRR BT RAEF RIS R S
(T AU AR A 5T PI3Ky 1R BLS], N
P4 PI3Ky I 370 1) IF & B i — 5 i BRI S A

1 #M#EFE

1.1 IPI-549%tRAW264.74H B 14 i 84 ik

B B0 KW A/ BUE 40 it RAW246.7 (1
P RMBE AN ZE ), FEFL 5 000 /44 fifd 422 Fh 2 96 £L
B, BTRFEM TR (37°C, 5% C0O,). g
WEREJS , INAANIRI R B 0 IP1-549, & & 3 AL,
[RI B B2 FALFIXT AL, VEH 24 h 518 H CCK-8
Rl IRGPA
1.2 IPI-549%PI3K{E 5@ B 1E AT

W4 T B A K 0 RAW264.7 41 it sl T 6 FL
M, BEAL L5104 M, Jn A 1 ml JC I i 9
DMEM #5 3% 5 5 B T 35 5% 46 b YUk o 7% &b 71

(37°C, 5% CO,). HRFETMAMNFAE (0.1, 0.5,
1.0 pmol/L) #4 IPI-549 (0.5% DMSO) 4k #f
30 minJ5, MIAS00 ug/LAgZHE (lipopolysaccharide,
LPS) YE 30 min. Fifi J5 #i2 95 RIPA 24 i 0 156 BH 13
PEECE AR, I BCA 5 &l %2 5 A e i T
P W — W BE K, A EREZE i (loading
buffer) J57E/KPAEHE 5 min i85 (5550725, 58
R . PARSERIORES, IR BT
M UERA T HEF TRk . RS . B RSP, b
B 5% BERR WKy , —PU IR Akt (p-Akt-
S473, 1:1000%R) . &L Akt (total-Akt, 1: 1000
FikE) Prik, ¥J0gE T Cell Signaling Technology 2y
Al B R ECL LR,
1.3 IPI-54931 5 1E ARG M

i FH LPS 15 5 RAW264.7 F i e 8 . 4%
AR RAW246.7 5 T 12 Lk, REAL 40 J7 4
g M, W5 BE S, AT 30 min Sl A K [R] #k B Y
IPI-549 (0.1, 0.5. 1.0umol/L) , J5 fil A LPS
500 pg/L, H[EE 1 24 h, % B8 TRIzol (M4 A
Thermo Scientific) H'E 7 #AEHEIRNA, Z/5H#%
% PrimeScript™ RT Master Mix (Takara) ‘B J5#5/E
FREMINL Y cDNA, e Ja A E A B B 3L 5|
Y (B4 T), {6 SYBR™ Select Master Mix
(Thermo Scientific) #ZMULBAH#HTT PCR E®=, 5l
YIF 5 W3 S1. GAPDHAE NS, {24 ik
AT AN A 3T o
14 PBKyEBR/MNDFHIESEES

Iy TS5 A B3k Drew 1 A 2H Y STk
Y, IPI-549/PI3Ky & & W) K 45 #9 % 1 RCSB
Protein Data Bank % #f% /&, PDB ID: 6XRL ',
IP1-549 () = ZE 25 FLHEEU H 6XRL, HAR/NrF45
¥ ff H Discovery studio 3.5 (DS3.5) #k {f
Sketching T 22, HE&H 414/ Tasi, H
TP B SR SCRR R T 1Y) IC, (. (2S2) . FIrA /I
4 F{d Fl DS3.5 Y Minimize Ligands T. L1745 44
itk T CHARMm /13, *J Smart Minimizer
kit TRtk . RALE 4040/ N (B
IPI-549) 2H 410 i1 ) %4 4  (Inhibitors dataset) ,
[P AR i R B BE 4548, i DUD-EFE4k T2
(http://dude.docking.org/) LA 850 4~/ N T
G, MENAEMHIFIEGESE (Decoys dataset)
1.5 HMEBEEFH FHRBHENZGEED

X H DS3.5 # fF # ) Common Feature
Pharmacophore Generation £ Bt #4 2 3t 43 F I ]
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FHIERO 2580 A1 A5AY (HipHop) . B 58, M kR 41
AN AR rh Bk 8 17 P o 5 114 6 A/ N3-SR A A
B (FS2H*priN), 1% & H Principal (H 02, BN
BIEHENZSE 5T RIEDS3.5 BRI A 230y
fE (Features) , ¥Ex& A fEftiA (D). A2k
(A) . gKHL (H), IERE G (PD, 5
Wiy (R). HAWZSEEE W : Conformation
Generation 1% B 5 Best; MaxOmitFeat {H 1% & 7 0,
Forn A ) 25 8 BB T A R T R AR EE VL L X 6
NN HRSHARE BRI,
1.6 HEETZH-EREESWHANERE

ffi H DS3.5 # 4 ) Receptor-ligand
Pharmacophore Generation 1% Bt & F IPI-549/PI3Ky
A LR A 6XRL A4 3 A7 IR - FL AR 52 & W 245K
AR, 5%, SR Prepare Protein T H 478 1
Fifidl: ZBRAKSF; WhnEE sk R A
4k, W CHARMm . MEfS, ®Aitik
AR 2530, AW A A
A W AA /N 53 FAE R Input
HeEZzHkHEWT
Pharmacophores 5 10; Minimum Features & 3;
Maximum Features & 6; 5 % & H GFA (Genetic
Function Approximation) FiE#EATF] 70 2, Ah,
KA HTEEA S Y 5 ARG AL A YR = A A 253K
VRS EATB6AIE . Validation B8 4 True, il
iill 77 %% 4 45 (Inhibitors dataset) % & A Active
Ligands, B4 55054 (Decoys dataset) %
A Inactive Ligands. %R HI B —% (Leave-one-
out) HFATEIE, FFEH AT HEbRARIEA TR AL IEAS .
FAEHURANE (SE) . Feswtk (SP) . Zik#H TAER
fifk f#li £¢  (receiver operating characteristic curve,
ROC) Kxihi ROC ik R (AUC) fH.

SE = TP/(TP + FN)
SP = TN/(TN + FP)

H it TP (true positive) #8§ H FH P, FN (false
negative) FEMR B, TN (true negative) 5 H.[J]
P, FP (false positive) F51EFH: .
1.7 SFEh

FH 6XRL AT s S04, B 5l
Maestro H' Protein Preparation #5317 8 [ i 4544
MER L. KBk a+, IMASRET; i
OPLS-2005 J1 35734 T 45 A A Ak 28 e/ M Y8 5 Rl 22
(RMSD) k% KAH 0.3 A, BiJ5, f#iH Desmond
AR HEAT 57130 T3 #8840 2, B Sl ] System

& Input Receptor,

Ligand, Maximum

Builder T H# @MWK R: KGETREN
orthorhombic, 4™ J5 ] #% Wr {8 & 10 A; ff 4
TIP3P /K #5585 %5 il Na' o R 3 B £ 5 95 0
0.15 mol/L #¢ J&£ ) NaCl J# ¥ ; T3~ OPLS-2005 J
2. B, {8 ] Desmond K 1 #K A 1Y Relax
model /7 ik Xf & R AT itk . e, fHH
Molecular Dynamics T 212173l Jy 2= 540 . AT
[ BCE 4 200 ns; ALK RBCE NPT, (AFR A
300 K, JEJ1R 1 bar, 4rF 8l 12BN SE A
{fi F| Simulation interaction diagram 1. H. i 17 4% 5
30T o

2 ZR5itE

21 IPI-S9EBEZENMKRIEA

SR TPI-549 XF RAW264.7 40 o 1% 14 i) 5%
1 DO T v a R i v e 7 5= O s D £ T N i 7 3
JE (1) TPI-549 4 PR RAW264.7 41, 24 h J5 A6 4 fits
77 10 7R RIMEAE 259 = e B2 10 pmol/L /EH
T, HMEAETE Rk 80% LA |, FEHI 4R MIAETS %
BN, FE/N T 1.25 pmol/L 25¥I1E T,
AL ) A7 5 TLP A 52, 3R] T IPI-549 /iy
A FEEAE R . 4 LPS 1 F RAW264.7 ¥4 HE R AiE
O kSR, &/l 1c & B, LPS ] DL W 3 4R T
RAW264.7 H PI3K il [ H Akt FIBEFRTL K-, Thifl
FHAS [ MR B IP1-549 AbF 5, Aktd73 B8R 1L K F
(p-Akt-S473) 2Z % g i, I 2 B &R ¢
Zo XA EA A, 0.1 pmol/L Y IPI-549 B n] i
AN Akt473 FIBER L, DR TP1-549 ] LIAS %
T & i 40 L v (%) PI3K A5 53

LPS Hl3# RAW264.7 21 Jitl >y 25 ML 1) 58 E 4 A
R, HAFIE S LPS A7 5 23 (i 15 40 M K S B A AE
A, Hod TNF-a., IL-1p F1 IL-6 %5y L (28200
W& 1d~f T 7%, BE & LPS (1935 S0l , 40 v
TNF-o.. IL-1B F11L-6 5 5K V- BT o
A [A He B TP1-549 (0.1, 0.5, 1.0 pmol/L) A ] 4H
M, AT LLF F) IP1-549 I 2 41 6 98 5E A+ A9 RE T,
IF HaX R 2 R BRI OC R . HIREE R KW,
TP1-549 AT L3 1k 300 1 98 i 200 At HP 1) PISK 3 ok A
AR ] S A AN AE PR T IR, WIAB B UE T
IPI-549 BT RAIEH
22 ETFHFHEYHE (HipHop) ZXERIS 7

HipHop A LA$E R 514k A 1 b HAT AR U P
{HZEA AN R B A5 04 2 PR R F I 3R R AL SRR AT
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(b) ©)
100
= 80
s IPI-549 LPS
Z 60 ;
£ GOmin) o o1 05 1.0 pmolL
PI3Ky IC,;=16 nmo/L = 40
- T racsirs [
¢, PBKBIC,=3500nmo/L O 20 i
PI3K3 IC,, > 8 400 nmo/L =

0
B & 5@ > r\,% 5Q S D
ST 0 S

Q.
¢/(pmol-L!
@ © (pendl ) ®

1o} 500 | 1200 }
) = ~
é 8 S 400 T * *k % T
< e T E g0 | .
z 6 < 300} T < £

Z E - ==
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Fig.1 Anti-inflammatory effects of IPI1-549 in vitro
(a) 2D structure of IPI-549; (b) effect of serial concentration of IPI-549 on RAW264.7 cell viability; (c) inhibition of IPI-549 on PI3K signaling
stimulated by LPS on RAW264.7 macrophages; (d—f) influence of IPI-549 on the inflammatory cellular model in response to LPS. Data represent the

means+=SEM based on three independent experiments, *P< 0.05, **P<0.01.

FFRRH P ROE R . R 1A, HipHop VCHC . HipHop 01 4145 6 24 A BRIE, 4G T 4
Az 1l 10 A~ 253 AR R, v HipHop_ 01 2525141 MEKFHE (H) F12 DS 2R IE (A) (&
#3743 (Rank score) ffm, A 84.783, “Direct Hit” 2a) o i, G E L P N ) SRR
K “Partial Hit” /x4 A 25 RCRIE SN ZREE 73 HOCGHE, L™ AR p SR I ORIIE T 455 5 PI3Ky
FUCHCAE &, 1 RRERVLAEL, 03N ER/VLhL . EAMEELSS (El2b) P

12 1 A1, HipHop_01 MFFAEY 6 A~/NrF o8 42

Table 1 Results of HipHop pharmacophore models

Model Name Feature" Rank Direct Hit Partial Hit Max fit
HipHop_ 01 HHHHAA 84.783 111111 000000 6
HipHop_02 RHAAA 81.961 111111 000000 5
HipHop_ 03 RRHAA 81.269 111111 000000 5
HipHop 04 RHHAA 80.649 111111 000000 5
HipHop_ 05 RHHAA 80.484 111111 000000 5
HipHop_06 RHHAA 79.874 111 000000 5
HipHop_07 RHHAA 78.916 11111 000000 5
HipHop_08 RHHAA 78.916 11111 000000 5
HipHop_09 RHHAA 78.824 11111 000000 5
HipHop_10 RHHAA 78.786 111111 000000 5

VR, ring aromatic; H, hydrophobic; A, acceptor of H-bond.
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Fig.2 Assessment of pharmacophore models

(a) 3D presentation of alignment of IPI-549 and HipHop 01 pharmacophore; (b) 2D presentation of alignment of IPI-549 and HipHop 01

pharmacophore; (¢) ROC curve of pharmacophore 03 model; (d) alignment of pharmacophore 03 and IPI-549.

23 ZE-FEES EWANEER S5

FIFH TP1-549/P13Ky &2 & W) AR Z5 #4972 A2 T 10
ARG AR, HEE R BT R, Hoh, 15 K2
SR A B B m R EL (selective score) ,
$}99.777, PREAT R T SA YRR . 155
A2 EHMARRE (D), 20 BKEHE (H) K&

LATFEHAPODRE (R)s 2584 2 Ak
FAIE (D) K3 DBUKEHE (H) o HARZA 5
A 4N RATRHE, HAEAARAL & S LRI
(D) Kgi/KFFiE (H), FWHiK & 25N PI3Ky
SN T A I EEAEAR

Table 2 Results of receptor-ligand pharmacophore models

Pharmacophore Number of feature Feature set" Selectivity score
Pharmacophore 01 5 DDHHR 9.777
Pharmacophore 02 5 DDHHH 9.777
Pharmacophore 03 4 DDHR 8.263
Pharmacophore _04 4 DDHH 8.263
Pharmacophore _05 4 DDHR 8.263
Pharmacophore _06 4 DDHH 8.263
Pharmacophore 07 4 DDHH 8.263
Pharmacophore 08 4 DHHR 7.349
Pharmacophore 09 4 DHHH 7.349
Pharmacophore 10 4 DHHR 7.349

YD, donor of H-bond; H, hydrophobic; R, Ring aromatic.



1976~ EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (8)

TEPEPE ST BCE i B A A rh DS3.5 B N B AL G
Y drug-like 53 FHORHATIR N, PTG
T 6 UF 2535 AR R X6 PI3K y #0570 ) e g o TR
U, R T iE 252 SR X A4 350 5 R il 7
HALRe ST, MG ARG W AR TR G Y B E 5
XA AT B0 0E ($R23) . M, Sensitivity (SE)
AU, F PRI TN IS Ak S W e
Specificity (SP) fURFRr 1k, RUIBAI TR 1%
PEALE DI ERR T, PO B T 1 Fn iy
HABESATINEE S . MR LA, ERn
10/MERY SEF SPAHEA W& 2200 15 k252
AR PR B = 0 SPAE, (FJEH SEMERAL, Ji
PR3 P B ) TP EARAIG, R A BRUR A 4L
OO s ELSE Y PI3Ky I PRI I 8~10-5 2555 A Yy
SABEMNSEE, BHSPHEBAL, JFEFEHL TN
(AL, SRR T X o AR TR AL B9 5
35 e 45 2y A A AT i Y SE M SPAE, 3
3 AR T LA oA oA 14 DX 43 PI3KCy 10 i) 5] B

NI AT R AR B X 43RE A T 4 1 AT
fli, AT BRI AUCHE (F3), —iAH
AUC>0.7, fREWRI A BAF I ae . H,
3SR AUCIHAS 3 Ferms, F0.875 (Fl2¢), W
IR TRINGE ST, L BE PR 3 SRR T — 2
SMT e MRPER 2 B AR S 44 25 R0 RRAE -
2AEEEHA (D), 14k HG (H), 1455
Bl (R). B RIS IP1-549 25 T8 54
Br (E12d), & IRILYREE R % 32 i h B b HAT
KVER (W), 220 PI3Ky & I 7E b B i 3%
(B o TPT-549 FYJ: A% s 1 [ 245 44 &b X6 107 1 %
FAFULFHE (), XL T ATP
FRONERA 2, XI5 PI3Ky B45 & Kk $5 T BAE
FH B2 5 = ANRRAE X B T S e g i S A, A
SUHUMARHE (@), R PIBKyfEIAL Y 51
il 707 A A BAE R, X455 5 A HipHop
RV G . FIRGERRY, S LK R PI3Ky 4
155 /N P45 B SR 2 U AT

Table 3 Predicted results of receptor—ligand pharmacophore models

Pharmacophore Total Total True True False False Sensitivity Specificity  AUC
actives inactives positives negatives positives negatives

Pharmacophore 01 35 850 10 772 78 25 0.286 0.908 0.603
Pharmacophore 02 35 850 12 748 102 23 0.346 0.880 0.618
Pharmacophore 03 35 850 29 727 123 6 0.829 0.855 0.875
Pharmacophore 04 35 850 27 670 180 8 0.771 0.788 0.807
Pharmacophore 05 35 850 24 460 390 11 0.686 0.541 0.699
Pharmacophore_06 35 850 18 561 289 17 0.514 0.660 0.615
Pharmacophore_07 35 850 28 317 533 7 0.800 0.373 0.658
Pharmacophore_08 35 850 31 141 709 4 0.886 0.166 0.533
Pharmacophore_09 35 850 31 105 745 4 0.886 0.124 0.542
Pharmacophore_10 35 850 29 772 675 6 0.829 0.206 0.541

24 HFHAFEEMERST

J T IRAS MY IP1-549 5 PI3Ky (U sh A5 45 40
FEIF 0 — 248 7 W A 0 A AR AL, K TP1-549/
PI3Ky A WHEAT T 200 ns 3 Jy2didil . 156, it
BT RS B b PI3Ky B 1 R BE C R T M
IPI-549 25 3 R 2206 (RMSD)  J¢ F:4% C Ji
TS (RMSF) . ElSlalisR, FERRZ
i 100 nsJii, RMSDHEEAE A & W8, LHIAR
22100 ns Bl iR 2Pl . &I S1b W7, 7F ATP
i A EAL (RIS 560~720), CIRT i
SN, R TP1-549 5 PI3Ky 5 [ ATP 2545 148
MR SEIR kA B NE 5. K 3a /R T IPI-549 5
PI3Ky itk I 4S45 S48 0L, 1T LUK I IPT-549 Hrtgmg

W B RUR A L RR T 5 Val8s2 JE i ok
BB, XSRS R A s Rt
M, BN EUEEAE I TE PI3Ky S 7045 4 i
P EHEEEEM. A, B 3b R IP1-549 (1 H
FEENH s e P 5 REAZ ZE A s AR AR S T EDIRAS, X
G — R T SEEVER . RIS R SRt i (4]
TR R PSS, (T HIR A PBKy S HAY “ik
PEPETAE” (I 3b), AT — A5 36 i ikl 550 i)
PI3Ky #E£EME, BR TiXSefEH, IPI-549 i 4~
75 TRP812 Fll THR887 JE i i 2 ) n-n AH ELAEH
pE—LHEI T ER S E AN E (Kl3a). AT
i — e TR M BEAE R, ASGTHAE T EZ S5
g At B R R A SRR 5 TPT-549 S A VER 7T .
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K 3¢ prn, Ak bR{d FH “Interaction Fraction”
Fon, BB S 2 B R AR BE I E A AH B 1R Rkt
(8] b7 SRR Lo . A B T 1, Fonieik
S @SR et R 22 A ER 1. 1T
DIE N, Val882 M & HE L 15 1 B Ky fig it o1

@) i
886
890

Ile Val
881 882

961

©

Bko WA, B EAE W R T EEAEH, W
Met804, Trp812. M1e963 4%, XAE5HS Fik2hak
W25 1), Wk — R T i K B SUEE T
PI3Ky e FEMEL, & A8 T EHEAEH .

Thr887

11e831

2.00F : Water bridge
75 : Tonic
’ : Hydrophobic
o 1.50F : H-bond
2
é 1.25F
£ 100t
Q
g 075
E .
0.50
0.251
0
0 & & & & O DD DD P L PP PR
» & & & & & P &£ F & P & 99
Y < %\5\ WP S Q¢ PRI\ NP \)A% é\é} RN

Fig. 3 Molecular dynamics simulation of IPI-549/PI3K~y complex

(a) 2D presentation of interactions between PI3Ky and IPI-549; (b) 3D presentation of interactions between PI3Ky and IPI-549; (c) interaction

fractions of PI3Ky/IPI-549 complex.

3 & &

WENG . 2RI PRGOS 12 s
WAEREE AR SORE RN, KT C 4%
PI3K HH G A5 53 % 5 0 9% 20 it (%) A= A7 A Tl e S B
HAEBY)EER ., BEE PI3K & WA A4 Y GepF 9t 14
TR, KINPI3Ky TE s R G0 H G 2 H R
YERT, MR T PI3Ky I 7E 1Y 4 A VAT BUHEAE
B, HursiAa PI3Ky Ml 51 H T 55 13 )7 0T
5%, MGk = PI3Ky RAEVRIT FE A0 T H 254 .

IPI-549 J& B0 L #F Allm PR 5T 1 PI3Ky #1551, HE
AIEER R R AR (ER LAY A
FIEIRYY, BT EAPLRIER NN . Fit,
AR FH IPI-549 #E AT HAT RAE AW 250 . R
JiE A OASE AR AP S G R B, TP1-549 1A B . i 41
MaBE M, TPI-549 ] LAy B2 AR 14 b 400 1] 48 i 4 it
T PIBK {5 S5l i, AT A SO I | LPS 5 M B
I 240 i 9 9 TNF-a, TL-1B. TL-6 A9 BEJil o
RSN, TPI-549 AT LASE A3 3 i) 48 AE 41
PI3K 5 538 PR ] 8 i 1 0 g ik, AT 25



1978~ EMUEEEYIEER

Prog. Biochem. Biophys.

2023; 50 (8)

B UE T PI3Ky #7046 5 i VA7 7 T BV AEAE
WUEW] T IP1-549 ] LA iy PI3Ky 41 il 51 28 SiE 1697
(R 5 T 2259

B A 3 S ML R X TPI-549 1 PI3Ky
VEPEENLHISEATHE— T . it IR T
PI3Ky /N3FHMHI ) Kz PI3Ky & K53 TR 2555 A1,
R Ig K A S E AR 5 PI3Ky 45 & id e
RAEFENER] . sh e B aE Rt — Dk 124
RUARRIE : Val882 7™ A Y A S E FIRAIE T4 i30S
PI3Ky MY 30 454 s Met804 . Trp812. I1e963 %5 ¢
B SR IR T B B K E A TPI-549 i) HF 3k
s P T Ak — 2 PI3Ky (1 “BE#R 1 F1487
A, T E— 2 32 R IPI-549 1Y PI3Ky B #%1: .
EIRMROC ST AT LA A A PI3Ky #1051 (4 T ¢
P — 14E 2EH

M WARSCMZE R (http://www.pibb.ac.cn o¥ http:
//www.cnki.net) :

PIBB 20220529 Figure S1.pdf

PIBB 20220529 Table S1.pdf

PIBB 20220529 Table S2.pdf

&z % x W

[1]  Medzhitov R. Origin and physiological roles of inflammation.
Nature, 2008, 454(7203): 428-435

[2]  Krishnamoorthy S, Honn K V. Inflammation and disease
progression. Cancer Metastasis Rev, 2006,25(3): 481-491

[3] Stark A K, Sriskantharajah S, Hessel E M, et a/. PI3K inhibitors in
inflammation, autoimmunity and cancer. Curr Opin Pharmacol,
2015,23:82-91

[4]  Saravial, RaynorJ L, Chapman N M, et al. Signaling networks in
immunometabolism. Cell Res, 2020,30(4): 328-342

[5]  ZhulY,LiK, XuL, efal Insight into the selective mechanism of
phosphoinositide 3-kinase gamma with benzothiazole and
thiazolopiperidine gamma-specific silico
approaches. Chem Biol Drug Des, 2019, 93(5): 818-831

[6]  Zhul, Hou T, Mao X. Discovery of selective phosphatidylinositol

inhibitors by in

3-kinase inhibitors to treat hematological malignancies. Drug
Discov Today, 2015,20(8): 988-994

[71  ZhulJ, Li K, Yu L, et al. Targeting phosphatidylinositol 3-kinase
gamma (PI3Kgamma): discovery and development of its selective
inhibitors. Med Res Rev, 2021,41(3): 1599-1621

[8]  ZhulY, Zhang H, Yu L, et al. Computational investigation of the
selectivity mechanisms of PI3K delta inhibition with marketed
idelalisib: combined molecular dynamics simulation and free
energy calculation. Struct Chem, 2021, 32(2): 699-707

9] Hirsch E, Katanaev V L, Garlanda C, et al. Central role for g
protein-coupled 3-kinase

phosphoinositide gamma  in

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

inflammation. Science, 2000, 287(5455): 1049-1053

Fruman D A, Chiu H, Hopkins B D, et al. The PI3K pathway in
human disease. Cell, 2017,170(4): 605-635

Hawkins P T, Stephens L R. PI3K signalling in inflammation.
Biochim Biophys Acta, 2015, 1851(6): 882-897

Rathinaswamy M K, Gaieb Z, Fleming K D, et al. Disease-related
mutations in PI3Kgamma disrupt regulatory C-terminal dynamics
and reveal a path to selective inhibitors. Elife, 2021, 10: 64691
Sala'V, Della Sala A, Ghigo A, ef al. Roles of phosphatidyl inositol
3 kinase gamma (PI3K gamma) in respiratory diseases. Cell Stress,
2021,5(4):40-51

Vanhaesebroeck B, Perry M W D, Brown J R, et al. PI3K inhibitors
are finally coming of age. Nat Rev Drug Discov, 2021, 20(10):
741-769

Thomas M, Edwards M J, Sawicka E, et al. Essential role of
phosphoinositide 3-kinase gamma in eosinophil chemotaxis
within acute pulmonary inflammation. Immunology, 2009,
126(3):413-422

Qiu X, TianY, Liang Z, et al. Recent discovery of phosphoinositide
3-kinase gamma inhibitors for the treatment of immune diseases
and cancers. Future Med Chem, 2019, 11(16): 2151-2169

Lanahan SM, Wymann M P, Lucas C L. The role of PI3Kgamma in
the immune system: new insights and translational implications.
NatRev Immunol, 2022,22(22): 687-700

Zhul, LiK, XuL, et al. Discovery of novel selective PI3K gamma
inhibitors through combining machine learning-based virtual
screening with multiple protein structures and bio-evaluation. J
AdvRes,2022,36: 1-13

Jia L, Wang L, Jiang Y, et al. Exploring PI3Kgamma binding
preference with Eganelisib, Duvelisib, and Idelalisib via energetic,
pharmacophore and dissociation pathway analyses. Comput Biol
Med, 2022,147: 105642

Lanahan SM, Wymann M P, Lucas C L. The role of PI3K gamma in
the immune system: new insights and translational implications.
Nat Rev Immunol, 2022, 22(11): 687-700

Garces A E, Stocks M J. Class 1 PI3K clinical candidates and
recent inhibitor design strategies:
perspective. J Med Chem, 2019, 62(10): 4815-4850

Zhu J Y, Jiang Y M, Jia L, et al. A multi-conformational virtual

a medicinal chemistry

screening approach based on machine learning targeting PI3K
gamma. Mol Divers, 2021,25(3): 1271-1282

Ruckle T, Schwarz M K, Rommel C. PI3Kgamma inhibition:
towards an ‘aspirin of the 21st century’?. Nat Rev Drug Discov,
2006,5(11):903-918

Drew S L, Thomas-Tran R, Beatty J W, et al. Discovery of potent
and selective PI3Kgamma inhibitors. J Med Chem, 2020, 63(19):
11235-11257

Zhu J, Wu Y, Wang M, et al. Integrating machine learning-based
virtual screening with multiple protein structures and bio-assay
evaluation for discovery of novel GSK3beta inhibitors. Front
Pharmacol, 2020, 11: 566058

Robustelli P, Piana S, Shaw D E. Developing a molecular



2023; 50 (&)

RESCEL, & MRINFIZE (Eganelisib) MK R EPIBKy R HIHLHIFR

<1979

[27]

(28]

[29]

dynamics force field for both folded and disordered protein states.
Proc Natl Acad Sci USA, 2018, 115(21): e4758-¢4766

Shivakumar D, Williams J, Wu Y J, et al. Prediction of absolute
solvation free energies using molecular dynamics free energy
perturbation and the opls force field. ] Chem Theory Comput,
2010,6(5): 1509-1519

Shapouri-Moghaddam A, Mohammadian S, Vazini H, et al.
Macrophage plasticity, polarization, and function in health and
disease. J Cell Physiol, 2018,233(9): 6425-6440

Xiong W, Jia L, Liang J, et al. Investigation into the anti-airway
inflammatory role of the PI3K gamma inhibitor JN-PK1: an in vitro

and in vivo study. Int Inmunopharmacol, 2022, 111: 109102

[30]

(311

[32]

ZhulY, Jia L, Jiang Y M, et al. Integrated molecular modeling
techniques to reveal selective mechanisms of inhibitors to PI3K
delta with marketed Idelalisib. Chem Biol Drug Des, 2021, 97(6):
1158-1169

Evans C A, Liu T, Lescarbeau A, et al. Discovery of a selective
phosphoinositide-3-kinase (PI3K) -gamma inhibitor (IPI-549) as
an immuno-oncology clinical candidate. ACS Med Chem Lett,
2016,7(9): 862-867

Elmenier F M, Lasheen D S, Abouzid K A M. Phosphatidylinositol
3 kinase (PI3K) inhibitors as new weapon to combat cancer. Eur J

Med Chem,2019,183: 111718



<1980+ EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2023; 50 (8)

Investigation Into The Anti—-inflammation and PI3Ky Inhibitory Preference of
Eganelisib’

XIONG Wen-Dian'?”, JIA Lei'?”, CAI Yan-Fei"”, CHEN Yun", JIN Jian""™", ZHU Jing-Yu""™"

("School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, China;

ISchool of Chemical & Material Engineering, Jiangnan University, Wuxi 214122, China)

Graphical abstract
[PI-549 (PI3Ky IC, =16 nmol/L)
Bio-activity of inflammation
= N
IPI-549 LPS N

(30min) 0 0 0.1 0.5 1.0 pmol/L
. —wp "'-—“}
p-Akt-S473 [ - — «
Toul Akt [

~ 1200
)

(=]

) T

S 800 “
% 400

]

—

= o

LPS - + + + +
IPI-549 0 0 0.1 0.5 1.0 pmol/L

# This work was supported by grants from The National Natural Science Foundation of China (21807049) and the University-Industry Cooperation
Research Project in Jiangsu (BY2020432).

## These authors contributed equally to this work.

sk Corresponding author.

JIN Jian. Tel: 86-510-85918219, E-mail: jianjin@jiangnan.edu.cn

ZHU Jing-Yu. Tel: 86-510-85918219, E-mail: jingyuzhu@jiangnan.edu.cn

Received: November 12, 2022  Accepted: January 11, 2023



2023; 50 (8) BESCEL, % RINFIZE (Eganelisib) MIFLH R EPI3KyE BN HIHLHIF R 1981~

Abstract Objective Phosphatidylinositol 3-kinase gamma (PI3KYy) plays a critical role in the immune system,
thus identifying PI3Ky as a potential therapeutic target for inflammation. However, there are few reports of
selective PI3Ky inhibitors being used in the field of anti-inflammation thus far, therefore, great efforts would be
needed to study the anti-inflammatory effect of PI3Ky inhibitors. In the present study, Eganelisib, the PI3Ky
inhibitor in clinical studies, was chosen to investigate the anti-inflammation and PI3Ky inhibitory preference.
Methods Firstly, lipopolysaccharide (LPS)-induced RAW?264.7 macrophage was used as in vitro inflammation
model to estimate the anti-inflammation of Eganelisib. Then, a modeling strategy integrated common feature
pharmacophore, receptor-ligand pharmacophore, and molecular dynamics simulation was employed to reveal the
v-selective mechanism of Eganelisib. Results Eganelisib treatment could downregulate the production of
inflammatory mediators by suppressing the PI3K signaling pathway. The common feature and receptor-ligand
pharmacophore models found that the hydrogen bond and hydrophobic features play key roles in the interaction
between Eganelisib and PI3Ky protein. Several key residues such as Val882, Met804, Trp812, and I1e963
contributing to favorable PI3Ky binding were highlighted in molecular dynamics simulation. Conclusion Our
findings provide the initial anti-inflammatory effect of Eganelisib, and reveal the mechanism of selective binding
between inhibitors and PI3Ky, which may provide some guidelines for the development of anti-inflammatory
PI3Ky inhibitors.

Key words PI3Ky inhibitor, Eganelisib (IPI-549), inflammation, pharmacophore, molecular dynamic simulation
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