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In vitro anti-tumor effects and mechanisms of a novel ¢c-KIT
inhibitor PN17-1 on gastrointestinal stromal tumor GIST-882 cells

SHEN Ji-wei'?, WU Shuang', LI Jun', ZHOU Yun-peng"?, CHEN Ye'*', LIU Ju'*

(1. College of Pharmacy of Liaoning University, Shenyang 110036, China, 2. Small Molecular Targeted Drug R&D
Engineering Research Center of Liaoning Province, Shenyang 110036, China)

Abstract: In recent years, gastrointestinal stromal tumors (GIST) have increased incidence and mortality, and
most GIST is caused by the activation mutation of the c-KIT gene. Therefore, c-KIT has become a promising
therapeutic target of GIST. At present, the drugs approved for the treatment of GIST including imatinib, sunitinib,
regorafenib and ripretinib, are mostly prone to developing resistance and accompanied by various degrees of
adverse reactions. Therefore, there is an urgent need to develop new c-KIT inhibitors to solve the problem of
resistance. In this study, we investigated the anti-tumor effect of a novel c-KIT inhibitor PN17-1 on gastrointestinal
stromal tumor GIST-882 cells in vitro. We found that PN17-1 significantly inhibited the proliferation, colony
formation and migration ability of GIST-882 cells, and significantly downregulated the protein expression levels of
p-c-KIT and its downstream signals p-AKT, p-STATS5 and p-ERK in GIST-882 cells. In addition, PN17-1 induced
apoptosis in GIST-882 cells, and the apoptosis may be mainly related to the mitochondrial-dependent endogenous
pathway. In conclusion, the novel c¢-KIT inhibitor PN17-1 is a promising anti-GIST drug, and this study provides
new ideas for further development of c-KIT inhibitors in the future.
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Figure 1 The inhibitory effect of PN17-1 on cell proliferation and morphology of GIST-882 cells. A: Chemical structures of imatinib and
PN17-1; B: Cellular morphology of GIST-882 cells after treatment with PN17-1 (0.1, 0.3 and 1 umol-L™) or imatinib (I umol-L") for 48 h
(scale bars = 50 pm, x200); C: GIST-882 cells were treated with PN17-1 (0.1, 0.3 and 1 pmol-L™) or imatinib (1 pmol-L") for 14 days, and

cell proliferation was analyzed using clonogenic assay
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Figure 2 PN17-1 suppresses c-KIT and its downstream signaling pathways in GIST-882 cells. The levels of ¢c-KIT and its downstream
signaling pathway proteins were detected via Western blot in GIST-882 cells exposure to PN17-1 (0.1, 0.3 and 1 pumol-L") or imatinib
(1 umol-L™") for 24 h. The histogram (right) in each panel indicated the relative band intensity generated from densitometric scans of three

independent experiments on arbitrary densitometric units. n =3, x £5. P <0.05, P < 0.01 vs control; *P < 0.05, *P < 0.01 vs imatinib
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Figure 3 PN17-1 induces apoptosis in GIST-882 cells. A: GIST-882 cells were treated with PN17-1 (0.1, 0.3 and 1 pmol-L™") or imatinib
(1 pmol-L™") for 48 h, stained with AO/EB (the upper part) or Hoechst 33258 (the lower part), and photographed by Olympus inverted

fluorescence microscope (scale bars = 50 um, x200); B: The apoptosis of GIST-882 cells treated with PN17-1 (0.1, 0.3 and 1 pumol-L™") was

measured by flow cytometry with Annexin V-FITC/PI staining. Quantification values are shown in right; C: Changes of the expression of
cell apoptosis-related proteins in GIST-882 cells treated with PN17-1 (0.1, 0.3 and 1 pmol-L") or imatinib (1 umol-L™") for 48 h. The

histogram in each panel shows the relative band intensity ratios generated from three independent experiments. n = 3, x = 5. P < 0.05,

P <0.01 vs control; *P < 0.01 vs imatinib
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Figure 4 Mitochondrial apoptotic pathway is activated in PN17-1-treated GIST-882 cells. A: Changes of the mitochondrial membrane
potential in GIST-882 cells treated with PN17-1 (0.1, 0.3 and 1 umol-L") for 48 h. Quantification values are shown on the right; B: GIST-
882 cells were treated with PN17-1 (0.1, 0.3 and 1 umol-L™) for 48 h, then the levels of cytochrome ¢ (CytoC) in the mitochondria (M) and

cytoplasm (C) were detected by Western blot. The histogram in each panel indicated the relative band intensity generated from densitometric

scans of three independent experiments on arbitrary densitometric units. n =3, x 5. "P < 0.05, P < 0.01 vs control
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PN17-1 induces mitochondrial apoptosis-related proteins in GIST-882 cells treated with PN17-1 (0.1, 0.3 and 1 pmol-L™") or

imatinib (1 umol-L™") for 48 h. The histogram in each panel indicated the relative band intensity generated from densitometric scans of three

independent experiments on arbitrary densitometric units. n =3, x £5. P < 0.05, P < 0.01 vs control; *P < 0.05, *P < 0.01 vs imatinib
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Figure 6 PNI17-1 suppresses the migration ability of GIST-882 cells. A: GIST-882 cells were treated with PN17-1 (0.03, 0.1 and
0.3 pmol-L™") or imatinib (0.3 umol-L™") for 24 h, and then the cell migration ability was analyzed by the wound healing assay. Migration
ratio (%) = (0 h area—24 h area)/0 h area x 100%; B: Representative images of the Transwell assay showing the inhibition of PN17-1 on the
migratory ability in GIST-882 cells. The mean data of fields on the lower side were counted. scale bars = 200 um, x40. n = 3, x = s.
P <0.01 vs control; “P < 0.05, P < 0.01 vs imatinib

Table 2 The selected physicochemical properties and medicinal 5 imatinib /124, 7E R @ WU R B UT . ik 4 T,
chemistry properties of PN17-1 and imatinib. M: Molecular PN17-1 /42 P450 lig [¥130#4177, 55 imatinib AH L, PN17-1

weight; nHA: Number of hydrogen bond acceptor; nHD: Number LA BE T N0 A R 5 P A0 25 K g 2 2 3
of hydrogen bond donor; TPSA: Topological polar surface area

(optimal: < 140); logP: The logarithm of the n-octanol/water distri-

bution coefficient at pH = 7.4; GASA: Graph attention-based Fh'e
JE _ N N AV
assessment of synthetic accessibility (probability of being difficult J& e i DA 1 - KT 76 U 17 40 L e A6 R 9y AL F

to synthesize from easy to hard: 0—1); Lipinski rule: M, < 500, il B R AR, I A A R P AR .
logP < 5, Hacc < 10, Hdon < 5, if one property is out of range, it is c-KIT A1 i 2205 A AR A] S B H O, R HE %% F

acceptable S R A, R B 1SR, A o-KIT ©L48 A
Compd. M, nHA nHD TPSA logP GASA Li‘:l‘;:ki B i A 5 ﬁ“-? R %\E‘J TRTTHE Y,

PNI7-1 50464 70 20 7715 428 00 00 R RN (tyrosine kinase inhibitors, TKIs)

Imatinib 49326 80 2.0 8628 259 00 0.0 B IR T 5 2% T GIST B i s , A4 imatinib {F

NE R EB AT Y] GIST i1 — 2677229, 4R,

IR, PN17-1 Ui B b 22 7 L J L8 0, 55 imatinib —  RUEE IR IR SZ 25 %8 80%, {HK 2 %1 GIST £ # 7E imatinib

FE, HoE P-gp FTMRP1 0615, 7] 1A A= 200 WIT2~3F /AWt RE, B TKIs B4 KR

Table 3 The selected adsorption and distribution parameters of PN17-1 and imatinib. PAMPA: Parallel artificial membrane permeability
assay (category 0: low-permeability; category 1: high-permeability); P-gp: P-glycoprotein (category inhibitor: yes; category non-inhibitor:
no); HIA: Human intestinal absorption (category 1: HIA < 30% means positive, category 0: HIA >30% means negative); £, : 30% oral
bioavailability (category 1: F,, < 30% means positive, category 0: F,,, > 30% means negative); BBB: Blood brain barrier (category 1: BBB
positive, category 0: BBB negative); OATPs: Organic anion transporting polypeptides glycoprotein (category inhibitor: yes, category non-

inhibitor: no); MRP1: Multidrug resistance-associated protein 1 (category inhibitor: yes, category non-inhibitor: no)

P-gp OATPIBI OATP1B3 MRP1
Compd. PAMPA e HIA Fyp, BBB o o o

inhibitor ° inhibitor inhibitor inhibitor
PN17-1 0.01 Yes 0.0 0.002 0.004 Yes Yes Yes

Imatinib 0.0 Yes 0.0 0.002 0.031 No No Yes
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Table 4 The selected metabolism and excretion parameters of PN17-1 and imatinib. CYP: Cytochrome P450 (category inhibitor: yes,

category non-inhibitor: no); HLM stability: Human liver microsomal stability (category 0: stable”, category 1: unstable’); CL : Drug

clearance; 7' ,: Half-life of drug plasma concentration to decrease by 50%

12°

plasma*

CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 CYP2B6 HLM
Compd. inhibitor inhibitor inhibitor inhibitor inhibitor inhibitor stability Lotam T,
PN17-1 No No No No No No 0.18 357 1.03
Imatinib No No No Yes No Yes 0.30 2.74 0.91

B 55 VAR, A8 R IRAF P 25475 58 o — A 1] 7%, H A,
W T ANIEE R AR R BT GIST IR TT SHE g0,

AWFFARTC T H R c-KIT 01 75 PN17-1, i it
imatinib 45 ¥ &1 408 & B, %F B 738 18] 5198 GIST-882
1L ) A A B b e v 1 SR FE LA . 4 MR I S B R
B, PN17-1 %5 JLAh o-KIT R 1A 7K ~F- A [5] 1 i 83 200 Jfd 60,
5 MKN45 40 il - A549 2 ffl . HepG2 2 ffd . H1975 4H g
AT GIST-882 4 i 15 5 10 ] 35 8 5 2 L P - KT F) 3%
KNG LB — S AR G, PN17-1 %6} ¢-KIT 7 R iA 1)
GIST-882 4f fit IC,, {& < c-KIT % 3K 1% ) HepG2 41 i
IC,, fH < c-KIT A~ 1A 1] A549 4 il £ H1975 4t il 1C,,
o AEH A B, PN17-1 % e-KIT & B A R ik 1
MKN45 41 il (¥ 400 il 3 P45 4F T o-KIT & AR R A 1
HepG2 4l fitd, iX 7] f 5 MKN45 4 Jffd 7 ¢-KIT mRNA [{]
FILKPAH R, KA A E S JFdE— PR Tt . PN17-1
X IR HEK293 T 4 ) 2 PEAIC T imatinib, $275 PN17-1
A RE A BT e Atk (H R 2 a5 Eiew it —
SBIGAE . LAk, PN17-1 805 2 35 ) p-c-KIT LT
W15 5 p-AKTp-ERK Al p-STATS & [ [ %% /K F, ¥
T GIST-882 4l K AE W T, I HLAM I GIST-882 41 L fr
TR . JETI, PN17-1 BA B4 Il o A AR
A HE 45, 25 4 Lipinskd #EURY, g6 41, GASA Tl
M= B PN17-1 (& AR 25 55, G0 S e g Atk ey mp
AR, AR A

15 JG SR TR, AR R 4 2 0l I g ST s A A Y
FEZPN17-1 I 4A N PR i 1, JFd i 2 F B i )
JoT 9 A0 PR EAT IO IE o E AR VE R, AT R I
PN17-1 %} imatinib fif 2 [¥] & % & 8] 518 GIST-1210 24
P B B A A A S M, 308 PN17-1 AT R AT —
5E IR v IR 24 68 70, A B AE e IR 24 e R 45 R L 4
S5 AR VR ZE K 28 SRR NAR FT PN1T7-1 e R T 24 1) R
T T R 25 (i e WL . 28 b, RN S G A
PN17-1 A —N A1 71150 B W1 8] 5198 25 ) 42 it
TH ) SRR AR Y, D 15 M 1A 8] PR R IR KR T
WR TSR,

P B VLA H ST ST AL S IR SIS
I SESARAE BOE T AT GG I A g A
MG B DT oy SR BT RS EOR STHE RIS AT 7T R B
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