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SHLRITI A 78 4 BB, ARk, HE ) 25 93R Y7 HCC
AR TRZ R MMk, KRB AEE 5 & 3RS (arte-
sunate , ART) | 7 JE8 J& S ER IR B TR YT HCC 1Y
Wt HHAT HCC 28697 254 B0y 7 Al A
AEL AT B X T E IR A M GE HCC &4 K
BL R T 29 HR S . BTIEESE 7 B ART AT
PUBA PR R I HCC RYERE % F 5 8 5 9 2%
AN W15 B2 ART 3897 HCC (VB (e B8 5
FVEAN 5 F MU UE AT R AR, I 38 i 52 50 3E 1
ART BIFEAIAE AL Sl i, Al RIGYTY HCC $24t
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1 HREE

1.1 #8l SK-HEP-1 40 K25 T K2~ BB
RO ART (KIEXCEWHEARARAF);
DMEM K353 B A B it 4 M3 (3218 Gibeo 24
A ;6 ?Léﬂﬂﬂ@i%?%ﬂ]l(j% Corning N 3 TRIzol 32
GG SRR & (TR R R B h A R A
) 5 9 i PCR R & (RDUR 148 v AR R
ARATED) ;51 R A TAEY) TR (B A7 FRA A
B8 RIPA 249 5 x SDS FFEZE thil . SDS-PAGE
B AR A & (LA RAEYWHARANA);
PVDF i FI ECL B2 ' ¥ ( 36 [ Millipore 23 A ) ;
FABP5 fuifi g BEHUAR (3518 CST A ], #39926T) ,
PI3K H B SE iR (S5 Abcam 23 H], #abh32089)
p-PI3K & 3¢ [ $1 f& ( 552 E Abcam /& Hl,
#ah278545) ,AKT 4 B vd BEHT AR (3£ E CST A+l
#4685S) , p-AKT 4 H 5 PR (3£ E CST A,
#4060T) , B-actin TZ TERHEHLIA (RICE TR0 ALY
FHEA R #AC026) 5 BRAR i S Y BEbR 0 1) F
Pith 1eG 90 (FEBR /R B p H A BR A A,
#C31460) , MTS 125 & [ 8 26 (L a) YRR
FHBRAF L, #G3580 ], il 5 20 TR ELO L (7
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Eppendorf /A ], #15 . centrifuge 5417R) ; B#FR{L (3£
Agilent 2 ], 15 . Epoch 2) ; B B 3 PR 9 38 Y
(PRt B B2 A 2R A FR2Y R, 15 Hema 9600) 5
SENTOLE B PCR AL (FEBR R B P A R
F], A5 . Quantstudio 3) ; B ARAY ( FE E Amer-
sham 2\ ], %145 ; ImageQuant 800) ; {8 & 7¢ ) ik il 5%
(75 Leica 23 F], #5 . DMi8)

1.2 Fik

1.2.1 ART ¥e & 7n M PubChem ¥4k )% ( ht-
tps://pubchem. ncbi. nlm. nih. gov/) T #2454 ART
M 3D 4% *@, W25 3D 454 AL #| PharmMapper
(http ://www. lilab-ecust. cn/pharmmapper/ ) £ % J%
( PharmMapper 4 27 J2 J T 25 49 10 2000 25 11 1) 57
PRGEHE AT e HL PR A A R S PR AR , 4R B 25 %) 7 1
— W TEREAR Z ] e A ) W S 25 3 2 A A4
RS 7)) B9 8] CSV A% g B3, ¥ P
FREFH0 S FE S A UniProt 2080 P2, BR 2 W
“human” RS 2R 45 2 B9 BT A 8 FEFR AL IE A Uni-
Prot 1D, 45 ZI4E R 8 F TR B[R 44

1.2.2 %4 - SMAERRMEHE EIH
ART X1 A #E 5 3L R S A STRING B8 12 ( hitps ://
string-db. org/ ) , FREHF“ Homo sapiens” , Jf-LLE {5
JE=0. 8, FRi B i R, R BNETEE IR R 5 2459
HAEXRZR, BfiJ57E Cytoscape 3. 6. 184254 -
R AR 28 Al AL

1.2.3 TCGA ZHEFE A4 AT MURAESE N 24 [ 35 4K
P2 ( TCGA , https ://portal. g de. Cancer. gov/) T %,
50 1] HCC Ji# 55 FEAS F1 374 {5i] HCC HEA 19 RNA
JP S B LA KR L 6 W R 5, 2 IR e ik AT A
HCC F Y2k, R 43 (limma F1 pheatmap ) 25
ZE e FSIR LN B S DR 22 S e R AR PR R K L
X2 S FRIRFEF BT COX HL R M Z H [l 15 43
e, 07 e S B AR I

1.2.4 5 -Fxr4# M ZINC (http://zinc. docking.
org/ ) BHEE T 2 ART %) mol2 #%=U3C{F, M PDB
BT AR bR i A2, IF95 T PyMOL A7tk
Froab 3, A 45 £ BRoK 70 7 & 58, A Auto
Dock Tools FAFHFHER A A L5 A 56 42 pdbqt #42X
S, IR ART 18 mol2 A% XS0 | Bl 5 #1750+
X EI A A BETE ART RIE S B9 45 A 16,
IJ5 iz PyMOL AR eS0T MRAE

1.2.5 GEPIA2 4 & 3 iE )\ GEPIA2 %k &
(http://gepia2. cancer-pku. cn/#index ) 5 ji 5 B 4
SOEERTE IR A FNE 5 H A P i R 38, I X G i

B SR AT LS 40T

1.2.6 ¥ 5:@83%%E5»4  FH R 4 (clusterPro-
filer) XF RIS A HARIEA T KEGG 38 BT , i — A 1F
5% ART YE T HCC 492> T-HL

1.2.7 XIRSFEH YL T X8 K Y SK-
HEP-1 401, DL 5 x 10° >/ml 23 S R0 T 240 o % 7
b, X BRZH B DMSO, S5 20 /il 100 pmol/L ART,
HZE90% fl A, 10 wl BHEH L HE B SR
BEZk ; OB PBS Rz vh e 40 it 3 Wk, vk 25 i v i 41
L, A TG LV 5 57 2, Ak 2235 5% 24 48 h, 00 T
0.24 48 h K%,

1.2.8 MTS %% WA T X5 850 4E K B Y SK-
HEP-1 Ziffl, LI4EFL 5 x 10° NEFP T 96 FLA P, 4
s 3 A AL, FRAn G EE S, SCR 4 A 100
pwmol/L ART, X} FZH il A DMSO, it A 37 °C 5%
CO, 5577 o 5IHE 3% 24 48 72 h ), Il BEALATA
20 pl MTS 46223557 4 h, SRJ5 A B AR ) 7 490
nm LB 2SI E R 3 IR,

1.2.9 S k< & PCR i TRIzol 35 $2 HL
AL RNA BT, 30555 SR 15 ¢DNA £ F -20 C
VKFE M, {5 SYBR Green i3] & 7L E =
PCR Y I # 47 qRT-PCR ¥, {1 GAPDH £ N
WZIEH . FABPS LiiE51 98 5'-TGAAGGAGCTA
GGAGTGGGAA-3', T HiE5| ¥k 5'-TGCACCATCTG-
TAAAGTTGCAG-3', 7= ¥ K J& 212 bp; GAPDH | i
1%} 5'-CTGGGCTACACTGAGCACC-3', FiiFg1 ¥
} 5'-AAGTGGTCGTTGAGGGAATG-3', 7= ¥ K JiF
101 bp, SEHEA 3 K, SR PHEEARER D Ct (H
T GAPDH ) Ct ¥ —4k, Bl ACt = Ct AR - Ct
WS, FEAR L mRNA AT EEE L 2722 #
N

1.2.10 & &I L5 Western blot £ % B R4
FUHN ART 40 FRAY SK-HEP-1 20/ RIPA 215 W 4%
OB 1, 55 5 0 41 M BB 11 48 SDS-2R T4 M ok i 156
JEHL UK (SDS-PAGE) 43 B J , % E 2 PVDF i, F% 5
J5 T 5% WiIR Wk Z B 1 h, 435I E anti-
FABP5(1 : 1 000), anti-p-PI3K (1 : 2 000) , anti-
PI3K(1 : 1 000) ,anti-p-AKT (1 : 2 000) , anti-AKT
(1:1000),anti-B-actin(1 : 50 000) —Hi T 4 °C¥
B, WRVENS , 2 05 5 BOR i 4k P i1
BRI FEPTR=HT(1 - 20 000) 1 h, VERESS R ECL
RIGBBAE R Gk, & A Image] FAF#E1T BIE
AT, B-actin HINS

1.3 Sit=43B R GraphPad Prism 8. 0. 1FfiAS
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2.4 FABPs W& &eERE  FIH Auto Dock Tools
ERPRKS ART FOXE R A 3 A 8 3 B 40 B 64 743 F
XT3 LA ART 5 FABPS 454 ik /o, ART
BATRES FABPS 454 (% 1,K3),

F1 ART 5XEHESEAXELER

R AR HH A 4541 (keal/mol )
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A B
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C
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5 BoEERBREESN

2.6 MAEREBEEREESN M ART M SIEH
Wi R 15 F #7T KEGG M/, XL 2 51
FELE ML S PI3K/AKT {553 | I 5 A 3 ik ok
FERE AL (lipid and atherosclerosis ) i #% . §ij 51| it 9
(prostate cancer ) il i, H: " FABPS & 4E £ PI3K/
AKT {5585 (K 5) .

2.7 ART &6l i FABP5 #14] PBK/AKT {55
WA A EAREENER WELEE
7R, 5% B4 8, SK-HEP-1 40 g fin A ART 3] 384
48 h J5 W EMH AT (K 6A) . MTS L4 &
B, 550 RRZH oA, ART ZHAE Sl 2 900 71 41 448 2 ( 1
6B) ., qRT-PCR &5 B/~ , 5X AL Hedst, SK-HEP-1
YA ART il 48 h J5 , FABPS ik /K F T /%
(K 6C), Western blot 255 W, 5% 4 H 4,
SK-HEP-1 Z g i A ART Z Jii, FABP5 ()75 H /K F
B ; p-PI3K Fl p-AKT BERR LK TRE(E 6D)

3 itig

UEAER , BARHR M 25 0IR9T HOC E& 3R T %
PERE R (H B AT HCC 2 BHATT Z4W SR AN BE
TE A, BHEFSET R I ART A L o 4 5 &
Ak Je 25 BUR A , AT TR Y7 HCC, {H ART
AT LIRYY HCC DA K Hp7E ¥R AR AL i 475 A B
W, T B — LT

FE T 0 25 24 B2 HLAT X 250 — BN - R
HEAT LS 3BT, DT 2R G5 4% 1 245 49 5 90 0 22 10 1) %
NRR IHER Z R RE R RS, A K
AFFEO T R A YA B2 | 4 2 B S T TR O
VEL YIS AR 0 O 25 580 R AT A P R
ST AR AL ASBIESE A BN 45 25 324 19 7
e, 0 ART P76 B8 S0 AT 0 | L 28 1 282 4>
HERUEE A Cytoscape SRR B iU BE PR A7 W] 4L
1k, BESS, T3 TCGA 4 2 b HCC I3 £ , xF
I DA AT 25 SRR AT, B - ZIZ B 34T,
i H 3 AN JCEEAE I, 43 & TNNC1  MMPI12
FABP5, A WF5E!"™ 8] TNNC1 7E HCC hE# ik,
1M TNNC1 975 2218 S8 F T 40 i 52 . MMP12
AT REI < 8 0 A g 4 21 FOXP3 ™ Treg 111271 7K
- fRHE HCC 19 % A K e I g sk 9T &
L, FABPS 1 Z B i s 19 & AF & R % WA o6,
FABP5 AI i1 PI3K/AKT 15538 815 ' 3% I 41 i
TR A S R B A A K AN EE RS
e r gk . FABPS ] 3 5o 9 15 il o9 [ SR % 105 41
I P A i 9 A0 G RS 7Y FABPS AT F i
HI PRI AN M IG5 0 FABPS A T P IH A SR I
LS55 RS vh 25 3 35K, IF S S AR A 41 i 4 5E A
1278, F W] FABPS W B8 5 i o9 I8 98 19 i e A7
1200 {HJE FABPS £ th N B BRI
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mfﬁ RIRRAL - ARTAL - XL
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@ 1.0 p-PI3K 15
S i
<t ™
E sk 2z 1.0
o05 . PI3K £
m skek
. =05
% 24 48 72
W) p-AKT(Serd73) 0
C 15
1.5 | POpcec)
iz . A AKT MW ARTZL
X o i)
10 . ARTHL X 1.0 *
= FABPS oy
wv oo
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= 0. o5
= e
B-actin
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Bl 6 ART %tfFJE AL 5E T 7 K Xt FABP5  p-PI3K  p-AKT 3% 7k T B 2501
A ZIIERIE S x50 B MTS S50 ; C. FABPS BYAHXS 265k ;D FABP5 Y% 112535 7K -1 ART %} PI3K/AKT 38 J& 1Y 5% i 5 5 %) B 2H 1

B."P<0.05," " P<0.01;50 h 4 HE. " P <0.001,"P <0.000 1

FIH Auto Dock Tools #XFEXT ART il 3 /> 4
B S R AT 0 6 25 R R ART HI FABPS
s G Remc R ( -8.77) , W] ART il FABPS 5 H
(45 4 %% BE B i, $2 78 FABPS AJ BEJ& ART ¥4 )T
HCC MM ZEME AL, FIH GEPIA2 %cHls XT3 A4~
SR L AE HCC i 33k R 6475007, &
MEA FABPS HAT 22 S AT i WU R, iE—25
UFSE FABPS 1£ HCC ) & A & e vl %5 S BEAE
it KEGG % & 4 /3 Hr K L FABPS 2 & £ 7
PI3K/AKT i %, #£ 7% ART 7] g3 i 837 PI3K/
AKT {55 BER2 0 HCC, ZHM SE 56 9E S ART ] LA
Pl SK-HEP-1 4t i1 3% 58 FE 2 , ART A] i 238 ik
SN FABPS f3R3IA7KF, 1520 PI3K/AKT 55
R 000 o) P98 40 ) B4 5 RS |

AFFEABA R, B4, RAEA KT Lk
1T T I, VA W PREEA AT B0 | 75 2 0 i s P
F1A) L S5 e o UE HL I R S R . ek, HUEM T
ART W85 FABPS 254 (L EA145 & BALH] v A
fici

25 L RTIR, B vE Y FABPS AJBEVE M ART (91E
JHAE &5, FABPS &y PI3K/AKT 15 5 3 % i b ¥,
ART i@ 0] FABPS B9kl PI3K/AKT {55
A %, T T 00 B 96 0 A 3 B R GE RS, HCC Hp
ART 5550 R 22 1R (%) N AEAIL TR 0 ANV A | (B 3
— AR,
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Artesunate affects the proliferation and migration of HCC cells
by regulating the PI3K/AKT pathway through FABPS

Wang Qingsen'>, Wu Jing' >, Zhou Jiawei'”,Liu Yafeng'*>, Cheng Angi'*,Hu Dong'*"
(' Dept of Medical College,”Anhui Occupational Health and Safety Engineering Laboratory
*Key Laboratory of Industrial Dust Control and Occupational Safety and Health ,Ministry of Education,
Anhui University of Science and Technology ,Huainan 232001)

Abstract Objective To explore the potential targets, pathways and related mechanisms of artesunate ( ART) in
the treatment of hepatocellular carcinoma (HCC) based on network pharmacology and Bioinformatics. Methods

The potential targets of ART were screened through pharmmapper database , PPI network was constructed and visual
analysis was performed. The data of 424 HCC samples were downloaded from TCGA database ,the data information
of potential target genes were screened,and the differentially expressed target genes were analyzed. The key target
genes were screened by univariate-multivariate COX regression analysis. Molecular docking software was used to

conduct molecular docking between ART and key target genes. Differential expression and survival analysis of key
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target genes were performed using network database GEPIA2. KEGG pathway enrichment analysis was performed by
R language. The effects of ART on the proliferation and migration of HCC cells were verified by MTS assay and
scratch test. The expression of FABPS in HCC cells was verified by gPCR and Western blot. Western blot was used
to verify the protein changes of PI3K/AKT pathway. Results A total of 282 potential target genes were screened by
network pharmacology. Finally, three key target genes were screened out. The survival analysis of FABP5 in HCC
was statistically significant (P <0.01). Molecular docking showed that ART and FABP5 had the highest binding
energy. Pathway enrichment analysis showed that FABP5 was mainly enriched in PI3K/AKT signaling pathway. Cell
experiments verified that ART could inhibit the expression level of FABPS ,that ART could regulate the PI3K/AKT
pathway ,and that ART could inhibit the proliferation and migration of HCC cells. Conclusion ~FABP5 may regu-
late the PI3K/AKT pathway by inhibiting FABP5 and thus affect HCC cell proliferation and migration,and FABP5
may serve as a new target gene for ART therapy of HCC.
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