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Abstract

Objective: This study aimed to investigate the effect and molecular mechanism of hyperoside against
liver cancer using network pharmacology and in vitro cellular experiments. Methods: The action tar-
gets of hyperoside were predicted using network pharmacology databases, while liver cancer-re-
lated targets were obtained from disease target databases. The overlapping targets between hyper-
oside and liver cancer were identified. A protein-protein interaction (PPI) network was constructed
using Cytoscape software, and core targets were screened. Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed using the Data-
base for Annotation, Visualization and Integrated Discovery (DAVID). The effect of hyperoside on Huh7
cell viability was assessed by CCK-8 assay; long-term proliferation was evaluated by colony formation
assay; cell viability and death were detected by Calcein AM/PI staining; and apoptosis and cell cycle
distribution were analyzed by flow cytometry. Results: A total of 171 potential targets of hyperoside
againstliver cancer were predicted through network pharmacology, and the core target genes included
AKT1, TNF, Caspase3, INS, and ALB. KEGG pathway enrichment analysis revealed that the main sig-
naling pathways involved included pathways in cancer, the AGE-RAGE signaling pathway, the ErbB
signaling pathway, the VEGF signaling pathway, the PI3K-AKT signaling pathway, and the HIF-1 signal-
ing pathway. In vitro cellular experiments showed that compared with the control group, hyperoside
at concentrations of 200 and 400 pumol-L-1 significantly reduced the viability of Huh7 cells (P < 0.05).
Higher concentrations of hyperoside (200 and 400 pmol-L-1) inhibited colony formation of liver can-
cer cells. However, hyperoside did not induce apoptosis or cell cycle arrest in Huh7 cells. Conclusion:
Hyperoside exhibits certain inhibitory activity against the proliferation of Huh7 liver cancer cells.
Network pharmacology results suggest that it may participate in regulating the progression of liver
cancer through key targets such as AKT1, TNF, Caspase3, and EGFR, as well as signaling pathways
including AGE-RAGE, ErbB, VEGF, PI3K-AKT, and HIF-1.
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I, W LGB SR — 13T R GRS R 2% 70 A ) 22 40 R 2 TE 22 R, R BURI TR 22 A (4
P N TR BEBOARSRIRZ Th 25367 s iR A AL S AR 6 oh (B R ROE (7] (81 A FLid L k4
2% PGP A TR e 2L B DU BT R S NS S B, IR AR M SEIR WP IR T S Wb H T e
Huh7 (/ERT, & 28 TUHE BOIR A BT FU 4R i FEAR FE AR SE 36 k4

2. R EE
2.1. MEHIBE ST

2.1.1. E&LHkEESIREN

i | PharmMaper (https://www.lilab-ecust.cn/pharmmapper/) %4 & F1 SwissTargetPrediction
(https:/swisstargetprediction.ch/) LA “hyperoside” N RBERHEATIE &, WER & Mk IOVE R SE R MIBR B 2
T,

2.1.2. FFEERESIREL
ff F DrugBank (https://www.drugbank.ca/)“F- & 1 GeneCards (https://www.genecards.org/) % #i FE UL
“liver cancer” VE AR 2R B,  USCHR o8 2 3 AH SR pii M) ok 2 &2 00

2.1.3. ZEMLIREN
i 1 35 B & (http:/bioinformatics.psb.ugent.be/webtools/Venn/) ¥ 4 22 Bk H A FH #E 25 5 FT A o0 #8 5 H
LA, A4S BN L 2 MR IR e IR AR

2.1.4. PPI 4R #a3E
FIH STRING ~F & (https://cn.string-db.org/) ¥ i & i - 25 H WA BAEH PPHM 4%, FREUE A BAEE
B HAZ O FSE &, I Cytoscape 3.10.4 BAFHIVERZ O S 1K .

2.1.5. EESH

it B AH G BB RAE BE DN Dh e S5 S i@ B VR, S VR A T LA 5 40 BT LA DAVID V6.8
(https://davidbioinformatics.nih.gov/home.jsp) X} 4= 22 Bk s T BE A A #E A5 Sam B AT = 460 1, GO
AT ELE I A Wik B2 (Biological Process) 4l 41 /il (Cellular Component). 43 I fg(Molecular Func-
tion) 3 MEHON LRI BEAT DI REVERE, KEGG & 4408 WHEE XMHAH S 5 il ek = 48, IR Z5 /e T 950
() 25 S .
2.2. 4ARASEEE

2.2.1. FENFE

THIREEFEAH(ESCO A4, Hrmi ZRERHEARAR); 2 IReltni (RS 511X
#aE); MAIAGERE BD ARl BOGRMEB(H AR 1) A RE IR KA R ZE 48R s ie 7y
rAEs s ) AR K E (LI RS A R A F T %) ).

2.22. EERH

Huh7 45 H 35 57 3 (PGS A F]); JR4E 75 (Gibeo, Invitrogen Thermo Fisher Scientific, Inc.);
HER - B RUPUAERAC T R E AR R A 7)) B E AL R FEAMRHCE R 2 7)); PBS
(EAREMPHARAR); —HETRACEZEEEVREARAR); CCK-8 Wil( HiEHE = RAEY)
FARFRAF); A BRI & LR = RAEHEARAIRAF); Annexin V-FITC 240 fid T3
F & ERE S REMFEARGIRAF); Calcein AM/PI (L E = REMHEAGIRAF).
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2.2.3. 4HRmIESE
¥ A Huh7 4UB B T8 se R IR L s 7R L, BB R I B 2 37°C B 5% A4 i
KA, FRANI FE 2] 80%~90%H HEATAEAR, S ER AL T X6 504 K i 4 i i3k 47 1 3856

2.2.4. CCKS8 3248

L 1500 AN/FLII 2 Bk 5 £ AR K 11 Huh 7 40 f%E T 96 FLAR, F DMSO WA 4 2 Ak E FCRRIE %0 15
AHMINGEE ST, INNASERE G e bk e, 4RSI 954 48 /NI, BIACFRRS 8] 25, AL 10 puL 7&F3 CCK-
SV, YRLEWEE 1 /NET, AHH 2 DhRe AR ORI Hd sk % FLI OD {E (KL OD = 450 nm).

2.2.5. iR MESLI

L 800 AN/FLEIE BEKe 5 B AE K 10 Huh7 4HPREE T 6 FLI, FraiuibBefs, IAASRIIREE & 24 861,
GREEHEFE 10 K. W E BN A, TR gRsE, B PBS VEKS, I I mL RFH 4% B8 TSI E 4 15 4
B, FRIR PBS BEdk, MO 1 mL ARF 0.1%45 f 5 44 th 30 4080, A PBS Beik)a, BT, A,

2.2.6. Calcein AM/PI 4 BE5E ST M SCLs
L 3000 ™40 i/ FL A 28 B 6 B4 KB Huh7 4T 96 FLIR, FRRGEESS, INAARFKEZY),
o B 75 AN ] . N Calcein AM/PI 4etel, BESGHTE & 2/, A FH Y8 6 B 82 59¢ )t o

2.2.7. Annexin V-FITC Y3008

A 3000 /™4 /AL 1 25 BEKE 0T B4 ) Huh 7 R T 96 FLAR, FrAifRbEEfS, AR B4 22
BhE, dREERTI% 48 /NI, W E BT AT, I Annexin V-FITC i & 4k}, BEHFE /N, fd %
R I EZ e o

2.2.8. A B HASLE

L 2 x 105 AN/FLI 3 FER 6 3R K 1) Huh7 Z0HR4H T 6 FLAR, T BE J5 0 NS [R] 94 FE 1) 4 22 bk 7 4k 22
H 48 /NI, BT IA] R, P RAR B AL, 1000 rpm 2540 5 0P ICELNITTEE, B PBS a1 K.
1 mL RS 75% CREE E4iMyiie, BT 4 CORMER . £ Ol PBS Weik/a, MAARHE B0
WO E AN, BT 37 CKIBEREEEIFE 30 4080, 8 I QA0 ORI .

2.2.9. HRFT-LW

L 2 x 105 AN/FLI3 BN 6 BU2E K 1) Huh7 4HH4H T 6 LA, W EE f5 I N B s R i 4 22 B A 4k 2L &
48h, WHEFRHEEEHFET 15mL B0, T PBS Pikgii 1 Ik, HAE EDTA FIEE AR L0
3 R A e A B 2R 3 4 B4k, 1000 rpm 250 5 3B EEST M, T T4 PBS Beik4ME 1k, FR b
JEW, M 195 pL AnnexinV-FITC 25 & E &40, P05 uL AnnexinV-FITC 22IE5), &G HIA 10
pL PT RIS, 37°CKIBBRRECIE & 20 43k,  FE T R] P FH O 24 A5k i o

2.2.10. GeitFELbE
i/ SPSS 17.0 it /M= Bdis, 1 /) GraphPad Prism 10.0 %4 526 BE 2244 &, L P<0.05
FoRERBBRIIER L

3. &R
3.1. MEHEBEFSTELUTFSHEN S FR%E

FIF Pharmmaper %4/ %2 1 SwissTargetPredicyion 4 e M bk = 52 T 5 L Aar 28 B 4 22 Bk 1 346 MEH]
48555 7E GeneCards #f %2 & DrugBank ~F & 2 & 19700 #E 2, 4331 50,000 /N AH OCHE 25 . R
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7E Cytoscape 3.10.4 B AF R S NILFIMEFHSE &, LB 259 - S99 A EAE F IS 2).

Hyperoside Liver cancer
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(99.3%)

Figure 1. Venn diagram of hyperoside action targets and liver cancer targets
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Figure 2. Interaction network of hyperoside-liver cancer targets
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¥ 171 NMEFRFEFE R S N STRING 5%, % E “minimum required interaction score” 4 0.4 (FF&EHA]
155 B ) FH- Bl AN 425 /5 (hide disconnected nodes in the network), 753/ PPI 4% o~ F 170 N5 4,
556 21, T RUCFRIFEME 6.54. WHEHE PE h 4R 4L PPT roda gl S R B (R IS B, Mg =4k PPI Y
25 ( 3), dEid Cytoscape 3.10.4 §ifide H: n] ALALAZ CoBE (18] 4)0 X BB % ¥ 2 R 0K AKT1. TNF.
Caspase3. INS 2 ALB %, ‘EAMEERZEZ A 507 R OIER

PAPOLA

X [ DUSP16

NR1H2

Figure 3. PPI network analysis of potential targets of hyperoside against liver cancer
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Figure 4. Core targets of hyperoside against liver cancer

4. ELREMITEZOES

3.2. GO ThEEE&E T

GO ‘&5 MM AR OCEE R () ThREVERE, RN H IR PR AR b 2R B0 AW 2 Tl b, AT T U E 1 22 [
PIThEERE ST BEMUAS S iE s, Mgttt . K 171 MEE/EHERFET GO 4, %P A
HEFF, 3 A A )i 72 (Biological Process, BP), 4iiffi2H /3 (Cellular Component, CC)F143F Il iE(Molecular
Function, MF)# 10 2k B e B A (] 5).
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Figure 5. GO enrichment analysis of targets of hyperoside against liver cancer
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3.3. KEGG @R EES T

2 KEGG E&E00r, L1583 163 2k, RA%E PAEHF, EEAT 20 8 EBAE <K 6). T4
22 MREAE A T AR S ) IE % 32 25 AGE-RAGE 15 5l % . ErbB {5 518 . VEGF 15 5@ . PI3K-AKT
{55 1B HIF-1 {5 5@ K5, KPSkt E2Es FiR@Es 5 rnTT.

Top 20 pathway enrichment

Pathways in cancer A .
AGE-RAGE signaling pathway in diabetic complications - .
Prostate cancer A .
Proteoglycans in cancer A .
Diabetic cardiomyopathy - .
Estrogen signaling pathway - .
. e . —loglo(pvalue)
Sphingolipid signaling pathway A .
12
Progesterone—mediated oocyte maturation 4 . 11
10
ErbB signaling pathway - o 9
> 8
g Lipid and atherosclerosis 1 .
= | N count
Q? elaxin signaling pathway . ®
VEGEF signaling pathway o ‘ 20
25
Type II diabetes mellitus 1 o : 30
PI3K—Akt signaling pathway - ‘ . 35
EGEFR tyrosine kinase inhibitor resistance L )
Inflammatory mediator regulation of TRP channels - o
Fluid shear stress and atherosclerosis 1 .

Non—small cell lung cancer{ @
HIF-1 signaling pathway{ @

IL-17 signaling pathway { @

8 9 10 11 12 13
Enrichment

Figure 6. KEGG pathway enrichment analysis of hyperoside against liver cancer
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3.4. SL4MEXEFEE Huh7 HEFE R

CCK-8 SLIe 4t R BIR, 5 AR, 48 h 422861 200, 400 umol- L' f8 A% Huh7 210
% 71(P <0.05) (4 7).
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Figure 7. Detection of cell viability by CCK-8 assay
7. CCK-8 ZHAf3E 131

3.5. &£ HEXIAF#E Huh7 AR HASERI R

SRR e B SR A SRR, R R R < 22 Bk T R Huh7 4R Y v B B0 (13 9).

Figure 8. Colony formation assay of Huh7 cells treated with hyperoside
B 8. LM EVEMTF Huh7 4BA0F 4R 52 FESLI8

3.6. SLBEEXATE Huh?7 Z0BE7ESE RSN

Figure 9. Live/dead staining of Huh7 cells
[ 9. Huh7 4RARIESL &
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Calcein AM/PI iHAE4R I et 5 SR, 55 A4, &2kt FA s EMMm BT, Mkt
AHAETAAERE(E 9).

3.7. &4 MEXEFEE Huh7 HET R

Annexin V-FITC X4 BB /N, 52 AHK, Sk AFEH AR W Annexin V-FITC Je 40 i H 31
(K 10). WP T-LE LW, 400 pmol- L' S22 Bk EF AL FRA AR S = A48 B B T, FRI0 T A 35
R R LEHEF = 11).

Annexin V-FITC PI

o . .

ﬁ
100. . .
200. . .
400. . .

Figure 10. Apoptosis staining of Huh7 cells
[ 10. Huh7 {RAAT R E

0 400
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Figure 11. Flow cytometric detection of apoptosis
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3.8. SLHE TR A AR

WA AR S R EoR, 5 AHIE, SR E 4 22 Wk A FE 2 ¥ 40 i & 3 40 A JE A AR AL,
F WG R 51 E T Huh7 205 B WIBEA (1 12).
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Figure 12. Effect of hyperoside on cell cycle of Huh7 liver cancer cells
12. 2 HE BT Huh7 4088 EHARY S0

4. Vg

JFJe A Sy ARV T P9 R0 6 FNBE T 20 1) o R Ve g ™ o Jg i N 2SR, |l T I S B
ZHEEFCHN CET, KREFRNS, HIBAITBUERER, FUSRZE9]. Bk, FERZ2EHH
BT 25 BA B 2 R .

SR R PORIR B IR G, IR I SRR FLAE 2 P IR B R R A R e . 15
TR AN RS SR T [10]-[12]0 KT, FCAE R T AR AL MG AS 76 4 B . ASTIF 70K FH X 246 24 B 2
B T M S0 (1) SRS, F 9 4 22 M B9 AR A ME L B 43 F- B

ML A R BR, S22 AL 48 h fE W] FEAIK Huh7 Z00R7% 71, JUHAE 200, 400 umol L1 IKRFE T
R BRI FE N PR ESER P SR, SR E S 2k T /> Huh7 40 s R T2 R, $n
G 22 M 0T e 240 B P 6 A 1 R A SG B e 03 B — e I o (B3 VE =2, Caleein AM/PI
AR A IR, SIS 4 AR I B AR T Annexin V-FITC Juf K& U T2 45 R R
MEZ RN TR0, 40 SR A 45 TR R W R R A . EIRAE R R, AL AML T, &
22 R H XS Huh7 200 E04E AT R8I AR I8 IS B35 S 40 P 0 1 sl Re 58 ) A PR S 300, T 5 ) e R A 4]
YAV I ST e Bl P T A R

W& AT e R o, Stk 5 IEE S S3E 171 A J8Id PPI P45 73 B it H i A% O
#U5AFE AKT1. TNF. Caspase3. INS [ ALB %5, Hrf, AKTI #& PI3K-Akt {5 SB B CBET &, T
25 5T . A7 SACEHEEE[13]. TNF-a /& TNF #2058, S50, KM
L FE[14]. Caspase3 NPT HATH T, HRXAKPH SR T ZVIIC[15]. INS &SR 5E
RSB AE p, AZDThRERmMADIE S R, I IFEM R &0 16]. ALB HIRZOE F 2 4 RF 138 5
FEE, JHEAMRNIRR. WE. BaE., AR, &EE FMAgYriEmsis, 5/t RRims
e AT 3 3% DA R 2 AR i e 18 AH DG 6 [ 17] - KEGG I8 % 5 S0 AR B, & 22 M EF 4 FH 00 FFFs A DG i 2 22
fu4% AGE-RAGE. ErbB. VEGF. PI3K-Akt }¢ HIF-1 25{5 Sl #%[18]-[24]. AGE-RAGE 15 5 il 5 &
FAOG, FEARIAE RIS M A SE A AT 4EAG TS 5 N IR R AR, 958 HCC AR 4 . UG R L (R 2257
MR, Frlaes SRPAEEMNZ[18] [19]. fEMET, ErbB/EGFR k=7 us il ilid RAS-RAF-
MEK-ERK. PI3K-AKT-mTOR 25 T iifill (2t R 4n it s . L85, RBM Gk, Sy rrif Tl s
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[20]. VEGF 15 5@ % 3= 22 i (e i ML A e ML AR R MoRg it e 2 5 i R AR R B, e i i
ARG I E AL [21]. PI3K-Akt/mTOR JH B AL b e s, (e sk g s . A7 . AR g
e PO A AN EMT, 55 A AR AR R a 7 e 52 3 UIAH R [22] (23] R sk AR 58 v 30
HIF-1o J8#, B0k R p. AUNER  (REBFEMANETHPI24]. BL S RHRR G 2261 ] fEid
ZH R 2R FR AT AR B AT Y, (B SCBE B Rl — 2P SEIR IIE

AHFFAFAE LU AN AL : AXAE Huh7 B — BRI R P T S22 8 R AMERT, A REE 2 AURA
[ 7017 U AR ML A S 2 HK, ARSI S EEE TAAIE 0 SRR AR WESRIRAS . TR
AR, T AR 100 2% 24 B2 T (R0 A o SR S R B EAT 0 T /KT IRIE s B4t AKHIEIE MR TT e sh 4 s
56, ToVE VP B 2 W B AE AR N B U BOR B e Atk o JR SRt S wT it — P R A i R Fh 6, Al PI3K-
Akt. HIF-la. VEGF. AGE-RAGE 5@ R EARIE, FFE5 AR sl ik sLi e sy, &
255 1) W) < 2 B BT O A T AL

5. &t

AT S I A0 SR I IF 5 4 22 B ELA S e A M B R, (R IEAR SRR, Sk
RIS Huh7 4030 050 R AR A, HRIEIER e S AKT1. TNF. Caspase3. INS J ALB %5 CH#
73 ¥ AKX AGE-RAGE. ErbB. VEGF. PI3K-Akt & HIF-1 25 S I, KNGS & 4Bk HF HUiT
T PRI R LA B AL R

HEE&mE
IARERKFIER + BRI TIR; TH%S: GDMULCIC2024051.
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