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Mechanism of scutellarin on breast cancer based on network

pharmacology and in vitro experiments

TIAN Chong-chong, ZHANG Qi, LIU Kai-na, FANG Chen-xi, BAO Xiao-bo®
Department of Pharmacy, Jiangsu Vocational College of Medicine, Yancheng 224005, China

Abstract: Network pharmacology, molecular docking and experimental validation were employed to explore the



potential therapeutic targets and mechanisms of scutellarin (SCU) in the treatment of breast cancer. The targets of
SCU were predicted through SwissTargetPrediction database and TargetNet database, and the potentical anti-breast
cancer targets of SCU were obtained by mapping them with the potential targets associated with breast cancer
retrieved from GeneCards, OMIM, TTD databases. The STRING database was applied to construt the
protein-protein interaction networks and topological analysis was performed by Cytoscape3.7.2 software. GO
functional enrichment analysis and KEGG pathway enrichment analysis of intersecting targets was carried out
using the DAVID database. The building of SCU to key targets was validated through molecular docking study
using Autodock Vina software. The expression of relevant target genes in Clinical case samples obtained from the
Cancer Genome Atlas (TCGA) database were analyzed. At last, CCK-8 assay was performed to explore the
anti-proliferative effect of SCU under different concentrations and the effects of SCU on the protein expression of
TNF-0, EGFR and HIF-1a signaling pathway in human breast adenocarcinoma MCF-7 cells were examined by
Western blot. As a result, a total of 90 potential targets were screened out, and 5 key targets were obtained after
topological analysis, among which EGFR, TNF , CASP3, PTGS2, and MAPK14 are closely related to the
anti-breast cancer effect of SCU. Multiple signaling pathways such as C-type lectin receptor signaling pathway,
Apoptosis, Human cytomegalovirus infection, HIF-1 signaling pathway and IL-17 signaling pathway were
involved in the anti-breast cancer effect of SCU. Molecular docking results showed that SCU has an excellent
binding effect with key target proteins EGFR and TNF. The results of clinical samples revealed that the key target
genes were significantly changed in breast caner patients compared with the healthy population. /n vitro cell
experiments showed that SCU (40-160 umol/L) significantly inhibited the proliferation of human breast
adenocarcinoma MCF-7 cells in a dose-dependent manner (P < 0.01 or P < 0.05). Further western blot assay
confirmed SCU up-regulated EGFR protein expression and down-regulated TNF-a and HIF-1¢ protein expression.
In conclusion, SCU exerts anti-cancer effect through multiple targets and signal pathways. This study provided a
theoretical basis and reference for the exploration of SCU on clinical research and product development.
Key words: scutellarin; breast cancer; network pharmacology; molecular docking; in vitro cellular experiment
; signaling pathway
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AER R AKT/mTOR @ S0 PRM2 45 411 38 S8 xat 47 24 () BBk 1) R 4% 47
FhRE (R R0, 3R SCU FlilId 2 i@k, S8R0 RIETUMREIEN . M2 %R N RS
JE TR 7R 25D AER LA PSR 5 IR 2 ) — TR Y% S B, e A S iy - #0 - 2450 2 1) F 2 2 Y
4, ATLATZG I ERNLE, JCHE S T 2. ZHS M EFPLE 0. A7
I 2R E S SCU RITEAAR PN AR /K ST i) 3L e 4 ey 384 0010, (R0 ) L RS () DG SR TS 7
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FRA®D 3 CCK-8 A& (ttT: C6005, FRMHTREEAEMBHCAR AT « & EBEMHIH
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H S A SwissTargetPrediction ( swisstargetprediction.ch ) A TargetNet ¥{ #§ J&

(targetnet.scbdd.com) , Z:H#, 13| SCU MV LEAE LA
1.2.2 SURRAE AR X & % ¥2 2. 89 Ih it

PL“breast cancer” Y X4 1A, £% GeneCards #(#fi & (https://www.genecards.org) « OMIM
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W AR 2 FOUI ¥ SCU 18: £E A FH A s R 7L Mo A G 1) 52 99 HE £ B A% 31 Venny2.1.0 7 &

(bioinfogpenb.csic.es/tools/venny) , 2l Z47)-505 I S AL HE A5 Venny &, 1E¥ SCU F-TiFL
JiaE VB TE VR T R
124 &azt (PP MM ERH

AT F N STRING i/ (https://string-db.org) , #IF#i% & N “Homo sapiens”,
P SCU 5 FL M AC SR T £ 1 PP 2%, 44 45 SRARAF N tsv SCAF - A Cytoscape3.7.2 #4%,
FIH cytoHubba JfifF45 F 5L 5 0 (degree) , FREHEA T 5 HIREARER 051,

1.2.5 k¥ 809 GO 7 fe's A= KEGG @3 g £ 047
BAZEESE 5N DAVID #fE % (https:/david.nciferf.gov/) #4T GO ThE A KEGG i#%%

EESHT. Hh, GO BESITRIEAYILFE (biological process, BP) . 44> (cellular



component, CC) F1/3TIhfE (molecular function, MF) SH#E 53T VERAN 4035, P P<0.05
N Gk R SR ARHEBEAT I . S EEE SN R AT P BT, 4 B ER GO
SrATHT 10 A2 KEGG 43 20 Arff 45 Rik47 4218 . FIH Cytoscape 3.7.2 %A, #JgE SCU
NS SR ik Ll < N
1.2.6 - FatiEibie

164 PP A2 B 26 v FEAE HE 44 B8 A7 (10 SR B HE )R 4T 70 642 . 70 )il i PubChem 45
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REERE R SR . FIF Pymol B 2R 1 SR AE M HEAT 25K M AR AL BE,  LRAFDT), 5
FIF Autodock Vina i HEAT 43— X5 AR A Pymol B4R REAT WAL Ab 2 .
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SIS, N TCGA H 3K 45 FU s 2858 R g B B (1 8 S 2E 00 4
i, AEH R A v4.4.0 73 B0 H AR O BE R R AE 2B R )RR 1E 0L, 383 wilcox £
WikAT Z R gt o tr, Ho P<0.05 AN BEA Gt m .
12.8 M55 iE
1.2.8.1 MCF-7 4 fifd 3% 77

¥ MCF-7 4538 T 10% 154 95 ) DMEM ¥ 774k, BT 37 °C. 5% CO2 1
fEIEE IR IR . SR 0.25% Bl 3 HL AL 40 I A% AR
1.2.8.2 CCK-8 il SCU { A~ i 8 5 18

HE AL T B A ) MCF-7 03 A J5 1 B4 &, BA 100 uL &L 96 LRI,
LA EC) 5000 4. B S EAXHBZL (control, Con) FIA[EMKE SCU ALFLA,
HEE 6 MEAL. FAMNEEBEL RS, IMAAFMKER SCU (0. 5. 10, 20. 40. 80. 160
umol/L) T 48 h, ZJGHEFLINIAN 20 uL ) CCK-8 k7, 37 °CEFFARLEEE 1 h, fliHE
PRI 5E 450 nm Ab IO B
1.2.8.3 Western blot & JlIl#H 5% 8 H /KPR ik

ke % AH AR, FH RIPA 2T 4 °C 24U, FRIURE T, BCA R &lE & M
W, R, 10% SDS-PAGE Lk, #JiE, HH 5%MAE Wk BT H . TBST Pel)s, i
AN—Pt, 4 °CRERFFE LR . TBST Pl 3 X, &KX 10 min, HIAZHERFFEF 1 he TBST
Yotk 3, IR 10 mine ECL IR . FH Image J BAE A HT &M KR, LLH I K
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1.3 HiEATE



PR ES 3 0, ARCCFIEbRHEZER R HRIELBCR A ¢ k5, 2R
AEIECECR N B RRTT 2087, P<0.05 WAZERA G L. K SPSS 23.0 i1tk
X EEE AT it M3 #T: KA GraphPad Prism #1H1FE K] .
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Fig.1 Venn diagram of the common targets of SCU-breast cancer
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Fig.2 PPI network of potential targets of SCU in treatment of breast cancer

RI1ETEMAER SCU BITILBIET 5 M RBiEn

Table 1 The top 5 key protein targets of SCU in the treatment of breast cancer ranked by degree value

HeA4 HE A FEAH
Rank Target Degree
1 EGFR 36
2 TNF 34
3 CASP3 32
4 PTGS2 29
5 MAPK 14 27

2.3 GO 5 KEGG E&EM

il DAVID H 2 5 i Hi (¥ 90 AN 2T 147 GO ThAERI KEGG i & &b F
FI R E & 5B 2 R 1 R R A 4 B AT rT A A 2
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of tube diameter) . 4EFF I B 1% (blood vessel diameter maintenance) ~ 5 MR HIL &R

B2 (folic acid-containing compound metabolic process) ZEAEWidFE. CC JriHl, LHEIEH



FEAIE AT 7 (apical part of cell)  ZHAIIEES (basal part of cell) & J& /M5
J& (basolateral plasma membrane) MU . MF J5 1, CHERER FE LML G HAMEL
WA BEAZ T IR S A9 14 (G protein-coupled purinergic nucleotide receptor activity) 245 FEHE
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receptor signaling pathway) . #2155 ## (Apoptosis) « HIF-1 {55 @ (HIF-1 signaling
pathway) . IL-17 {55 (IL-17 signaling pathway) Ll TNF {5 5i@# (TNF signaling

pathway) 5%. WOMTRIR, SCU KT/ BA A, 2B ARE.
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Fig.3 GO enrichment analysis bubble diagram
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Fig.4 Results of KEGG enrichment analysis bubble diagram
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Fig.5 Network prediction of compound-target-pathway of SCU
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Fig.6 The mRNA expression levels of core targets in breast cancer patients and healthy population
¥E: "P<0.01. Note: "P<0.01.
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Fig.7 Molecular docking diagram
7: A.SCU-EGFR; B.SCU-TNF.
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Fig.8 The anti-proliferative activity of varing concentrations of SCU on MCF-7 cell line ( x £s, n = 6)
7E: 5 Con L%, "P<0.05, "P<0.01, I[F. Note: Compared with Con, P < 0.05, P < 0.01, the same below.
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Fig. 9 Effect of SCU on EGFR protein expression in human breast adenocarcinoma MCF-7 cells ( x £, n =3)
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Fig.10 mRNA expression levels of HIF-1a in breast cancer patients and healthy population
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MCEF-7 cells ( x £, n=3)
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