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[ Abstract] Objective: To elucidate the potential molecular markers and drug-compound-target

mechanism of Epimedii Folium intervention on breast cancer stem cells(BCSCs) through chip analysis combined
with network pharmacology and experimental validation. Method: Relevant drug information was retrieved in
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) to obtain the
active components and potential targets of Epimedii Folium. "Breast Cancer Stem Cells" were searched in Gene
Expression Omnibus (GEO) database, and GSE98239 chip data were obtained through analysis and screening.
Then GEO2R online analysis tool was used to obtain the differential genes to draw differential gene heat map and
volcano map. The differential gene network map of Epimedii Folium intervention for breast cancer stem cells was
constructed by Cytoscape 3.8.0, and Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis of drug and disease genes were performed. Human breast cancer MDA-MB-231
cells were divided into 20%, 40%, 60% Epimedii Folium drug-containing serum group and control group. Cell
counting kit-8 (CCK-8) , and Western blot were used to detect the effect of Epimedii Folium drug-containing
serum intervention on cell activity and target protein expression in breast cancer cells. Result: Twenty-three
active components including flavones, sterols, alkaloids and sesquiterpenoids were obtained from Epimedii
Folium. It was found that Epimedii Folium interacted with B-cell lymphoma-2-like protein 1 (BCL2L1) , matrix
metallopeptidase 2( MMP2) , prostaglandin-endoperoxide synthase 2(PTGS2), vascular endothelial growth factor
A(VEGFA) , transforming growth factor beta receptor 1 ( TGFBR1) and other pivotal genes in breast cancer stem
cells, participated in the induction of new angiogenesis and cell migration, enabled the continuous self-renewal of
BCSCs, decreased apoptosis and cell migration, thus promoting the recurrence and metastasis of breast cancer.
KEGG results showed that Epimedii Folium intervened in multiple differential expressed genes (DEGs) of
transforming growth factor-B8 ( TGF-B) , vascular endothelial growth factor (VEGF) , phosphoinositide 3kinase/
protein kenase B (PI3K/Akt) , mitogen-activated protein kinese (MAPK) and mammalian target of rapamycin
(mTOR ) subpathways in cancer signaling pathways to exert its efficacy in intervening breast cancer stem cells.
Experiments showed that the survival rate of breast cancer cells was significantly reduced and the expression
levels of TGFBR1 and Smad2 in breast cancer cells significantly decreased after the intervention of Epimedii
Folium drug-containing serum ( P<0.01). Conclusion: Several components in different concentrations of drug-
containing serum of Epimedii Folium can synergistically act on target differentially expressed genes of breast
cancer stem cells, and inhibit the proliferation of breast cancer cells by down-regulating the expression levels of
TGFBR1,a key molecule in the TGF-8 pathway,and Smad2,a downstream signal.
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Table 1 Basic information of Epimedii Folium compounds
MOL ID &2 Fr OB/% DL
MOLO001510 24-F R B 37.58 0.71
MOL001645 7, T Wit B g 42.1 0.2
MOLO001771 poriferast-5-en-3beta-ol 36.91 0.75
MOL001792 4, 7- R B L T 32.76 0.18
MOL003044 G E 35.85 0.27
MOLO003542 8-isopentenyl-kaempferol 38.04 0.39
MOL000359 7 B 36.91 0.75
MOL000422 1125 41.88 0.24
MOL004367 MRS g 3 62.23 0.41
MOL004373 MKEEES 45.41 0.44
MOL004380 C-homoerythrinan, 1, 6-didehydro-3, 15, 16-trimethoxy-, ( 3.beta.)- 39.14 0.49
MOL004382 AR A 56.96 0.77
MOL004384 EFEC 45.67 0.5
MOL004386 HFHEE 51.63 0.55
MOLO004388 6-hydroxy-11, 12-dimethoxy-2,2-dimethyl-1, 8-dioxo-2,3,4, 8- 60.64 0.66
tetrahydro-1H-isochromeno[3, 4-h]isoquinolin-2-ium
MOLO004391 8-(3-methylbut-2-enyl)-2-phenyl-chromone 48.54 0.25
MOL004394 KR 2 FE R -3-0-a-L- T2 4 41.58 0.61
MOLO004396 1,2-bis(4-hydroxy-3-methoxyphenyl)propan-1, 3-diol 52.31 0.22
MOL004425 AR 41.58 0.61
MOL004427 R AT 31.91 0.86
MOL000006 EN S S 36.16 0.25
MOL000622 IR L MR 63.71 0.19
MOL000098 Hitie % 46.43 0.28
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oo TR A AT R AT VA 4 A S A Y 2R 56 BH BT
AH AR 5 38 B Y £ S, 2E I BH BT L IR R 0 R AR
KR,
3.5 EFFESMIE N MDA-MB-231 41 il JE & 2
Fih v W EZ (2 I MDA-MB-231 41 it g #2 JE A4
RAERK MEERER ERKIER, EESNE, »H
OB . VRS 25 ME 40 MDA-MB-231 41 fifg
B 5 s AR L WY b R D Al R
TE AR, (R BB 58 45 /0N 38 4 40 M I 7 L B T
FWZ A, WE 5,

525 1 MDA-MB-231 i iB 4 AH [L , PR F7E 5 24
M5 (20% ) , B 282 5 25 1035 (40%) 8 & 25 i
T8 (60% ) Kb ¥ 24,48 h Ji5 41 (1 77 106 2R B i A1, AL
6, Uk B 3 2 25 0 25 107 4P N FL R % MDA-MB-
231 24 0 384 B A 00 4 R B
3.6 VR FAE 2N 0 XL AR MDA-MB-231 48 il
TGFBR1, Smad2 & H £ ik i 52 W 5¢ K % %
TGF-B {5 % il f% o 1y ¥ 3L [ TGFBR1 & F i 3% A
Smad2 HEATHRIE ., 5725 I ILTE 4L b, 7 A8 2l
T T 15 i 3L IR % MDA-MB-231 2 Jifd b TGFBRI,
Smad2 i 11 £ 3k i # FER (P<0.01) , WK 7. 25 i
1520 TGFBRI1, Smad2 & H 1k 54351 A7 (18.82+0.43)
F1(9.54+0.77) , ¥ £ 4 & 25 M3 T BUS /9 3L IR 9
MDA-MB-231 4l s ' TGFBR1, Smad2 7 [1 3% 15 i i
EREAL A (0.4120.05) F1(0.35+0.07) .
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Table 2 Analysis of biological information and signaling pathways of target of Epimedii Folium on breast cancer stem cells

WA £ B B8 KA
A=yl GO:0045944 )\ RNA J 51l 1 8 7% 3¢ 9 1E 98 5 6
GO:0007165 {555 % 6
GO:0001666 %I &4 (1 )5 [ 5
GO:0001701 F& MNILIR L & 5
GO:0001525 i3 A A 5
GO:0008284 £ fitd 34 4if 11 1E 94 4% 5
GO:0030335 4l il iF 5% (14 1F I8 4% 4
GO:0006468 7 [ 1k 4
GO:0006508 7K [ /K fift 4
GO:0090050 2 A= ifiL 4 B it 72 v 40 i i 7 119 1E 9 128 3
i) T GO:0005886 Ji fix 11
GO:0005615 44k =5 1] 10
GO:0005576 4fi L 41 X 9
GO:0070062 4il g #h 4118 4 8
GO:0009986 4 i ifi 7
GO: 0005887 Jii [ 11 21 L 55 43 5
GO:0031012 4l ffg #h 3 Fc 4
GO:0031093 1fiL /MR o TR i 3
GO:0043235 ZHRE A4 3
GO:0045121 JH4% 3
il GO:0005515 & 1 R4 & 20
GO:0042803 & 157 7] — R LT 6
GO:0004252 22 5 iR 1Y ) ik 7% 1 5
GO:0005524 = @R MR 1T (ATP) 4 & 5
GO:0046982 [ 5+ — RALTE 1k 4
GO: 0042802 Af [fl iy 4 14 B 4% & 4
GO:0004713 5 [ it 2 IR 1 13 15 3
GO:0008201 fIFE 454 3
GO: 0004672 45 [ Wit 7 1 3
GO: 0004714 {5 5 32 1A 2 1 ik = IR TG 1 1k 2
175 1l hsa05200 & 4 3 8
hsa05205 & 4 2 Wl 698 5E H 19 1R 5
hsa04014 Ras {5 538 i 4
hsa05206 J#4E H 1 microRNA 4
hsa04151 PI3K/Akt {55 i % 4
hsa05212 JB i g 3
hsa04610 b A H1EE 1l 2 15 3
hsa04520 Fi f} % £ 3
hsa04064 A% % 5% K F-«B(NF-«B ) {5 53 1% 3
hsa05202 J4E A% % 5 2 38 3
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El4 ZFETHIRETHARESR GOMKEGG HHE
Fig. 4 Chord diagram of GO and KEGG analysis on targets of

Epimedii Folium intervention on breast cancer stem cells
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A% L2 5 B A & 25 10 20
El5 EFEEX MDA-MB-231 KA ENE(x100)
Fig.5 Effects of Epimedii Folium on morphology of MDA-MB-
231 cells (x100)
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Fig. 6 Effect of Epimedii Folium containing serum on cell viability
of MDA-MB-231 at 12,24 and 48 h
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Smad2 ‘w 38 kDa

A B
E7 EFEX TGFBRI,Smad2 EAMEX KRIEXEH I
Fig. 7
TGFBR1,Smad2 protein
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FETT I BCCs 1y 58 A6 7% 1 16 FH AT BE 55T 18 400 Jfd
JA W & % BE (CDK) 2/4, 40 Mg A I & A D,
(Cyclin D,), & Btk 40 g9 2(Bel-2) ,LC3-1 /11,
AGT 5, Beclin-1, VEGF % £ [ [ £ 5 K F, L
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Effects of Epimedii Folium on relative expression of
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