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Mechanism of Cremastrae Pseudobulbus-Rhapontici Radix Against Breast Cancer:

An Exploration Based on Network Pharmacology and Experimental Verification
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[Abstract] Objective: To screen out the main targets and related signaling pathways of the herbal pair
Cremastrae Pseudobulbus-Rhapontici Radix in treating breast cancer based on network pharmacology and verify
their action mechanism in in vitro experiments. Method: The main chemical components and related targets of
Cremastrae Pseudobulbus-Rhapontici Radix were retrieved from the Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform (TCMSP) , and the target genes related to breast cancer from
GeneCards. Following the screening of the common targets of Cremastrae Pseudobulbus-Rhapontici Radix and

breast cancer using Venn, the Cremastrae Pseudobulbus-Rhapontici Radix-breast cancer network and protein-
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protein interaction (PPI) network were constructed. The effective targets were then subjected to gene ontology
(GO) and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis. The resulting
outcomes were then verified by cell counting kit (CCK) -8 assay, flow cytometry, and Western blot. Result:
The screening yielded seven effective components and 61 targets of Cremastrae Pseudobulbus-Rhapontici Radix,
among which 55 targets were involved in breast cancer. The GO analysis revealed 832 entries, which were
mainly enriched in the biological processes. According to KEGG pathway enrichment analysis, 85 signaling
pathways were obtained, including tumor suppressor p53, vascular endothelial growth factor (VEGF) ,
epidermal growth factor receptor (EGFR), and phosphatidylinositol 3-kinase (PI3K)/protein kinase B ( Akt). It
was verified in in vitro experiments that the alcohol extract of Cremastrae Pseudobulbus-Rhapontici Radix
inhibited the proliferation of human breast cancer MDA-MB-231 cells and induced their apoptosis. Compared
with the blank control group and the dimethyl sulfoxide (DMSO, 0.1% solvent) group, the medication groups
exhibited obviously decreased absorbance in MDA-MB-231 cells (P<0.01) and increased apoptosis rate (P<
0.01). The results of Western blot demonstrated that compared with the blank control group and the DMSO
group, each medication significantly reduced the phosphorylated (p) -PI3K/PI3K and p-Akt/Akt in cells (P<
0.05). Conclusion: The ethanol extract of Cremastrae Pseudobulbus-Rhapontici Radix effectively inhibits the
proliferation of human breast cancer MDA-MB-231 cells and induces their apoptosis, which may be related to
the inhibition of the activation of PI3K/Akt signaling pathway.

[Keywords] Cremastrae Pseudobulbus; Rhapontici Radix; network pharmacology; breast cancer; action

mechanism; herbal pair
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F1 WEHE-REARNLERS
Table 1 Effective chemical ingredients of Pseudobulbus

Cremastrae-Rhapontici Radix

43 F 1D R L/EA OB/% DL P/
MOL000358 beta-sitosterol 3691 0.75 iz
MOL000449 stigmasterol 4383 0.76 1%k
MOL007991 2-methoxy-9, 10-dihy- 44.97  0.18 11225

drophenanthrene-4, 5-diol
MOL001792 H¥# % 3276 0.18 i
MOLO000358 beta-sitosterol 36.91 0.75 I/
MOLO000359 sitosterol 3691  0.75 I/
MOL004903 liquiritin 65.69  0.74 I
MOL007939 diosbulbin B 43.01 070 I

RO A3 B 55 A4 I W] 48 s5UE i Cytoscape 3.7.2 5 F 14
A 1L 2R g - 2 -0 T ] A I 45 R

34 4 S5 IR A A PPLIM K MM
Venn [& 3k #4555 4~ 245 4 - 95 i 3L R 50 05 AL =

3.5 W ws - IR T SR Y I8 AR A A

3.5.1 GO E &0 il GO J)fig & %0 i
AT 832445 B, Horb 1L 2R 4 - 2 6 7 L IR 1
R R E BB E B W LAY o R A A
Jitd X5} 25 4y 9 JZ 1 ( cellular response to drug) , 5 i {37
A9 Y8 75 (regulation of membrane potential) , X7 2 [# %
% Z /Y 5 v (response to steroid hormone) , R R IR
Ak B 95 T G B A BK A2 K R 5 38 B (adenylate
cyclase-modulating G  protein-coupled receptor
signaling pathway )% .

3.5.2 KEGG i #% & #0 b i 73 #r 3L 4k 3
KEGG il # 85 7% , i vt D) REHE 44 i 21 4 4 H L 11 2%
-1 IR T JLJ‘LE?FEE’J%[EL%UE}EME?#F&Q 15
53 B A MECR (R S %, pS3 AE T i,
W B A K 5 (VEGF) A5 5 3 %, 8 i 1 LI 3-38
kg /26 11 B4 B (PISK/AKY) {5 53 % , N 38 e KN
¥ 52 A& (EGFR ) il 22 12 Wi e 400 ) 550 s 24 308 % , 4% 15

STRING ¥4 i it — 2545 %) PPI %% I B FLORE AR R M S e, MR 2
F2 WARB-RAANMIRENXEER

Table 2 Key pathway of Pseudobulbus Cremastrae-Rhapontici Radix against breast cancer

i e A P

hsa05161 : Hepatitis B 10 4.88x10®
hsa04915: Estrogen signaling pathway 9 1.54x107
hsa05022: Pathways of neurodegeneration-multiple diseases 14 8.13x107
hsa04215: Apoptosis-multiple species 5 1.43x10°
hsa04020: Calcium signaling pathway 10 1.89x10°
hsa04115:p53 signaling pathway 6 5.68x10°
hsa05169: Epstein-Barr virus infection 9 6.72x107
hsa04080: Neuroactive ligand-receptor interaction 11 6.55%x10°
hsa04370: VEGF signaling pathway 5 3.13x10°
hsa05224 : Breast cancer 7 3.33x107
hsa01521:EGFR tyrosine kinase inhibitor resistance 5 1.30x10™
hsa04151:PI3K/Akt signaling pathway 9 3.10x10™
hsa05163: Human cytomegalovirus infection 8 7.10x107
hsa05170: Human immunodeficiency virus 1 infection 8 4.66x10°
hsa05161: Hepatitis B 10 4.88%x10°
hsa05222: Small cell lung cancer 8 8.67x10"*
hsa04657:1L-17 signaling pathway 7 1.72x10°
hsa04261: Adrenergic signaling in cardiomyocytes 8 3.72x10°
hsa05031: Amphetamine addiction 6 4.08x10°
hsa04726: Serotonergic synapse 7 6.68x10°
hsa04919: Thyroid hormone signaling pathway 7 9.35x10°
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3.5.3 1l K #h - e o B PR O o N FLOMR MM 24 h)5, 525 H 4, DMSO A &, ik . &
MDA-MB-231 20 g 8 7= 4% & 37 =X 40 i A4S I &5 F 2R Al Mg T R B W2 & (P<0.01)
R 28 7 - T R B /E F MDA-MB-231 W23,
K3 WEF-FRAEEINWX AZLIRE MDA-MB-231 i E T FH &M (X+s5,n=3)

Table 3 Effect of alcohol extract of Pseudobulbus Cremastrae-Rhapontici Radix on the apoptosis rate of human breast cancer MDA-MB-

231 cells (x+s5,n=3) %
2 51 J MR /mg - L R T W PR TR RPATTR
2 H 3.35+1.18 0.77£0.15 4.12+1.29
DMSO 4.20+0.57 0.81+0.15 5.01+0.71
£ 7] 10 12.52+0.27 1.67+0.24 15.77+0.39"%
25 17.94+1.62 6.04+0.44 23.98+1.84"%
50 19.81+1.87 2.20+0.78 22.02+1.19"2

3.5.4 Ll ZE 4k - U I A EUY) 5 ) N FL 9 MDA -
MB-231 4 fi 3 7 5 50 525 F 41, DMSO 41 44 i
A A Hb R 7 Y L 2R 7 - T e O A T
FLAR 9 MDA-MB-231 i ] 24 h J5 , 3 2H 48 i 7% 4
FIEAL(P<0.01), WLF 4,

F4 UEE-RS BRI A TR E MDA-MB-231 48 5 K0 4 1

K (x¥+s5,n=3)

Table 4  Inhibitory rate of alcohol extract of Pseudobulbus
Cremastrae-Rhapontici Radix on human breast cancer MDA-MB-

231 cells (x+5,n=3)

24151 S /mg - L 24 hA i 2/%
2 H 0.00+0.00
DMSO 0.170.02
I 10 0.27+0.06"%

25 0.54+0.17"%
50 0.88+0.01"%

W52 H4l 8V P<0.01, 5 DMSO 41 [ 5 ¥ P<0.01 (% 4
[f).

3.5.5 Ll Kk - U B EUP 6 45 28 4 B b p-PI3KY
PI3K, p-Akt/Akt H{H 952 ] Western blot 5% % [Y
S5 B, I ZE k- e T R WU 7E 4 F MDA-MB-
23140/124 h)5 il 525 H 4, DMSO 4 A, i
b ) 4 A0 R Y p-PISK/PI3K, p-Akt/Akt f Fb
B35 b 35 AR X ] B AIR (P<0.05) . WL 5, 8T 1,
4 itit

T L PR A b g 2 e i R A v Y 2 FL R
i, OF BB M FE T A S B ARG it i 2L AR
S A ALY B R FL R PR TR R e,
It H 5 B R 57 A6 I PRIA IT v A J2 5 BT 1,
ESVYSE EREEIP oI GE N AR Ve S o F N T
JUT HAEE I AT 23R . A, BRI R

K5 REAMA p-PI3K/PI3K, p-Akt/Akt Lb{E (¥+s5,n=3)
Table 5 Ratio of p-PI3K/PI3K and p-Akt/Akt of each group of

cells (x+s,n=3) %
20 51 Ji ¥ /mg- L' p-PI3K/PI3K p-Akt/Akt
2 100 100
DMSO 94.549.2 91.3+8.9
e 10 42.3+5.3" 59.6+4.2"%
25 35.9+7.8"% 48.7+6.3"7
50 49.2+11.2"  57.3+9.8"%

T 52 4 Y P<0.05, 5 DMSO 4 I # 2 P<0.05 5 .

p-PI3K S B0 85kDa

pracin RN, <2 0:

v N T

- o

o
A

B C D E
E1 &AM p-PI3K/PI3K, p-Akt/Akt RiX
Fig.1 Ratio of p-PI3K/PI3K and p-Akt/Akt of each group of cells

W AT A T AT A B A T A R
T, FL AT RE R a2 R 2L AR e T 2 — Rl LR
T MR B I 25 T P LS (IR YT T IR A TIR T .

A BFFE R B 2 IR IR T FLRE T DL RS
ARG 0 2 Ll 2R A
HA W A B T RS 2 TR S BE g R
RRE0 Ll B R O T L A ) A FLBR #E MDA -
MB-23 1 4l ffd i) 38 58, 38 175 5 40 i 6% 98 T, /E AL
] e A T PIBK/AK (S 5 B 0 1% 1k 5 1L 22 0
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K B AT LA S 4 ) FL R MDA-MB-231 4
JHL 1% B, 75 S R A R A R T, 0 g A M Y AT RS
T P € A B & R T IR EE H RIS B AT
FL BT 7 38 bk ) Dk, A AT 2 B JRGR e
PEHUH AT DL 45 2 0 s AR T . R PR 2 e A,
BEAUBNERAES BaSbUmZTh, 2inirsla
M2

AR L5 R R, 1 2Kk e iR T FLR g
B A AL 5 T A B4 B L BL B, 2- A
H-9,10- & FE-4 5- 2 H R AR, H R H
B R B, A WFIHE B R", g-4¢ HS B X il
AL R A WE R, T DLGE o 2 Rk AR R
YEH, oA 38 78 0 T R AR 28 A AR AT
T R — AR T R e 0 R SR AR R, A B T g
B2 AT LA DA o] ek 9 2 A A 375 0 T B
Je8 240 B JR) S IR b e ol A AR R ) e 4 R 5 B
& Z Rk AR K R IR L E e L IE A8 R B B e AR
T R R R T AP A
1) AR [ B AN () 1 A6 G 0 24 5 W 3 n 3 e VR T, I
G PR 25 35 1 FH AT LA 2180 I 2 i B A5OR .

i f PPLEE 1 BARSE R Al LU Y, 40 1515 5
i) & %40 5 45 GSK3B, ESR1, CASP8 & MAPK 14
4 . ESRI1(estrogen receptor 1) A %i i ERa it FE [,
AR AT SRS R 2 T B N 3 R YT Y
it 245, DRT a6k 32 5 DR A A 0 2L R R IR T DA K T e
22 RAEAR K BYAE ™ . GSK3B(glycogen synthase
kinase-3 beta) & — Pl 22 2 1R /75 & R WA I , nT LA 3i 1
VEFAR 7 8 U450 8 11 DA R Si DR of o) 4% 4 ik
SR AN o F A A e S SR 0 B o R
GSK3B [ 35 1% UL 52 W & B BUS AR 00 o F B
R HE F G CASP8 & — M2 M T 1, = 54 M
P F S Rk, AR — A RN, 25T
T 22 iR Y 2 ik AR B R g L A R R
45 . MAPK141E}3 MAPK W 5% 5 i b3 22— , i it 5%
Wi 2 240 B R O T g ] B A5 A W o R R 52 e i
Je 1Y R A R J® , CHEN 4§ 5% 3 B il i MAPK 14
SR A0 ) ek e ot A A B e A T Y B A% . e]
WL, LA SRR 2 5 28 iR 0y Ak R R AR O R
M fivf 928 1 5 o

AR i GO &g R LI, 1L 2 4 - U
P L R A T A R R 3 R 5 Ao R e 48 A X 245 )
SN RN R AR RO N D AN Nt §
1% A6 1 8 5 G &R AR IR 52 IR 15 538 I 45 A= 1 2
e ik B P AL R H 1y . fE AR5 KEGG &
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LTI 25 5 v S B, L 28 - T 7 2 R 3 1o
F A5 5, pS3 15 51 I, PI3K/AKt [ 53 % 45 &
FEPLFLIRERER . MM EG ST &
A A EAEH , AT 84 A TGF-8, MAPK, Akt, NF-
kB 25 AL IR AR 58 L, e 20 FL R R 41 it ) 348
BH RS A B RE M PO p53 R — Al B IR, 2 Al
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