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Abstract

Objective: Using network pharmacology and molecular docking to explore the mechanism of As-
tragalus membranaceus in the treatment of prostate cancer. Methods: The components and action
targets of Astragalus membranaceus were screened by the pharmacological database and analysis
platform (TCMSP), and the HT targets were screened by OMIM and GeneCards database. Cytoscape
software was used to construct the chemical components-potential target network and protein
interaction network, and then the key targets were screened out. The GO analysis and KEGG
pathway analysis of the targets were performed with the help of DAVID database. AutoDock Vina
was used for molecular docking to preliminarily screen and further to verify the core chemical
components in Astragalus membranaceus. Results: Sixteen active compounds were obtained from
Astragalus membranaceus. 172 targets related to prostate cancer were screened out. Astragalus
membranus can play a therapeutic role in prostate cancer by regulating AGE-RAGE signaling path-
way, PI3K-Akt signaling pathway, IL-17 signaling pathway, MAPK signaling pathway, tumor necro-
sis factor signaling pathway, etc. Among them, CCND1, MYC, MAPK1, Akt1, ESR1, TNF, RELA, TP53,
RB1, IL6, Jun, FOS, MAPK14 and other genes may be key targets. The results of molecular docking
showed that quercetin had a good affinity with FOS protein. Conclusion: The potential mechanism
of Astragalus membranaceus in the treatment of prostate cancer has the characteristics of mul-
ti-component, multi-target and multi-pathway, which provides the basis for further study on the
mechanism of Astragalus membranaceus in the treatment of prostate cancer.
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1. 518

HiI 71 i%Je (Prostate cancer, PCa) &l A 55 1 W R BB R 48 Hh i IS e b 2 —, 78 5B P i
FHACT R R R HE S 1] FWIRT S e BB 2 R IR, — MR, IR 2 BRI IR
B, PRE. IR Z . RN TS SRER IS5 AT AR AR IR PR AR 20 At A R AR B, B 2k
R IA2]. BT AT B TR A AR, HEBCGR S ARLERT A e R AR TR R, Bl
TEER RSF TV W PR AT S BRI T H W05 3([3] [4]o SRTTAHR DY “ BRI T IR AT 51 BRI i R A 2
R, ZHEEFYNISR IR TRIBYERIT NI [5]. HATPEER LA /M iiasT v E, RN ZEHIR
PP R 51 e ) L TR 2289 14~30 AN H [6]. #H 22 2% AR AR I FIFHIE TR VA H R, 10 BT 21 Fia A A
FIP BOREUAS RGN, WR PR EACAER IEG U . R A, R i A o & Foemiiona, #
ot PCa LIl F% . AEKIERBURIT A9 3, KHAHPIHE PCa U DUIEK A AERS 0], $& A i 2o
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1 22 Tl PR 12058 2 B o 8 24 45 1 51 i v I T rh AN R 3 s B AR VS LR DD AN RS, R RT
FERFRNHE R, MK B E W AAFRE[7] [8] [9]. Pk, A&gurhR2y O T Al 41 i it 78 74
[10].

I 5 i R R ARG, a1 — o P 55 D7 v [ml e o A R B HP B UF 28 22 R I R L 7 e 2R [ 11]
I RAT R Im AR W AT 575, @R 214 5150 51 e B85 0 b AR SRy O3 T GE Tt o i I, AR
JAHT A s A i R B R AR [12], R FERICAMIE Z ). SRS ERGIR, S8 2 W
EURG, AR A, Joa s ™ w5 ] B A DU JE i i s RS PR . WERE . A2 DIOR SRR, SRR AR
P EERIVSRIRA, DB RNALZ]. (ARENEH) F: “ME—8E, Wed SHERESR. &
B SCEE, ALSTH, DaioAimsh =4 7 R H, SRR, B M, DIRC8 ML 2R
M, WS EEHRANT YR ARG . T EOR, RN EIETE TR T R e R g
AURE R, BBPUREE. PIEEE . PUMIESE Z M AR 12 KVE[14] [15]. 456 ARSI IR
WX “ERERNRAHEE” VR TT R R B IR N 2 WATR T S R A0 B AR R = SR A AE I PR S 56 W SR AT A
RORTABURGEBIR R, SERIGARER, FEARMRIAR SV, Wi N 2 iaia 7 AR DR IAS R R ME[16],
B LRI 1o oA 70 4 e B

IAESR, 4 2 B TR R G M AR M )R SV P T O v 2 808 gy B REAE R AL AN 4
TR 5 PR JE A B 2 P 254 R T SO A T B BB (17 ] 10 4 T VR A SRR B 25 0 T s
W — R FETE, O 2 N TR B2 25 R E R S LR R [18]. ASHIE 7T LA 4 24 B 22 R0 43 15 ek
AR, RE B EIRIT AT AT R 208U, B A 9B I R S Bt 51 i ) B va ot 9 B 4t
R .
2. RITS5RE
2.1. WERTHBESTFE

KH TCMSP [19] (M&) RG24 B EE FEA 43411 & https://old.tcmsp-e.com/tcmsp.php) £ 2 Hi 5 B
O EE, @t 2595h 115 250 D R4 W R (oral bioavailability, OB) > 30%A1124 4 AH bl (drug-like
properties, DL) > 0.18 3#£47 % [20] [21].
2.2. BEBSRT

FIFH TCMSP ¥ e Xt 25 o R R ANBE B, RA5 3 IS AL S W/ E I BE A, 7E GeneCards (A%
K 54 85 E 5 http://www.genecards.org/) AT OMIM (A 2 & 78 /K 18 4% 3035 %, https://omim.org) £l
PharmGkb ( 24§ ¥ 3 [X 4 2% %1 iR % , https://www.pharmgkb.org/) F1 TTD (J7 2 24 48 ¥ 4 B
http://db.idrblab.net/ttd/) A1 DrugBank (4:#015 B2 4L 545 H 2= 5a B https://www.drugbank.ca/) F% A\ 32
1A Prostate cancer, AN AW TLMATFIEACE A, REWF AN, HAZE] Uniprot (2 B ¥R
J&, https://www.UniProt.org) ™, K ALy 5 E AR L) 2 i i (K] o
23. “hY - ERS - BR” REWESSH

12 R & F VennDiagram 051 H 38 B AN F1 e (1 3% [0 B0 20, A5 28 2 Bont B 1) BT L2
Ry, Kk H SR I BE SN Cytoscape Version 3.7.2 (ZE4ME B0t https://cytoscape.org/), Z&i]“
2y - W - BT A

24. EREIE(PP)ME 4
FIFH String (5 (A HAE M2 > M8, https://string-db.org/) 48 5 11 BAE M4 & (protein protein in-
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teraction network, PPI network), g #1F g A, £ B cytoHubba {2 11525 A 1) kH B4 F R4 2 504 (degree,
DC)FH 4 it 7.

2.5. B HIE R ST AT

B B AE T 10 5 AR T 7 SE 55 5 N DAVID (E2415 B RE 4 2, https://david.ncifcrf.gov/),
HE4T GO (B A4, http://geneontology.org/) Al KEGG (G #B3E K 5 3L K 4 B4 45, https://www.kegg.jp/)
WP E RN, RAEGIR. R LW S8 H 23T HE T, iRkt SE T A i eE e, H
Barplot Zx | 2 TE

2.6. HFIIE

K H] ChemBioDraw Ultra 14.0 1] H} i 12675 21 46 22 B OS5 K, [RIIN A Jy =2 254, R4 H] MMFF94
FI5EAT A o A SN S5 S 55 2R 1 (1) = 445 /) ). RCSB Protein Data Bank (http://www1.rcsb.org/) T #4521,
HE N TR EIFABEAR. My T EWEY T AutodockTools 1.5.6 (7 1 X & ¥ 14,
http://vina.scripps.edu/)#4k & PDBQT #& . K AutoDock Vina 1.1.2 #4770 T RHERT 5T . ARTE JHE B AR A
B, g TR EAREEA A, T S HER B, 12450 exhaustiveness W E Y 40. B T
Rl v, HALSEOYRABIME . B 7058 11 FiEtE 5 5 i am Gl )s, K
P55 N\ Graphpad 8.0 22l 3 B Ak 2 i 70 7 P He 45 R o R BUFT /i B s R S ) Free Maestro 11.9 i
ITEER T
3. &5
31 HEMAHIKE S

ASH T TCMSP Hodle e AAR G SCIR & ], IR R RIS iy 20 ML 1.

Table 1. Basic information of some active ingredients in Astragalus membranaceus

1 RRAD TR EYATHERED

95 43 1D wEw OB/% DL
1 MOL000398 S e (isoflavanone) 109.99 0.3
2 MOL000378 7-O-methylisomucronulatol 74.69 0.3
3 MOL000392 1=t % (formononetin) 69.67 0.21
4 MOL000433 R (FA) 68.96 0.71
5 MOL000438 (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)chroman-7-ol 67.67 0.26
6 MoLooosgo  (6eR 11aR)-re|-6a,11a-i§L-9-Eﬁﬁ%—aH-ﬂ%ﬁ%ﬂrﬁa‘ﬁc[&z-c} 64.26 0.42

AR T -3
7 MOL000211 T F A (mairin) 55.38 0.78
8 MOL000371 3,9-di-O-methylnissolin 53.74 0.48
9 MOL000239 HETT Z (jaranol) 50.83 0.29
10 MOL000354 5 B 25 &K (isorhamnetin) 49.6 0.31
11 MOL000439 A I P RE-7,2'- - O~ A 49.28 0.62
12 MOL000417 B8 57 B (calycosin) 47.75 0.24
13 MOL000098 i 1 2 (quercetin) 46.43 0.28
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Continued
14 MOL 000422 1,7- 5 HE-3,0- — FE FL SR )% 41.88 0.24
15 MOL000374 5 MM S PSR- 2", 5- O~ &) B 41.72 0.69
16 MOL 000442 1,7- ¥ 5E-3,9-  HUAH FE R TR 39.05 0.48
17 MOL000296 W M "2 15 7T (hederagenin) 36.91 0.75
18 MOL000379 9,10- — A K S K e -3-O-p-D- i 4 W 36.74 0.92
- -3-T5-2-FL R _2-H- -
19 MOL000033 2T 2E3 T2 izg%ﬁéﬁ é%‘;ﬁ;gz’“'w'm'” 36.23 0.78
20 MOL000387 IR 2K L (bifendate) 31.1 0.67

TE: OB NEWIFIAIE, DL NZIARLNE.

3.2. BER BTN

A TCMSP {E 9 BE R TN, 3R45 BB 7y iR FH#E 3 953 4> il OMIM $udla 7. TTD #idls
JE. PharmGkb #i#fi/% . DrugBank #ud iz, FRAGHTSIBEPIAHICHE s, MIBRE R, L5215
JE AL AT 12,279 A, R TS s E B BT R R A AR eI I L 1

Drug

Disease

Figure 1. Matching of disease target genes with drug target genes
1. ERESERSHYEE S EFER LA

33. “HR#5 - (LERS - BERR" MBLEHIH

K B A EAL S 5 A S R O B AT WA RS AR, B AT A BRI O R SR I
W, 2 LR PR #E A, 2845 31 16 NS PEAL &4 L2 5 FLAR X B 172 DRI HE =i 5K ] Cytoscape
AR P2 - ARy - BRI 12 ZE AT 188 AN R (BLHE 1 AN, 16 MRy, 1724
BE RN LA 179 5630, HR A FROR IR E BNy, SR PRI IO X BT S IR VR ST HIAR G
. RN EAZ NI, 2R Z I FEE T8 e som ik 20697 3 9 0K 2.
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Figure 2. “Astragalus-chemical composition-potential target” network diagram

2. "HE-UERS - BEER” WEKE

3.4. EREIERAME I

PPI (2% rh L5 636 A1 m, 28 AT s 3% 8 DC (E /N P Rl kR R 3. K 9 4% 2 1 HLAE )
AET S, SN Cytoscape #4770 47, 1B CytoNCA H#iff %} Betweenness. Closeness. Degree ] 73t
TGt mATRE AT 13 N A A, /2 CCND1. MYC. MAPK1, AKT1. ESR1. TNF,
RELA. TP53. RB1. IL6. JUN. FOS. MAPK14, FHJiX 13 AMZCr#E S 7E 7T 51 e e A vp g 2L
YER, BT & A IR BAE BAE DG R LA 3.

Figure 3. Protein-protein interaction network

3. &R - EREEML%

3.5. ¥ SANIERE 54T

W T3 2 172 ANMHIHE 5 3T GO /TRl KEGG SR /T, 455 LI 4 Al 5. GO mAES T
F5E Wit 7 (biological process, BP). 43 1-ZhifE(molecular function, MF)F14H ff14H 7> (cellular component, CC)
3Gy, HEER] 172 DAY FERN 2638 SEARSCIEEE (P < 0.05), i HEFSE T (1 4= i FEAK R 40
Ak 2 T S (cellular response to chemical stress). X245 411%) [ M (response to drug). a0 SR B
(response to oxidative stress). X i ## it [z Vi (response to lipopolysaccharide). i 4T 1 K 5 5T 1) [ b7
(response to molecule of bacterial origin): #HoKE iM% = 208 [z PIBK-Akt {5 7 il #% (PI3K-Akt signaling
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pathway). IL-17 {5 5@ #%(1L-17 signaling pathway)%. MAPK {551 % (MAPK signaling pathway). fifJ&
INFEIR 15 5 18 2% (TNF signaling pathway) K i SR 340 287 1) 52 A 5 T A4 g SR A A 24 P WD E W PR I
RE )45 518 1% (AGE-RAGE signaling pathway in diabetic complications).

cellular response to chemical stress
response to lipopolysaccharide

response to drug

response to molecule of bacterial origin
response to reactive oxygen species
response to oxidative stress

cellular response to oxidative stress

reactive oxygen species metabolic process
response to metal ion

cellular response to reactive oxygen species

dg

membrane raft

membrane microdomain

membrane region

caveola

plasma membrane raft

protein kinase complex

serine/threonine protein kinase complex
cyclin-dependent protein kinase holoenzyme complex
integral component of presynaptic membrane

intrinsic component of presynaptic membrane

qvalue

4.0e-06

20

8.0e-06

1.2e-05

1.6e-05

DNA-binding transcription factor binding
Pl oL Sy
RNA polymerase |I-specific DNA-binding ttrraarl?ssccrriI t.'é’r?f?&‘c?r’&%%‘fﬁ
ubiquitin-like protein ligase binding
ubiquitin protein ligase binding
steroid hormone receptor activity
drug binding
cytokine receptor binding
histone kinase activity
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Figure 4. GO enrichment analysis of astragalus components in treating prostate cancer targets

4. RERATRITIIRER R GO BN

Lipid and atherosclerosis
AGE-RAGE signaling pathway in diabetic complications-
Fluid shear stress and atherosclerosis-
Hepatitis B+

Prostate cancer-

Kapg'sTgns:l r%aa"—nags aétu'%’@!:

Human cytor’r}%ré)a?gwgg IHFSS Igﬂ 1
Hepatitis C

Bladder cancer-

TNF signaling pathway -

Pancreatic cancer-

Small cell lung cancer- gualue
Non-small cell lung cancer+ 50e-14
Endoctrine resistance 4
PI3K-Akt signaling pathway 1.0e-13
Th17 cell differentiation 1.5e-13
Human T-cell leukemia virus 1 infection - 20e-13

Hepatocellular carcinoma 4
Epstein—Barr virus infection -
Measles+

Proteoglycans in cancer-
Cellular senescence -

MAPK signaling pathway -
HIF-1 signaling pathway -
Influenza A+
Toxoplasmosis-

Colorectal cancer-

Chagas disease -

Toll-like receptor signaling pathway -

o
-
o
N
o
w
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Figure 5. KEGG pathway analysis of Astragalus membranaceus in the treatment of prostate cancer

5. WEMMIATT RSB <K KEGG B 71
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3.6. PFXHESTHT

XAV AS R L& E R A )08, SRAFAE SRR D BE anak 2, e SR AR A TS PR AL A=A
Aptrrty, tHRAR R S5 REBUE R 20 70 7 I SRAI < 5 YONA RS G EE T, SR <=7
M BASRE A EETE . — OIS 2R 45 G RIS, MGutistee, RAMER T Rert i K.
TP53. CCND1. FOS. TNF. AKT1. ESRL1. JUN %751 % (Quercetin) il 25 (kaempferol). 5325 %5
fiil (isorhamnetin) 24/ 4E 2 (formononetin) A3 4 4t 1 45 G 3 11 I 075 148 S A0 0 4ot (1) # 2 E A AL B X 2
T OB A BETEAL A 6.

Table 2. Heat map of molecular docking results of Astragalus membranaceus

2. RERUFERD O FIHRGRAE

HaE HEH A
TP53 -8.3
RB1 -5.9
CCND1 -7.6
S—_— we S
MAPK1 —6.7
IL6 —6.6
TNF -8.5
Kaempferol (111 Z51%) RELA -6.9
AKT1 -8.6
MAPK14 —7.4
Isorhamnetin (5 % K )
ESR1 -8.5
Formononetin (- #i1£ %) JUN -7.9
ﬁ? %’Z.%z

AKTI CCND 1

TP53

Figure 6. Molecular docking diagram

E 6. o FIETREE
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4. ¥ig

ITAEAR, A ER 55 M R 93 28 dae v ) T 27 s [ 22068 T 55 P e e s S5 sBR SR B KT A2 e B AL o TS 0 v 2
VR BTSRRI TR 43 BRI RIE 77 29 B RS FOR I, USRI 1 R A2 R R 5 A AR DIREOG, Bk
TEEAENR PR b2 B [23] s SCHERFRTE 55 7 o PRk R AR VR AE I PR YA T7 W S 17 471 et BDUAS AN () I IR
Raa[24], AHH FO T 50 e A AU AN, FES R AR AR) LR Y. RAE, BiAIE
MR IS S5 5 [20] BRK A 22 14 G T 1T 21 B IrTed i 181 27 S R LRI I e € B, R Jr 5 6 i 41 B 1)
KA RIESEFEEEZEPER, & AR G5 E ) BV IE R R il L B R
RSN FE 25 [25]); EEMIHF T EREF T PIBK-AKT-m TOR/FOXO/NF-xB 255 5 il [26]. ¥/
N RBIRIER ], iz R T RS e T B 2R T G R SE B, SR R RIS Sl
JTIRIT AT A AR B 7 2 A o H RO SR 70 07 3 T8 B o) 3510 %o 400 o) i 7)o 40 o 8 45 KB 3 AL
G ThRe. AT BEER . S BE e A& REEH.

AHFHET W 2% 2B 4R TR IR A3 21 16 PR h R B B o8 T 2128, HARBINHEE,
IR ARBG R EAZ O 4 DB AR 2 (LR RGBT RE R . TR27PA R E
FF 2 1 A A B R I B AE T, R S5 A6 [28] 38 i SE IR WF 78 R AL 35 TR 240 & ok 25 34K PUI 1 51 B SE AR
AKRLC3 (137 P4 B A B A A FH 5 T 2152 [29] 55 188 b AF D% 4 it S50 A 3L 1 i Bz 3 T A 28800 5 P 4 i
JE BT FHEEAGFREE, i) LNCap 40 A4E K365 @it #1 PISK/AKYmMTOR {55l #4155 5 PC-3 41k
A= I E[30]; T REAR 1] Mt Bz 26 N BT 81 i PC3 45 SRS HELJRE 110 SIZ 6 1k 7 OHF 0 IR S 7 Mz ot
Jiev 8 20 B ) A A FH s eI WL TR FEAIE B T AR 200 T A A e YR T R R AR o b [32) 558 B
FA 5473 A S SRR W 1L 25 1 %o PC-3 Al AE R IR, &5 SR o Ll 25 i) PC-3 A IE RS » 1R4545[33]
St 18F-F LA PET CT VEHF 7t LU 23 ot i 41 e i e R AR AL /N B FH B LR S, S5 R B L
A% AT J I 1 Y 22 2R AL B PRGN B AME 5 VR T O DL K R IR R R o BIERIL,  RIEBURT S IR
Jigge AR K VR o S AL 2 T FCAE B 1 L 25 T R0 AR B IE T RO AR S o AR OR TERRAE R AE
NIRRT FH TR YT 2 R SR A SR LA Wi A1 e [34] [35], HORHESUIR AE I AL 3 E A AR E
2Ry IR MRE I S SR T H0E 2 B AR 2 A T A R T A A . S5 A A O
Bl SIS A RTT RO EE, B 6 I — B I AR N AT Fe e it T S %,

IRTEE R BN, CCND1. MYC. MAPK1. AKT1. ESR1. TNF. RELA. TP53. RB1. IL6. JUN,
FOS. MAPK14 iX 13 MZ G sSE M 2% B i 24 . CCNDL (Cyclin D)fE AL T o 4 i J& A 2
FIRMME G CDKs R . ASEIJE B AR AR I 2% B R 00 3R IE K B fle e, XA B TR 2
Ay ZLHEATAEIT 1] E PR YE, PCa ZH4{h Cyclin D1 ik, HFH Rk PCa MK 4K IEA X[36].
N-Myc > NEPC 3z 3k [Kl, w] {2 7 51 i (#4894 WA i Ak, HLimy ik N-Myc (1 58 5 AR A7 32 i A1,
FE A N-Myc #H 9G5S B & 7T LLOIR T 5T 91 e S A8 (1) 77 1m) AL ER [37] - 5HU%[38] F microRNA-212 i
I MAPKL, i AT 50 i 40 Mo G 58 L =28, M e kRt ol 2, JEW T MAPKL #E fO6 T
AT SIS VT O O S o TKIN AR [3OE I m bk AKTL R, RN b i s ot 45 LR IR s
REJJBHRIRES, UESE T AKTL JERI7E 22 SHCHU I A 41 s 2k e vh i B B/ o X 7 [0l %o 1 41 g
Ji e b A g8 20 RN BT B AR AR 1 S e A0 AR AR G K I ESRL 78 R 1 1 71 iR A= 2 IR SR IE, T 7E AT
VIR A REERE, HRIAH BEMER, IR ESRL /ENRTFIBRIE TR TT HIXT RLFE i 52 FEBK[41]
AT RBL BRIk %) HT 51 M LNCaP 20 R A 54T 9 K 25 BURME R s B, RBL &Rk
RATRZM LNCa P 40 R Th6E, RBL &K SRR 1T e B T F1 RS P 40 WA 2459097 38 1 F0l B8 1
IL-6 75 et PC3 AN 3G 5, JF Hif T miR-21 =R IE RN miR-21 5§ 51 B 1) M R B R st
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PERHSG, FERTA M AR RO ESERE PR S S, DRI 1L-6 Sl R miR-21 G5 s AR A
FI R ) — NSRRI RE A [42]. INK BUE 5, W LGE TR s g g e . AAE . oA R,

T2 FRE I R A2 R v R A BRI [43]. AR 7U[44] [45] [46]45 R Eon: ZREIER, 4 Ras.

Ber-Abl. Met 1 c-Fos A% 12 e JE U 5 08 INK B0, R INK 15 52 5k ME 515 IRt iE
B,

KEGG % & £t R, BEIRIT T s i G 8 i F 25 £ T AGE-RAGE 15 ‘5 I8 %
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