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Abstract

Objective: To investigate the potential mechanism of capsicum against breast cancer based on
network pharmacology. Methods: The active compounds of capsicum were screened in the TCMSP
database; PubChem and SwissTargetPrediction were used to predict target genes of active com-
pounds in capsicum; Screening targets for disease using the Genecards and OMIM databases; Cy-
toscape 3.9.1 software was used to build a drug-component-target visualization network; Protein
interaction (PPI) networks were constructed for key targets through the STRING database; The
David database was used for GO functionality and KEGG pathway enrichment analysis. Results:
There were 14 active compounds in capsicum pepper, and 270 drug target genes. 1280 breast
cancer disease target genes; 76 capsicum-breast cancer co-target genes; KEGG pathway enrich-
ment analysis showed that pepper can participate in the regulation of multiple pathways related
to breast cancer, including P13K-AKT signaling pathway, HIF-1 signaling pathway, Fox0 signaling
pathway, and Prolactin signaling pathway and other tumor classical pathways. Conclusion: Capsi-
cum may exert anti-breast cancer effects through multiple targets and multiple pathways.
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1. 51§

FL I Ji (Breast Cancer) & Jpi %8 J& Jr A3 22 VS VE b R85 An (1] tHE 5% T2 A8 20 23 (5] B g AE BIF 2 LA
(International Agency for Research on Cancer, IARC) & i T 2020 4E 4Bk e {re i 488 ds, et &1k
ERME, oA “RIRE—KJIE” [2] [3]. FLEREIIRWNLEIE 4%, ¥ 5 BRCA/TPS3/PTEN 5JE A
RAS. HLEHRSS . BURE BRI LR IE YRS ZANEIR (4] [5] [6] [7] [8]. BUORBZ KB RRY, GFHRE
TE N BIAS R BB R S8, AT ASE I L B 1 280 XU (9] [10], T & B A B A =0F R T b 3
BgeE IR R A2 (11

HHl, BH(Capsicum Annuum, Hot Pepper, Chili Pepper)dl] i) V2 W T4 BRAS [H] SO 25 A i o
[12], #UERHTRSE. ARG REOFIAERGIMH . 9k, ERHIRa G/, i
AW RIHES) T, [ A BB 9 40 28 ORI PRI [13 ] BIABUR S i L £ FH LR S8 38 OG0 B fe ) =
aYFNI[14], Bk, RKTHBMHFREH R 2.

AR FER B, BUhE SA R TR Z M &, g, . KEE. K% ME.
BRAER . P B DA S (3R (AR 3R L fEF R A3 E) [15]. AMUER) 72, BUARZSBERT F R W] HL
HEAE N2 B R A B R 2, HAPUA R 16]. BIRGEE & B 1) 3 AL &4, AT R
FPEAE RN ERE, BAPUEA. Prgs. PURRE17]. BRI AAREHAN ER . R, BARE WS i
FERIBUMBE A EY[18], TEFLIRE[19]. FFRE(20]. B AERE(21 ] JE/INH i it 2255 0 e e b R 4%
YEM . BFFE[2310 F0IE A BB AT DL 2 )\ FLR e 40 e MCF-7 4 T fe AR 2868 7, HopL
A AE S NI TS RO R T 2 [P 1 (SIRT1) mRNA A A 57K F DNA B4 6 i1l
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K E

T p125 (I4aS2ERI(POLD1) mRNA F1 DNA R&H 6 AL (p125) & ARIEKPH R, BREsE
N [24 15 78R BB 7L IR MDA-MB-231 40 i #f RS RDR AR K B B R HIE A, HALHI T RES
THETHE R EA Bl (HMGB1)AI Toll F£A3Z4k 4 (TLR4)E A # A4 <. Eliana Z52[25HF 78 & B BHL A+ 11
SR 2 WEAE SRR R 5 2% b R 5 7 JRE (Enrlich tumor) FRORFEBURRIAE L, JLHUMRI 1 P RE 5 2AE LA
S LA AR R R T A G

AR, BT RO A%, A EAE PGSR AR, HAERHURL I i 7 WL AR 52 4= 1 B
D] S AT 9T 1 P e 1ok 8 Y ) 9% 24 B 25 R [ 261 A S BRI 7 LI (R0 PR 22565 , T S p A - L e 11
By LA B0 i, il — 20 BB a T 2L LA 8 AN PRI U3 R0

2. BN EFE
2.1. ¥IBESHH

24 R 41 25 325U FE A3 AT & (Traditional Chinese Medicine System Pharmacology Database and
Analysis Platform, TCMSP) (https://old.tcmsp-e.com/tcmsp.php). Genecards (https://www.genecards.org/)~
WL FAEY)E YEEE P2 PubChem  (https:/pubchem.ncbi.nlm.nih.gov/). /N3—F 25988 &S TN E 287 &
SwissTargetPrediction (http://www.swisstargetprediction.ch/). AZJSFELE 7 4 /)R i 4% 54 /2 (Online Mendelian
Inheritance in Man, OMIM) (hitps://omim.org/). AFEHE K 5 & 2 Genecards (https:/www.genecards.org/)
£ A7 A HAE F 204 P2 (Search Tool for the Retrieval of Interaction Gene/Proteins, STRING)
(https:/cn.string-db.org/)~ “EWM5E S H5 7 (The Database for Annotation, Visualization and Integrated Dis-
covery, DAVID) (https:/david.ncifcrf.gov/). K E(Venn diagram, Venn)
(https://bioinfogp.cnb.csic.es/tools/venny/index.html) #4215 (https://www.bioinformatics.com.cn/)~ Cytoscape
3.9.1.

2.2. HREEMH AR R AYIRE

7E TCMSP HHRE A, F N “ B SFAF BRI R 53, R4 i) I IRAE Y% F B (Oral Bioavailability, OB)
DL 252 PE(Drug-Likeness, DL) &L AR ERCAZIVIRIHTHZ[27], A OB > 30%. DL > 0.18 JfniExT{k
EWREAT IR, 3R BAE RSy o 7€ PubChem %48 22 oy N JHABUE 1 i 2> & K, 3% Canonical
SMILES *5 . 7t SwissTargetPrediction % A\ i 1 5% 73 ] Canonical SMILES *5, R & #)F1 4“ Homo sapiens”,
HEATHE RUTION, NEURAE R CSV .

23, ABRERFERLIR - FLREILRRE R HIRE

B A, LA “breast cancer” . “mammary cancer” AT M Genecards. OMIM %
FRELFLIIE A OCEE A, K R P 1R i G I e IMBR B R AE, IR DGR 2 Od- AT IR E o R URB0E 1:
A BIAE FBE U5 FLIE AR DGR R U ANAEZR NG Venny 2.1, i Venn &, i HBRA - 7L
L [EHE A

24. "5 - BT - IR MERIHSE

W IRE R B2 TERL Sy, 295 000 S SR HE 5 205 BN Cytoscape 3.9.1 3, #E “254) -
By - R M4, 18 Cytoscape B H1 “CytoNCA” Dfe s i Hdt 4@ 1, 5t 0 1% (Degree
Centrality, DC)2: 2% .
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N &

25. XEEREAHEEIERREPPEIIGE

o7 I H S [F)BE A N STRING $da 22, EHEEGEAE > 04, W PPI MR, T H tsv X,
f# F Cytoscape 3.9.1 #7387 PPI 458, iz “CytoNCA” Theg/rfrHanh2rEit, K4 Degree 1%L
HAZ O HE S,

2.6. EEXEGO)EEFTTMEFAENEBKEGG)BREETT

i F} DAVID U4 Bt S FE R N 1T GO & &A1 KEGG W &£ . 1B GO g R E
SRR B AT 10 25 DA KEGG 40 M &h B rb s SERE B e s B R 10 2, eibl'E K.

3. 58
3.1. FELEMHCEY RN IRE

7E TCMSP Hdf 2 Hh 3R1S BRAAL 22 il 43 222 4, 4218 OB >30%- DL > 0.18 (I3 T/ iE, FREUA
WIS SN 14 AN 1), RIS SIEHEAL Y RIRE 55 3L R3S 270 1.

Table 1. Actice ingredients of Capsicum

1. REUERHEMIER

Mol ID B Y EE TR T4 OB (%) DL
MOL002773 beta-carotene A EZRNE N 37.18 0.58
MOL002879 Diop AR HIR T RElR 43.59 0.39
MOL000359 sitosterol Faa] 36.91 0.75
MOL000433 FA Jig iR 68.96 0.71
MOL012362 Capsanthin B & 47.52 0.51
MOLO008688 capsicastrine_qt B 31.22 0.83

(2E,4Z,6Z.8E,10E,12E,14Z,16Z,18E)-1,20-bis[(IR,4S
MOL008690 )-4-hydroxy-1 ,2,2—tr1r:;t:t)llll;l};g:)czpentyl]—4,8, 13,17-tetr RS 33 0.49
sa-2,4,6,8,10,12,14,16,18-nonaene-1,20-dione
MOL008691 alpha-Carotene/beta,epsilon-Carotene a-THE M 34.51 0.58
MOL008693 cryptocapsin Fasda 42.47 0.54
MOLO010234 delta-Carotene o-M% MR 31.8 0.55
MOL008698 Dihydrocapsaicin B A 47.07 0.19
MOL008723 mutatoxanthin FKFTR 60.65 0.56
MOL008745 3'““5’5}-‘{)‘2‘;51;%; ﬁ;ﬁfﬁﬁﬁﬁﬁ;ﬁ;ﬁﬂﬁ?ﬁ”6'“’ B2 R 332 0.25
MOLO000953 CLR JIE 5 i 37.87 0.68

3.2. ABRERFE LRI - FLERAE LR SR IREY

1E Genecards. OMIM (i =L “breast cancer” . “mammary cancer” AREEFR TR, 473K
73 FLM S AH DG HE RUBE K] 39,467 248, i FIRKE I #E mi A 5 JE M BR S AE, 4% BRAH DGR 2 B AT i
AT FLMRI 0 A SCHE R R ILA 1280 AN o B BRUE VAL A W F B 55 FU B A DGR R s NAE
M3l Venny 2.1, Jiiid BN - FLIRE L [FHE SO 76 A, FF4:] Venn BEI(WLE 1),
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Figure 1. Capsicum-breast cancer common targets (Venn)

B 1. BRH - FLARFEFLEIEE A Venn [E]

33. ‘B - M5 -8R MEREE

AT 14 MEVEAL S5 76 N2 - it FIRLAHIAS] Cytoscape 3.9.1 Fuff . £
“U) - Oy - BB ZREIOLIE 2).

Figure 2. Network diagram of “drug-components-targets” interactions

B2 “I- mo - R BEIERAMKE

3.4. PPI MR AR %k iZ DR s

B - FUIRIE R 76 NAZEEFERI TN STRING #idi/F, B EEE > 04, M PPINKHE, +5%
H tsv X, ] Cytoscape 3.9.1 4704 PPI 4553, , 1K ¥ Degree {15 AT 10 A7 14% O 88 S (LK 3).
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Figure 3. Core target and PPI network of Capsicum in treating breast cancer

3. PPI M4& 4932 Rtz D EE m 0 T i A2 E

3.5. BEEAEGOERSHTIMEEAENEB(KEGG)BEBER D

W 76 ANHRL - FUIE A SR AU AT GO ThAE s %70 i Al KEGG 1l % & £ 50T . GO Lhfe s &4y
MB35 A= 27 3 #2 (Biological Process, BP). 4iififg 4 ifi(Celluar Component, CC)LL K )T ThfiE(Molecular
Function, MF), #E p < 0.05, —HLEHES 528 o H, HAEY #idie 381 %, AL 50 %, 71
IRg 97 %, 1% p (/NP RGIT 10 fLdEiT & 800, eflE £ nRLE 4). B, Bkbnd s
f%%(Fold Enrichment), 452 GO &8%, FEREIK/IMESE EEAE GO PR E, REEENAE
BN EENE, SO, WCERIERE GO LEErE 2. RN 3T KEGG Mg & £ 501, WiE p <
0.05, —ILHEER 144 g, %M p R/ NHEPEGT 20 ALgHAT & £ 0r, 4ol s S IEEILE 5).
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Figure 4. GO function enrichment analysis of targets of Capsicum in treating breast cancer

4. FRHUATTILBRER) GO BEDHT
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Figure 5. KEGG pathway enrichment analysis of targets of capsicum in treating breast cancer

5. BEUATTFLBRER) KEGG B EE N

4. #ig

FUIRIE & — P WO Lo MG R, RS, R Z U L T R A A B R AR R B E AT
XFF AR VR H NG, FERT FRAFIEIFER, BETE. A7 WaiayT U R iRTT
[28]. fHZ, AMEFFEARIGTT G IR G I AORE LA TSI T IR YT e R AN R R SE[29] [30]2 LA VR IT
HH AR AR R T 1) R A R G s 2 R LR R A IR ER, R EE BN “AE T L AT
“UPFL” SE[31][32]. (HZERAAR) PR FLEJIRATER, MAHTR, ZEEZT, KT, WK
g, BHBATCRE[33], T RNFLARIE A SR SR B VA OC . BRI N A HOERRE . AR R
SR DB BEAERE FUE S A R & S8 5 LI I R AR AR TEAH DG M [34] [35] [36]. #AM AL &R
SO T SIS (0 % AR R TR ATAE — SE HOREIA[23] [24] [37], {H H RIHLEI A T2 405 4. Bk, AHF5R
IR T 2 2 B2 750, RO T FL 0 00 BOE M  r E  DA S Sl , N BaiayT LR
Sk — 0 AL I SRR R S FH R it 255

W4 25 B2 U 48 RN, BURIS HEAL A 14 A B - FUARIE L SR 5 2L 1R 76 A, ik 5753
FIHEAA R S PETEAYINERGER . B 0. SR BREA R DL SR . FRR S A [38]55
T, S GRIE B L S SRR -1 (FBI-DAEy— R BE IR, G015 V1 22 e ) 58 DRI e =%
TEMPRE I R A R R R E AR, 45 B4R FBI-1 5 BUEE S ROSLIE P BEAE E T 55, W8
TENUHIFTRE RS FBI-1 /v 510 NF-«B @8 F A K. ZAMSEB310F TR, KR FE I Bl — &5 n] LA
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TR A I B4 LI MDA-MB-231 4 T8 F1Z 28, VETENLH T B85 S BRI c-Sre/FAK/Paxillin
EREBUIESNENT S

PPI W28 73 A1 i ¢ BRI AZ O BB i B DR IR B 1 P53 (TPS3) 22 A IR/ R IR I 1 (AKT1),
Y AR D1 EAE A (CCNDI) AMEBER 24K o (ESR1) A K 2 34 5L 8 (3 3 (MAPK3). KEGG
BESITE RIUR B 2 5 s 5 IR A ORI 2 @k, B4 PI3K-AKT {5 518, HIF-1 {5518
%, Fox0 {5518 LA % Prolactin {5 5@ M54 M@ M . HA, AKTI 52 P13K-AKT 15 518 % 1) 8 T i
#, 5 KEGG Mg & £ g R —3. Li &[40/ kil 149 P13K/AKT/mTOR 2% 175 3 S0 N
SN FLERE MCF-7 40008 T A E g . Wu 55\ [5 ]ﬁﬂn?ifm, WERR BN TK /) 2 [7] R YI(PTEN)£E ZL e
Y R 22 R A AR B R, XS PI3K/AKT {5 5@ B4 5%, 1 PTEN Fik#ik ] DL S 40 i T
F ELB7 1F 7L Mg 40 3 5

Li b, ARSUEBMNZ 5B 22 R ST, R BIRR A 23y 20 AU L2 E 518
PRIRHIE . 454G PPL W25 5041 A& KEGG % & S a5 B, BT sl P13K/AKT 15 5 I8 Bk K 4541
FURRIE IVE R o ASHIE FE T 7 AP FL AR 003G ML A SRS R AR R, N 5 82t — D 5T BT
FUBE TR ALK . (B2, AW FREAFERN TR MR 55—, PRSI TIE&E, (ULTRE BRI A 205 M
G UL RO 32 EAE R S AT IO 35 =, BORE B 2532 Wt ST 075, REBARE B T AL e 1)
TEPERCT S A% OBE R DU AE S BB EAT TR, AERAT) R EE D B AR AR AR SEER BRI o

SE K
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