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Abstract

Objective: To explore the potential therapeutic target and molecular mechanism of berberine in
the treatment of colorectal cancer. Methods: Swiss Target Prediction, Comparative Toxicogenom-
ics, TargetNet and Binding databases were used to screen the active components and gene targets
of berberine. In parallel, WGCNA analysis was performed based on the GSE90627 dataset from the
GEO database to identify relevant targets for colorectal cancer. The disease-drug gene set is ob-
tained by drawing a Venn diagram. A protein interaction network (PPI) was constructed using
STRING database. Topology analysis was performed using Cytoscape software to obtain key clus-
ter. The key cluster genes were analyzed for functional enrichment. Finally, virtual validation was
performed through an online molecular docking website. Results: After a series of bioinformatics
analyses, key clusters containing 35 genes were obtained. Enrichment analysis showed that key
cluster genes were mainly enriched in p53 and FOXO signal pathways. Four of the most important
biological targets were identified: WD repeat protein 74 (WDR74), cyclin dependent kinase 4
(CDK4), aurora kinase A (AURKA), and cyclin E1 (CCNE 1). Molecular docking results showed that
all four targets could bind to berberine stably. Conclusion: In this study, biological targets and
molecular mechanisms of berberine in the treatment of colorectal cancer were screened and iden-
tified by bioinformatics and network pharmacology methods, which provided new suggestions
and theoretical support for the diagnosis and treatment of colorectal cancer.
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1. 5|8

25 H M (colorectal cancer, CRC) & —Fh i WLHITHAL R GBI, 7850l B BRI E R R AT R
HeZ HHEA TR S T[] 8 1 m A R AN EGE T N AR i AR HE A ™ B B 2] 45 B e 53 2% 1K i
MU R A R R e oK 5 BRI AF DG IR B (R RS S @ B 1 R o bk, S A BRI R s 2 2E b B A
FEIRISWAR SR AE . JEETTT, T 20% 045 B BB AR IZ CRAENRRRE MR, 5 FaEFRERN
B 15% [3] [4]e TBUT 9T FARMGELIRIT 2 H T4 B 0 R 29097 FB(S] [6]. 2817, BT EAEE
—LeSSRRYE, A SRR, PP, RERRE . R RGN REIE SRS, o AR A, i RERILRE
VA=K R T BRI 7] [RIBG, SR 24, A ARG R 45 B iR YT B RO T il .

AR, VEN—Ml BRI, IR ZGTE ARG A — Rl B 248 3 T2 vl HAl,
88 LA s A F 6 R S 23R B AT AT, R ARRBOT 2 )5 i 58 = KE 3 FVR YT 77381 [9] [10].
rh [ %) 45 B BOUGR AT LLE R L T4ERT. BT R 20807 45 BT Ry i h 25370, dE
FTGMEFA11] AEH[12] TRIEMEREH131%, eSS AMER 2GS, 2 ZHE 0 N/INE .
SR AVRIE 72 2 B /N BE RO 45 BRI T R D[ 14] [15] [16], SRT, X B850 i HARH LR AS B A o

BT AW B2 1 IR 2% 2 B 2 — R e LR 901 X 48 v 4 1) 24 O 8 o5 R 08 K 9 43 1 FR B SRS [ 171
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BEE S B oA MG B2 RO R e, W4 25 B2 AT ST T AL 1 250 4 RO 2 TA] B AH LR &R [18]
AHIF T T IR R LRI 26 73 i (WGCNA), SRS /N BEBRIG TT 45 B FVa ST R s 2 T WL A0 i
L HIAR SR o

2. RIS
2.1. BRI ANTRALE

FEARKFF A, FATT PubChem %4 [ (https:/pubchem.ncbi.nlm.nih.gov) K4 T /INBERR 42 45 # =X
AbRitE SMILES. #R8J, FRATHE HIZRAT 1 /N BEI K AL 22 45 44 A TargetNet $dfs 2
(http://www.example.com). Binding %3 % (https://www.bindingdb.org/). Comparative Toxicogenomics %}
JE (http://ctdbase.org/)Fll SwissTargetPrediction i % (http://www.swisstargetprediction.ch/) F1 3% 2 A1 L /)N
BERRITE CEZGBREE . Bn, A ROAER4.2.1 IR “venn” FEF AN H BT AT AL . 45 B 13K
IR TEHHEEE GSE 90627 T 3 H 2 K K 1A 45 A (GEO) Hidf: F (https://www.ncbi.nlm.nih.gov/geo/) . 15 4
32 NS E RIS R AT 96 M IEF HLEAR, BEAFEALE R A HOE R I A i A DU T R 24 A
P B HFEAR AL SFAESE, FRBIRIRR A E R

2.2. iEfRENFERREEERIRH

fEH “limma” F2FF LI “normalizeBetweenArrays” PR EBHTARUELL[19]. f T “limma” #f4F X}
PRAE B SR HEATRE i IR 22 R 3 R 7 A, LIRSS 9 p < 0.05 Hl[log2FC| > 1 /E v 2 VTR bR o
SRIGEMEA “pheatmap” 1 “gglot2” B ABEIF KK, PAAT4L45 5201,

2.3, MEEHERIEMLEE 5347 (Weighted Gene Co-Expression Network Analysis, WGCNA)H
MERERERE

N T IRZRER Z RS RIS, BATEH R BAFH “WGCNA” SRR RIILRIE M . H %k,
AR 25 BT S, DU BUE(FPRM) > 0.5 /N TRk ARvE, X IEH (ERE AT IR IE. BiJS,
il “flash Clust” T HABEATRIE T, IREFESREBE T RIEFRERNPEAR. 25, A “pick Soft
Threshold” PRI £ AL B R KL g AB IR BRME , ST ICAREEMI 2%, AT ARG R AL RE FE R e A Dy R4
R AR MR RO AN B AR, R OB AL o BEAh, R BT R BN 0.3, S/ MEHUEL
BN 100, 285 RIS AREITE N E R R R (211 S5 Jm ik 5 45 B 5% R e RS
B, FFAE A R ] 22 R R AR PR EAT S AR AR SRR A

2.4. EEEERERE I AXREEATIRA

AT AN 25 M5 S 4R, R JE K L EAE B STRING £ P (https:/www.string-db.org/) LA 2 2
H BEAEM 25 (PPI). it Cytoscape #H(3.9.1 )M+ E & WK I(MCODE) % 5& PPI WX 45 1) G B %[ 22]
Xof U 2R i 2H 2 T 7 14 P D B v (1) B TRI SRR AT Wilcoxon FRFIAG S . BT AL 56 1) A UMNAS 56, A
Np E/ANT 0.05 B G EEE .

2.5. XERHINEEEE S

PRV INBERRIG T 45 B AR AL, AT B IE R R AT 1 SR b o AT b AT 12
PRIAAR L (GO) M I #RJE R 5 B PR 41 11 B4 F(KEGG) & 270 M o R0 B FE R 2 12 DhRest i 13
TSI, LA ZFEER R P i iEsd R BAFR) “clusterProfiler” #FRHET, A q
fi < 0.05 B N & = HHE.
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2.6. FxHE

N T BRAE/INSERR S T () AZ O S 45 A R T, M PubChem U8 2246 2 /NSERR ) MOL2 4314544,
M RCSB %4l J (https://www.rcsb.org/) K ZAZ% O B8 i 1K) = 4 i AR S5 [ 23], AR5 18 FH 70 77— S X 42 I ol

(https://mcule.com/apps/1-click-docking/) i

3. &5
3.1. BB LE

FRATTAN 4 A He Ferh SRR 1 3% 190 AS/NBERR A 7 72 2 BRAE 11,

J= 57,

AT AR FIBCAR B AE 2 70 T 0 452

HaRE4ERE S EINE 1A).

BEAh, SERUH AR ) GSE90627 BUEAERT A AR T, BUES AT G2, RUNZRMEE 5 Es S iR B,

58 AT LA R o
3.2. ERERTIRA

15 FH % J5 1) p < 0.05 Fl|log2 FC| > 1 {E AT 21, £ GSE90627 Hidi 4

AR 1976 A2 73k
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Figure 1. Potential pharmacological targets of berberine and differential genes in colorectal cancer
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3.3. IILRIEWE DT

B2, BAEE Pearson MISEHHrIRL T AL 16,288 NHT WGCNA HHri%EER . MRE, HiE
“WGCNA” Hff] “pick Soft Threshold” BRELM TR, FATESE 5 M NRAAEREE. AL, R 7E
HHRIEMB TS TR, AWFFRIER =7 (R = 0.9 L H L HKIEM LK (K 2A. B). f&)a, WATH
L RO RN E SR . B TR, TEWRINE SRR ERAE b, FAE B0 T 48 2 AR R A 5
FLE e s R, B3B8 17 M 20). fefa, ARAERIH - PR SCERHras B, A1 S
45 E e o B R I R R (g 885 ANEERR]), S SR HITIRAR 2 e B R (gt 1976 AN RN U R,
2R 169 MBI F (14 2D).
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Figure 2. Weighted coexpression network analysis
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{5 STRING 7EZR U 2, FRATVEE 57 - 25 DR AR 3 17—/ El 336 AN15 55 AT 2020 4534040 i
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Figure 3. Disease-pharmacogene key clusters and GO analysis results
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3.5. DFRHHELAE

AR IR IR 4 M2 0BE S 5 /NBER(MOL 001454)1E47 7> FAHEIRIE . 45 RER, 4 M
O 55 5 NBET I 45 B BES 0 B KT 7.0 keal'mol ' EATTI S, WDR74 (PDB ID: 5SUT) 5 /NSERR (1) 45
£ BETES N—8.8 keal-mol ' (4] 4A), CDK 4 (PDB ID: 7 OXW) 5 /NBER ) 45 & BEVE 73 N—7.3 keal-mol !
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Figure 4. Verification of molecular docking between the core target and berberine (MOL 001454)
B 4. #l$R s 5 /NEERR(MOL 001454) 5 F Xt HEHHE

4. Vg

WCAESR, R HP [ R 45 B O RABE T R IEIZ4E BT, /NEERIE B R RHEY 35E 1 TR 2%,
SV 2 IR TT B 50 (1 i 2 b D7 I R B R AY o AR S0 R X 2% 25 3 2 R AE A B 28 7 vk, T 88
e/ NBERRS S5 LR 0 BT TAFGT,  DADNEE— 35 T R4S BV I AR AL AN SRR (YR T T
PROLEIR ARG . TEARBFH, TATE X GEO #¥EFEH) GSE90627 LT T 2 5 4 Hfl WGCNA
T TEIRAR 5 45 EL Wi SR T M S Bt 1) 22 S B DR R SR (B J , g 22 S R TR 5 B G i o 1) DR U 4,
AT 169 DNPIFFEEH . BJE, FRA T R K 5 /N BERR 1) BT VB RS s AT 7 LR, X R R S AT T
PUASAS TR A e AT T4 R, DAHTERG 00 . A TSRAS I - 25 LRI T PPI 4%,
HHfE T OB BRI R (1957 15.167). S5 R BoR, /ANEEGN K IRI6 T7 4V vl BRid I 2 Rl A2 S,
Hort p53 # FOXO 15 5l % MR IA B i . JeniMaf iR, ps3 15 5es £ 27 57117 TP 53 RIL,
TP 53 @it 1] DNA BE R . CRFEFSEE IR AR A7 S 40 M v 1ok 2 il e 1 2k F2 [24] [25]. Bh4h,
TP 53 &0 LUAGE miR-22 HIRIE, miR-22 CAFUE IR 4] AP-1 455 DNA R/, JIf Hag—Fhoch
(bR 4 miRNA [25] [26]. LARTHIBEFE A UER], DhReZR 1 1) FOXO & =2 Mg i A4 Fl Kk e 1) B 2 A
#[27] [28]. EAFEEMIZ, FOXO B4 H 5 HARRUNERLE G, DU H| R s A gt ke, 1ENER
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TR FB. BT FOXO KILAHCIER,, V2240, WEERE. e, RELE. Mz
TR, fEIRR B TIRI7 S MERE[26] [29]. s/ NEER AT feidid ER A LEIfEH T B EA R, 1t
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¥, ncRNA 1 TAGHAA 22 77 ZHFE A K.

B i, BA0m I S/ NBERR LSS B B ) 4 MR EW: WDR 74, CDK 4. AURKA 1 CCNE 1,
T T T I PR AR R 1 22 33 43 T R 4 R IAIE, FRATTIA R B3R 4 ANbrEW 0T RS2 /INEERR I 45 B
RRBERE sl WD BEE IR 74 (WDR 74)& — FiZ BRI 1, £#HS 5 RNA & AR YR
[30]. LiZ%%&H, WDR 74 i#id % RPL 5-MDM 2-p53 B K p53 W% FiE 1, (EDhRE ARt
R AENER 3], XERATZHT KEGG &HE/Trigiie—3. Mo, 2L xcamhss
1, WDR 74 =il 7 EM & B S0 - T 20 B e K AR A R BRI, X5 K —
B[32]. A A BRI I (CDK) 4 GBI T IMIs ik e BT, IR B4R I VF 2 Bt s 25408
flEiE CDK 4 P& ff R 4R m Ve [33]. Assi %5 NI CDK 4 5 s I8 i R 2= 55 A ¢, Hda
CDK 4 #1552 A 7 P e & LB VE J7 #E /S [34] . Aurora I A /& Aurora WEF KR =N RRZ —, &
— P 2 L TR VAR, P EENE 25 AR T [35]. 2T IRY AURKA 55
O Bl R IA R 5 B e R AR B HE R ) E TR IN [36] [37]. BhAN, AHEFRE T R B2k A R o i
p53 {55 EKIEST CRC MIHLE], XA —E([38]. HETHARAIE CCNE 1 545 B %
P, B CAE H At thoet HEAT 1 BEFE[39]. FATAR R A LR CCNE 1 545 B 25 B2 K R
BN, X SR REAEAE — Le R IR PE . 5k, ERURICERTT I, D 1A SR BE O A G R R R
FEARIGAUEZE S e R, JRATTAT DAgE— oA R ARG el e . Lok, JRATTIE 75 S R4 HH SC 41 AN 50 4 52 56
LG IEAH ¢ (B8 SRS 50l 2%
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