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Abstract

Ovarian cancer is one of the fatal diseases in women, which is difficult to diagnose
early. Therefore, there is an urgent need for chemical agents that can help control the
development of ovarian cancer. Berberine, as a chemical substance, has many
antioxidant and medicinal properties, and the anti-cancer role of this substance is under
research. This study aims to analyze berberine target genes in ovarian cancer and to
identify berberine signaling pathways using network pharmacology. In this study, the
dataset GSE36668 was taken from the GEO database. Differentially expressed genes
(DEGs) were analyzed by GEO2R with adj p < 0.05 and [logFC| > 2. Berberine-related
targets were collected from SwissTargetPrediction and Pharm Mapper databases. The
protein-protein interaction (PPI) network of berberine common targets and DEGs was
drawn based on the data in the String database and using Cytoscape software. Common
genes in berberine and ovarian cancer were used to investigate biological (BP),
molecular (MF), and cellular pathways. The 10 hub genes selected in this study
included ESR1, STAT1, CDK1, RXRA, PIK3CA, PGR, CCNB1, CHEKI, PIK3R1, and
PIK3CG. It was also found that berberine target genes can play a role in cancer
signaling pathways, chemical carcinogenesis, fluid shear stress and atherosclerosis,
progesterone-mediated oocyte maturation, and PPAR signaling pathway. Based on these
findings, berberine can affect the expression of genes that are effective in ovarian cancer
and their protein products, and by affecting the biological pathways involved in this

disease, it is a suitable solution for the treatment of ovarian cancer.

Keywords: Ovarian cancer, Berberine, Network pharmacology, DEGs, Protein-protein
interaction network.
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Fig 1. Flowchart, databases and analyzes performed in the study
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Table 1. Berberine target genes and berberine target genes involved in ovarian cancer

Berberine
target
genes

TTHY, P62937, CAH2, ESR1, AK1C2, P11511, STS, APOA2, BMP2, NR1H2, RXRA, ADA17,
CFAD, CHLE, ANDR, PIM1, P62508, BRAF1, NOS3, PDE4D, SHBG, P00390, SRC, P00517,
CCNA2, MMP13, PRGR, NONE, ALBU, THRB, ANXAS5, P11586, Q16539, P14061, DHSO,
ALDR, P28845, P24941, Q06520, MCR, TYSY, Q62986, MMP12, HS90A, Q04828, P35968,
P00326, P53041, PTN1, VTDB, DUS6, PDE3B, PDPK1, EGFR, AK1C3, CHK1, CASP7,
PDE4B, FA10, PTN11, P11142, P49638, MET, XIAP, PH4H, Q08881, EPHB4, CTNAL, ADHX,
P04179, MK10, KIF11, MMP8, PDK2, PTGD2, MMP3, NR1H3, P49841, CDK6, PDESA,
HDACS8, DPP4, PLGF, HYES, PYRD, P49137, P55263, P08263, 014965, Q13126, AOFB,
AMPM2, NR1I2, FKB1A, P01343, PPARG, FGFR1, ERBB4, JAK3, LCK, 000204, ST1E1,
RENI, CATG, NR1H4, S10A9, P14555, P78536, FABPH, NEP, Q14541, ACADM, P10827,
Q16772, IGF1R, 043617, P10828, GCR, FABP6, TIE2, Q93088, HCK, FABP4, RARG, DPEP1,
IL2, P20132, 043252, TGFR1, FAK1, GSTP1, A1AT, P16442, RARA, DYR, TGM3, RET4,
TPH1, MP2K1, FPPS, RARB, SETD7, VDR, P36873, P22830, MMP2, P29373, P35520, ZAP70,
BACE1, P00519, NGAL, CATS, CCL5, Q9HANY9, NSR, ELNE, CATK, HMDH, GSTM1,
KPCT, LKHA4, FABP7, RXRB, KTHY, STAT1, DCK, HMOX1, CMA1, CP2C9, CP2CS8,
Q92831, GSTM2, Q9UBX1, Q96CA5, HINT1, P00492, TRYB2, FKB1B, RORA, G6P, P00480,
P06730, FOLH1, OAT, Q9NPB1, CASP1, 014717, 015382, DUT, Q9BZX2, ADA33, FIBG,
Q16836, CASP3, RAC1, Q96C86, APAF, GMPR1, RAB5A, RASH, PNMT, P50135, P10114,
Q8TEKS, 076054, Q03518, Q9Y689, DAPK1, P35558, PPARD, Q969G6, CATB, EPCR, SIRTS,
P35270, AMYP, Q9D4P0, GSTT2, FKBP3, MAOA, APP, EP300, PTGES, TLR9, TOP2A,
GLO1, NFE2L2, ALOX5, PTGS1, IKBKG IKBKB, CHUK, EGFR, HSD17B3, STATS,
HSD11B1, AKT1, GSK3B, CA7, CA6, CA12, CAl4, CA9, CASA, ABCC1, CHEK1, PDK1,
WEE1, TOP1, RAF1, BRAF, CA2, CAl, GCGR, MMP14, AURKB, SERPINE1, RPS6KB1,
AURKA, CDK2 CCNA1 CCNA2, TYR, AGTR1, NOX4, BMP1, MMP13, ADAM17, CELAL,
PREP, GRIK1, MMP8, CXCR2, ALPL, MELK, MPDH1, IMPDH2, CFD, SPHK2, SPHK1,
MAP3K12, BCL2, THRA, THRB, CSF1R, ALOX5AP, NCOR2 HDAC3, SGK1, DPP4, DPP7,
HSP90AB1, ADAM10, MMP3, CDK5R1, CDK5, KCNH2, HPGD, JAK1, JAK2, HDACI10,
MMP16, MMP12, YWHAG, LIPC, LIPG, WDR5, HTR1A, MMP9, ANPEP, QPCT, CA13,
CA5B, MMP7, GRIK2, ST3GAL3, FUT7, FUT4, F3 F7, GRM2, P2RY12, PSEN1 APH1B
,PTGS2, TNF

Berberine
target
genes

involved
in ovarian
cancer

ESR1, STAT1, CDK1, RXRA, CCNB1, PGR, PIK3CA, CHEK1, PIK3R1, PIK3CG, KIT,
NR1H4, PIK3CD, PPARD, RXRB, AURKB, HMOX1, INSR, NR1H3, XIAP, CDK9, ERBB4,
GSTP1, HCK, KIF11, SCD, TYMS, ATR, DHFR, FABP4, LRRK2, NOS3, NR3C2, PRKACA,
FABP6, MMP3, RARB, BMP2, DAPK1, GSTM1, MAOB, CYP27B1, RARG, RPS27, AGPAT?2,
CYP11B2, GRK2, GSTM2, OAT, SETD7, GABRB3 ,GRKS5 ,HINT1 ,HTR3A ,MAP4K4 PTGES
,RORA ,SAE1, TBXAS1
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Table 2. 10 berberine target hub genes in ovarian cancer with the highest degree of connection in the PPI

network
Gene symbol Degree
ESR1 25
STAT1 20
CDK1 15
PIK3CA 13
RXRA 15
PGR 13
CCNBI1 13
CHEK1 12
PIK3R1 11
PIK3CG 10

Al 8 Oless Ol b Lol e (gl s 53 a8 058l s (ga05 =Y J g

Table 3. Berberine potential target genes that are involved in pathways related to ovarian cancer

Pathways Potential target genes involved in significant pathways Combined score  Adjusted p
Pathways in cancer PIK3CA, PIK3CD, MAPK10, PTGS2, KIT, GSTM2, 575.53 2.564¢-13
GSTM1, DAPK1, STAT1, GSTP1, ESR1, RXRB, BMP2,

RXRA, RARB, HMOX1, PRKACA, PPARD
Chemical carcinogenesis GSTM2, GSTM1, VDR, GSTP1, PIK3CD, XIAP, 662.94 3.758e-11
PIK3R1, ESR1, RXRA, PIK3CA, PGR, PRKACA
Fluid shear stress and MAPK10, GSTM2, GSTM1, PIK3CA, NOS3, GSTP1, 557.89 2.998e-8
atherosclerosis PIK3CD, HMOX1, PIK3R1
Progesterone-mediated MAPK10, CCNBI1, PIK3CA, CDK1, PIK3CD, PGR, 669.60 4.135e-8
oocyte maturation PIK3R1, PRKACA
PPAR signaling pathway RXRB, RXRA, SCD, FABP4, NR1H3, FABP6, PPARD 741.18 1.235e-7
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Figure 2. A: Volcano plot, UMAP plot and boxplots of expression data of selected samples from
GSE36668 dataset. B: Venn diagram of shared genes between Berberine targets and differentially

expressed genes in ovarian cancer. C: Heatmap of Berberine target genes and ovarian cancer.
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Fig 3. A: PPI network related to 319 Berberian target genes. A circular node represents each protein, the

larger the node size and the darker the color, the higher the degree value. B: PPI network of 62 Berberine
target genes in ovarian cancer. C: PPI network of Berberine target genes in ovarian cancer. D: Correlation

plot for 10 hub genes targeted by Berberine in ovarian cancer.
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