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Anti-cancer mechanism of Zingiberis Rhizoma based on network pharmacology
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Abstract: Objective To explore the active components and the anti-cancer mechanism of Zingiberis Rhizoma by network
pharmacology. Methods The components of Zingiberis Rhizoma were searched through the Chinese Medicine System
Pharmacology (TCMSP) database. The active components of Zingiberis Rhizoma were screened with "Lipinski rule" and "Oral
Bioavailability>30%" rules, the corresponding targets of the active components were predicted. Cytoscape 3.2.1 was used to build a
network between components and targets. Anti-cancer targets were searched from Genecards database with the keyword "anti-
cancer", the anti-cancer targets was mapped to the targets of Zingiberis Rhizoma to screen out the common targets as the anti-cancer
targets of Zingiberis Rhizoma. The anti-cancer targets of Zingiberis Rhizoma were imported into STRING database for protein-
protein interaction analysis, and the target protein interaction network graph (PPI) was constructed. Cytoscape 3.2.1 "CytoNCA"
plug-in unit was used to screen the key anti-cancer targets of Zingiberis Rhizoma. DAVID database and Cytoscape 3.2.1 "ClueGO"
plug-in unit were used to perform KEGG pathway enrichment analysis and GO biological process enrichment analysis, and build
active ingredients-key anticancer targets-KEGG pathway network map. Results 52 components and 101 corresponding targets of
Zingiberis Rhizoma with drug-like properties and good oral absorption were obtained. Among them, there were 39 targets with anti-
cancer effects and 10 key anti-cancer targets. KEGG signaling pathway analysis of anti-cancer targets of Zingiberis Rhizoma
obtained 68 signaling pathways, mainly related to TNF signaling pathway and VEGF signaling pathway, etc. GO biological process

analysis obtained 35 biological processes, mainly involved in nitric oxide biosynthesis, cell proliferation and apoptosis, etc.
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Conclusion This study preliminarily revealed the pharmacodynamic substance basis of Zingiberis Rhizoma and its possible anti-

cancer pharmacological effects, providing basis for anti-cancer research of Zingiberis Rhizoma.
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Table 1 Main active components and their parameters in Zingiberis Rhizoma
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Fig.1 Active ingredients-prediction targets network of Zingiberis Rhizoma
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Fig.2 Degree (A) and betweenness centrality (B) distribution of prediction targets of Zingiberis Rhizoma
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Table 2 Anti-cancer targets of Zingiberis Rhizoma(Top 20)
e 41 A4 TR
TP53 Cellular tumor antigen p53
BCL2 Apoptosis regulator Bcl-2
HSP90AA1 Heat shock protein HSP 90
PTGS2 Prostaglandin G/H synthase 2
CDK2 Cell division protein kinase 2
TNF Tumor necrosis factor
MAPK14 Mitogen-activated protein kinase 14
ESR1 Estrogen receptor
CHEK1 Serine/threonine-protein kinase Chk1
JUN Transcription factor AP-1
KDR Vascular endothelial growth factor receptor 2
PIK3CG Phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit, gamma isoform
MAPKI10 Mitogen-activated protein kinase 10
PPARG Peroxisome proliferator activated receptor gamma
CAT mRNA of PKA Catalytic Subunit C-alpha
PTGS1 Prostaglandin G/H synthase 1
F3 Tissue factor
CTSD Cathepsin D
NR3C1 Glucocorticoid receptor
CA2 Carbonic anhydrase 11
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Fig. 3 Active ingredients-anticancer targets network of Zingiberis Rhizoma
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Fig. 4 Degree (A)and betweenness centrality (B) distribution of the anti-cancer targets of Zingiberis Rhizoma
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Fig.5 PPI network of the anti-cancer targets of Zingiberis Rhizoma
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Table 3 Key anti-cancer targets of Zingiberis Rhizoma and its topological properties

I bl ORUHEDR 2l s

1 Cellular tumor antigen p53 TP53 31.0 0.016 387380
2 Transcription factor AP-1 JUN 28.0 0.012 368 321
3 Phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit, gamma isoform PIK3CG 23.0 0.003 275132
4 Estrogen receptor ESR1 24.0 0.005 636293
5 Apoptosis regulator Bel-2 BCL2 23.0  0.003 788 545
6 Tumor necrosis factor TNF 25.0 0.010799 872
7 Mitogen-activated protein kinase 14 MAPK14  22.0 0.003 983117
8 Prostaglandin G/H synthase 2 PTGS2 22.0  0.004 546 991
9 Heat shock protein HSP 90 HSP90AA1 21.0 0.003 198 295
10 Nitric-oxide synthase, endothelial NOS3 19.0 0.005 511 443
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Fig.6 Key anti-cancer targets of Zingiberis Rhizoma

% AMPK {5 53 % . p53 15 5 18 M 25 1 59 hE KW
BLHI 2 D AH 5%, 7 22 B3E 1 B 40 T e e A H
TP AE 5l B Y A R R R AR .
2.6 GOXEYEESH

XF42.37 T 45 3 ) T 22 P FE AT GO 4EW
R E E T, ik P<0.05 AT FE 354, W
# 5. FH Cytoscape i ff“ClueGo” 45 t GO A= ¥k
RN AT AL S R WK 8. TR U S
W R BRI R O — A B A R 4
TS T R E B E BERAL L COX IR AT  RAE SN |
i SE A A T A 1 B P O 2 AR 5 0 B I P AR AR
WHEE IS AN RE . 3R T 22 103 M 23 T RETE
ok DA b AR e R T 4 e P R A R R
2.7 FEFEMR -2 O IR - 5 18 B N 45 [E]

W 2205 M A A% O B B A AR R S
B A\ Cytoscape 3.2.1 1§ H “Merge” 2y e 1 4T il
B o R T 22 YR 7 - % 0 P A A A O B
2% 1, ILIET 9.

3 wig

FZIERME AT AN RERH 28, Bf
WaF 2 ANE  ECR BN B ) (R BER G F L
025 44 I s 24 B RO IR A IR PR R T e I
97 TIX kTS L FEAK R % 2 ORED . ASHIE 5T I FH X 4%
2y B A Ty VA O T 2 R AL 6- £ L 6- 2 M 4
TE N Y 52 S 3 BIE M R e B BR R 101 S, TR
Genecards £ 4 73 B P S8 55 1 885/, 5T
(B A ISR A B T 22 ) PU B A 39 . dRARIE , T
L L FE R B PUR PUEA DU DUE R
PERATERY 6-2 M N4 LR, R+
HE R W E LI R P 6- )y AT
I T 0 A1) A S 3 s I TR Y N e JE A B 4
TS5 S EAREDE R LRSS
N A L5 40 K562 P8 1=« de Lima 252V & , 6-2%
fpy 7] 38 i Bax/Bel2. p38/MAPK.. TNF- a. ERK1/2.
ROS/NF-kB/COX-2.p53 %5 1& 1277 4= i b Jeg Fl i
BAERH . T2 5 — MR 6- 2t LA 7
5 45 e A0 ML R A R S5 22 B e A TR T AR AR
F S HAE FPLUH 5306 VEGFR2. 38 il P53 Rk
bl Qi ZEPTIHIF FUAIE B pS3/p21 S 6- 32 M oy BHL i
i3 4 PR R T R iR A, T EE I 2R R AR IR R 1
S 40 M PH T2, Bel-2 S AT RE S A 1 o0 B R Y
AF

PPI ¥ 28 43 #1 F i 16 10 /N 4% 0 Pt g B A
TP53.JUN.PIK3CG.ESR1.BCL2.TNF.MAPK14.
PTGS2.HSP90AA1.NOS3, 15 £ Ffv i i fin 48 25 i i
PR SRR 4 B 2 M IR E A R s O
FLMR g e 1 R AR VIR RE A 0%, DA R — BB S E \4H
JLE T AR A R A At B DDA O, PR X e B
TEFZ P E AL RSB E R . D



“assaa# Drug Evaluation Research 84255 98] 2019498 - 1737 -

®4 TERMELESKEGGESEBREENM(AT2040)
Table 4 KEGG pathway of anti-cancer targets of Zingiberis Rhizoma(TOP 20)

9T E2S TR A4 PH

1 Pathways in cancer 16 3.41x10™"
2 Progesterone-mediated oocyte maturation 9 1.04x10*
3 Epstein-Barr virus infection 8 1.35x10°
4 Sphingolipid signaling pathway 8 2.73x10°¢
5 Small cell lung cancer 7 4.21x10°
6 Prostate cancer 7 5.55%10°
7 Estrogen signaling pathway 7 8.70x10°
8 Hepatitis B 8 1.24x10°
9 Colorectal cancer 6 2.13x10°
10 Neurotrophin signaling pathway 7 3.21x10°
11 Osteoclast differentiation 7 3.70x10°
12 Proteoglycans in cancer 8 6.23x107
13 Hepatitis C 7 6.58x107
14 Amyotrophic lateral sclerosis (ALS) 5 1.32x10™*
15 TNF signaling pathway 6 1.78x10™
16 Regulation of lipolysis in adipocytes 5 1.93x10*
17 Chagas disease (American trypanosomiasis) 6 2.05x10*
18 VEGF signaling pathway 5 2.53x10*
19 Thyroid hormone signaling pathway 6 2.89x10*
20 PI3K-Akt signaling pathway 9 3.50x10*
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Fig.7 KEGG pathway enrichment analysis
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Table 5 GO biological process of anti-cancer targets of Zingiberis Rhizoma(TOP 20)

2T HHK TR K 4 PE

1 positive regulation of nitric oxide biosynthetic process 3 0.001 258
2 embryo implantation 3 0.002 061
3 lipopolysaccharide-mediated signaling pathway 3 0.002 244
4 negative regulation of apoptotic process 5 0.002 358
5 positive regulation of transcription from RNA polymerase Il promoter 7 0.002 630
6 transcription, DNA-templated 5 0.003 725
7 regulation of blood pressure 3 0.003 732
8 peptidyl-serine phosphorylation 4 0.003 793
9 protein autophosphorylation 4 0.004 531
10 activation of cysteine-type endopeptidase activity involved in apoptotic process 3 0.005 569
11 regulation of cell proliferation 4 0.005 727
12 cyclooxygenase pathway 2 0.005 896
13 positive regulation of translational initiation by iron 2 0.005 896
14 positive regulation of guanylate cyclase activity 2 0.008 832
15 regulation of cytokine production involved in inflammatory response 2 0.008 832
16 positive regulation of fever generation 2 0.008 832
17 nitric oxide biosynthetic process 2 0.014 677
18 positive regulation of brown fat cell differentiation 2 0.014 677
19 arginine catabolic process 2 0.014 677
20 positive regulation of protein kinase B signaling 3 0.014 775
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