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Anti-liver Cancer Mechanism of Hypericin Based on Network Pharmacology and

Molecular Docking
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[ Abstract] Objective: To explore the mechanism of hypericin against liver cancer using network
pharmacology. Method: The traditional Chinese medicine systems pharmacology database and analysis
platform (TCMSP), Drug Gene Interaction Database (DGIdb), Comparative Toxicogenomics Database (CTD)
and SwissTargetPrediction were used to predict the targets of hypericin. Five databases including GeneCards and
Online Mendelian Inheritance in Man (OMIM) were employed to obtain liver cancer-related targets. The
intersection was performed to obtain the targets of hypericin against liver cancer. The Database for Annotation,
Visualization and Integrated Discovery (DAVID) v2021q4 was used for Gene Ontology (GO) function

annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. The protein-
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protein interaction (PPI) network of the targets was constructed by Cytoscape 3.6.1 to screen the core targets,
and the affinity between hypericin and the core targets was verified by molecular docking. The effects of
hypericin on liver cancer and the migration of liver cancer cells were observed by cell viability assay and would
healing assay, respectively, and its effects on the mRNA and protein expression of key targets cysteinyl
aspartate-specific protease-3 (Caspase-3) and mitogen-activated protein kinase 3 (MAPK3) were detected by
real-time polymerase chain reaction(Real-time PCR) and Western blot, respectively. Result; A total of 45 genes
related to the anti-liver cancer effect of hypericin were obtained, and six core target genes were screened. The
signal pathways enriched by KEGG pathway analysis included apoptosis, tumor necrosis factor (TNF) and
cancer signal pathways. Molecular docking showed that the core target genes Caspase-3, TNF, estrogen receptor
1 (ESR1) , MAPK3, catalase (CAT) and cyclooxygenase 2 (PTGS2) had good affinity with hypericin,
especially Caspase-3 and MAPK3. In addition, compared with the conditions in control group, cell experiments
demonstrated that hypericin could reduce the viability of liver cancer cells (P<0.05) , inhibit their migration,
increase the mRNA expression of Caspase-3 (P<0.05) and decrease that of MAPK3 (P<0.05). Conclusion:
Hypericin exerted the anti-liver cancer effect by affecting the core targets such as Caspase-3, TNF, ESR1,

MAPK3,CAT and PTGS2 and jointly interfering with apoptosis, TNF and cancer signal pathways.
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Table 1 Topological parameters of core target protein of anti-

hepatoma targets of hypericin

AR ot BEhotE ABehort RERK
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TNF 26 0.750 000 00 0.100 51776 0.470 769 23
ESR1 24 0.709 09091 0.15029086 0.376 811 59
MAPK3 23 0.684 21053 0.051 33931 0.52569170
CAT 21 0.672413 79 0.069 774 66 0.509 523 81
PTGS2 21 0.672 41379 0.032076 64 0.585 714 29

25 PSR KBEZBT S 6D
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Table 2 Effect of hypericin on viability of HepG2 cells (x+s5,n=3)
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A% FiE/pmol-L'  24h 48 h 72h
2 H4 0.45£0.11  0.62+0.14  0.79+0.15
EEi 4y S 25 0.4240.08  0.51+0.18  0.66%0.12
50 0.38+0.07 0.47+0.16" 0.58+0.18"
100 0.35+0.08" 0.41£0.12%  0.48+0.13?
150 0.27+0.06> 0.36+0.09%  0.42+0.12%

T 525 A iV P<0.05,2 P<0.01
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150 umol- L")/ 72 h )i 34 & 90 il HepG2 41 g 19
L, Ho 150 wmol- L 4 22 Bk 11 28 41 il 6& 77 5 T
100,50 pmol- L' & 228k ¥4l . WKl 2.

2.8 & 22k N oG B A A KL ] Caspase-3 \MAPK3
mRNA Rk W S5 ALK, &2k dH
(50,100,150 pmol-L") fg W 2 F% ik MAPK3 mRNA
223K (P<0.05, P<0.01) , 7+ 5 Caspase-3 mRNA %% ik
(P<0.05,P<0.01), W%3.

2.9 G 22k XF OCHE R AN &R I Caspase-3 .MAPK3
FIkW W S5 AR, £ 248 41(50.100,
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TE:A. 2 14 5B, 50 wmol-L" 41 ; C. 100 wmol-L" 41 ;D. 150
wmol- L™ 20 (/& 2 & 3 [])
Bl1 AERELLHBEIERT HepG2 4 (M T BT, x100)
Fig. 1 HepG2 cells treated with hyperin at different concentra-

tions (microscope, x100)

A B
c D

2 AERELLHE HepG2 AMIEB K F M (>100)
Fig. 2 Effects of hyperin at different concentrations on migration

of HepG2 cells (x100)

T3 £ 2LMEFX Caspase-3.MAPK3 mRNA FIRIEMZ M (x+s,
n=3)

Table 3 Effects of hyperin on mRNA expression of Caspase-3 and
MAPKS3 (x+s5,n=3)

20 5] e ¥ /umol- L Caspase-3 MAPK3
G 2 ARV AIRVR 4L 50 1.48+0.21"  0.83+0.14"
G 22 AT P 2 100 2.06+£0.15”  0.68+0.19%
G 2R R AL 150 2.72+0.28%  0.48+0.08%

T 28 445 15 B mRNA HI X 305 00 15528 (4 Hedge Vp<
0.05,2P<0.01(F4[)

150 umol-L") fit B & 3% Jin Caspase-3 & H i & ik
(P<0.05, P<0.01) ; F% fIt MAPK3 & 1 Y % ik (P<

0.05,P<0.01), WE3ME4,

o

Caspase-3 ---
uares M - -
A B C D

B3 £2MEFINXBEWAE B Caspase-3.MAPK3 RiL A ik
Fig. 3
Caspase-3 and MAPK3

Electrophoresis of hyperin on protein expression of

R4 SLHEX Caspase-3.MAPK3 E B RIEMFM (X+5,n=3)
Table 4 Effects of hyperin on protein expression of Caspase-3

and MAPK3 (x+s5,n=3)

13 e Caspase-3 MAPK3

- /umol- L /GAPDH /GAPDH
2 H 4L 0.11+0.03 0.84+0.13
G 22 AT IR T B 41 50 0.23+0.04" 0.69+0.13"
G2k R I AL 100 0.43+0.08% 0.5240.06%
G 2 BT VR T AL 150 0.72+0.13% 0.3340.08%
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22 M AT BT i R0 A B S X A 22 Bk T B R AR
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FZ A AR . 59 Ah il o SE 86 50 0F T 4> 22 8k
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Caspase-3 {fi P4 & , RAEBUFAE Y . 53 AN e o
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PPI [ 2% [ X 420 48 3 H B AT 10 16 o B B PPI
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