-+ 888 - #2243} Acta Pharmaceutica Sinica 2017, 52 (6): 888 =896

2T W4 RS M S R BTE (A RALSIFT 52

EAK, m WY, AEAL RK#ER £EE HEe

(LR 1. PEHPBAAT RS0, 2. (2 TR, (P KJE 030006;
3. hEEZER R bR AE2EB AT AT, a0 100050)

WE: REZAWFRRESIREEI SR A0 g 8, SR AR LG R BT REW . AR5 ek
S AN SMMC-7721 40 M3 58 A4 BT B8 IV, 7EURBERE b, 4 30 S0 e 30 s - Th e A DG 2R
EAHEAE S, AT A i RS 284, TN S0 R FE DU VB B B CBEE ( oo JL 36 0F 5 S0k 47 T i
BT, TN SR DU R R OGRS, JF R Western blot X #14y S8 8 AT /0. 40 Sz g 45
R, 1. 2 4 mgmL ™ ESALE Z M SMMC-7721 Z0355H, 0.5, 1 F1 2 mg-mL™" ¥ S0 A8 52 3]
SMMC-7721 ZMMIERE . W2 R 4L R, & SHnT seidd /EA T CBtIF =1 (HPSE). M EERE AN 3
(CASP3). Myc FUmEREH (MYC) MEREBEAN 2 (MMP2) 2568 I01F &, IR 1 (CAL). Tk
HEB 1A (REG1A). RIRERES 1 (CES1) FIZ B S Ng 2 (ALDH2) S5 0GB Tl ¥ s, DA AR 22 AT F4 AH G IE B K
FEPUTREE . Western blot 25 3 B R S WA R 3% T MMP2 K15, [ CASP3 Rik. ANz W45 2 3 2
[ RE T R SR A P S RE R, DATRN I B SR e U T AL SR AR R AR R

KRR WSS RS, WS, B, fE AL

FE 52 S: RI66 XHEAARIREE: A N EHRS: 0513-4870 (2017) 06-0888-09

Network pharmacology-based study of anti-hepatoma effects and
mechanisms of matrine

WANG Ke-xin"?, GAO Li'", ZHOU Yu-zhi', ZHANG Jian-qin', QIN Xue-mei', DU Guan-hua®"

(1. Modern Research Center for Traditional Chinese Medicine, 2. College of Chemistry and Chemical Engineering,
Shanxi University, Taiyuan 030006, China; 3. Institute of Materia Medica, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing 100050, China)

Abstract: Although multiple studies have shown that matrine can inhibit the proliferation of hepatoma cells,
its mechanism of action has not been systematically investigated. In this study, the effects of matrine on the
proliferation and migration of human hepatoma SMMC-7721 cells were investigated. Based on this result, anti-
hepatoma target-functionally related protein interaction network of matrine was constructed, and topological
analysis and clustering analysis were performed to predict the crucial targets of matrine for the anti-hepatoma
effects. Pathway enrichment analysis was performed on the validated targets to predict the crucial pathways
of matrine. Parts of the crucial proteins were examined by Western blot. Cellular experiments showed that
matrine at concentrations of 1, 2 and 4 mg-mL™" significantly inhibited the proliferation of SMMC-7721 cells,
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and matrine at concentrations of 0.5, 1 and 2 mg-mL™" significantly inhibited the migration of SMMC-7721
cells. The results of network pharmacology suggest that matrine exerts its anti-hepatoma effects through acting
on the key validated targets of heparanase (HPSE), caspase 3 (CASP3), Myc proto-oncogene protein (MYC),
matrix metalloproteinases 2 (MMP2) and predicted targets of carbonic anhydrase 1 (CA1), lithostathine 1 alpha
precursor (REG1A), carboxylesterases 1 (CES1) and acetaldehyde dehydrogenase 2 (ALDH?2), and invasion and

migration associated pathways. Western blot results suggest that matrine can down-regulate the expression of

MMP2 and up-regulate the expression of CASP3. In this paper, we applied network pharmacology to explain

the targets and pathways of matrine against hepatoma.

the mechanisms of matrine against hepatoma.

The results provide a scientific basis for elucidation of
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Figure 1 Wound-healing assays show representative effects of
matrine on SMMC-7721 cells migration at 12, 24 and 36 h. n=
3, X£SEM. 'P<0.05, ""P<0.001 vs control group

3 EHLWIMATEESMELE

ARSI 3 R HAL) A O P B R SR E B 567
ANFFEE R DG A, B HIT 35 R 2 11 N2
BRI UESE AT, RO B B 5 5 2] 7 A, il o
Tk 28 (HPSE). “F:/t 2R & H1 5 3 (CASP3). Myc
AR (MYC). £ 4 )8 5 A 2 (MMP2).
Fibf >+ (CD44). HEBE A (AR) FN4H a1 Z Bt
Al F-1 (ICAM-1); N A] ChemMapper ¥(¥E 351535
ST 5, FOFFE L R g 5 A3 3 25 AT EE
Mo N String H4E FEIEE S W S0 32 AN AT RE
FRHIE A, 5385 0-E O EAERSE, HkEH
SR EAER, WS ST  Ma (E 2).
SRER, 5ES0 32 MESHEERANEAR
264 A, It 1032 sFIAAHEAEH S KB
4 EHEWIMRES-TEEXEAMEHRINEH
S

S M B 15 AE B AR O 4% K 40 SRR, AN
BT 0 TR R AR AE I Thae, o iE— Bt



FB R T R 4 24 T 2 B S B A LR - 891 »

CASP3 % 4
® g . ® :
. - L4
oS0y . -8 L
& - AR .
. MYC avrtee
cAM1 5 o - ey
- . e - .
3 . ." - .
. - b
o
. L - - q"
Chad o* % ¥y .
- - 3
*a* : o
= @ p : @
-
.o i .
- i ] *
»- e -
- Ye e - -
- 4 53 sy .
) -
A -
<@ -
o - »
-+ - =
- i -+ '
- F.J -3 - -
.y Py Chted L -
- T - - o
- . = L] b "
e - .t e o *

® & ® W v,

- .
.y

Figure 2 Targets of matrine-interacted proteins network. The red
nodes represent predicted targets, and the yellow nodes represent
validated targets
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Table 1 32 targets of matrine with predicted score, average shortest path length and betweenness centrality

Gene/protein Description Score Average shortest path length Betweenness centrality
CAl Carbonic anhydrase 1 0.17 1.0 1.000
REGIA Lithostathine 1 alpha precursor 0.02 1.0 0.704
CES1 Carboxylesterases 1 0.07 1.0 0.478
ALDH?2 Acetaldehyde dehydrogenase 2 0.13 1.0 0.437
CA2 carbonic anhydrase II 0.11 1.0 0.267
FGF2 Fibroblast growth factor 2 0.13 1.1 0.386
HPSE Heparanase 1.00 1.3 0.004
IGF2R Insulin like growth factor II receptor 0.03 1.7 0.337
CASP3 Caspase 3 1.00 1.9 0.044
NOS2 Nitric oxide synthase 2 0.15 3.0 0.073
MYC Myc proto-oncogene protein 1.00 3.1 0.083
CTH Cystathionase gamma-lyase 0.00 3.1 0.049
CBS Cystathionine beta-synthase 0.00 3.1 0.010
ARG1 Arginase 1 0.06 34 0.031
ASS1 Argininosaccinate synthase 1 0.02 34 0.059
OAT Ornithine aminotransferase 0.00 34 0.010
ALDOA Aldolase A 0.13 3.4 0.001
PYGB Brain glycogen phosphorylase 0.00 3.5 0.008
ALASI1 Aminolevulinate delta synthase 1 0.00 35 0.278
MMP2 Matrix metalloproteinases 2 1.00 3.7 0.001
AGXT Alanine glyoxylate aminotransferase 0.00 3.7 0.039
PTGS2 Prostaglandin G/H synthase 2 precursor 0.13 3.8 0.010
FTCD Formimino transferase cyclodeaminase 0.00 3.8 0.010
ESRI1 Estrogen receptor 1 0.02 3.8 0.002
AR Androgen receptor 1.00 3.8 0.013
PC Pyruvate carboxylase 0.06 43 0.029
B2M Beta 2 microglobulin 0.03 4.6 0.027
KRAS GTPase KRas 0.01 4.6 0.005
HAOL1 Hydroxyacid oxidase (glycolate oxidase) 1 0.13 4.7 0.027
LCN2 Neutrophil gelatinase-associated lipocalin precursor 0.13 5.1 0.003
ICAM1 Intercellular adhesion molecule 1 1.00 5.8 0.087
CD44 CD44 antigen precursor 1.00 59 0.015
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Figure 4 Pathway analysis of the validated targets of matrine
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Figure 3 Clusters of interacted proteins of matrine using Markov Clustering (MCL) algorithm. The red nodes represent validated

targets, and pink nodes represent predicted targets
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Figure 6 Functional relationships between the 5 targets of

matrine. —, expression regulates; ---, predicted. The circular

nodes represent validated targets, and the square nodes represent
predicted targets

. MMP2 22148 & E R 51 MMPs S5 )
HIE G, AFRIUFSE, MMP2 78 . S5 0s . UM
et R0 it s 46 bR S R 3 2 Rk, IR H MMP2
F1) T 38 T A B S 3 P 8 400 D 122 2% D e A 145461,
Chen 7T 70 & BLAE J % 1 P98 400 B P PR Rock2
Ar5]EE MMP2 I8 T R, ) e 4 iR 28 5
. ICAM-1 2 —MEslrEsn, FEIEgpE
THT RS 2 R L N R R TRk, HARH T4
M 2 Ta), B A A 40 B X R 10 1 8. AL Reactome
AL RTTLLE H ICAM-1 @it #1 EGFR AH HAEH,
T 1] B2 5 T A 5 2R (1 CASP3™), ff CASP3 &
I PR RS IE R (A R TS R S B, 5 UM R
R RIBUKBE—BBMAPY, B2, TS0 asE
LRI IK S AN 5 K FOAE TR, AT A0 ) s 2
REHH.

FEIX 5 A0 AR 28 5 R AH SCHE s b, MMP2,
CASP3 F1 MYC N5 AE Fl i OCHE L fi . B
Western blot fill MMP2 1 CASP3 & [ARIAKF,
RPL0.5. 1 A2 mg-mL™" 75 S 0845 REA 7 FLRE I 5
MMP2. CASP3 & [ HIFRIE . AHF 50 ) F W 245 2 3 2
(0 7 E T T 2R 4% o e AR F AT BRI 4 B
AURGE %, S I BOCERE SUEAT T R KSR B SE B
IR, KAt 5N A, NRGMAE
WP AR R T 8 S0 97 R 7R FALEL, 93 S0
PO S AL ] F o] B B85 ki, [ R 8 Ok A X 485 24
A TAEMIT IR L.

References

(1]

(2]

(3]

(4]

(3]

[10]

[11]

[12]

[13]

[14]

[13]

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016 [J].
CA Cancer J Clin, 2016, 66: 7—-30.

Ashtari S, Pourhoseingholi MA, Sharifian A, et al. Hepato-
cellular carcinoma in Asia: prevention strategy and planning
[J].  World J Hepatol, 2015, 7: 1708 -1717.
Soerjomataram I, Lortet-Tieulent J, Parkin DM, et al. Global
burden of cancer in 2008: asystematic analysis of disability-
adjusted life-years in 12 world regions [J]. Lancet, 2012,
380: 1840—1850.

Simard EP, Ward EM, Siegel R, et al.
incidence trends in the United States: 1999 through 2008 [J].
CA Cancer J Clin, 2012, 62: 118—128.

Yong KL, Kim SU, Kim DY, et al.

Cancers with increasing

Prognostic value of
a-fetoprotein and des-y-carboxy prothrombin responses in
patients with hepatocellular carcinoma treated with transarte-
rial chemoembolization [J]. BMC Cancer, 2013, 13: 5.

Gao L, Wang XD, Niu YY, et al. Molecular targets of
Chinese herbs: a clinical study of hepatoma based on network
pharmacology [J]. Sci Rep, 2016, 6: 24944.

Gao L, Hao J, Niu YY, et al. Network pharmacology dissect-
tion of multiscale mechanisms of herbal medicines in stage IV
gastric adenocarcinoma treatment [J].
2016, 95: e4389.

Lee YM, Chen TL, Shih YRV, et al.

Medicine (Baltimore),

Adjunctive traditional
Chinese medicine therapy improves survival in patients with
advanced breast cancer: a population-based study [J]. Cancer,
2014, 120: 1338—1344.

Sun M, Cao H, Sun L, et al. Antitumor activities of kushen:
literature review [J].
2012,2012: 373219.

Wang W, You RL, Qin WJ, et al.

Evid Based Complement Alternat Med,

Anti-tumor activities of
active ingredients in Compound Kushen Injection [J]. Acta
Pharmacol Sin, 2015, 36: 676—679.

Levinson AD. Cancer therapy reform [J].

328: 137.

Science, 2010,
Li S, Zhang B. Traditional Chinese medicine network
pharmacology: theory, methodology and application [J]. Chin
J Nat Med, 2013, 11: 110—120.
Guo M, Ding GB, Yang P, et al. Migration suppression of
small cell lung cancer by polysaccharides from Nostoc commune
Vaucher [J]. J Agr Food Chem, 2016, 64: 6277 —6285.

Su WH, Chao CC, Yeh SH, et al. OncoDB.HCC: an inte-
grated oncogenomic database of hepatocellular carcinoma
revealed aberrant cancer target genes and loci [J]. Nucleic
Acids Res, 2007, 35: D727-D731.

Lee L, Wang K, Li G, et al. Liverome: a curated database of



FB R T R 4 24 T 2 B S B A LR

+ 895 -

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

liver cancer-related gene signatures with self-contained context
information [J]. BMC Genomics, 2011, 12 Suppl 3: S3.
Ye H, Ye L, Kang H, et al.

Nucleic Acids Res, 2011, 39:

HIT: linking herbal active
ingredients to targets [J].
D1055-D1059.

Gong J, Cai C, Liu X, et al. ChemMapper: a versatile web
server for exploring pharmacology and chemical structure
association based on molecular 3D similarity method [J].
Bioinformatics, 2013, 29: 1827 —-1829.

Jensen LJ, Kuhn M, Stark M, et al. STRING 8-a global view
on proteins and their functional interactions in 630 organisms
[J]. Nucleic Acids Res, 2009, 37: D412 —-D416.

Lopes CT, Franz M, Kazi F, et al. Cytoscape web: an
interactive web-based network browser [J]. Bioinformatics,
2010, 26: 2347-2348.

Mei CL, Jiang H, Jenness J. Markov Clustering (MCL) based
thread grouping and thread selection [C] // Southeastcon’09.
Atlanta: IEEE, 2009: 404 —4009.

de Jong H, Geiselmann J, Hernandez C, et al. Genetic
network analyzer: qualitative simulation of genetic regulatory
Bioinformatics, 2003, 19: 336 —344.

Pathan M, Keerthikumar S, Ang CS, et al.

networks [J].
FunRich: an open
enrichment and interaction

access standalone functional

network analysis tool [J]. Proteomics, 2015, 15: 2597 —2601.
Estrada E. Virtual identification of essential proteins within
the protein interaction network of yeast [J]. Proteomics, 2006,
6: 35-40.

Anitha P, Anbarasu A, Ramaiah S. Gene network analysis
reveals the association of important functional partners
involved in antibiotic resistance: a report on an important
pathogenic bacterium Staphylococcus aureus [J]. Gene, 2016,
575:253-263.

Dongen SMV. Graph Clustering by Flow Simulation [D].
Utrecht: University of Utrecht, 2000.

Wu H. Effects and Molecular Mechanisms of Matrine on
Human Hepatocarcinoma SMMC-7721 Cells ( ¥ Z: B Xt A
AR SMMC-7721 [R5 K243 FHL) [D].

University, 2009.

Zhejiang
Zhang JQ, Li YM, Liu T, et al. Antitumor effect of matrine
in human hepatoma G2 cells by inducing apoptosis and auto-
phagy [J]. World J Gastroenterol, 2010, 16: 4281 —4290.
Wang XF. Effects of Matrine on The Expression of Genes
Related to Hepatocellular Carcinoma BEL-7402 Cell Apop-
tosis and Autophagy (¥ 2] ¥ 48 fft BEL-7402 # 1A 5
Wit A 52 22 X A8 B R4 ) [D].
2014.

Shanxi Medical University,

[29]

[30]

(31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Ma L, Wen S, Zhan Y, et al. Anticancer effects of the
Chinese medicine matrine on murine hepatocellular carcinoma
cells [J].

Zhang W, Chan H, Wei L, et al.

Planta Med, 2008, 74: 245 -251.

Overexpression of hepara-
nase in ovarian cancer and its clinical significance [J]. Oncol
Rep, 2013, 30: 2279-2287.
Chen XP, Luo JS, Tian Y, et al. Effect of heparanase on the
adhesion and invasion ability of hepatoma carcinoma cells [J].
Chin J Clin Oncol (H E & 11 R), 2014, 41: 11801184,

Yu Z, Geng J, Zheng JH, et al. RNA interference targeting
regenerating islet-derived 1 alpha gene inhibits cell prolifera-
tion and decreases invasion of human bladder cancer cell line
EJ in vitro [J]. Chin J Exp Surg (* #5258 4MEF 48, 2012,
29:1013-1016.

Jiang Z, Hua HQ. Progress on prevention and treatment of
Chinese medicine to molecular mechanism of liver cancer [J].
China J Chin Mater Med (1 [EH2§4%:), 2009, 34: 1310-
1313.

Spano D, Heck C, De Antonellis P, et al. Molecular networks
that regulate cancer metastasis [J]. Semin Cancer Biol, 2012,
22:234-249.

Hanibuchi M, Kim SJ, Fidler 1J, et al. The molecular biology
of lung cancer brain metastasis: an overview of current
comprehensions and future perspectives [J]. J Med Invest,
2014, 61: 241-253.

Lamouille S, Xu J, Derynck R. Molecular mechanisms of
epithelial-mesenchymal transition [J].
2014, 15: 178-196.

Tiwari N, Gheldof A, Tatari M, et al.

Nat Rev Mol Cell Biol,

EMT as the ultimate
survival mechanism of cancer cells [J]. Semin Cancer Biol,
2012, 22: 194-207.

Chaki SP, Barhoumi R, Berginski ME, et al. Nck enables
directional cell migration through the coordination of polarized
membrane protrusion with adhesion dynamics [J]. J Cell Sci,
2013, 126: 1637—1649.

Stroka KM, Jiang H, Chen SH, et al. Water permeation
drives tumor cell migration in confined microenvironments [J].
Cell, 2014, 157: 611 -623.

Ciribilli Y, Singh P, Spanel R, et al. Decoding c-Myc
networks of cell cycle and apoptosis regulated genes in a
transgenic mouse model of papillary lung adenocarcinomas
[J]. Oncotarget, 2015, 6: 31569—-31592.
Vora HH, Shah NG, Trivedi TI, et al. Expression of C-Myc
mRNA in squamous cell carcinoma of the tongue [J].
Oncol, 2007, 95: 70—78.

Wu FX, Cao J, Zhao YN, et al.

J Surg

Expression of b-myb and



+ 896 -

)2 24 Acta Pharmaceutica Sinica 2017, 52 (6): 888 =896

[43]

[44]

[45]

[46]

c-myc in hepatocellular carcinoma and its clinical significance
[J]. Chin J Clin Oncol (H E ’& i FK), 2008, 35: 269-271.

Ma WL, Jeng LB, Lai HC, et al. Androgen receptor enhances
cell adhesion and decreases cell migration via modulating
pl-integrin-AKT signaling in hepatocellular carcinoma cells
[J]. Cancer Lett, 2014, 351: 64—71.

Carver BS. Strategies for targeting the androgen receptor
axis in prostate cancer [J]. Drug Discov Today, 2014, 19:
1493-1497.

Han T, Kang D, Ji D, et al. How does cancer cell metabolism
affect tumor migration and invasion? [J]. Cell Adh Migr,
2013, 7: 395-403.

Rotte A, Martinka M, Li G MMP2 expression is a prognostic
marker for primary melanoma patients [J]. Cell Oncol (Dordr),

2012, 35: 207-216.

[47]

(48]

[49]

[50]

Chen LF, Liu TD, Du XH, et al. Effects of rock2 regulating
MMP?2 on invasion and metastasis in hepatocellular carcinoma
[J]. Cancer Res Prev Treat (JHJEBHIGHE ), 2014, 41: 35—
39.

Yang J, Gu Y, Huang X, et al. Dynamic changes of ICAM-1
expression in peripheral nervous system following sciatic
Neurol Res, 2011, 33: 75—83.

Cheng Q, Cao X, Yuan F, et al.

nerve injury [J].
Knockdown of WWPI
inhibits growth and induces apoptosis in hepatoma carcinoma
cells through the activation of caspase3 and p53 [J]. Biochem
Biophys Res Commun, 2014, 448: 248 —254.

Zhang YX. Expression of Livin and its relationship with
caspase-3 in hepatocellular carcinoma (Livin 5 caspase-3 7E &
R i A J 3 L) [D.
University, 2010.

Zhengzhou: Zhengzhou



