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Objective. To investigate the potential therapy targets and pharmacological mechanism of traditional Chinese medicine
(TCM) Xihuang pill in liver cancer based on network pharmacology. Methods. Drug ingredients-target network was
constructed based on the target sets of Xihuang pill and liver cancer. ,e overlapping genes between Xihuang pill targets and
liver cancer-related molecular targets were investigated using comparative analysis. Moreover, the PPI network and module
was constructed based on overlapping genes and hub nodes, respectively, followed by the pathway enrichment analysis.
Results. A drug ingredients-target network was established with 1184 nodes and 11035 interactions. Moreover, a total of 106
overlapping genes were revealed between drug targets and liver cancer molecular targets. Furthermore, a PPI network and 4
modules were further investigated based on overlapping genes, respectively. ,ese hub nodes such as VEGFA and EGFR were
mainly enriched in GO functions including positive regulation of MAP kinase activity, activation of protein kinase activity,
regulation of MAP kinase activity, and pathways like proteoglycans in cancer, bladder cancer, and estrogen signaling.
Conclusion. VEGFA and EGFR might be potential therapy targets of Xihuang pill in liver cancer. Furthermore, the effect of
Xihuang pill on liver cancer might be realized by targeting VEGFA and EGFR in pathways like proteoglycans in cancer and
estrogen signaling.

1. Introduction

As the second leading cause of death, liver cancer has caused
a wide social burden for a long period of time [1]. Although
partial surgical resection is the optimal therapy strategy for
patients with liver cancer, the recurrence rates after surgery
are still very high [2, 3]. ,us, exploring the effective clinical
treatment for liver cancer is necessary.

Traditional Chinese medicine (TCM) has been widely
used for clinical treatment of various tumors such as liver
cancer [4, 5]. Xihuang pill is a complementary and alternative
medicine that has been used in TCM due to the inhibition for
tumor cell proliferation [6]. Xihuang pill is composed of Ru
Xiang (olibanum), Mo Yao (Commiphora myrrha), She Xiang

(Moschus), and Niu Huang (calculus bovis), which exert
multiple antitumor effects [7]. A previous study shows that
Xihuang pill has an anticancer effect on breast tumor [8],
gastric cancer, and primary liver cancer [7]. Actually, Xihuang
pill could improve quality of life and clinical manifestations of
advanced primary liver cancer patients [9]. A previous study
indicates that there is a reversal effect of serum containing
Xihuang pill on the multidrug resistance of liver cancer cells
via P-glytoprotein pathway [10]. Although Xihuang pill is
effective in treatment of liver cancer, the drug targets and
pharmacological mechanisms of Xihuang pill on liver cancer
are still unclear.

,e network pharmacology analysis is a useful tool for
further understanding of the drug action [11], which may
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provide insights into how we can improve drug discovery for
complex diseases [12]. In the current study, the potential
mechanism of Xihuang pill on the treatment of liver cancer
was analyzed by a network-based systematic study (as shown
in Supplementary Figure 1). Briefly, the drug ingredients-
target network was constricted based on the target sets of
Xihuang pill and liver cancer. ,en, the overlapping genes
were investigated using comparative analysis. Moreover, the
networks of protein-protein interaction (PPI) and modules
were constructed based on overlapping genes and hub
nodes, followed by the GO and KEGG pathway enrichment
analysis. We hoped to explore the potential therapy targets
of Xihuang pill in the treatment of liver cancer, which can
provide the basis for the pharmacological mechanism study
of Xihuang pill.

2. Materials and Methods

2.1. Identification of Ingredients of Drug. ,e chemical in-
gredients of Xihuang pill were collected from the Traditional
Chinese Medicine Systems Pharmacology (TCMSP) Data-
base (http://lsp.nwsuaf.edu.cn/tcmsp.php) [13] and the
Traditional Chinese Medicine Integrated Database (TCMID,
http://www.megabionet.org/tcmid/) [14]. According to the
relevant parameters of the pharmacokinetic properties, the
ingredients were screened according to oral bioavailability
(OB) and drug-likeness (DL) values and those ingredients
with DL≥ 0.18 and OB≥ 30% were selected as the active
ingredients [15, 16].

2.2.DrugTarget. Usually, the ingredients of drugs play a role
in related biological functions via targets. To predict the
targets of ingredients of Xihuang pill, the small molecular
structure information of active ingredients in Xihuang pill
was retrieved on the PubChem database (https://pubchem.
ncbi.nlm.nih.gov/) [17]. Subsequently, the targets were
screened with a screening online tool called the Swiss Target
Prediction (http://www.swisstargetprediction.ch/) [18]. Fi-
nally, all the target information was standardized using
UniProt (http://www.UniProt.org/).

2.3.Drug Ingredients-TargetNetworkConstruction. ,e drug
ingredients-target network was constructed by Cytoscape
software (version: 3.0.0, http://chianti.ucsd.edu/cytoscape-3.
0.0/) [11]. ,e topological parameters of the network, in-
cluding the degree were analyzed using Degree Centrality
(DC) based on CytoNCA software [19].

2.4. Liver Cancer Targets. ,e main source of disease targets
for liver cancer was obtained from IPA (http://www.
ingenuity.com). ,e targets of liver cancer were retrieved
after deleting duplicate data. ,en, the target datasets were
compared by Geneweaver (http://www.geneweaver.org)
[20], and the overlapping targets of both liver cancer and the
drug ingredients were considered potential targets of
Xihuang pill for the treatment of liver cancer.

2.5. PPI Network Construction and Module Analysis.
According to STING database (http://www.string-db.org/)
[21] with the species limited to “Homo sapiens” and the
confidence score >0.9, the protein interaction pairs associated
with overlapping target genes between Xihuang pill and liver
cancer were screened. And the PPI network was constructed
via utilizing the network visualization software Cytoscape
(version: 3.0.0, http://chianti.ucsd.edu/cytoscape-3.0.0/) [11],
and the topological properties of the PPI network were an-
alyzed through NetworkAnalyzer (default settings). Fur-
thermore, MCODE (version 1.5.1) [22] was used to screen the
significant enriched modules from the PPI network.

2.6.HubGene Investigation inPPINetwork. ,ehub genes in
PPI network were further investigated by a Cytoscape plugin
cytoHubba [23], and 11 network topology parameters, in-
cluding Degree, Edge Percolated Ingredients, Maximum
Neighborhood Ingredients, Density of Maximum Neigh-
borhood Ingredients, Maximal Clique Centrality Bottleneck,
EcCentricity, Closeness, Radiality, Betweenness, and Stress
were selected for importance calculation. After screening the
core nodes in PPI network, the rank sum ratio (RSR) [24]
was used to rank the nodes synthetically to get the core nodes
of the network.,emore important the output of a node, the
higher the value of this node in the network.

2.7. Enrichment Analysis for the Hub Genes. In order to
reveal the potential biological function of Xihuang pill in the
treatment of liver cancer, GO (Gene Ontology) functions
[25] and KEGG (Kyoto Encyclopedia of Genes and Ge-
nomes) pathway [26] enrichment analysis were performed.
Specially, GO terms were grouped into the following three
categories: biological process (BP), molecular function (MF),
and cellular component (CC) [25]. And the KEGG analysis
was conducted according to the enrichment analysis tool of
the Database for Annotation, Visualization and Intergrated
Discovery (DAVID, version: 6.8) software [27]. A p value
<0.05 was considered as the cutoff criterion.

3. Results

3.1. Drug Ingredients-Target Network Analysis. A total of 53
ingredients and 1131 targets of Xihuang pill, as well as 566
molecular targets of liver cancer, were obtained in the
current study. Based on these data, the drug ingredients-
target network was constructed. As shown in Figure 1, the
network consists of 1184 nodes and 11035 interactions (see
details in Supplementary File 1). Moreover, the top 50 nodes
including 3 targets were further selected to construct the
module of the drug ingredients-target network (Figure 2;
Supplementary File 2).

3.2.OverlappingGenesbetweenDrugTargets andLiverCancer
Molecular Targets. After the comparative analysis, the
overlapping genes, which might be potential drug therapy
target for Xihuang pill in liver cancer, between drug targets
and liver cancer therapy targets were obtained. ,e result
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showed that a total of 106 overlapping genes (Attachment 1),
including VEGFA, EGFR, ESR1, PLG, and MAPK3, were
revealed in the current study.

Additionally, the KEGG pathway enrichment analysis
showed that these overlapping genes were mainly
enriched in pathways, such as metabolic pathways,
pathways in cancer, proteoglycans in cancer, estrogen-
signaling pathway, and HIF-1-signaling pathway. ,e top
20 pathways enriched by overlapping genes were listed in
Table 1.

3.3. PPI Network Analysis. Based on the potential phar-
macodynamic target of Xihuang pill for liver cancer, a PPI
network was constructed by using the STRING. ,e result
showed that there were 102 nodes and 766 interactions in

the network (Figure 3). Moreover, a total of 4 modules in-
cluding module 1 (score� 9.913), module 2 (score� 2.143),
module 3 (score� 1.5), and module 4 (score� 1.333) were
further investigated from PPI network using MOCDE
(Figures 4(a)–4(d)).

3.4.HubNodes Investigation. According to the PPI network,
the core nodes of the network were screened based on the
characteristics of the network’s topological structure
(Figures 5 and 6). ,e top 20 important nodes including
VEGFA (RSR� 0.1218), EGFR (RSR� 0.1382), ESR1
(RSR� 0.1427), PLG (RSR� 0.1436), and MAPK3
(RSR� 0.1464) were summarized in Table 2. Moreover, the
association among top 5 hub nodes, drug ingredients, and
CTM was listed in Table 3.

Swiss-Prot:P48728

Swiss-Prot:Q5HYG8

Swiss-Prot:P49189

Swiss-Prot:P09466

Swiss-Prot:P13995

Swiss-Prot:P05019
Swiss-Prot:O14646

Swiss-Prot:Q53ET4
Swiss-Prot:P49761

Swiss-Prot:Q5SNW5

Swiss-Prot:Q7Z3Y4

Swiss-Prot:P16435Swiss-Prot:Q5BJF5

Swiss-Prot:P10632
Swiss-Prot:Q14541

Swiss-Prot:P34897Swiss-Prot:Q8N1A5

Swiss-Prot:Q9NY62

Swiss-Prot:P17948
Swiss-Prot:P04049

Swiss-Prot:P35968
Swiss-Prot:P15056

Swiss-Prot:P07333Swiss-Prot:P00325

Swiss-Prot:P42898

Swiss-Prot:Q13627Swiss-Prot:O95954
Swiss-Prot:Q96IG6

Swiss-Prot:P08319

Swiss-Prot:P07327

Swiss-Prot:P51659
Swiss-Prot:P35916Swiss-Prot:O94956

Swiss-Prot:P30838
Swiss-Prot:Q00796

Swiss-Prot:P07195
Swiss-Prot:P11586Swiss-Prot:P23368Swiss-Prot:O14556

Swiss-Prot:P05771Swiss-Prot:O76054

Swiss-Prot:P36888

Swiss-Prot:Q16798Swiss-Prot:P40925
Swiss-Prot:P49448

Swiss-Prot:P37288

Swiss-Prot:Q13423Swiss-Prot:P52895
Swiss-Prot:Q99714Swiss-Prot:P00387Swiss-Prot:P30043

Swiss-Prot:P11766
Swiss-Prot:O75469

MAPK

Swiss-Prot:P28161

Swiss-Prot:Q9UNI1

GJA

Swiss-Prot:P16233

Swiss-Prot:P07098

CALM1

PTGER1

Swiss-Prot:P08311

Swiss-Prot:O75865

Swiss-Prot:Q9Y296

Swiss-Prot:Q8IUR0Swiss-Prot:Q9Y5R8

Swiss-Prot:Q86SZ2

Swiss-Prot:P14207Swiss-Prot:Q12882

Swiss-Prot:P09601 Swiss-Prot:Q16836Swiss-Prot:P12268

Swiss-Prot:P08514Swiss-Prot:P09619

Swiss-Prot:Q16222

Swiss-Prot:P23743
Swiss-Prot:P48163

Swiss-Prot:P53004

Swiss-Prot:Q92506
Swiss-Prot:P40394Swiss-Prot:P09622

Swiss-Prot:P17252

Swiss-Prot:Q13557
Swiss-Prot:Q9H2G2

Swiss-Prot:P30273

Swiss-Prot:P08246Swiss-Prot:O00555

Swiss-Prot:P05121

Swiss-Prot:Q02641Swiss-Prot:O60840

Swiss-Prot:P54284

Swiss-Prot:O00305

Swiss-Prot:Q00975

Swiss-Prot:P43403Swiss-Prot:Q16566
Swiss-Prot:P06396

Swiss-Prot:P41240

Swiss-Prot:P43405Swiss-Prot:O75891
Swiss-Prot:P50750

Swiss-Prot:Q08881Swiss-Prot:P00709

Swiss-Prot:Q9UDX3

Swiss-Prot:P00352

MOL008841

Swiss-Prot:P00749

Swiss-Prot:O95573

Swiss-Prot:O15111

MOL008836

Swiss-Prot:P00338
Swiss-Prot:Q9NXA8

MOL008848

Swiss-Prot:P08473Swiss-Prot:Q99808

Swiss-Prot:O60488
Swiss-Prot:P29317

Swiss-Prot:P19835

Swiss-Prot:P16152
Swiss-Prot:P11387

Swiss-Prot:P08709Swiss-Prot:Q9NTG7

Swiss-Prot:Q9UHC9Swiss-Prot:Q8NFJ5Swiss-Prot:P10276
Swiss-Prot:P78559
Swiss-Prot:O14920

Swiss-Prot:P11802

Swiss-Prot:P11137
Swiss-Prot:P23381

Swiss-Prot:Q96GD4

Swiss-Prot:P53609

Swiss-Prot:P48544

Swiss-Prot:P62714

Swiss-Prot:P00326

Swiss-Prot:P18545

Swiss-Prot:P10826

Swiss-Prot:O94788

Swiss-Prot:P48443

Swiss-Prot:P13631LOC101929775
Swiss-Prot:Q969P6

POLR2L

Swiss-Prot:P38435
Swiss-Prot:Q14376

Swiss-Prot:O14842
Swiss-Prot:Q9Y271MOL008847

Swiss-Prot:P14555
Swiss-Prot:O95298

Swiss-Prot:P16860

Swiss-Prot:P43088Swiss-Prot:P30556

Swiss-Prot:P00367

Swiss-Prot:P17600

Swiss-Prot:O95477

Swiss-Prot:O60706Swiss-Prot:P19793

Swiss-Prot:O95342

Swiss-Prot:P43119

Swiss-Prot:Q02880

Swiss-Prot:O95069

Swiss-Prot:Q9H252
Swiss-Prot:O14983

Swiss-Prot:P47712

Swiss-Prot:Q00534

Swiss-Prot:P48651

Swiss-Prot:Q9HBH1
Swiss-Prot:O60733

Swiss-Prot:Q16760
Swiss-Prot:Q9UQF2Swiss-Prot:Q9Y2Q0

Swiss-Prot:Q9NY59

Swiss-Prot:Q9NXE4

Swiss-Prot:P35610

Swiss-Prot:Q9BQE3Swiss-Prot:Q9Y6M4

Swiss-Prot:Q8IZS8

Swiss-Prot:Q15648
Swiss-Prot:Q9Y233

Swiss-Prot:Q6TME4
Swiss-Prot:P20701

Swiss-Prot:P27695

Swiss-Prot:O60218

Swiss-Prot:P17302Swiss-Prot:P28566Swiss-Prot:P09488
Swiss-Prot:Q9UHA3Swiss-Prot:P06213Swiss-Prot:Q04760

Swiss-Prot:Q9UKQ2Swiss-Prot:P34972

Swiss-Prot:P15692Swiss-Prot:P34969 Swiss-Prot:P08183

Swiss-Prot:O14727
Swiss-Prot:Q9UM73Swiss-Prot:P13639

Swiss-Prot:P04070
Swiss-Prot:P06746

Swiss-Prot:P45844Swiss-Prot:Q92887
Swiss-Prot:Q16671

Swiss-Prot:P35626

Swiss-Prot:P21554Swiss-Prot:Q99933

Swiss-Prot:P51787
Swiss-Prot:P07237

Swiss-Prot:Q9NYX4Swiss-Prot:P27361
Swiss-Prot:P61587

Swiss-Prot:O43681
Swiss-Prot:P42684

Swiss-Prot:P51512

Swiss-Prot:Q12756Swiss-Prot:Q13564
Swiss-Prot:P37023

Swiss-Prot:Q96Q40
Swiss-Prot:P10398

Swiss-Prot:P25098

Swiss-Prot:P22894Swiss-Prot:P49368
Swiss-Prot:P12235

Swiss-Prot:Q99661

Swiss-Prot:Q9Y4W6
Swiss-Prot:P08243

MOL001003
MOL000997

MOL001124

Swiss-Prot:P10721

MOL001277

Swiss-Prot:P39900
Swiss-Prot:Q04828

Swiss-Prot:Q01668
Swiss-Prot:Q13698

Swiss-Prot:Q13936

Swiss-Prot:P67775

Swiss-Prot:Q15788

MOL000989MOL001266

Swiss-Prot:Q13639
Swiss-Prot:P62508

Swiss-Prot:P12724

MOL001264

Swiss-Prot:O00180

Swiss-Prot:Q03013

Swiss-Prot:P54750

Swiss-Prot:P55072
Swiss-Prot:P51570

Swiss-Prot:Q9Y257Swiss-Prot:Q06609
Swiss-Prot:Q04771

Swiss-Prot:P43115

Swiss-Prot:P08069Swiss-Prot:P34995

Swiss-Prot:P29323

Swiss-Prot:Q9H244Swiss-Prot:Q07869

Swiss-Prot:P43116

Swiss-Prot:P31751

Swiss-Prot:P49841
Swiss-Prot:Q06432

MOL001265

Swiss-Prot:O95864

Swiss-Prot:P62330

MOL001268

Swiss-Prot:P28223
Swiss-Prot:P35367

Swiss-Prot:P61925Swiss-Prot:P20248

Swiss-Prot:P01375Swiss-Prot:P21917
Swiss-Prot:P55017

Swiss-Prot:P09211

Swiss-Prot:P13569

Swiss-Prot:P04035

Swiss-Prot:P53778

Swiss-Prot:P37231

Swiss-Prot:O43708

Swiss-Prot:O15530

Swiss-Prot:P16442

Swiss-Prot:P06239

Swiss-Prot:Q12791

Swiss-Prot:P28845Swiss-Prot:Q07912

Swiss-Prot:P18031
Swiss-Prot:P08263

Swiss-Prot:P35869

Swiss-Prot:Q9UQM7
Swiss-Prot:O00764

Swiss-Prot:Q14914

Swiss-Prot:P04150

Swiss-Prot:P01112
Swiss-Prot:Q03181

Swiss-Prot:P14061
Swiss-Prot:P28221

Swiss-Prot:P08172

Swiss-Prot:P00374
Swiss-Prot:Q8NER1

Swiss-Prot:P78362
Swiss-Prot:Q96QT4

Swiss-Prot:P20339

Swiss-Prot:P25101

Swiss-Prot:P00519

Swiss-Prot:Q15822

Swiss-Prot:P08912

Swiss-Prot:Q12809
Swiss-Prot:O60427

Swiss-Prot:P32418

Swiss-Prot:P46098Swiss-Prot:Q9UBQ6

Swiss-Prot:P21728

Swiss-Prot:P46976

Swiss-Prot:P54219
Swiss-Prot:Q9UJM8

Swiss-Prot:Q9UM07Swiss-Prot:P60174

Swiss-Prot:Q9ULC6
Swiss-Prot:P15085Swiss-Prot:Q9ULW8Swiss-Prot:Q9Y2J8

Swiss-Prot:P62917

Swiss-Prot:P24298

Swiss-Prot:P52569

Swiss-Prot:P17735
Swiss-Prot:Q9NSD9

Swiss-Prot:P63208

Swiss-Prot:P00747

Swiss-Prot:P00750

Swiss-Prot:P00790Swiss-Prot:Q9UKV0

Swiss-Prot:Q9Y285 Swiss-Prot:O43246Swiss-Prot:P30825

Swiss-Prot:Q9ULX7

Swiss-Prot:P04745

Swiss-Prot:P23280

Swiss-Prot:Q96A70

Swiss-Prot:P35219Swiss-Prot:Q07699

Swiss-Prot:P14679

Swiss-Prot:O95865Swiss-Prot:P00480
Swiss-Prot:Q5T6L4

Swiss-Prot:O94760

Swiss-Prot:P14174

Swiss-Prot:P80404

Swiss-Prot:P24666

Swiss-Prot:Q7L0J3
Swiss-Prot:Q13255

Swiss-Prot:P54577

Swiss-Prot:P09874

Swiss-Prot:P07101

Swiss-Prot:Q16881

tcm03_002385

Swiss-Prot:Q9GZT9

Swiss-Prot:P27487

MOL001072tcm03_002894

Swiss-Prot:O75493
Swiss-Prot:Q9NS85Swiss-Prot:P43166

Swiss-Prot:P07451Swiss-Prot:P23946
Swiss-Prot:Q9NY46

Swiss-Prot:O60493

Swiss-Prot:Q9Y2Z4Swiss-Prot:Q16853
Swiss-Prot:P00973

Swiss-Prot:Q14416Swiss-Prot:P08758

Swiss-Prot:P00751

Swiss-Prot:Q96RJ0
Swiss-Prot:P36952

Swiss-Prot:P41594

Swiss-Prot:Q8IWT1Swiss-Prot:Q14181

Swiss-Prot:Q9NY72Swiss-Prot:Q9Y2D0

Swiss-Prot:P13500Swiss-Prot:P35218

Swiss-Prot:P30536Swiss-Prot:P16581Swiss-Prot:Q9BZZ2
Swiss-Prot:P01859Swiss-Prot:P11226

Swiss-Prot:Q6NXR0

Swiss-Prot:P25311Swiss-Prot:O15399

Swiss-Prot:P36405 Swiss-Prot:P15151
Swiss-Prot:P52788

Swiss-Prot:Q7LG56

Swiss-Prot:P31350
Swiss-Prot:Q9NWM0

Swiss-Prot:O75521

Swiss-Prot:P63098

Swiss-Prot:Q9NRF9

Swiss-Prot:P41235Swiss-Prot:P78368

Swiss-Prot:Q8TF76Swiss-Prot:Q15825
Swiss-Prot:Q05586

Swiss-Prot:P30532

Swiss-Prot:Q9UGM1
Swiss-Prot:P00492Swiss-Prot:P11172

Swiss-Prot:P30926Swiss-Prot:Q05901

Swiss-Prot:Q14957

Swiss-Prot:P43080Swiss-Prot:Q07864

Swiss-Prot:P01308

Swiss-Prot:P62942

Swiss-Prot:P35243

Swiss-Prot:O00206

Swiss-Prot:Q08209

Swiss-Prot:P35241Swiss-Prot:Q14643
Swiss-Prot:P08729Swiss-Prot:P21912

Swiss-Prot:P17787
Swiss-Prot:Q9Y6I3 Swiss-Prot:P10644

Swiss-Prot:P16109
Swiss-Prot:P51178

Swiss-Prot:Q01082
Swiss-Prot:P31323

Swiss-Prot:P50225
Swiss-Prot:P22748

Swiss-Prot:P00915

Swiss-Prot:P29474Swiss-Prot:P00918
Swiss-Prot:P05091

Swiss-Prot:P06737
Swiss-Prot:P01744

Swiss-Prot:Q9Y663

Swiss-Prot:Q13621

Swiss-Prot:Q8TCU5

Swiss-Prot:P13945

Swiss-Prot:P47870

Swiss-Prot:P43681
Swiss-Prot:P36544

Swiss-Prot:Q13131

Swiss-Prot:P07741

tcm03_001854

Swiss-Prot:Q16445

Swiss-Prot:P34903
Swiss-Prot:P14867Swiss-Prot:P04293

Swiss-Prot:P47869

Swiss-Prot:P48169Swiss-Prot:Q13002
Swiss-Prot:P31644

Swiss-Prot:O00244

Swiss-Prot:P00491

Swiss-Prot:Q13126Swiss-Prot:P23141
Swiss-Prot:P09038

Swiss-Prot:P09467

Swiss-Prot:P06276

Swiss-Prot:Q9UBS5

Swiss-Prot:P21802

Swiss-Prot:P08253
Swiss-Prot:P10275Swiss-Prot:P00505

Swiss-Prot:Q9UBT6

Swiss-Prot:P28472

Swiss-Prot:O43526

Swiss-Prot:Q9GZZ6

Swiss-Prot:O60391

tcm03_003968MOL001041

Swiss-Prot:P23921Swiss-Prot:P55263

Swiss-Prot:Q14289

Swiss-Prot:P51168

Swiss-Prot:P51170Swiss-Prot:Q15078
Swiss-Prot:Q6NUS8

Swiss-Prot:P37088
Swiss-Prot:P36542

Swiss-Prot:P01579
Swiss-Prot:O94768

Swiss-Prot:Q13946
Swiss-Prot:O60658

Swiss-Prot:P62312

Swiss-Prot:O00408

Swiss-Prot:P14210

Swiss-Prot:P52209

Swiss-Prot:P35499

Swiss-Prot:P05164

Swiss-Prot:Q92753Swiss-Prot:P48039
Swiss-Prot:P27797

Swiss-Prot:P11678

Swiss-Prot:P34096
Swiss-Prot:P49286

Swiss-Prot:Q13464

tcm03_006339

MOL001169

MOL001134

Swiss-Prot:Q9NZK7

MOL001196

MOL001203

MOL001177

Swiss-Prot:P21397

Swiss-Prot:P04746

MOL001144

Swiss-Prot:P35080

Swiss-Prot:O14788

Swiss-Prot:P33765

Swiss-Prot:P33151
Swiss-Prot:A2A2V4Swiss-Prot:Q12879

Swiss-Prot:P08631

Swiss-Prot:P01138

Swiss-Prot:P05451Swiss-Prot:P50579

Swiss-Prot:P04424Swiss-Prot:Q05940

Swiss-Prot:P29274Swiss-Prot:P30542

Swiss-Prot:P07339

MOL001080
Swiss-Prot:Q99418

Swiss-Prot:P04075

Swiss-Prot:Q15858

Swiss-Prot:P32297Swiss-Prot:P35498
Swiss-Prot:Q9UI33

Swiss-Prot:P05113

Swiss-Prot:P00533Swiss-Prot:P07947

Swiss-Prot:P55769Swiss-Prot:P51692
Swiss-Prot:P01857

Swiss-Prot:P41595
Swiss-Prot:P14324

Swiss-Prot:P11388

Swiss-Prot:P11229
Swiss-Prot:P08100

Swiss-Prot:P61626Swiss-Prot:Q09428
Swiss-Prot:P08913 Swiss-Prot:O00142

Swiss-Prot:P12931
Swiss-Prot:P35462Swiss-Prot:P14416Swiss-Prot:P68400

Swiss-Prot:P11309
Swiss-Prot:P00734

Swiss-Prot:P15291

Swiss-Prot:P35368
Swiss-Prot:O95180

Swiss-Prot:O00591
Swiss-Prot:P24046

Swiss-Prot:Q9UN88Swiss-Prot:Q99928Swiss-Prot:Q8N1C3Swiss-Prot:P55011Swiss-Prot:A8MPY1
Swiss-Prot:Q00535 Swiss-Prot:P18507

Swiss-Prot:P05230

Swiss-Prot:P61313Swiss-Prot:P84098

Swiss-Prot:P61927
Swiss-Prot:Q9UNX3

Swiss-Prot:P50406

Swiss-Prot:P62750Swiss-Prot:P62829

Swiss-Prot:Q01064

Swiss-Prot:P07550
Swiss-Prot:P08588

Swiss-Prot:P18089
Swiss-Prot:Q07343

Swiss-Prot:P35348Swiss-Prot:P18825
Swiss-Prot:P31645Swiss-Prot:P23975

Swiss-Prot:P21918
Swiss-Prot:P17612

Swiss-Prot:P35354Swiss-Prot:P19367Swiss-Prot:Q08499

Swiss-Prot:Q16539

Swiss-Prot:Q01959Swiss-Prot:P49902

Swiss-Prot:P00558

Swiss-Prot:P27815

Swiss-Prot:P00966

Swiss-Prot:O76083Swiss-Prot:P25100

Swiss-Prot:P05023
Swiss-Prot:P07477

Swiss-Prot:P24941Swiss-Prot:Q16790
Swiss-Prot:P23219

Swiss-Prot:P16118Swiss-Prot:P50613
Swiss-Prot:Q04759

MOL008834Swiss-Prot:Q99707

MOL000994

Swiss-Prot:P62913
Swiss-Prot:P39023

Swiss-Prot:P40429

Swiss-Prot:O43617

Swiss-Prot:P09417

Swiss-Prot:Q96L21

Swiss-Prot:P04406

Swiss-Prot:Q14654

Swiss-Prot:P12821Swiss-Prot:P04818
Swiss-Prot:Q02127

Swiss-Prot:P29475

Swiss-Prot:P28482

Swiss-Prot:Q9NZD2Swiss-Prot:Q08493
Swiss-Prot:Q14432

Swiss-Prot:P43155
Swiss-Prot:Q9Y468Swiss-Prot:Q15102

Swiss-Prot:Q7Z2W7
Swiss-Prot:Q16706Swiss-Prot:O43772Swiss-Prot:Q8N8R3Swiss-Prot:O75762

Swiss-Prot:P23786Swiss-Prot:P30041 Swiss-Prot:Q9H015
Swiss-Prot:Q9UKG9Swiss-Prot:Q8NET8Swiss-Prot:Q8IWL2

Swiss-Prot:O76082

Swiss-Prot:O00519

Swiss-Prot:O60512Swiss-Prot:Q9UJ70

Swiss-Prot:P29074

Swiss-Prot:P25103

Swiss-Prot:P23469
Swiss-Prot:Q8N1Q1

Swiss-Prot:P00797Swiss-Prot:O43570

Swiss-Prot:P11717

Swiss-Prot:P01303Swiss-Prot:Q99250

Swiss-Prot:P78540Swiss-Prot:O60931

Swiss-Prot:P38606
Swiss-Prot:Q13370

Swiss-Prot:P82251
Swiss-Prot:P54802

Swiss-Prot:O60513

Swiss-Prot:P99999
Swiss-Prot:P22749

Swiss-Prot:P11511Swiss-Prot:P19622

Swiss-Prot:P78348
Swiss-Prot:Q9HCC0

Swiss-Prot:P50747

Swiss-Prot:P05166
Swiss-Prot:P16066Swiss-Prot:P05165

Swiss-Prot:Q5VSK2Swiss-Prot:Q9UK23Swiss-Prot:Q96RQ3

Swiss-Prot:Q9Y289Swiss-Prot:Q13907

Swiss-Prot:P10515

Swiss-Prot:P10696Swiss-Prot:P61769

Swiss-Prot:P80188
Swiss-Prot:P23434

Swiss-Prot:P01848
Swiss-Prot:P11498

Swiss-Prot:P01850

Swiss-Prot:Q13332

Swiss-Prot:Q14697

Swiss-Prot:O60909
Swiss-Prot:P51606

Swiss-Prot:P07686
Swiss-Prot:O43451

Swiss-Prot:P42261

Swiss-Prot:P10253

Swiss-Prot:P07478

Swiss-Prot:P26358

Swiss-Prot:Q9Y234

Swiss-Prot:P27338

Swiss-Prot:O43766

Swiss-Prot:Q13526Swiss-Prot:Q9Y286
Swiss-Prot:P04062

Swiss-Prot:P00439

Swiss-Prot:P42262

Swiss-Prot:P05089

Swiss-Prot:P04054

Swiss-Prot:P29275

Swiss-Prot:O00763

Swiss-Prot:Q9UGM6Swiss-Prot:Q8WY07

Swiss-Prot:P06744

Swiss-Prot:P51857

Swiss-Prot:P17752

Swiss-Prot:P30405
Swiss-Prot:P35270Swiss-Prot:Q03393

Swiss-Prot:P61457

Swiss-Prot:O43525Swiss-Prot:P13716
Swiss-Prot:P46926

Swiss-Prot:P15538

Swiss-Prot:P09958
Swiss-Prot:O00459

Swiss-Prot:P04179Swiss-Prot:Q9Y5Y6
Swiss-Prot:P09848Swiss-Prot:P42126

Swiss-Prot:Q8IVL5

Swiss-Prot:P29508

Swiss-Prot:P02818

Swiss-Prot:Q9NVH6

Swiss-Prot:Q9UMX2

Swiss-Prot:O14832Swiss-Prot:P35030
Swiss-Prot:Q9UL54
Swiss-Prot:P09382

Swiss-Prot:P01270
Swiss-Prot:P00742

Swiss-Prot:Q9H6Z9
Swiss-Prot:Q96Q83

Swiss-Prot:Q92876
Swiss-Prot:P13674

Swiss-Prot:Q9Y619Swiss-Prot:O15169

Swiss-Prot:Q6NS38

Swiss-Prot:Q9BY66
Swiss-Prot:P19021

Swiss-Prot:P15259
Swiss-Prot:P31949

MOL000858

Swiss-Prot:Q16850

Swiss-Prot:P02144

MOL001039

MOL001281

Swiss-Prot:Q13224

Swiss-Prot:P16083Swiss-Prot:P35228
Swiss-Prot:P69905Swiss-Prot:P34896Swiss-Prot:Q16773Swiss-Prot:P00390

Swiss-Prot:P42330

Swiss-Prot:P09917
Swiss-Prot:Q16698Swiss-Prot:P31213

Swiss-Prot:Q9UPY5Swiss-Prot:Q16877

Swiss-Prot:P06241
Swiss-Prot:P19838

Swiss-Prot:P17900

Swiss-Prot:P06576

Swiss-Prot:P27986

Swiss-Prot:P25705

Swiss-Prot:P25021
Swiss-Prot:P11217

MOL001185

Swiss-Prot:Q9P0X4
Swiss-Prot:P22303

Swiss-Prot:O43497

Swiss-Prot:P48048

MOL001034

Swiss-Prot:P05981

Swiss-Prot:Q9UBK8
Swiss-Prot:Q99798

Swiss-Prot:Q9BY49

Swiss-Prot:O00469

Swiss-Prot:P48735

Swiss-Prot:Q16568

Swiss-Prot:Q6N063

Swiss-Prot:Q92993

Swiss-Prot:P13929

Swiss-Prot:P54368

Swiss-Prot:P20823

Swiss-Prot:Q9UHI7

Swiss-Prot:Q15796

Swiss-Prot:Q96GD0Swiss-Prot:P05062

Swiss-Prot:P23284
Swiss-Prot:P50440

Swiss-Prot:Q9UJ68

Swiss-Prot:O95190

Swiss-Prot:Q9Y5N1

Swiss-Prot:P04181

Swiss-Prot:P35558
Swiss-Prot:Q99624

Swiss-Prot:Q8N543

Swiss-Prot:Q96KS0
Swiss-Prot:Q9NXG6

Swiss-Prot:P19113

Swiss-Prot:O75936

Swiss-Prot:Q02809
Swiss-Prot:P35520

Swiss-Prot:Q93088
Swiss-Prot:P12081

Swiss-Prot:Q9BXI2
Swiss-Prot:P17812

Swiss-Prot:Q06203

Swiss-Prot:P22694
Swiss-Prot:Q32P28

Swiss-Prot:Q16762

Swiss-Prot:O95363

Swiss-Prot:Q8TD30

Swiss-Prot:Q8IVL6

Swiss-Prot:P05067
Swiss-Prot:O60568

Swiss-Prot:O75874

Swiss-Prot:Q9UHI5

Swiss-Prot:P19440

Swiss-Prot:Q9H4Y5
Swiss-Prot:P30711

Swiss-Prot:Q9NS18
Swiss-Prot:Q9Y2Q3

Swiss-Prot:Q7RTV2
Swiss-Prot:P36969

Swiss-Prot:Q16772

Swiss-Prot:Q9H4B7
Swiss-Prot:Q9BVA1

Swiss-Prot:P11926

Swiss-Prot:O14649

Swiss-Prot:P21549

Swiss-Prot:Q6PI42
Swiss-Prot:O75715

Swiss-Prot:P36896

Swiss-Prot:Q9H169
Swiss-Prot:Q96SL4

Swiss-Prot:Q71U36
Swiss-Prot:O14880Swiss-Prot:P21266

Swiss-Prot:P22061Swiss-Prot:Q14353Swiss-Prot:O60678
Swiss-Prot:O75908Swiss-Prot:P54710Swiss-Prot:P68366 Swiss-Prot:P11086Swiss-Prot:P50135

Swiss-Prot:Q9H2P9
Swiss-Prot:Q86VU5Swiss-Prot:Q8WTS6

Swiss-Prot:O14717Swiss-Prot:Q99873Swiss-Prot:Q14749

Swiss-Prot:P41146

Swiss-Prot:P10620Swiss-Prot:Q99735
Swiss-Prot:Q16873

Swiss-Prot:O60760

Swiss-Prot:P49619Swiss-Prot:Q96DP5
Swiss-Prot:P53355

Swiss-Prot:Q9BVG9

Swiss-Prot:Q8WTV0

Swiss-Prot:P14625

Swiss-Prot:P80511
Swiss-Prot:P04271

Swiss-Prot:P59796Swiss-Prot:Q99584

Swiss-Prot:P35754Swiss-Prot:Q7Z406Swiss-Prot:O95881
Swiss-Prot:O15217

Swiss-Prot:P46439
Swiss-Prot:Q6NSD4

Swiss-Prot:Q16775Swiss-Prot:P07203

Swiss-Prot:P10768Swiss-Prot:P18283
Swiss-Prot:Q8TED1

Swiss-Prot:P78417Swiss-Prot:P22352

Swiss-Prot:O94832Swiss-Prot:P06732Swiss-Prot:P40937
Swiss-Prot:P11142

Swiss-Prot:Q9UDW1

Swiss-Prot:Q13838

Swiss-Prot:Q05397Swiss-Prot:Q03518

Swiss-Prot:P61221

Swiss-Prot:Q15119
Swiss-Prot:P52732Swiss-Prot:O15066

Swiss-Prot:Q9BW19
Swiss-Prot:P08107

Swiss-Prot:Q00266
Swiss-Prot:Q8N139

Swiss-Prot:O43252

Swiss-Prot:P54278

Swiss-Prot:Q9H3N8

Swiss-Prot:P60953

Swiss-Prot:P35749

Swiss-Prot:P33176
Swiss-Prot:Q13258Swiss-Prot:P07900

Swiss-Prot:P49759
Swiss-Prot:P27707

Swiss-Prot:O95749

Swiss-Prot:P41091

Swiss-Prot:P11488
Swiss-Prot:Q96P88Swiss-Prot:P21462

Swiss-Prot:Q9UBN7

Swiss-Prot:O43293 Swiss-Prot:Q9NS75
Swiss-Prot:Q92769

Swiss-Prot:Q9ULZ9

Swiss-Prot:Q9NPA2

Swiss-Prot:P45452

Swiss-Prot:Q9H239

Swiss-Prot:P14780Swiss-Prot:Q8N119
Swiss-Prot:Q9NRE1

Swiss-Prot:Q9H306
Swiss-Prot:P24347

Swiss-Prot:O15379

Swiss-Prot:Q9Y6B6
Swiss-Prot:Q96KC2Swiss-Prot:P26439

Swiss-Prot:P63096
Swiss-Prot:P21980

Swiss-Prot:P61586

Swiss-Prot:Q16774

Swiss-Prot:P33316

Swiss-Prot:Q9Y478
Swiss-Prot:P36959

Swiss-Prot:P78352

Swiss-Prot:P16220

Swiss-Prot:P30085

Swiss-Prot:P49773

Swiss-Prot:P14649

Swiss-Prot:O43741

Swiss-Prot:P19105

Swiss-Prot:P22392

Swiss-Prot:P02708

Swiss-Prot:Q9UK17
Swiss-Prot:Q5T1J1

Swiss-Prot:Q09470

Swiss-Prot:P04629

Swiss-Prot:P14927

Swiss-Prot:Q9NZV8
Swiss-Prot:Q99720

Swiss-Prot:P01595

Swiss-Prot:Q14494

Swiss-Prot:O43739

Swiss-Prot:P01764

Swiss-Prot:Q9H4M7

Swiss-Prot:P51151
Swiss-Prot:P06310

Swiss-Prot:P10828Swiss-Prot:P68104 Swiss-Prot:Q9UN19
Swiss-Prot:Q15382Swiss-Prot:Q9HCD5Swiss-Prot:Q06187

Swiss-Prot:P40616
Swiss-Prot:P18085

Swiss-Prot:Q16620

Swiss-Prot:Q8NFA2

Swiss-Prot:P15170Swiss-Prot:P50416
Swiss-Prot:P51149

Swiss-Prot:Q969V6
Swiss-Prot:P19961

Swiss-Prot:P02585

Swiss-Prot:O94766Swiss-Prot:P07510

Swiss-Prot:Q9Y3I0

Swiss-Prot:P50281

Swiss-Prot:O60882

Swiss-Prot:Q99542Swiss-Prot:P08235Swiss-Prot:P14770

Swiss-Prot:O75900Swiss-Prot:Q9Y5R2
Swiss-Prot:P62491

Swiss-Prot:P49411Swiss-Prot:P63000
Swiss-Prot:Q13547Swiss-Prot:Q92930

Swiss-Prot:P62826

Swiss-Prot:P30968
Swiss-Prot:Q14994

Swiss-Prot:O60547

Swiss-Prot:P11233Swiss-Prot:Q9Y689

Swiss-Prot:P08173
Swiss-Prot:P28222

Swiss-Prot:P31939

Swiss-Prot:P47985

Swiss-Prot:Q9Y5Y9Swiss-Prot:P23919
Swiss-Prot:Q92696

Swiss-Prot:Q8N142Swiss-Prot:P62158

Swiss-Prot:P35372

Swiss-Prot:P08908

Swiss-Prot:P20839
Swiss-Prot:P20309

Swiss-Prot:Q14524Swiss-Prot:O76074

Swiss-Prot:P28335Swiss-Prot:P03372

Swiss-Prot:P49354 MOL001032

Swiss-Prot:P01116Swiss-Prot:P49356
Swiss-Prot:P08574Swiss-Prot:P00156

Swiss-Prot:P14550
Swiss-Prot:Q96T66

Swiss-Prot:P15121Swiss-Prot:Q10588
Swiss-Prot:P06401

Swiss-Prot:Q9HAN9

MOL001023

Swiss-Prot:P53611

Swiss-Prot:P31749
Swiss-Prot:P41145

Swiss-Prot:P01834

Swiss-Prot:P06493

Swiss-Prot:P41143
Swiss-Prot:Q9NYK1

MOL001008

Swiss-Prot:P30939

MOL001272

MOL001037
MOL001280

MOL001019
MOL001048

Swiss-Prot:Q9H2X9

Swiss-Prot:O75100

Swiss-Prot:Q96C86

Swiss-Prot:Q9UP95
Swiss-Prot:P55055

Swiss-Prot:Q59FW3

Swiss-Prot:P22695

Swiss-Prot:P48736

Swiss-Prot:O60911

Swiss-Prot:P09960

Swiss-Prot:P48147
Swiss-Prot:Q9Y6Y9

Swiss-Prot:P28476
Swiss-Prot:O14764Swiss-Prot:P78334

Swiss-Prot:O60858
MOL001198

Swiss-Prot:Q9NS40Swiss-Prot:Q86W47

Swiss-Prot:P23297Swiss-Prot:Q9H2S1
Swiss-Prot:O14874Swiss-Prot:P04083

Swiss-Prot:Q9UGI6
Swiss-Prot:Q92952

Swiss-Prot:Q9Y691

Swiss-Prot:O00204

Swiss-Prot:O14792
Swiss-Prot:O43704

Swiss-Prot:P10153

Swiss-Prot:P51511Swiss-Prot:Q9HCP0
Swiss-Prot:P09237

Swiss-Prot:P49888
Swiss-Prot:Q99519

MOL000985

MOL000993

MOL001276

Swiss-Prot:Q06520

tcm03_006384

MOL000984
MOL001275

Swiss-Prot:P31040

Swiss-Prot:P62873

Swiss-Prot:P15559
Swiss-Prot:Q9NP56Swiss-Prot:Q9UL51

Swiss-Prot:P56282

Swiss-Prot:Q9BQB6
Swiss-Prot:O14521

Swiss-Prot:P04118
Swiss-Prot:Q99643

Swiss-Prot:Q9NSA0Swiss-Prot:Q4U2R8

Swiss-Prot:P59998
Swiss-Prot:P61158

Swiss-Prot:Q8TCC7

Swiss-Prot:O15144

Swiss-Prot:O15143

Swiss-Prot:P61160

Swiss-Prot:O15145

Swiss-Prot:Q16134
Swiss-Prot:P16471

Swiss-Prot:O14594
Swiss-Prot:P17405

Swiss-Prot:P39086Swiss-Prot:P63211
Swiss-Prot:P02788

Swiss-Prot:Q693P7

Swiss-Prot:Q9H3S4Swiss-Prot:P20941

Swiss-Prot:Q08462

Swiss-Prot:P18505

Swiss-Prot:P23458Swiss-Prot:O60674
Swiss-Prot:P52333

MOL001043

Swiss-Prot:P23528
Swiss-Prot:P60981

Swiss-Prot:Q04844

Swiss-Prot:P63092Swiss-Prot:Q15596

Swiss-Prot:Q92731

Swiss-Prot:P09238

Swiss-Prot:P14060

Swiss-Prot:P08254

Swiss-Prot:Q8NBQ5Swiss-Prot:P14410

Swiss-Prot:Q9P2W7Swiss-Prot:Q07001
Swiss-Prot:P09884

Swiss-Prot:Q7Z4J2Swiss-Prot:P11230

Swiss-Prot:P68133

Swiss-Prot:Q08289
Swiss-Prot:Q08188

Swiss-Prot:Q9NWZ5

MOL001079

Swiss-Prot:P54289

MOL001005

Swiss-Prot:P02689Swiss-Prot:P84077

MOL001036

Swiss-Prot:P09210

Swiss-Prot:Q7Z2Z2

Swiss-Prot:Q13133

Swiss-Prot:Q16558
Swiss-Prot:P07858Swiss-Prot:Q9NPA1

Swiss-Prot:Q8N8N7
Swiss-Prot:P10827

Swiss-Prot:Q03426

Swiss-Prot:P10114Swiss-Prot:Q969G6Swiss-Prot:P07998
Swiss-Prot:P04183

Swiss-Prot:Q13362

Swiss-Prot:P63316

Swiss-Prot:P53779
Swiss-Prot:P30153

Swiss-Prot:P03956Swiss-Prot:Q9BY41

Swiss-Prot:O14957
Swiss-Prot:P62136

Swiss-Prot:Q9NR19

Swiss-Prot:Q9BZX2

Swiss-Prot:P18405

Swiss-Prot:P31930Swiss-Prot:O14949

Swiss-Prot:P33121
Swiss-Prot:Q08828

Swiss-Prot:P07919

Swiss-Prot:P28702Swiss-Prot:P23677

Swiss-Prot:P49137

Swiss-Prot:P08238

Swiss-Prot:P48637
Swiss-Prot:Q9NY47

Swiss-Prot:P51843
Swiss-Prot:P15531Swiss-Prot:P21731

Swiss-Prot:Q9NUB1Swiss-Prot:O14965

Swiss-Prot:P53350

Figure 1:,e drug ingredients-target network in the current study.,e red square represented the target; the green triangle represented the
drug ingredient; the line between two nodes represented the interaction.
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3.5. Investigation of Pathways Enriched by Hub Nodes.
,e top 5 hub nodes including VEGFA, EGFR, ESR1, PLG,
andMAKP3 were used for further GO function and pathway
enrichment analyses. ,e result showed that the hub genes
could be assigned to different GO terms for BP, CC, and MF
categories. ,e prominent functions enriched by hub genes
were positive regulation ofMAP kinase activity, activation of
protein kinase activity, regulation of MAP kinase activity
and phosphatidylinositol bisphosphate kinase activity, of
which the top 10 functions for GO terms are presented in
Figure 7. Moreover, these hub nodes were mainly enriched
in pathways like proteoglycans in cancer (ID: 05205;
count� 4; FDR� 8.93E-06), bladder cancer (ID: 05219;

count� 3; FDR� 8.93E-06), and estrogen-signaling pathway
(ID: 04915; count� 3; FDR� 6.48E-05).,e top 10 pathways
are listed in Table 4.

4. Discussion

Liver cancer is one of the most lethal cancers having
worldwide prevalence, and the effect of clinical treatment for
this disease is not satisfactory [28].,e current study, for the
first time, explored the potential therapy targets of Xihuang
pill on liver cancer based on network pharmacology analysis.
,e results showed that a drug ingredients-target network
was established with 1184 nodes and 11035 interactions.
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Figure 2: ,e module constructed by the TOP 50 nodes from the drug ingredients-target network. ,e triangle represented the ingredients
of drug, and the square represented the targets of disease. ,e darker the color, the more significant it is.

Table 1: ,e top 20 pathways enriched by the overlapping genes between Xihuang pill targets and liver cancer molecular targets.

ID Pathway description Count FDR
1100 Metabolic pathways 35 2.81E− 16
5200 Pathways in cancer 24 4.18E− 19
5205 Proteoglycans in cancer 18 4.38E− 15
4151 PI3K-Akt-signaling pathway 15 4.16E− 09
4915 Estrogen-signaling pathway 13 9.30E− 14
4015 Rap1-signaling pathway 13 1.04E− 09
4066 HIF-1-signaling pathway 12 9.29E− 12
4510 Focal adhesion 11 1.12E− 07
4014 Ras-signaling pathway 11 2.20E− 07
1230 Biosynthesis of amino acids 10 9.36E− 11
5218 Melanoma 10 9.36E− 11
5215 Prostate cancer 10 5.39E− 10
4068 FoxO-signaling pathway 10 1.29E− 08
5206 MicroRNAs in cancer 10 5.79E− 08
5219 Bladder cancer 8 4.16E− 10
4370 VEGF-signaling pathway 8 1.34E− 08
5212 Pancreatic cancer 8 1.64E− 08
4914 Progesterone-mediated oocyte maturation 8 1.12E− 07
4912 GnRH-signaling pathway 8 2.20E− 07
5210 Colorectal cancer 7 2.20E− 07
Count, the number of genes enriched in certain pathways; FDR, false discovery rate.
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Moreover, a total of 106 overlapping genes were revealed
between drug targets and liver cancer molecular targets.
Furthermore, a PPI network and 4 modules networks were
further investigated based on overlapping genes and hub
nodes, respectively.,ese hub nodes such as VEGFA, EGFR,
ESR1, PLG, and MAPK3 were mainly enriched in pathways
like proteoglycans in cancer, bladder cancer, and estrogen-
signaling pathway.

Vascular endothelial growth factor (VEGF) family plays
a major role in angiogenesis, which are essential for both
healing of injured tissue and proliferation of carcinoma cells
[29]. ,e previous meta-analysis indicates that there is a
prognostic role for VEFGA in various cancers including
cervical cancer, gastric cancer, epithelial ovarian cancer, and
liver cancer [30–33]. Taniguchi et al. indicates that VEGF

promotes proliferation of hepatocytes through reconstruc-
tion of liver sinusoids by proliferation of sinusoidal endo-
thelial cells [33]. Importantly, VEGF is an important drug
target of various TCM [34, 35]. A previous study shows that
the TCM Fuzhenghuayu has a decoction effect on VEGF
secretion in hepatic stellate cells [36]. However, the asso-
ciation between VEGF and Xihuang pill in liver cancer is
unknown. Moreover, epidermal growth factor receptor
(EGFR) is a transmembrane protein associated with the
epidermal growth factor family [37]. ,e compartmentali-
zation and biological function of EGFR in liver plasma
membrane have been focused [38]. A previous study indi-
cates that there is an increment of serum EGFR level in liver
cancer patients [39]. Actually, there is a dual role of EGFR in
liver injury and regeneration after acetaminophen overdose
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in mice [40]. Zhu et al. indicate that the EGFR status is
independently correlated with TCM treatment in non-small-
cell lung cancer patients [41]. Although previous study has
confirmed the relation between EGFR expression and TCM
active compounds using cell membrane chromatography
[42], the effect of Xihuang pill on EGFR expression in liver
cancer is still unclear. In the current study, VEGFA and
EGFR were not only overlapping genes revealed between

Xihuang pill target sets and liver cancer target sets but also
hub nodes in PPI modules. ,us, we speculated that genes
such as VEGFA and EGFR might be potential therapy
targets of Xihuang pill in liver cancer.

Proteoglycans perform multiple functions in cancer and
angiogenesis due to their polyhedric nature [43]. ,e de-
terioration of liver function is accompanied by an increase in
the amount of chondroitin sulfate proteoglycans [44]. ,e
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Table 2: ,e top 20 core targets genes in the drug-target gene
network.

Name RSR
VEGFA 1.22E− 01
EGFR 1.38E− 01
ESR1 1.43E− 01
PLG 1.44E− 01
MAPK3 1.46E− 01
IGF1 1.49E− 01
GAPDH 1.54E− 01
SRC 1.55E− 01
MAPK1 1.84E− 01

Table 2: Continued.

Name RSR
HGF 1.88E− 01
PTGS2 1.90E− 01
MMP9 2.08E− 01
FGF2 2.17E− 01
TIMP1 2.25E− 01
MMP2 2.25E− 01
SERPINE1 2.33E− 01
HSP90AA1 2.35E− 01
TOP2A 2.44E− 01
RHOA 2.47E− 01
RSR, the rank sum ratio.
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Table 3: ,e drug ingredients corresponding to hub nodes.

Hub nodes Code CTM Ingredients
VEGFA Swiss-Prot:P15692 Niuhuang MOL008847
VEGFA Swiss-Prot:P15692 Ruxiang MOL001280
VEGFA Swiss-Prot:P15692 Ruxiang MOL001264
VEGFA Swiss-Prot:P15692 Ruxiang MOL001266
VEGFA Swiss-Prot:P15692 Ruxiang MOL001265
VEGFA Swiss-Prot:P15692 Ruxiang MOL001268
VEGFA Swiss-Prot:P15692 Ruxiang MOL001277
VEGFA Swiss-Prot:P15692 Moyao MOL001003
VEGFA Swiss-Prot:P15692 Moyao MOL000997
VEGFA Swiss-Prot:P15692 Moyao MOL001023
VEGFA Swiss-Prot:P15692 Moyao MOL001005
VEGFA Swiss-Prot:P15692 Moyao MOL000989
VEGFA Swiss-Prot:P15692 Moyao MOL001124
EGFR Swiss-Prot:P00533 Niuhuang MOL008847
EGFR Swiss-Prot:P00533 Ruxiang MOL000858
EGFR Swiss-Prot:P00533 Ruxiang MOL001281
EGFR Swiss-Prot:P00533 Moyao MOL001003
EGFR Swiss-Prot:P00533 Moyao MOL000989
EGFR Swiss-Prot:P00533 Moyao MOL001039
ESR1 Swiss-Prot:P03372 Shexiang tcm03_006384
ESR1 Swiss-Prot:P03372 Shexiang tcm03_006339
ESR1 Swiss-Prot:P03372 Shexiang tcm03_001854
ESR1 Swiss-Prot:P03372 Shexiang tcm03_003968
ESR1 Swiss-Prot:P03372 Niuhuang MOL008836
ESR1 Swiss-Prot:P03372 Ruxiang MOL001276
ESR1 Swiss-Prot:P03372 Ruxiang MOL001272
ESR1 Swiss-Prot:P03372 Ruxiang MOL001275
ESR1 Swiss-Prot:P03372 Ruxiang MOL001264
ESR1 Swiss-Prot:P03372 Ruxiang MOL001266
ESR1 Swiss-Prot:P03372 Ruxiang MOL001265
ESR1 Swiss-Prot:P03372 Ruxiang MOL001268
ESR1 Swiss-Prot:P03372 Ruxiang MOL001277
ESR1 Swiss-Prot:P03372 Moyao MOL001203
ESR1 Swiss-Prot:P03372 Moyao MOL001198
ESR1 Swiss-Prot:P03372 Moyao MOL001003
ESR1 Swiss-Prot:P03372 Moyao MOL000997
ESR1 Swiss-Prot:P03372 Moyao MOL001032
ESR1 Swiss-Prot:P03372 Moyao MOL001036
ESR1 Swiss-Prot:P03372 Moyao MOL001048
ESR1 Swiss-Prot:P03372 Moyao MOL001023
ESR1 Swiss-Prot:P03372 Moyao MOL001037
ESR1 Swiss-Prot:P03372 Moyao MOL001019
ESR1 Swiss-Prot:P03372 Moyao MOL001005
ESR1 Swiss-Prot:P03372 Moyao MOL001008
ESR1 Swiss-Prot:P03372 Moyao MOL001041
ESR1 Swiss-Prot:P03372 Moyao MOL001196
ESR1 Swiss-Prot:P03372 Moyao MOL000989
ESR1 Swiss-Prot:P03372 Moyao MOL001079
ESR1 Swiss-Prot:P03372 Moyao MOL001124
ESR1 Swiss-Prot:P03372 Moyao MOL001134
ESR1 Swiss-Prot:P03372 Moyao MOL001072
ESR1 Swiss-Prot:P03372 Moyao MOL001080
ESR1 Swiss-Prot:P03372 Moyao MOL000993
PLG Swiss-Prot:P00747 Shexiang tcm03_002894
PLG Swiss-Prot:P00747 Shexiang tcm03_002385
MAPK3 Swiss-Prot:P27361 Ruxiang MOL001266
MAPK3 Swiss-Prot:P27361 Ruxiang MOL001265
MAPK3 Swiss-Prot:P27361 Ruxiang MOL001268
MAPK3 Swiss-Prot:P27361 Moyao MOL000997
MAPK3 Swiss-Prot:P27361 Moyao MOL001036
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Figure 7: Gene ontology (GO) term enrichment for hub genes. GO terms including biological process (BP), cellular component (CC), and
molecular function (MF) enriched by hub genes, respectively.

Table 4: ,e top 10 pathways enriched by the top 5 hub nodes in PPI network.

ID Description Count FDR
05205 Proteoglycans in cancer 4 8.93E− 06
05219 Bladder cancer 3 8.93E− 06
05212 Pancreatic cancer 3 2.40E− 05
04915 Estrogen-signaling pathway 3 6.48E− 05
04066 HIF-1-signaling pathway 3 7.06E− 05
04014 Ras-signaling pathway 3 3.80E− 04
04015 Rap 1-signaling pathway 3 3.80E− 04
04320 Dorso-ventral axis formation 2 3.80E− 04
04510 Focal adhesion 3 3.80E− 04
FDR, false discovery rate; Count, the number of nodes enriched in certain pathway.

Table 3: Continued.

Hub nodes Code CTM Ingredients
MAPK3 Swiss-Prot:P27361 Moyao MOL001023
MAPK3 Swiss-Prot:P27361 Moyao MOL001037
MAPK3 Swiss-Prot:P27361 Moyao MOL001019
MAPK3 Swiss-Prot:P27361 Moyao MOL001124
CTM, Chinese traditional medicine; VEGFA, vascular endothelial growth factor A; EGFR, epidermal growth factor receptor; ESR1, estrogen receptor 1; PLG,
plasminogen; MAPK3, mitogen-activated protein kinase 3.
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alteration of proteoglycan composition interferes with the
physiologic function of the liver on several levels [45]. Actually,
the biological function of proteoglycans has been widely in-
vestigated in VEGF-induced diseases [46, 47]. A previous study
shows that the activation of EGFR contributes to the inhibition
of axon regeneration [48]. Furthermore, estrogen plays a vital
role in the progression of liver cancer [49]. Kim et al. indicate
that estrogen-related receptor γ is upregulated in liver cancer
[50]. Previous studies show that VEGF and EGFR expression
are all associated with estrogen receptor status in patients with
cancer [51, 52]. Meanwhile, cytoplasmic expression of estrogen
receptor can predict poor outcome of EGFR-TKI therapy in
metastatic lung adenocarcinoma [53]. In this study, the pathway
analysis showed that the potential targets such as VEGFA and
EGFR were mainly enriched in pathways including proteo-
glycans in cancer and estrogen-signaling pathway. ,us, we
speculated that the effect of Xihuang pill on liver cancer might
be realized by targeting VEGFA and EGFR in pathways like
proteoglycans in cancer and estrogen signaling. However, there
were some limitations in this study such as small sample size
and lack of verification analysis. ,us, a further verification
study based on a large sample size is needed.

In conclusion, VEGFA and EGFR might be potential
therapy targets of Xihuang pill in liver cancer. Furthermore,
the effect of Xihuang pill on liver cancer might be realized by
targeting VEGFA and EGFR in pathways like proteoglycans
in cancer and estrogen signaling.
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