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Abstract
BACKGROUND

Piling studies have demonstrated that Chinese medicine (CM) is effective in treating PLC. However,
underlying mechanism of CM in treating PLC remains confused.

MATERIAL AND METHOD

The information of 524 patients with PLC were collected and separated to CM group and Less-CM group
based on the time of taking CM. Then, the prescriptions in CM group were collected to identify the corn
drugs. System Pharmacology was employed to explore the mechanism of corn drugs in treating PLC.

RESULTS

In univariate and multivariate analysis, taking Chinese medicines more than 6 months was an
independent prognostic factor. Then, Traditional Chinese Medicine Inheritance Support System was
employed to �nd out the core drugs that really bene�t for PLC patients. Totally, 153 ingredients from 9
core drugs (HXCF) were screened out. Fifty-�ve genes were identi�ed for HXCF against PLC. The
pathways were found as the mechanism of HXCF to treat PLC. Docking studies suggested amount of
ingredients in HXCF exerts therapeutic effects against PLC, at least in part, by modulating the function of
c-JUN and IL-6.

CONCLUSION

Our results veri�ed the effectiveness of CM in treating PLC and mined the corn drugs. What’s more, our
result also predicted active components and potential targets of HXCF for the application to PLC from a
holistic perspective, as well as provided valuable direction for further research of HXCF and improved
comprehension of PLC.

Introduction
Primary liver cancer(PLC) has been cursed for human beings for a long time, especially in China, which is
related to 1% of mortality approximately[1]. According to 2018 GLOBALCAN, liver cancer is the fourth
leading cause of death and more than 782,000 died due to PLC, worldwide[2].

Currently, concomitant diseases, e.g. chronic hepatitis B or C virus (HBV or HCV), cirrhosis, are the major
risk factors for PLC. In China, 80% to 90% of PLC is associated with chronic HBV or HCV infection[3,4].
Prevalence closely mirrors its sharply late-stage presentation, absence of speci�c symptoms, restricted
treatment options, aggressive nature and very poor overall survival, which conspire to culminate in a
median overall survival of < 6 months[5]. Thus, annual mortality �gures virtually equal to incidence
numbers[6]. Thus, a starling lack of effective treatment is still the biggest challenge for PLC.
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Chinese medicine (CM) has been widely utilized to treat disease for thousands of years. However, its
clinical e�ciency has not been clari�ed systematically. And the relationship between CM prescription
patterns and better survival rates in PLC need further investigation. What’s more, the mechanism requires
further discussion. Thus, the present study was aimed to explore the e�ciency and mechanism of CM in
treating PLC.

Huge amount of data with the application of CM is available to mine the core medicines. Developed by
the Institute of Traditional Chinese Medicine of the Chinese Academy of Traditional Chinese Medicine
and the Institute of Automation of the Chinese Academy of Sciences, Traditional Chinese Medicine
Inheritance Support System(TCMISS) largely concentrate on the fundamental issues about how to
expedite its inheritance, development, dissemination and innovation[7]. Supported by the methods and
techniques of arti�cial intelligence, data mining, network science and other disciplines, TCMISS for the
inheritance of CM has effectively solved the problems of non-standardization and personalization in the
process of inheritance of CM[8-10].

Gene Expression Omnibus (GEO) was created by the National Biotechnology Information Center (NBIC) of
the United States, containing high-throughput gene microarray and next-generation sequence functional
genomics data. Comprehensive bioinformatic analysis of the aberrant gene expression about PLC could
lead to better understanding of pathological process of PLC[11].

Clinically, CM was utilized according to patients’ syndrome differentiation and viewing the patient as a
whole. Therefore, CM to treat PLC doesn’t focus on the tumor itself, but on correcting the internal
imbalance responsible for tumor development and progression. When prescription is employed,
thousands of molecules entry into the human body and perform multiple targets. Therefor it brings great
challenges to research CM, precisely. The emergence of system pharmacology brings new hope for
research of CM, which can comprehensively elucidate complex relationship between CM and disease. Up
to present, system pharmacology has been successfully employed to explore various CM, Danshen
formula in treating cardiovascular disease, Xianlingubao Prescription in treating osteoporosis, Kushen
injection in treating gastric cancer, etc[12-14].

In this work, a retrospective study was applied to illustrate whether patients with PLC can bene�t from the
treatment of CM. Then, TCMISS was utilized to �nd out core drugs. In addition, differential expressed
genes about PLC in the GEO were found out. System pharmacology provides a desirable support to
further investigate the mechanism of the core drugs in the treatment of PLC, which provides scienti�c
basis for the CM in treating PLC (as shown in �gure 1).

Methods
1. Patient characteristics.

The patients were selected for our study as following criteria: 18≤ age≤75 the total of survival time≥6
months; diagnosed by pathological examination or clinical diagnosis. The major exclusive criteria as
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follows: concurrent other malignant tumors; comorbidities included severe diseases (severe cardiac
kidney or pulmonary disease; acute upper gastrointestinal bleeding leading to death) incomplete medical
record; loss to follow-up. Informed consent was waived off due to the retrospective design of the study.

2. Treatment

All the patients were received routine treatments. Based on their wishes, the patients choose to take CM or
not. According to the syndrome differentiation, all the patients were administered individually, wherein the
formula was administered orally two times daily 30 minutes after meals.

3. Identi�cation of core drugs

The prescriptions in CM group were collected. From the date of receiving CM treatment to the patient's
death or up to the time of the research, the patient prescriptions of CM group were collected. Refer to the
2015 edition of Chinese Pharmacopoeia to unify the name of CM to their o�cial name. According to this
criteria, “chaihu(local fried or bran fried)” is equal to “chaihu”. “shengshaishen” is dubbed for “renshen”. In
order to decrease the bias, the CM not included in the Pharmacopoeia, such as “baihuasheshecao”, is
uniformly named with reference to textbooks or literatures. Then the prescriptions were input TCMISS by
professional worker and checked two times by another two workers to assure its correctness, accuracy
and reliability. Based on the threshold of "support degree" to 300 and the “con�dence level” to 0.95, “Data
analysis” module in TCMISS was employed to acquire core drugs (HXCF).

4. Screening the active ingredients of HXCF

All of the ingredients in HXCF were retrieved from the relevant database, including Traditional Chinese
Medicine Systems Platform (TCMSP, http://tcmspw.com/tcmsp.php, Version: 2.3, accessed March 2020),
Natural Product Activity & Species Source Database(NPASS, http://bidd2.nus.edu.sg/NPASS , accessed
March 2020), A Bioinformatics Analysis Tool for Molecular Mechanism of Traditional Chinese Medicine
(BATMAN-TCM http://bionet.ncpsb.org/batman-tcm/ , accessed March 2020). Finally, 1125 chemical
ingredients were collected. Then, the structure of the chemical ingredients were acquired from NCBI
PubChem database (https://www.ncbi.nlm.nih.gov/, accessed March 2020). Then, the ingredients were
screened as following criteria.

Oral bioavailability (OB) is named as the relative amount of unmodi�ed drug absorbed into the circulatory
system after extravascular administration. It is a signi�cant index to evaluate the e�cacy of drug
absorption[15]. Components with high OB are often regarded as the potential drugs being developed.
Therefore , chemicals with OB≥30% were selected as the threshold value for screening potential
ingredients.

Drug-Likeness (DL) is a criterion to evaluate the pharmacokinetic characteristics of chemicals in human
body, comprehensively[16]. DL is used to �lter excellent ingredients with undesirable properties. The DL is
calculated as the following formula:
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In the formula, X represents the chemical properties of herbal ingredients based on

Dragon soft molecular descriptors, and Y represents the average drug-likeness index of all 6511
molecules in Drug-Bank database ( http://www.drugbank.ca/ accessed March 2020)[17]. In this study, the
criterion, DL≥0.18, was de�ned to screen out potential active ingredients.

The drug half-life (HL), commonly named as the biological half-life, refers to the time it takes for the
concentration of the drug in the blood or the amount of the drug to be decreased to half in the body[18].
In this study, HL≥4 was de�ned as the criteria to select potential active ingredients.

5. Identi�cation of the chemical targets of HXCF

The chemical targets of HXCF were acquired from TCMSP database (http://tcmspw.com/tcmsp.php,
Version: 2.3, accessed March 2020) DrugBank and related literatures. Then the resulted targets were
normalized their corresponding nomenclatures by UniPort Database (https://www.uniprot.org/, accessed
March 2020).

6. PLC Related Targets

The differential expressed genes (DEG) of PLC patients were acquired from GEO database
(https://www.ncbi.nlm.nih.gov/geo/ Series: GSE45267, Samples: GSM1100370 to GSM1100456). Genes
with a P value < 0.005 and |log 2| > 1 were deemed as PLC related targets.

7. Construction of Network

To elucidate the pharmacological mechanism of HXCF in treatment of PLC, the active ingredient-target
system of HXCF was generated by Cytoscape software (Version 3.7.2 Boston, MA, USA). Plugin Bisogenet
of Cytoscape was used to build Protein-Protein Interaction (PPI) from Human Protein Reference Database
(HPRD), Database of Interacting Proteins (DIP™), Biological General Repository for Interaction Datasets
(BioGRID), biomolecular interaction network database (BIND), IntAct Molecular Interaction Database
(IntAct) and Molecular INTeraction database (MINT). All network was visualized by Cytoscape software
(Version 3.7.2 Boston, MA, USA).

8. Network Merge

The PPI network of HXCF was merged by Cytoscape software. And the nodes with topological
importance in the interaction network were screened by calculating Betweenness Centrality (BC), Degree
Centrality (DC), Eigenvector Centrality (EC) and Closeness Centrality (CC), which represent the topological

http://www.drugbank.ca/
https://www.ncbi.nlm.nih.gov/geo/


Page 6/25

signi�cance. What’s more, the parameters also have been reported about their de�nitions and
computational formulas and used in network pharmacology and systems pharmacology. Local average
connectivity-based method (LAC), and Network Centrality (NC) with the Cytoscape plugin CytoNCA.

9. Bioinformatic Analysis

The Database for Annotation, Visualization and Integrated Discovery (DAVID https://david.ncifcrf.gov/
version 6.8)[19] is a website providing a comprehensive set of functional annotation tools to understand
biological meaning behind large list of genes and carrying out GO enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analysis.In this study, top 10 of GO analysis in
molecular function (MF), biological process (BP) and cellular component (CC) as well as KEGG were
listed. Eventually, we used GOplot package[20] and cytoscape for visualization.

10. Molecule Docking

The most maximum betweenness centrality molecule and corresponding ligands were chose to dock. The
crystal structure of active molecules were draw by Protein Data Bank[21,22] (PDB: 2gmx[23], 1p9m[24]).
Through Chemical Book (https://www.rcsb.org/ accessed May 2020) database, the small molecules were
saved as mol �les uniformly. The spatial structure convert it to pdb format after checked in the PyMol
software (https://pymol.org/version version 2.3). For increasing accuracy, Auto Tools, as well as
Autodock Vina (http://vina.scripps.edu/index.html version 1.2), was employed to conduct docking. After
pretreatment of the excess protein chain and ligands deletion, the water molecules removement as well
as Gasteiger charge calculation from molecule ligand complex, the Autodock Vina was employed to dock
between small molecules with proteins. The dominant conformation was analyzed and plotted with
Schrodinger software (https://www.schrodinger.com accessed May 2020).

Results
1. Demographic characteristics of patients with PLC.

In this study, the information of 524 patients with PLC were collected from 1st January 2011 to 30th July
2019 at A�liated Hospital of Hunan Academy of Traditional Chinese Medicine. Eventually, there were 332
individuals meeting our research criteria. what’s more, 140 patients with no more than cumulative 6
months CM treatment were regarded as less-CM group. The rest who received CM treatment more than
cumulative 6 months were de�ned as CM group. The patients’ treatment method, percutaneous ablation,
differed between these two groups (p-value < 0.05, Table 1). To decrease potential bias, propensity score
matching (PSM) method was used to match individuals based on age, gender, surgery, transcatheter
arterial chemoembolization, targeted therapy, radiotherapy, percutaneous ablation and chemotherapy. As
presented in table 1, there were no signi�cant differences between the matched two groups.

2. Univariate and multivariate analysis.

https://pymol.org/version
http://vina.scripps.edu/index.html
https://www.schrodinger.com/
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Univariate and multivariate Cox proportional hazard model was used to estimate the risk of overall
mortality among liver cancer patients. As shown in the table 2, serum AFP (>200μg/L) (P< 0.05) were
signi�cantly related to the reduced median overall survival. In contrast, taking CM more than 6 months
were protective factors.

3. Survival Analysis

As shown in �g 2, the median survival time of CM and Less-CM groups were 26.6 months vs. 16.0
months. In addition, the 1-, 2-, and 5- overall survival rate was 79.23% 33.85% 13.08% vs. 56.92% 4.62%,
2.31%. The Long-rank illustrated that it’s signi�cantly different between two groups in terms of OS.

4. Identi�cation of core drug

In total, 1034 of prescriptions from 130 CM group were conducted, which is consisted of 293 kinds of
drugs. Based on the patients’ syndrome differentiation, the prescriptions were changed every 5 to 30
days. And every prescription had 10 to 30 kinds of drugs. Then TCMIPA was utilized to carry out further
analysis. licorice (GC), Hedysarum Multijugum Maxim. (HQ), Poria Cocos (Schw.) Wolf. (FL), Radix
Bupleuri (CH), Hedyotis Diffusae Herba (BHSSC), Scutellariae Barbatae Herba (BZL), Artemisiae Scopariae
Herba (YC), Polygoni Cuspidati Rhizoma Et Radix (HZ), Fructus Ligustri Lucidi (NZZ) were identi�ed as
HXCF.

5. Screening of active ingredients

By exploring the database, we identi�ed that the HXCF contains 1125 chemicals totally. Based on the
three signi�cant parameter, OB, DL and HL, 189 ingredients satisfying with OB≥30% DL≥0.18 and DL≥4
were �ltered out, including 7 species of BHSSC 29 species of BZL 14 species of CH 14 species of FL 76
species of GC 16 species of HQ 9 species of HZ 11 species of NZZ 13 species of YC. After deleting the
duplicates, a total of 153 ingredients were �ltered out, which can be seen in Fig 3. As presented in table 3,
the detail information of parts of candidate ingredients were presented as examples.

�. Targets Identi�cation

Predicted by TCMSP database, 243 targets were identi�ed as candidate targets of HXCF. And 1055 DEG
were identi�ed as the related targets of PLC from GEO database. As shown in �g 4, volcano plot and
heatmap were created to exhibit the contribution of DEG.

7. Compound-Target Network Analysis

As presented in �g 5, 77 putative targets and 116 bioactive ingredients from HXCF were employed to
construct a compound-target interaction network (C-T network). As shown in �gure, the C-T network
consists of 193 nodes and 529 edges. The result elucidates the compound-targets interaction.

�. Protein-Protein Interaction Analysis
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In order to explore the potential mechanisms of HXCF in treating PLC, Protein-Protein Interaction (PPI)
was constructed. As presented in �g 6, the PPI network consists of 2148 nodes and 47330 edges. The
media degree of nodes is 24. In addition, the nodes with more than 74 degrees were identi�ed as
signi�cant targets. The median values of DC, BC, CC, EC, LAC, and NC were 24, 560.60, 0.4179, 0.0086,
8.6234 and 5.3525, respectively. The candidate targets were further �ltered and targets with DC≥74
BC≥500 were identi�ed. In total, 55 genes were eventually identi�ed for HXCF against PLC, such as
VCAM1, MYC and so on.GO and KEGG enrichment analysis

To further elaborate the mechanism of HXCF to treat PLC, GO and KEGG enrichment analysis were carried
out on the corresponding targets. In total, 1036 terms of GO were signi�cantly enriched with FDR<0.05,
including 27 in cellular component, 946 in biological process and 63 molecular function. The highly
enriched GO terms included responding to response to oxidative stress, cyclin-dependent protein kinase
holoenzyme complex and protein kinase regulator activity. The top 10 GO entries in BC, CC, and MF and
related genes were and related genes were presented in �g 7.

To investigate the pathway-level mechanisms of HXCF, The KEGG enrichment analysis was performed.
75 signi�cantly enriched pathways (FDR<0.05) were identi�ed. Top 10 were listed, including �uid shear
stress, IL-17 signaling pathway, AGE-RAGE signaling pathway, cellular senescence, TNF signaling
pathway, p53 signaling pathway, cell cycle, steroid hormone biosynthesis, Th17 cell differentiation and
metabolism of xenobiotics by cytochrome.

9. Molecular docking

Two targets, JUN and IL-6 and corresponding small molecules were stimulated by molecular docking.
The result of docking was analyzed by Pymol software. The binding a�nity of small molecular were
presented in table 4. The result showed that hydrogen bonding was the main form of interaction. As
shown in �g 8, we can see the interaction mode with key amino acids and their binding at the active site.

Discussion
Owing to the advanced stages of diagnosis, patients with PLC always have a poor prognosis[25,26].
Currently, the main therapies for PLC patients are surgery, TACE, radiotherapy, targeted therapy and
immune therapy. Whereas, the effect is limited. The 1-year survival rate of PLC is only 38%[27]. CM has
been employed to treat disease for a long time in Southeast Asia[28-31]. As for the aspects of limiting
symptoms, reducing treatment associated side effects, inhibiting tumor growth and altering key
intracellular signaling pathways, many studies have been proved that CM has advantages for patients
with PLC[32-34].In this retrospective study, the overall survival of patients receiving CM therapy more than
6 months was prolonged. In addition, the serum of AFP is also an independent factor affecting the
survival time of patients with PLC.

Reactive oxygen species (ROS) is increasingly identi�ed as vital signaling molecules implicated in a
number of biological process which are signi�cant for cellular homeostasis. Several studies have shown
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that ROS can regulate activities of several proteins and signal pathways, e.g. vascular endothelial growth
factor (VEGF), HIF-1α, PI3K/Akt and MAPK pathways, which is responsible for liver tumor cell
differentiation, angiogenesis and so on[35-38]. Serine/threonine protein kinases participate in DNA
damage response[39]. Genome instability is one of the hallmarks of cancer[40]. Therefore, we suspect
that serine/threonine protein kinase is one of the preferred targets for the treatment of PLC.

Pathways analysis suggest that HXCF regulates the tumor microenvironment and tumor itself to against
PLC. Fluid shear stress is one of the mechanical forces caused by blood �owing in the body to the blood
vessel which is not restricted only to the pathology of atherosclerosis, but also amount of cancers.
Cancer cells manage a range of physical and chemical stimulation in the tumor microenvironment,
including �uid shear stress[41]. Likewise, shear stress imposed by tumor microenvironment regulates the
behavior of a variety of host and cancer cells[42]. These physical forces are able to depress blood and
lymphatic vessels, reducing perfusion rates and creating hypoxia[43]. When imposed directly on cancer
cells, they raise the ability of cells’ invasive and metastatic potential[44,45]. Experimental evidence have
reported that inhibiting these physical forces can increase therapeutic outcomes in many cancers[46-49].
However, there are few reports on the effect of �uid shear stress on liver cancer. This may be the potential
mechanism for the treatment of liver cancer.

Incidence of PLC is closely related to choric virus infection and/or cirrhosis, which present tumor cells
existing in an in�ammatory microenvironment[50-52]. Interleukin-17 (IL-17) family produced by CD4+ T
helper (Th) cells plays a vital role in orchestrating host immune responses[53]. Th17 cells have powerful
pro-in�ammatory properties and play an active role in liver cancer[54]. Emerging evidence indicates that
IL-17 family members play an important role in coordinating local tissue in�ammation largely through the
induced release of neutrophil-mobilizing cytokines and proin�ammatory[53].

Receptor for advanced glycation end products (RAGE) interacts with its ligands to stimulate the
activation of a variety of signaling pathways such as PI3K,/AKT/mTOR, NF-κB, and so on[55-57]. RAGE is
highly expressed in liver cancer[58]. Accumulating data indicate that RAGE participate in autophagy and
apotosis[59,60]. Recent studies have shown that tumor necrosis factor (TNF) is the common and
representative in�ammatory cytokines in tumor microenvironment, which involved in growth
differentiation invasion and metastasis in the multistep processes of tumorigenesis[61-63]. Many studies
reported that TNF families are closely related to the prognosis of PLC[64,65]. P53, mutated in PLC, is a
pivotal tumor suppressor gene and a signi�cant mainstay in our body’s natural anti-cancer defense[66].
Several studies have shown that P53 in liver cancer can function to restrain tumor development[67,68].

Molecular docking results predict that amount of ingredients in HXCF exerts therapeutic effects against
PLC, at least in part, by modulating the function of c-JUN and IL-6.

Conclusion
In this study, we concluded that CM taken more than 6 months bene�ts for the patients with PLC. What’s
more, data mining and system pharmacology was applied to unveil biochemistry basis and potential
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mechanisms of CM that really bene�t foe the pene�t for the patient with PLC. In total 153 ingredients
from 9 core drugs were screened out. The mechanism of HXCH in treating PLC is involved in several
targets including VCAM1, MYC as well as several biological pathways, such as �uid shear stress, IL-17
signaling pathway, AGE-RAGE signaling pathway, cellular senescence, TNF signaling pathway, p53
signaling pathway. However, it’s worthy to note that further experimental veri�cations of above predicted
results are required for their clinical translational potential in the future.
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Table 1 Baseline characteristics between two groups
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Characteristics

 

Total subjects P-
value

Matched subjects P-
value

CM Less-CM CM Less-CM

Age(Mean±SD) 55.44±11.92 56.53±12.13 0.417 55.46±12.077 56.81±12.06 0.539

Gender            

Male 154 116 0.541 106 107 0.872

Female 38 24 24 23

HBV or HCV            

Yes 166 119 0.704 113 111 0.720

No 26 21 17 19

Liver cirrhosis            

Yes 93 59 0.256 64 56 0.332

No 99 81 66 64

Child-Pugh Stage            

A 60 32 0.237 37 32 0.770

B 104 84 74 77

C 28 24 19 21

TNM Stage            

27 8 0.110 18 8 0.158

38 30 21 29

83 68 60 60

44 34 31 33

Serum AFP            

≥200ug/ml 88 69 0.534 64 67 0.901

200ug/ml 104 71 66 63

Surgery            

Yes 50 26 0.435 29 25 0.541

No 142 114 101 105

TACE            

Yes 94 86 0.061 65 77 0.135
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No 97 54 65 53

Targeted Therapy            

Yes 34 28 0.61 19 28 0.147

No 157 112 111 102

Percutaneous
Ablation

           

Yes 24 30 0.029 22 22 1.000

No 168 110 108 108

Radiotherapy            

Yes 34 29 0.490 27 26 0.878

No 158 111 103 104

chemotherapy            

Yes 16 14 0.601 13 13 1.000

No 176 126 117 117

p-values were acquired by chi-square test; p-value of age was acquired by the un-paired Student t-test A
signi�cant difference (p < 0.05) is highlighted in bold italic.

Table 2 Univariate and Multivariate Analyses of Variables In�uencing Survival of two groups

characteristics Univariate Analysis Multivariate Analysis

Hazard
Ratio

95% CI P-
value

Hazard
Ratio

95% CI P-
value

Age ≥60/<60 1.341 0.943-
1.905

0.102 - - -

Gender
female/male

0.806 0.508-
1.278

0.360 - - -

HCV or HBV vs.no 1.141 0.671-
1.351

0.161 - - -

Liver cirrhosis

(vs.no)

0.952 0.563-
1.118

0.782 - - -

Serum AFP

≤200/>200

2.451 1.699-
3.535

0.000 1.938 1.350-
2.782

0.000

CM/Less-CM 1.8884 1.884-
2.691

0.001 2.507 1.732-
3.630

0.000
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Table 3 Certain candidate ingredients of HXCF

Table4 The result of molecular docking
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Chemical compound Binding energy (kcal/mol) hydrogen bonds Gene

quercetin             -8.3 1 JUN

wogonin173           -8.3 2 JUN

luteolin               -8.6 2 JUN

beta-sitosterol        -8.2 1 JUN

Kaempferol            -8.0 2 JUN

formononetin           -8.5 2 JUN

wogonin173 -7.1 3 IL-6

luteolin -8.0 3 IL-6

quercetin -7.9 1 IL-6

Figures

Figure 1

Work�ow of clinical research and system pharmacology to explore e�ciency and mechanism of CM in
PLC Treatment
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Figure 2

The survival analysis between two groups

Figure 3
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Drug-ingredient network of potential bioactive constituents for HXCF. The red nodes represent drugs, and
the green nodes represent ingredients of potential bioactive constituents for HXCF.

Figure 4

DEG in PLC (a)Heatmap plots showed the distribution of DEG. Pink color represented tumor group(T),
while blue color represented contrasts group(C). Red color represents up-regulated genes while the green
color represents downregulated genes. (b) Volcano plots showed the distribution of DEG. Upregulated
genes were represented by red dots while the downregulated genes were represented by green dots, while
the black dots represent indifferently expressed genes.
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Figure 5

Compound-target network of HXCF. Squares represent targets; the red, orange, yellow, green, cyan, blue,
purple, black, pink, heavy blue represents the ingredients from BHSSC, BZL, CH, FL, GC, HQ, HZ, NZZ, YC,
and multiple-drug, respectively.
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Figure 6

Identi�cation of candidate targets of HXCF against PLC. (a) The interactive PPI network of HXCF putative
targets and PLC related targets. (B) PPI network of important proteins extracted from (a). (c) PPI network
of candidate HXCF targets for PLC treatment extracted from (b). The yellow dots represent selected
targets, while the pink represent putative targets.
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Figure 7

Circular visualization of the enriched GO and KEGG terms. (a) represents terms in BC. (b) represents terms
in CC. (c) represents terms in MF. (d) represents terms in KEGG.
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Figure 8

Analysis of target-compound docking simulation. (a) The site binding of quercetin and c-JUN. (b) The site
binding of wogonin173 and c-JUN. (c) The site binding of luteolin and c-JUN. (d) The site binding of beta-
sitosterol and c-JUN. (e) The site binding of kaempferol and c-JUN. (f) The site binding of formononetin
and c-JUN. (g) The site binding of wogonin173 and IL-6. (g) The site binding of luteolin and IL-6. (g) The
site binding of quercetin and IL-6.


