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Abstract
Background and purpose: Pancreatic cancer is an insidious and highly lethal disease. Recognition and
treatment of pancreatic cancer precursor lesions (PCPL) are important measures and can improve patient
survival rate. Shuangshen Granules (SSG) have been prescribed for use in clinical practice for more than
seven years and are widely used to treat the precursor lesions of various tumours. In this study, we used
network pharmacology to explore the pharmacological mechanisms through which SSG suppress PCPL.
We aimed to provide a basis for further research and the development of small, molecular, natural
chemical drugs.

Methods: We �rst searched databases and screened the bioactive components of SSG and the related
targets acting on PCPL to construct a component-target network. Then, network topology analysis was
used to analyse the hub target of SSG acting on PCPL. Enrichment analyses of Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) were also performed to determine the potential
pathways. Finally, molecular docking simulations were carried out to investigate the interactions between
PCPL-target proteins and the active components of SSG.

Results: Seven of the main components of SSG affected PCPL, with 100 key targets including 16 hub
targets. In addition, GO and KEGG enrichment analysis revealed that SSG regulated 111 molecular
functions, 46 cellular components, 2334 biological processes, and 144 related signalling pathways, of
which 26 were closely related to PCPL. Results of molecular docking analysis showed that the PCPL-
related targets had strong binding properties with the active components of SSG, quercetin, and
ginsenoside rh2, mainly TNF, IL-6, AKT1, TP53, and EGFR.

Conclusion: This study has revealed the pharmacological and molecular mechanisms through which SSG
acts on PCPL. It also provides powerful evidence to support the exploration of the pharmacological
mechanisms of action and clinical applications of traditional Chinese medicine.

1. Background
Pancreatic cancer is one of the most lethal malignancies worldwide and ranks seventh in terms of the
mortality and morbidity of cancer in both sexes. Globally, there are 458,918 new cases and 432,242 deaths
reported per year [1–3], meaning rates of mortality and morbidity are almost equal. This high mortality rate
is largely attributed to the di�culties in diagnosis during the early stages of the disease. Most pancreatic
cancer patients, of whom are often in the middle and late stages when diagnosed [4], have poor sensitivity
to chemoradiotherapy and suffer the toxic side effects of chemoradiotherapy [5]. Therefore, early detection
and treatment of the cancer before it becomes invasive is particularly important in cases where a complete
cure is unlikely.

Precursor lesions form as part of the process of carcinogenesis and represent a very common, unstable
stage in the development and progression of cancer. They usually form as non-invasive lesions [6].
However, as they progress and are continuously stimulated by external factors, they can transform into
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invasive or metastatic carcinoma through multiple pathways. Precursor lesions are different from cancer in
that they are reversible. If they can be detected early and their development stopped, this can reduce the
incidence and mortality of cancer [7–8]. Therefore, increasing the efforts to understand the development,
molecular mechanisms and treatment of pancreatic cancer precursor lesions is essential for the prevention
and treatment of pancreatic cancer.

As an important part of conventional medicine, traditional Chinese medicine (TCM) has been used
clinically for more than several thousand years. It has several bene�ts such as its satisfactory curative
effects, and its low prevalence of side effects and cost, and has been gradually accepted by the public
both in China and internationally [9–13]. Studies have shown that Chinese herbal compounds can regulate
cell apoptosis via multiple pathways [14], can reduce the angiogenesis response of rats with precursor
lesions, alleviate microvascular abnormalities [15] and regulate blood �ow disorders which can delay,
block, or reverse the development of precursor lesions [16]. This demonstrates the bene�ts of TCM and
highlights the great potential of Chinese herbal compounds for the treatment and prevention of diseases.

The patented Chinese prescription "Shuangshen granules" (SSG; Radix Notoginseng, Cordyceps and Radix
Panacis quinquefolii, Patent Number: 201310091864.4) can be effectively used to prevent tumours and
treat cancer, and represents a signi�cant development in terms of theory, practice and innovation in the
�eld of cancer prevention and treatment. Studies have shown that Cordyceps extract can induce apoptosis,
arrest the cell cycle in the S phase, and increase endoplasmic reticulum stress to inhibit the proliferation of
cancer cells, thus has important ‘anti-cancer’ roles [17–18]. In addition, Cordycepin, a bioactive component
of Cordyceps, can suppress the migration and invasion of human liver cancer cells by downregulating the
expression of CXCR4 [19]. Radix Panacis quinquefolii can enhance the inhibitory effect of �uorouracil on
human colon cancer cells via both paraptosis and apoptosis pathways [20]; can target multiple signalling
pathways such as NF-κB, JNK, and MAPK/ERK to inhibit the growth and invasion of colon cancer cells [21];
and can decrease NHE1 expression via inhibition of the EGF-EGFR-ERK1/2-HIF-1-α pathway, thus acts as a
multi-target intervention for hepatocellular carcinoma [22]. The ethanol extract of pseudo-ginseng has also
been shown to inhibit spleen tumours and liver metastases [23]. Its active ingredients can inhibit the
proliferation of colorectal cancer cells [24–25], and tumour growth by activating macrophages to M1
polarisation [26]. In other studies, gold nanoparticles prepared from Radix Notoginseng induced
cytotoxicity, ROS, and apoptosis by stimulating intrinsic apoptotic gene expression in PANC-1 cells [27].
Furthermore, Quercetin, the active ingredient in Radix Notoginseng, was shown to reverse rat liver
preneoplastic lesions induced by chemical carcinogenesis [28]. All these examples provide a theoretical
basis for using TCM for the prevention and treatment of pancreatic cancer precursor lesions (PCPL).

Chinese herbal compounds have multi-component, multi-target, and multi-pathway collaboration
properties. However, at present, “one-target, one-drug” models of drug discovery have become increasingly
ine�cient; basic research is divorced from clinical applications; does not investigate new low-cost methods
to screen active ingredients and predict targets; or determine all properties and mechanistic pathways of
such ingredients. Therefore, it is necessary to use new scienti�c and technological methods to expand our
understanding of the synergistic effects of SSG on PCPL to improve treatment options. Network
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pharmacology is a new pattern of drug research that analyses the relationship between drugs, targets,
metabolic pathways, and diseases [28–29]. It is regarded as a promising approach for developing TCM
from a systematic and molecular perspective, and can be used to provide a holistic and systematic
overview of the pharmacological effects of herbs. By constructing an interaction network of different
research objects, the complex relationships between nodes in the multi-level "drug-target-disease" network
are identi�ed, which aids in the understanding of the mechanism of action of traditional Chinese
medicines at the system level [30].

On this basis, we consider the precursor lesions of cancer as the entry point of the disease, and the safety
and effectiveness of traditional Chinese medicine as the carrier, and using a network pharmacology
approach, construct a component-target network, protein-protein interaction (PPI) network, and other
interaction networks at different levels. By analysing the topological parameters of these networks, a PPI
network was constructed and Kyoto Gene and Genome Encyclopedia (KEGG) signalling pathway
enrichment analysis was performed on the proteins in the network (Fig. 1). In addition, the targets and
important signalling pathways by which SSG acts on PCPL were predicted, and the important active
components and corresponding targets were simulated to explore a reliable method for the prevention and
treatment of cancer and precancerous lesions using traditional Chinese medicine.

2. Materials And Methods
Compounds were screened based on absorption, distribution, metabolism and excretion (ADME), prediction
of compound targets, collection of PCPL disease targets, network construction and analysis, Gene
Ontology (GO), and KEGG signalling pathway analysis (Fig. 1).

2.1 Screening for active components

The components of the three herbal medicines which make up SSG were retrieved from the Traditional
Chinese Medicine Systems Pharmacology Database (TCMSP, http://tcmspw.com/tcmsp.php) [32], a
pharmacology platform designed for the study of Chinese herbal medicines. ADME are the four processes
that drugs undergo in vivo, are important references for drug screening and discovery and can be used as
tools for evaluating the pharmacokinetics of pharmaceutical components. Oral bioavailability (OB) and
drug similarity (DL) are key parameters of ADME. The term OB refers to the percentage of oral medication
that enters the systemic circulation, whereas DL represents whether a compound is biologically active
compared to known drugs. Components with OB ≥ 30% and DL ≥ 0.18, which are the recommended
criteria as set out by the TCMSP database, were considered to have good oral absorption, utilisation ability,
and druggability. The candidate components which met these standards were used for analysis [33–35].
2.2 Identi�cation of potential drug targets

The component targets retrieved from the TCMSP database were standardised using UniProtKB
(http://www.uniprot.org/) [36]. Human species attributes were selected, and protein targets from non-
human species and without precise information were removed. In addition, the Swiss Target Prediction
(http://www.swisstargetprediction.ch/) webserver [37] was used to predict the targets of the active
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components screened by ADME based on chemical similarity. Because the targets which had a validated
status in the TCMSP database were veri�ed targets, and in the Swiss Target Prediction database the
probability values precisely illustrate the probability that a bioactive molecule has a given protein as a
target [49], we combined the veri�ed targets in TCMSP with the targets predicted by Swiss Target
Prediction to be 100%. The results from the two databases were then merged and deduplicated to obtain
drug targets. An online tool (https://www.omicshare.com/) was used to analyse the distribution of the
protein targets of four Chinese herbal medicines.
2.3 Screening for disease target genes

PCPL-related target genes were acquired from the GeneCards (https://www.genecards.org/, updated on
March 11, 2020) database [38] and the Online Mendelian Inheritance in Man (OMIM; http://omim.org/,
updated on Jun. 5, 2020) database [39]. In the GeneCards and OMIM databases, "pancreatic cancer
precursor lesions" were selected as search keywords. In the GeneCards database, the relevance score
represents the closeness of the target gene to the disease. Target genes in the GeneCards database with a
score greater than 20 were selected, and the results were combined with those from the OMIM database to
obtain disease targets. In order to determine candidate targets for SSG acting on PCPL, we integrated the
potential targets of SSG with the target genes of PCPL to obtain the common genes.

2.4 Network construction and analysis
To understand and visualise the molecular mechanisms by which SSG acts on PCPL, using the herbal
medicines, active components, and target information obtained, we constructed a drug-component-target
network and common target protein interaction network for SSG and PCPL using Cytoscape
(http://www.cytoscape.org, Ver.3.7.1) [40]. In the graphical networks, nodes represented drugs,
components, or targets, with nodes as vertices and interactions as edges. We then evaluated the
importance of the active components and targets according to the topological properties of the network.

2.5 Protein-protein interactions (PPI) network
To examine the important biological processes, PPI were analysed with a PPI network. Common genes
were directed to string11.0 (https://string–db.org, Ver.11.0) to predict related protein interactions [41].
Proteins were represented as vertices and the selection of target protein species was limited to Homo
sapiens. An interaction con�dence of > 0.9 (the highest con�dence to capture the precise scope of proteins
related to PCPL) was set for the edges connecting corresponding proteins, in order to determine related
proteins interacting directly or indirectly with the common genes of SSG and PCPL. The network diagram
was then imported into Cytoscape 3.7.1 for further processing. We used the NetworkAnalyzer plug-in
software to analyse the topological properties of the network [42], such as degree centrality (DC),
betweenness centrality (BC), and closeness centrality (CC) [43]. DC describes the number of neighbouring
nodes connected to the respective node, and nodes with high DC were considered as hub proteins in the
network. In a fully connected network, any two nodes have at least one shortest path. BC refers to the
number of times these shortest paths pass through the node and is an indicator of node importance. A
node with a high BC is de�ned as a bottleneck protein in the network. CC re�ects how close a node is to
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other nodes or how easy it is for a node to reach other nodes. If the distance between a node and each
point in the network is very short, then this point will not be subject to other points.

2.6 Functional and pathway enrichment analysis
In order to reveal further information regarding the potential biological pathways that these common genes
may relate to, we �rst used the R (Ver.3.6.3) package org.Hs.eg.db to transfer the gene symbols to
entrezIDs for subsequent analysis. Then the ClusterPro�ler R/Bioconductor package was used to �nd the
enriched GO (https://geneontology.org) items and KEGG (https://www.genome.jp/kegg) signalling
pathways [44–45]. GO enrichment analysis consists of three different categories: biological processes
(BP), molecular functions (MF), and cell components (CC). A value of p < 0.05 was used as the cut-off to
identify enriched GO terms and the localisation of the biological and molecular functions of the proteins,
which indicated the relative importance of enriched GO terms and pathways. We also identi�ed KEGG
signalling pathways based on a p value of p < 0.01, as shown by dot plots.

2.7 Molecular docking of component-target interaction
In order to clarify the molecular mechanisms of SSG, Autodock4 (Ver.4.2), which is based on the
Lamarckian Genetic Algorithm (LGA) [46–47] was used for molecular docking simulation. First, the
proteins performing the molecular docking were downloaded from the RCSB-PDB database
(https://www.RCSB.org/) [48]. These included TNF (PDB-ID: 2AZ5), IL-6 (PDB-ID: 5FUC), AKT1 (PDB-ID:
3O96), TP53 (PDB-ID :4AGO) and EGFR (PDB-ID :6JXT). AutoDock Tools (Ver.1.5.6) were used to import
proteins, delete water molecules, add hydrogen, and save the complex as a pdbqt �le. Quercetin
(MOL000098) and ginsenoside RH2 (MOL005344), the main compounds of SSG that performed molecular
docking, were selected and their MOL2 structural formulas were downloaded from the TCMSP database.
The compound molecules were then imported into the AutoDock Tools 1.5.6 software, it was con�rmed
that their �exible keys could be rotated, then they were saved as PDBQT �les as docking ligands. We then
set the grid box to the maximum and ran AutoGrid to budget the a�nity of the atoms. AutoDock (Ver.4.2)
software was used for molecular docking, and for the analysis and processing of the results. Finally, the
simulation results were visualised using PyMOL (Ver.2.2).

3. Results
3.1 Chemical components of SSG

Based on the ADME thresholds of OB ≥ 30% and DL ≥ 0.18, we obtained 23 active compounds of the
whole formula from the TCMSP database. Of those compounds, Corayceps  (DCXC) contained seven
bioactive components, panax notoginseng (SQ) contained 8 bioactive components and 11 components
were from Panacis Quinquefolii Radix (XYS), thus accounting for 30.4%, 34.8% and 47.8% of the
compounds, respectively. There was one common component in DCXC and SQ, and two common
components in SQ and XYS (Table 1).
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Table 1. 

The 23 active components of the three herbs and their parameters.

ID Mol ID Component OB

(%)

DL Herb

DCXC1 MOL001439 arachidonic acid 45.57 0.20 Corayceps

DCXC2 MOL001645 Linoleyl acetate 42.10 0.20 Corayceps

DCXC3 MOL011169 Peroxyergosterol 44.39 0.82 Corayceps

DCXC4 MOL008998 cerevisterol 39.52 0.77 Corayceps

DCXC5 MOL008999 cholesteryl palmitate 31.05 0.45 Corayceps

DCXC6 MOL000953 CLR 37.87 0.68 Corayceps

CF1 MOL000358 beta-sitosterol 36.91 0.75 Corayceps

XYS1 MOL011394 (2R,3S,4S,5R,6R)-2-(hydroxymethyl)-6-

[[(3S,5R,8R,9R,10R,12R,13R,14R,17S)-12-

hydroxy-4,4,8,10,14-pentamethyl-17-

[(2S)-6-methyl-2-[(2S,3R,4S,5S,6R)-3,4,5-

trihydroxy-6-(hydroxymethyl)oxan-2-

yl]oxyhept-5-en-2-

yl]-2,3,5,6,7,9,11,12,13,15,16,17-

dodecahydro-1H-c

36.43 0.25 Panacis

Quinquefolii

Radix

XYS2 MOL011434 polyacetylene PQ-2 36.74 0.20 Panacis

Quinquefolii

Radix

XYS3 MOL011435 PQ-2 36.74 0.19 Panacis

Quinquefolii

Radix

XYS4 MOL011442 (8S,9S,10R,13R,14S,17R)-17-[(1R,4R)-4-

ethyl-1,5-dimethylhexyl]-10,13-dimethyl-

1,2,8,9,11,12,14,15,16,17-

decahydrocyclopenta[a]phenanthren-7-one

43.87 0.75 Panacis

Quinquefolii

Radix

XYS5 MOL011455 20-Hexadecanoylingenol 32.70 0.65 Panacis

Quinquefolii

Radix
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XYS6 MOL006774 stigmast-7-enol 37.42 0.75 Panacis

Quinquefolii

Radix

XYS7 MOL006980 papaverine 64.04 0.38 Panacis

Quinquefolii

Radix

XYS8 MOL008173 daucosterol_qt 36.91 0.75 Panacis

Quinquefolii

Radix

XYS9 MOL008397 Daturilin 50.37 0.77 Panacis

Quinquefolii

Radix

CF1 MOL000358 beta-sitosterol 36.91 0.75 Panacis

Quinquefolii

Radix

CF2 MOL005344 ginsenoside rh2 36.32 0.56 Panacis

Quinquefolii

Radix

SQ1 MOL001494 Mandenol 42.00 0.19 Panax

Notoginseng

SQ2 MOL001792 DFV 32.76 0.18 Panax

Notoginseng

SQ3 MOL002879 Diop 43.59 0.39 Panax

Notoginseng

SQ4 MOL000449 Stigmasterol 43.83 0.76 Panax

Notoginseng

SQ5 MOL007475 ginsenoside f2 36.43 0.25 Panax

Notoginseng

SQ6 MOL000098 quercetin 46.43 0.28 Panax

Notoginseng

CF1 MOL000358 beta-sitosterol 36.91 0.75 Panax

Notoginseng

http://tcmspw.com/tcmspsearch.php?qr=Panax%20Notoginseng%20(Burk.)%20F.%20H.%20Chen%20Ex%20C.%20Chow&qsr=herb_en_name&token=df4adc1ab4d4bb49b545456dad296117
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CF2 MOL005344 ginsenoside rh2 36.32 0.56 Panax

Notoginseng

3.2 Compound targets for SSG

We obtained the targets and structural information regarding the 23 bioactive components from the
TCMSP database. When we combined the veri�ed targets in TCMSP with the targets predicted by Swiss
Target Prediction to be 100%, this resulted in a total of 223 non-duplicate targets from seven active
components: arachidonic acid, peroxyergosterol, DFV, quercetin, papaverine, beta-sitosterol, and
ginsenoside rh2 (Figure 2).

3.3 PCPL target screening

Searching the GeneCards and OMIM databases using the keywords, provided 4270 and 492 target genes
related to PCPL, respectively. After screening the genes obtained from the GeneCards database based on
the relevance score, this was reduced to 621 and 492 genes. When the two disease database target genes
were merged, and duplicates were deleted, this left a total of 1062 potential genes.

3.4 Compound-target network construction and analysis

The predicted targets of SSG were matched with the genes related to PCP, then the common targets were
selected as the SSG related targets in the treatment of PCPL. A total of 100 non-duplicate targets from
seven active components: arachidonic acid, peroxyergosterol, DFV, quercetin, papaverine, beta-sitosterol,
and ginsenoside rh2 were obtained. Based on this, a component-target network was constructed, which
was composed of 110 nodes (three herbs, seven active ingredients, and 100 protein targets) and 137 edges
(Figure 3). In component-target networks, the number of edges connected to a node is represented by the
"degree". The results of topological analysis showed that the average target degree was 19.571, indicating
that there were multiple components interacting with multiple targets in SSG. Among these bioactive
components, four high-degree components were highly correlated with multiple PCPL targets: quercetin
(MOL000098, degree = 93), arachidonic acid (MOL001439, degree = 16), beta-sitosterol (MOL000358,
degree = 12) and ginsenoside rh2 (MOL005344, degree = 10). All four compounds interacted with at least
10 targets. Of these potential protein targets, 24 were the common targets of at least two compounds, and
three targets were the common targets of three or more compounds: CASP3 (degree = 4), BAX (degree = 3)
and PTGS2 (degree = 3). These nodes with high degrees were considered to be the hub proteins. As some
hub proteins also had high BC, this indicated that these proteins play an important hub bottleneck role in
the network, which may account for the therapeutic effects of SSG on PCPL.

3.5 PPI network construction and analysis

We submitted 100 common targets of drugs and diseases to the string 11.0 platform (https://string-
db.org/) for processing. After removing some independent nodes (CYP1A1, GSTP1, CYP19A1, ABCG2,
ABCC1, GSTM1), the PPI network contained 89 nodes and 418 edges (Figure 4). When the topological
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features of PPI were analysed, the mean values of DC, BC and CC were 9.4157, 0.0156 and 0.4338,
respectively. The three targets which had parameter values greater than the mean were selected as the hub
targets. In total, 16 hub targets were obtained: AKT1, TP53, JUN, MAPK1, TNF, RELA, VEGFA, SRC, IL6,
PIK3R1, EGFR, CCND1, MYC, FOS, CASP8 and CASP3 (Table 2).

Table 2   

The components and drugs corresponding to the hub targets. 

Mol ID Component Hub target Herb

MOL000098 quercetin EGFR, PIK3R1, SRC, AKT1, VEGFA,

FOS, TNF, JUN, IL6, CASP3, TP53,

MYC

Panax Notoginseng

MOL001439 arachidonic

acid

RELA, CCND1, MAPK1, CASP3 Corayceps

MOL005344 ginsenoside

rh2

TNF, CASP3 Panax Notoginseng, Panacis

Quinquefolii Radix

MOL000358 beta-

sitosterol

JUN, CASP3, CASP8 Panax Notoginseng, Panacis

Quinquefolii Radix ,

 Corayceps

3.6 GO enrichment analysis

The occurrence of PCPLs are related to a number of biological processes. In order to clarify the mechanism
by which SSG acts on PCPL, the GO of common targets was analysed on the basis of their BP, CC and MF,
using the program R. The 2491 GO terms were signi�cantly enriched (p value < 0.05, q value < 0.05), 2334
in BP which were primarily related to the regulation of cell apoptosis, reactive oxygen species metabolism,
cell proliferation, cellular response to oxidative stress, in�ammatory responses, regulation of cell cycle, cell
migration and angiogenesis, etc.; 46 were enriched in CC, such as the membrane region, plasma membrane
raft, cytoplasm, vesicle lumen and basal part of cell, etc.; and 111 were enriched in MF, including ubiquitin-
like protein ligase binding, cytokine receptor binding, kinase regulator activity, protein phosphatase binding
and growth factor receptor binding (Supplementary Table 1; Figure 5). Based on these �ndings, complex
multipath synergetic effects may explain the bene�ts of SSG for PCPL.

3.7 KEGG enrichment analysis

Enrichment analysis performed on 100 common targets of drugs and diseases identi�ed 140 signi�cant
enrichment pathways (p value < 0.05, q value < 0.05; Supplementary Table 2). Subsequently, 26 pathways
that were closely related to the disease were screened, which involved a total of 81 targets, including all of
the hub targets identi�ed previously. The 26 pathways were mainly those relating to apoptosis pathways,
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including the hsa04668: TNF signalling pathway, hsa04210: Apoptosis and hsa04215: Apoptosis-multiple
species; cell proliferation and migration pathways, such as the hsa04151: PI3K-Akt signalling pathway, the
hsa04010: MAPK signalling pathway, the hsa04012: ErbB signalling pathway and the hsa04370: VEGF
signalling pathway; immune and in�ammatory pathways, such as the hsa04620: Toll-like receptor
signalling pathway, the hsa04064: NF-kappa B signalling pathway and hsa04659: Th17 cell differentiation;
cell drug resistance pathways, such as hsa01521: EGFR tyrosine kinase inhibitor resistance, hsa01524:
Platinum drug resistance; and cell cycle pathways, such as the hsa04115: p53 signalling pathway (Table
3). In the target-pathway network there were 107 nodes (26 signalling pathways and 81 targets) and 443
edges (Figure 6).
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Table 3        

The 26 major signalling pathways.        

pathway p_value p.adjust q_value Count

hsa05212: Pancreatic cancer 1.14E-23 3.34E-22 1.12E-22 21

hsa01521: EGFR tyrosine kinase inhibitor resistance 1.02E-21 2.00E-20 6.71E-21 20

hsa04668: TNF signalling pathway 3.23E-21 5.43E-20 1.82E-20 22

hsa04151: PI3K-Akt signalling pathway 4.71E-20 6.15E-19 2.07E-19 32

hsa04066: HIF-1 signalling pathway 1.04E-18 1.12E-17 3.75E-18 20

hsa04657: IL-17 signalling pathway 1.20E-18 1.23E-17 4.13E-18 19

hsa04010: MAPK signalling pathway 4.24E-18 3.99E-17 1.34E-17 28

hsa04210: Apoptosis 9.99E-17 8.39E-16 2.82E-16 20

hsa04218: Cellular senescence 1.72E-16 1.22E-15 4.11E-16 21

hsa01524: Platinum drug resistance 2.00E-16 1.34E-15 4.51E-16 16

hsa04012: ErbB signalling pathway 2.66E-15 1.56E-14 5.24E-15 16

hsa04115: p53 signalling pathway 4.22E-15 2.42E-14 8.13E-15 15

hsa04620: Toll-like receptor signalling pathway 7.45E-14 3.65E-13 1.23E-13 16

hsa04370: VEGF signalling pathway 1.48E-13 7.08E-13 2.38E-13 13

hsa04370: MicroRNAs in cancer 1.67E-13 7.86E-13 2.64E-13 24

hsa04064: NF-kappa B signalling pathway 2.00E-11 7.95E-11 2.67E-11 14

hsa05202: Transcriptional misregulation in cancer 1.10E-10 4.12E-10 1.38E-10 17

hsa04014: Ras signalling pathway 2.63E-10 9.23E-10 3.10E-10 18

hsa04659: Th17 cell differentiation 4.10E-10 1.42E-09 4.76E-10 13

hsa04630: JAK-STAT signalling pathway 8.22E-10 2.76E-09 9.27E-10 15

hsa04215: Apoptosis - multiple species 3.01E-09 9.70E-09 3.26E-09 8

hsa04110: Cell cycle 2.80E-08 8.44E-08 2.83E-08 12

hsa04150: mTOR signalling pathway 3.35E-07 8.64E-07 2.90E-07 12

hsa04062: Chemokine signalling pathway 4.14E-07 1.06E-06 3.55E-07 13

hsa04015: Rap1 signalling pathway 1.38E-06 3.47E-06 1.17E-06 13

hsa04350: TGF-beta signalling pathway 0.005665 0.00951 0.003195 5

3.8 Molecular docking of component-target interactions
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Molecular docking is a theoretical simulation method used to understand the interactions between protein
receptors and ligands at the molecular level, and to predict their binding patterns and a�nity. Several
binding interactions can be identi�ed by examining the interaction patterns of favourable energies. Due to
the different binding modes, the binding a�nity will have many results. A docking score of less than -5.0.
kcal/mol indicates a good binding interaction between components and their targets [50]. All binding
interactions mainly formed hydrogen bonds, and the observed binding interaction distance was less than
3.0 angstrom, indicating that the binding interaction intensity was strong or moderate (Figure 7).

In the molecular binding models for quercetin-TNF (PDB-ID:2AZ5) there were 7 binding effects; with
corresponding distances of 2.0, 2.0, 2.1, 2.2, 2.2, 2.6, and 2.7 Å, and a binding energy of -6.57 kcal/mol
(Figure 7a). For quercetin-IL-6 (PDB-ID:5FUC), there were 3 binding effects; the corresponding distances
were 2.0, 2.0, and 2.4 angstrom, and the binding energy was -6.18 kcal/mol (Figure 7b). For quercetin-AKT1
(PDB-ID:3O96) there were 7 binding effects, with corresponding distances of 2.0, 2.0, 2.2, 2.2, 2.3, and 2.8
angstrom, and a binding energy of -6.98kcal/mol. For In quercetin-TP53 (PDB-ID:4AGO), there were 3
binding effects; the corresponding distances were 2.1, 2.4, and 2.6 Å, respectively, and the binding energy
was -6.56kcal/mol (Figure 7d). For quercetin-EGFR (PDB-ID:6JXT) there were 5 binding effects;
corresponding distances were 1.7, 1.8, 2.0, 2.1, and 2.5 angstrom, and the binding energy was
-7.11kcal/mol (Figure 7e). Finally, for ginsenoside rh2-TNF(PDB-ID:2AZ5) there were two binding effects;
the corresponding distances were 1.8 and 2.0 angstrom, and the binding energy was -6.27kcal/mol (Figure
7f).

4. Discussion
Pancreatic cancer is an insidious and highly lethal disease as most patients develop symptoms in the
advanced stages, at which point it is largely incurable. Early prevention, diagnosis, detection and treatment
are important measures to improve the survival of patients with pancreatic cancer. Recognition and
treatment of PCPL are most likely to be the "Holy Grails" for the successful treatment of pancreatic cancer
[51]. With thousands of years of application history, TCM has its own unique advantages as a preventive
treatment option. It can be used to treat precursor lesions at all stages, and can provide an alternative or
complementary strategy for the treatment of pancreatic cancer and its precursor lesions. In clinical practice
based on the theory of preventive treatment of disease, SSG can be used to prevent tumours from further
development. However, because of the multi-component and multi-target characteristics of TCM
prescriptions, and the fact that canceration is a complex process involving multiple signalling molecules, it
is di�cult to determine the molecular mechanisms by which SSG acts on PCPL using conventional
methods.

In this study, seven active components, 100 overlapping targets and 16 hub targets with the closest
relationship between SSG and PCPL were determined. Quercetin acted on 75% of the hub targets,
demonstrating that quercetin is one of the most important components of SSG acting on PCPL, thus it
may inform the development of new drugs in the future. Our results also showed that the components of
SSG are involved in apoptosis, reactive oxygen metabolism, cell proliferation and migration, immune
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in�ammatory responses, cell cycle, angiogenesis and other biological processes. They use ubiquitin-like
protein ligase binding, cytokine receptor binding, kinase regulator activity, protein phosphatase binding and
other mechanisms to act on the membrane region, cytoplasm, vesicle lumen and other parts. Signalling
pathways closely related to PCPL included apoptosis pathways, cell proliferation and migration pathways,
immune and in�ammatory pathways, cell drug resistance pathways and cell cycle pathways. Among them,
it is worth mentioning that the tumour suppressor gene, TP53 is important for regulating cell growth and
proliferation. The p53 protein encoded by the TP53 gene is involved in cell cycle regulation, maintains the
G2/M phase arrest and induces cell apoptosis [52]. TP53 is one of the four major drivers of PCPL, and it
can be deleted or mutate in the late stages of PCPL [51, 53]. Studies have shown that quercetin can induce
cell cycle arrest and p53/Bax-dependent cell apoptosis, downregulate Akt expression, and inhibit cell
differentiation and proliferation [54–58]. β-sitosterol, another important active component of SSG, has
important anti-tumour effects, facilitated through its roles in cell cycle arrest and apoptosis induction. It
can also mediate the p53 /NF- B/ BCRP signal axis, restoring the chemotherapeutic sensitivity of drug-
resistant tumour cells [59]. Chronic in�ammation is an important risk factor for PCPL [60]. Studies have
shown that PCPL is usually associated with high levels of immune cell in�ltration, interstitial �brosis and
expression of multiple in�ammatory cytokines including IL6. The in�ammatory environment is an
important component in�uencing the development of precancerous lesions. IL6 is not necessary for the
formation of pancreatitis-driven PCPL, but is necessary for the maintenance and progression of lesions
[61]. It can be a key factor and potential therapeutic target in all stages of pancreatic cancer development.
Nuclear factor-κB (NF-κB) is an important class of nuclear transcription factors and is a key indicator of
in�ammatory responses. Under certain circumstances, its activation may in�uence the progression of
chronic pancreatitis, and it can also interact with the tumour necrosis factor and VEGF, regulate PI3K-Akt
expression, and mediate tumour cell proliferation and apoptosis [62]. Quercetin has been shown to inhibit
NF-κB and pro-in�ammatory cytokines, such as TNF- and IL-6, and reverse IL-6-induced epithelial-
mesenchymal transformation [63–64]. Ginsenoside Rh2 also inhibits NF-κB activation and reduces HIF-1
accumulation, and is considered a potential therapeutic candidate for chronic in�ammatory diseases [65].
It also inhibits proliferation and induces apoptosis in human leukaemia cells via the TNF-signalling
pathway [66]. EGFR is an important gene, which is involved in tumour proliferation, survival, metastasis
and induction of angiogenesis, as well as resistance to cytotoxic chemotherapy. Studies have shown that
EGFR inhibition is associated with signi�cant suppression of tumour cell proliferation, mucin biosynthesis
and multiple signalling pathways, such as AKT, Rho A, MAPK and Wnt, and has potential applications in
the prevention and delay of pancreatic cancer progression [67]. Our results show that quercetin can act on
EGFR, supporting results from a previous study which showed that quercetin was able to reverse EGF-
induced epithelial cell transformation and invasion to the stroma through the EGFR/PI3K/Akt pathway [68].

Molecular docking results showed that the PCPL-related targets had strong binding properties with the
active components of SSG, quercetin, and ginsenoside rh2, which mainly involved the TNF, IL-6, AKT1,
TP53, and EGFR genes. This suggests that the active components of SSG regulated PCPL-related targets
and had the potential to prevent and treat PCPL. Results from a previous experimental study support this
conclusion in terms of the hub targets and signal pathway results we obtained through network
pharmacology and molecular docking [68]. We suggest that the multiple compounds found in SSG can act
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on different targets of PCPL through multiple pathways. This provides a scienti�c basis for further
research which explores the mechanisms by which SSG can be used to treat PCPL.

5. Conclusion
(1) SSG acts synergistically on PCPL, with multiple components, targets and pathways. This provides a
scienti�c basis for further work to determine the mechanism by which SSG acts on PCPL.

(2) Network pharmacology revealed that the hub targets of SSG were signi�cantly enriched in the
signalling pathways of TNF, NF-KB, PI3K-Akt, EGFR and P53, indicating that SSG has effects on: tumour
cell proliferation and migration, in�ammatory responses, drug resistance and promoting apoptosis.

(3) According to molecular docking simulation, quercetin and ginsenoside rh2, the active components of
SSG, bound well with the PCPL-related targets TNF, IL-6, AKT1, TP53, and EGFR. This suggest they are
involved in cell proliferation, apoptosis, in�ammation and drug resistance.
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Figure 1

Flow chart of network pharmacology and molecular docking of SSG acting on PCPL. Abbreviations: SSG,
Shuangshen Granules; PCPL, pancreatic cancer precursor lesions.
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Figure 2

Venn chart of non-duplicate targets Showing the 223 non-duplicate targets corresponding to the three
herbs which constitute SSG.
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Figure 3

Compound-target network The yellow rectangles represent the three herbs which constitute SSG:
Corayceps (DCXC), Panax notoginseng (SQ), and Panacis Quinquefolii Radix (XYS). The orange triangles
represent the seven bioactive compounds, and the purple triangles represent the 100 overlapping targets of
the drug and the disease.
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Figure 4

The SSG-PCPL PPI network The network contains 89 nodes and 418 edges. The nodes represent the
common genes of drugs and diseases, and the edge represents the relationship between proteins. The pink
nodes get smaller and lighter as degree value decreases. The blue edges get thinner and lighter as edge
betweenness decreases. The target points with degree values of ≧ 10 are located in the inner circle of the
network graph, and the remaining degree nodes are located in the outer circle.
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Figure 5

GO and KEGG analyses of targets. Individual plots show (A) Biological processes, (B) Cell components, (C)
Molecular functions, (D) KEGG pathway analysis. The y-axis represents the category of signi�cant
enrichment of the targets, and the x-axis represents the enrichment scores of these terms (p < 0.01). Based
on the adjusted p values after cluster analysis, the top 20 enrichment results are shown in each �gure. The
colour scale represents the adjusted p value, and the point size represents the number of genes in each
term. Abbreviations: GO, gene ontology; KEGG, Kyoto Encyclopaedia of Genes and Genomes.
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Figure 6

Target-pathway network diagram Network shows the 26 major signalling pathways. The ovals represent
the core targets, the circles represent other targets on the pathway, and the inverted triangles represent the
pathways. Nodes decrease in size and change colour from dark to light according to the degree value.
Edges vary from thick to thin and from deep to shallow with edge betweenness.
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Figure 7

Molecular models for binding of active components to their predicted protein targets The sub-�gures
represent the molecular models for (a) quercetin-TNF (PDB-ID:2AZ5), (b) quercetin-IL-6 (PDB-ID:5FUC), (c)
quercetin-AKT1 (PDB-ID:3O96), (d) quercetin-TP53 (PDB-ID:4AGO), (e) quercetin-EGFR (PDB-ID:6JXT) and
(f) ginsenoside rh2-TNF(PDB-ID:2AZ5).The yellow stick models represent the active components, and the
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green stick models represent residues in the binding sites. The yellow dashed lines represent hydrogen
bonds; the interaction distances are indicated next to the bonds.
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