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This study aimed to use a network pharmacology approach to establish the effects of plumbagin on pancreatic
cancer (PC) and to predict core targets and biological functions, pathways, and mechanisms of action.

Genes associated with the pathogenesis of PC were obtained from a database of gene-disease associations
(DisGeNET). Putative genes associated with plumbagin were identified from the databases of drug target iden-
tification (PharmMapper), target prediction of bioactive components (SwissTargetPrediction), and comprehen-
sive drug target information (DrugBank). PC targets of plumbagin were harvested by using a functional enrich-
ment analysis tool (FunRich). The data of function-related protein-protein interactions (PPIs) with a confidence
score >0.9 were obtained by using functional protein association networks (STRING). The network interactions
of plumbagin and PC targets and function-related proteins were constructed through complex network analy-
sis and visualization (Cytoscape). The Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology
(GO) analysis were used to identify the effects of plumbagin.

The most important biotargets for plumbagin in PC were identified as TP53, MAPK1, BCL2, and IL6. A total of
1,731 annotations and 121 enriched pathways for plumbagin and PC were identified by KEGG and GO analysis.
The top 10 signaling pathways of plumbagin and PC were screened, followed by identification of biological
components and functions.

Network pharmacology established the effects of plumbagin on PC, predicted core targets, biological functions,
pathways, and mechanisms of action. Further studies are needed to validate these predictive biotargets in PC.
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Background

Pancreatic cancer (PC) is an aggressive malignancy with high pa-
tient mortality that accounts for approximately 3% of all cases
of cancer and has a 5-year mortality of 90% [1,2]. In the USA,
PC is the second leading cause of cancer-related death, just be-
hind lung cancer, and the incidence has increased recently [3].
The pathogenesis of PC is characterized by a tumor that is dif-
ficult to diagnose in its early stage, resulting in patients pre-
senting with late-stage PC at initial diagnosis. Because early
detection of PC can be difficult, and most patients are initially
diagnosed with metastatic PC, treatment includes radiation
therapy and chemotherapy, including gemcitabine, but these
treatments may nor improve prognosis and have unwanted
side effects [4-6]. Therefore, it is necessary to develop alter-
native treatment approaches for PC.

Plumbagin (5-hydroxy-2-methyl-1,4-naphthene) is a compound
that is isolated from Plumbago zeylanica, and has been shown
to have pharmacological activity as a traditional Chinese med-
icine. Although there have been previous reports on the toxic
effects of plumbagin, there have also been reports of its anti-
neoplastic and anti-proliferative effects on tumor cells in vi-
tro and in vivo, and its role in the inhibition of cell migration
in breast cancer, liver cancer, and lung cancer [7-9]. Currently,
few studies have investigated the effects of plumbagin on PC
or the biotargets and molecular mechanisms involved by the
effects of plumbagin. Network pharmacology is an emerging
and novel method for identifying the systemic mechanisms
of therapeutic compounds in disease [10-11]. Systems phar-
macology may be a promising strategy for understanding the
pharmacological targets and mechanisms of plumbagin in PC.
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Figure. 1. The schematic flowchart was designed in the current
study through conducting a network pharmacology
strategy.

Therefore, this study aimed to use a network pharmacology
approach to establish the effects of plumbagin on pancreatic
cancer (PC) and to predict core targets and biological func-
tions, pathways, and mechanisms of action. A schematic dia-
gram of the study design is shown in Figure 1.

Material and Methods

Identification of candidate targets of plumbagin and
pancreatic cancer (PC)

The study used databases of drug classification and target
prediction (SuperPred) and SwissTargetPrediction to predict

3234 1718
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Pacreatic cancer-related targets
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&

Anti-pacreatic cancer targets of plumbagin

Figure 2. A protein-protein interaction (PPI) network of plumbagin in pancreatic cancer (PC) targets was constructed for visualization

of interactive targets.
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Figure 3. Candidate core targets of plumbagin in pancreatic cancer (PC), with the most important targets identified as TP53, MAPK1,

BCL2, and IL6.

the putative targets of plumbagin, followed by identification
of known targets of plumbagin through the herb identification
target (HIT) database. Also, the DisGeNET database (http://
www.disgenet.org/) was used to collect the PC-associated gene
targets. A Venn diagram of the plumbagin-PC network targets
was plotted and visualized using FunRich software. The over-
lapping targets were harvested as correlative targets between
plumbagin and PC.

Cluster analysis and the protein-protein interaction (PPI)
network of plumbagin and PC

The identifiable targets from plumbagin and PC were introduced
into the STRING database of functional protein-association net-
works to obtain the PPI network and the function-related pro-
teins of plumbagin in PC. Also, the ClusterOne algorithm set-
ting of Cytoscape software was used to cluster the proteins in
the network, and the biological function and pathway enrich-
ment analysis of each cluster were implemented.
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Biological functions and enrichment pathway analysis of
identifiable targets

NetworkAnalyzer was used to calculate network topological
parameters, such as the median degree of freedom and the
maximum degree of freedom from the PPl network targets for
plumbagin in PC. Core targets were screened according to the
degree values of topological data, indicating the upper limit
of the screening range as the maximum degree value and the
lower limit as the median degree. Also, the gene/protein func-
tional annotation online platform, KOBAS, was used to inte-
grate the biological function and pathway enrichment of the
core targets, followed by being imported in the OmicShare
cloud platform. The biological processes and the signaling path-
ways involved in all core targets of plumbagin in PC were vi-
sualized, and high-level Venn diagrams were plotted accord-
ing to the P-values.
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Table 1. Details of corn targets of plumbagin against pancreatic cancer.
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Results

Construction of protein-protein interaction (PPI) network
and clustering analysis of plumbagin and pancreatic
cancer (PC)

In total, there were 1,752 cancer target genes, and 66 puta-
tive plumbagin target genes. The data from FunRich showed
34 interactive targets of plumbagin in PC. After removing the
duplicates, the data from the STRING database identified

34 node proteins and 180 edges between the interactive tar-
gets (Figure 2). Also, cluster analysis from the ClusterONE al-
gorithm resulted in three groups of protein-protein function-
related PPI networks of plumbagin in PC (Figure 3).

Screening of core targets of plumbagin and PC
NetworkAnalyzer was used to determine network topology

parameters, including the freedom of degree, the shortest
path, and the central median value of the PPI network for
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plumbagin in PC. As shown in Table 1, the smaller of shortest
path length and the larger vector value indicated the more im-
portant proteins. After calculation, the median degree of free-
dom was 10.5, and the maximum degree of freedom was 28.
Therefore, the screening condition range of core targets was
set as 21-28, and the four most important proteins, TP53,
MAPK1, BCL2, and IL6 were identified.

Biological functions and pathway enrichment assays of
core targets of plumbagin and PC

The biological functions and signaling pathways from all core
targets were enriched and analyzed by using KOBAS soft-
ware. A total of 1,731 Gene Ontology (GO) annotations and
121 Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
ways were obtained. The inclusive data were uploaded to the
OmicShare cloud platform to produce the Venn diagrams of
the top 20 biological functions and molecular pathways of the
core targets (Figure 4). The plumbagin effects on PC were re-
lated to 1731 GO annotations, including the establishment of
protein localization to organelles, regulation of cell localiza-
tion, protein localization to organelles, regulation of reactive
oxygen species (ROS) metabolic processes, and positive reg-
ulation of intracellular signal transduction. As shown in the
KEGG analysis, the molecular pathways of plumbagin in PC
were mainly enriched in 121 signaling pathways, including
hepatitis B, PI3K-Akt signaling, pathways in cancer, colorectal
cancer, platinum-based drug resistance, epidermal growth fac-
tor receptor (EGFR) tyrosine kinase inhibitor (TKI) resistance,
prostate cancer, endocrine resistance, the advanced glycation
endproducts (AGE)-receptor for advanced glycation endprod-
ucts (RAGE) signaling pathway, and the hypoxia-inducible fac-
tor 1 (HIF-1) signaling pathway.

Discussion

In this study, the bioinformatics findings from web-based data-
bases obtained core targets and identified the biological func-
tions, pathways, and mechanisms of plumbagin in pancreatic
cancer (PC). These findings supported that plumbagin might
have specific therapeutic effects in PC. The important predic-
tive biotargets for plumbagin in PC were identified as TP53,
MAPK1, BCL2, and IL6. It is known that p53 plays a key role
in regulating downstream genes involved in cell cycle arrest,
DNA repair, and programmed cell death, and p53 dysfunction
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leads to genomic instability, uncontrolled cell growth, and un-
regulated cell cycle inhibition [12]. Therefore, p53 mutation is
a common feature of malignant tumors. Mutant somatic TP53
can induce resistance to chemotherapeutic agents or targeted
drugs and may be associated with resistance to treatment in
patients with PC [13].

MAPK is a transduction protein that controls several cellular
processes, including cell proliferation and survival [14]. Studies
have shown that overexpression of MAPK1 is found in primary
PC and is associated with poor prognosis following chemother-
apy [15]. The anti-apoptotic effector, BCL2, is associated with
chemotherapy resistance and poor prognosis in patients with
hematological malignancies [16]. BCL2 is downstream of the
p53 signaling pathway and is regulated by the p53 gene and
plays different roles in cellular events, including in DNA dam-
age and hypoxia [17]. Abnormal expression of BCL2 is associ-
ated with the progression of PC [18]. Also, IL6 is a regulatory
cytokine, which is associated with the progression of cancer
and other diseases, including hypertension and cardiovascu-
lar disease [19,20]. IL-6 can induce the migration of PC cells
in vitro, and it may be an important effector in the develop-
ment and progression of PC, to function as a potential thera-
peutic target [21,22]. In this study, the core targets that were
identified included TP53, MAPK1, BCL2, and IL6 in plumbagin
in PC, which might be potential therapeutic biomolecules for
the treatment of PC.

Conclusions

The findings from this study showed that the pharmacological
activities of plumbagin in pancreatic cancer (PC) might be as-
sociated with the regulation of four main targets that include
TP53, MAPK1, BCL2, and IL6. The possible biological mecha-
nisms involved include the modulation of the PI3K/Akt sig-
naling pathway, the advanced glycation endproducts (AGE)-
receptor for advanced glycation endproducts (RAGE) signaling
pathway, and the hypoxia-inducible factor 1 (HIF-1) signaling
pathway, which exert crucial roles in cell survival, apoptosis,
and metabolism.
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