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Abstract: Gemcitabine (GEM) is the first-line chemotherapy drug for patients with advanced pan-
creatic cancer. Moringa oleifera (MO) exhibited various biological activities, including anticancer
effects. Nevertheless, the effectiveness of their combination against pancreatic cancer has not yet
been explored. This study evaluates the effect of MO and GEM against pancreatic cancer through
network pharmacology. TCMSP, TCMID, and PubMed were used to identify and screen MO bioactive
compounds. MO and GEM genes were predicted through DGIdb, CTD, and DrugBank. Pancreatic
cancer genes were retrieved from OMIM and MalaCards. Protein—protein interaction (PPI) and
compound-target-pathway network were established via STRING and Cytoscape. Gene ontology
(GO) and pathway enrichment analysis were conducted using DAVID Bioinformatic Tools. Cate-
chin, kaempferol, quercetin, and epicatechin that met the drug screening requirements, and three
additional compounds, glucomoringin, glucoraphanin, and moringinine, were identified as bioac-
tive compounds in MO. Catechin was found to be the main hub compound in MO. TP53, AKT1,
VEGFA, and CCND1 from PPI network were discovered as hub genes to have biological importance
in pancreatic cancer. GO and pathway analysis revealed that MO and GEM combination was mainly
associated with cancer, including pancreatic cancer, through regulation of apoptosis. Combination
therapy between MO and GEM might provide insight in pancreatic cancer treatment.

Keywords: Moringa oleifera; pancreatic cancer; bioactive compound; gemcitabine; network
pharmacology

1. Introduction

According to the World Health Organization, cancer is defined as a disease that occurs
in any organ or tissue of the body when the abnormal cells grow and divide uncontrollably
beyond the usual boundaries and invade or spread to the other parts of the body or
organs [1]. Pancreatic cancer is one of the most lethal human cancers, which appears to
be a significant unresolved health issue in the world. It is often diagnosed at an advanced
stage due to the distinctive anatomical location of the pancreas, which is associated with a
very poor prognosis. Based on GLOBOCAN 2020, the estimated incidence of pancreatic
cancer was 495,773 new cases and 466,003 deaths per year, making this cancer ranked
as the 12th most common cancer and the 7th leading cause of cancer death in the world,
respectively [2].

Gemcitabine (GEM), or also known as 2/,2’-difluorodeoxycytidine (dFdC), is a golden-
standard treatment for locally advanced and metastatic pancreatic cancer, since it was
proven to be superior to fluorouracil (5-FU) in terms of overall survival, performance status,
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and pain control in 1997 [3,4]. Although it has been accepted widely, the chemoresistance is
one of the major issues associated with this drug. Currently, studies on drug combination
have been well recognized in the cancer research community, with the aim to reduce toxicity,
minimize the induction of drug resistance, as well as to achieve additional therapeutic
effect [5]. Thus, the focus had been drawn towards traditional herbal medicine, which could
be an alternative approach to overcome the limitation of gemcitabine against pancreatic
cancer.

Moringa oleifera (MO), also known as drumstick or horseradish tree, is native to Africa
and South Asia and is most widely cultivated in northwestern India [6]. MO has been
demonstrated to possess pharmacological and biological activities, such as antitumor,
antioxidant, antimicrobial, hypoglycemic, hypotensive, hepatoprotective and immunomod-
ulatory activities [7]. These could be attributed to the presence of numerous bioactive com-
pounds, including flavonoids, phenolic compounds, vitamins, isothiocyanates, saponins,
and tannins, that have been reported in MO studies for their therapeutic effect [6].

Many efforts have been made to study the synergistic effects of combination therapy
between conventional and traditional herbal medicines. Network pharmacology is one
of those, which offers a systematic approach and a novel perspective to present the dy-
namic relation between drugs, potential targets, and associated pathways by constructing
the interactions among drug-targets—diseases [8]. Bioinformatics, a cost-effective drug
development approach, also provides a powerful platform to study network-based drug
discovery to address the complexity of the multi-target mechanism [9]. Hence, in this study,
a network pharmacology approach was used to predict the target genes and evaluate the
effect of MO in combination with GEM against pancreatic cancer.

2. Materials and Methods
2.1. Identification of Chemical Compounds of MO

Identification of chemical compounds of MO were performed by using Traditional
Chinese Medicine Systems Pharmacology, TCMSP (https://www.tcmspw.com/tcmsp.php,
(accessed on 2 December 2020)) [10], a unique Chinese herbal medicine pharmacology
database system, which integrates the association between drugs, targets, and disease
networks, and Traditional Chinese Medicine Integrated Database, TCMID (http:/ /bidd.
group/TCMID/, (accessed on 2 December 2020)) [11]. The Latin name of MO was searched
in these two databases to retrieve the composition of chemical and pharmacokinetic prop-
erties of each chemical compound. However, the constituents of MO cannot be found in
the databases.

Alternatively, studies related to MO were searched through the electronic litera-
ture database, PubMed, (https://pubmed.ncbi.nlm.nih.gov/, (accessed on 7 December
2020)) [12], to determine the biochemical compounds. Huang et al., 2020 [13] studied the
effect of antiinsulin resistance of MO, and listed the compounds found in MO in their
article. The 3D structures of the selected compounds were downloaded from PubChem
(https:/ /pubchem.ncbinlm.nih.gov/, (accessed on 26 August 2021)) [14].

2.2. The Screening of Bioactive Compounds in MO

The absorption, distribution, metabolism, and excretion (ADME) properties have been
regarded as essential indicators for orally administered herbal medicine. The evaluation of
three parameters, including the oral bioavailability (OB), drug-likeness (DL), and Caco-2
permeability, were applied to predict the potential bioactive compounds of MO. The three
parameters were evaluated using an in silico integrative ADME model through the TCMSP
database, with the threshold of OB > 30%, DL > 0.18, and Caco-2 permeability > —0.4.
Compounds listed in Huang et al., 2020 [13] that met the criteria of ADME properties were
considered as bioactive compounds. The bioavailability details of some MO compounds
that cannot be found in the TCMSP database were searched through online published
literature using PubMed.
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2.3. Target Genes Prediction of MO Bioactive Compounds and GEM

The target genes of MO bioactive compounds and GEM were retrieved from the
three databases, which are Drugbank (https://go.drugbank.com/, (accessed on 17 Decem-
ber 2020)) [15], The Drug Gene Interaction Database, Dgldb (https:/ /www.dgidb.org/,
(accessed on 17 December 2020)) [16], and Comparative Toxicogenomics Database, CTD
(http://ctdbase.org/, (accessed on 17 December 2020)) [17]. All the target genes were
limited to Homo sapiens only, and duplicated target genes were removed from the list.

2.4. Prediction of Pancreatic Cancer Target Genes

The target genes related to pancreatic cancer were derived from two databases, which
are Online Mendelian Inheritance in Man, OMIM (https://www.omim.org/, (accessed
on 17 December 2020)) [18] and Malacards (http://www.malacards.org/, (accessed on 17
December 2020)) [19], with the keyword “pancreatic cancer”.

2.5. Construction of Venn Diagram

All the predicted target genes for MO, GEM, and pancreatic cancer were imported
into the Bioinformatics and Evolutionary Genomics (http:/ /bioinformatics.psb.ugent.be/
webtools/Venn/, (accessed on 17 December 2020)) to identify the pancreatic cancer related
target genes of MO and GEM. The Venn diagram constructed from the tool represents the
intersection of potential target genes between drug and disease.

2.6. PPI Network Analysis

A protein—protein interaction (PPI) network was constructed via The Search Tool for
the Retrieval of Interacting Genes, STRING database, version 11.0 (https:/ /string-db.org/,
(accessed on 18 December 2020)) [20] by inputting the target genes of MO and GEM against
pancreatic cancer for a better understanding of the protein interactions. The PPI networks
were set as “homo sapiens” organism, highest confidence (0.900) for the minimum required
interaction score and excluded the disconnected node in the network. The PPI were
imported into Cytoscape software, version 3.8.2 (https://cytoscape.org/ (accessed on 4
January 2021)) [21], an open-source software tool for visualizing and integrating complex
interaction networks with any kind of attribute data [22] for the identification of hub genes.
The hub genes were identified through Cytoscape plug-in cytoHubba by first selecting
the top 10 genes under the, i.e., “Degree”, “Closeness”, and “Betweenness” parameters
to calculate the topological features of each node in the network. The shared top 10 hub
genes by the three parameters were determined using the Venn diagram tool.

2.7. GO and Pathway Enrichment Analysis

The Database for Annotation, Visualization, and Integrated Discovery, DAVID, version
6.8 (https://david.ncifcrf.gov/home.jsp, (accessed on 27 January 2021)) [23], an online
software that offers comprehensive data for high-throughput gene functional analysis
in the context of clarifying the biological characteristics, was used to perform the Gene
Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis. The enrichment analysis was conducted to reveal
the underlying mechanism of the combination between MO and GEM against pancreatic
cancer through the biological process, cellular components, molecular functions, and key
signaling pathways.
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2.8. Network Construction

Compound-target-pathway network construction was established by using Cytoscape
software, version 3.8.2 to better demonstrate the pharmacological mechanism of MO
combined with GEM against pancreatic cancer. Every node in the network was analyzed
and ranked according to their “degree” value, and nodes with higher than average node of
degree were considered as hub compounds.

3. Results
3.1. Identification and Screening of MO Compound

According to the literature of Huang studies, a total of 32 compounds have been
identified in MO (Supplementary Table S1). However, only seven compounds were found
to be listed in the TCMSP database, which are catechin, epicatechin, quercetin, kaempferol,
caffeic acid, p-coumaric acid, and ferulic acid. Four compounds, which are catechin,
epicatechin, quercetin, and kaempferol, were selected as the bioactive compound that met
the requirement of the drug screening for further analyses (Table 1).

Table 1. The ADME properties of the bioactive compounds of Moringa oleifera found in Traditional Chinese Medicine
Systems Pharmacology (TCMSP).

Compound Oral Bioavailoability Drug-Likeness Caco-2 Permeability
OB (>30%) DL (>0.18) (>-0.4)
Catechin 58.43 0.24 —0.03
Epicatechin 48.96 0.24 0.02
Quercetin 46.43 0.28 0.05
Kaempferol 41.88 0.24 0.26

The screening of the remaining 25 compounds of MO were conducted using Dgldb,
CTD, and Drugbank databases to search for the target genes. Target genes were found only
for 3 compounds out of the 25, i.e., glucomoringin, glucoraphanin, and moringinine. The
bioavailability of these compounds was determined through literature search since these
compounds were not found in the TCMSP database. Glucomoringin and glucoraphanin
were reported to have a good bioavailability, while the solubility of moringinine can be
improved by the formation of benzylamine salts with benzoic acid derivatives [24-30].
These three compounds were also regarded as bioactive compounds, as they were reported
to exhibit anticancer activity in several types of cancers [30-32]. The chemical structures of
the selected bioactive compounds in MO are summarized in Table 2. Catechin, epicatechin,
quercetin, and kaempferol are categorized in the flavonoids group. Each of the compounds
have similar structures with different positions of functional groups. Glucomoringin and
glucoraphanin are classified in the glucosinolates group, while moringinine is categorized
in the benzylamine group.
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Table 2. Chemical structures of the selected bioactive compounds in MO.

Groups Chemical Structure
Flavonoids
Kaempferol (C;5H;9Og)
Glucosinolates
Glucomoringin (Cp; H31NO145;) Glucoraphanin (C1oH»3NO1¢S3)
i
Benzylamine . k
/
Moringinine (C;HgN)

Note: grey balls denote carbon; red balls denote oxygen; white balls denote hydrogen; yellow balls denote sulfur; blue balls denote nitrogen.

3.2. Target Gene Prediction of MO, GEM, and Pancreatic Cancer

In MO, a total of 1092 potential pancreatic cancer target genes of the seven bioactive
compounds were found in Drugbank, Dgldb, and CTD databases (Supplementary Table S2).
There are 352 (Supplementary Table S3) and 421 target genes (Supplementary Table 54) for
GEM and pancreatic cancer, respectively, that were retrieved from several databases.

3.3. Screening of Potential Pancreatic Cancer Related Target Genes of MO and GEM

The potential pancreatic cancer related target genes of MO and GEM were represented
by the Venn diagram (Figure 1). The diagram revealed 81 MO intersection, 8 GEM
intersection, and 137 MO + GEM intersection target genes against pancreatic cancer. The
online databases identified 33 shared biotargets of MO and GEM against pancreatic cancer.
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Moringa oleifera Gemcitabine

Pancreatic cancer

Figure 1. The relation of target genes via Venn diagram between 7 compounds of MO and GEM
against pancreatic cancer. There are 137 target genes in MO + GEM intersection (orange, white, and
purple) against pancreatic cancer. Biotargets that are shared by MO and GEM against pancreatic
cancer are 33 (white) in total. MO and GEM intersections have 81 (orange and white) and 89 (purple
and white) target genes against pancreatic cancer, respectively.

3.4. PPI Network

In this study, we investigated four intersections. The PPI network of the MO + GEM in-
tersection (Figure 2a), shared biotargets intersection (Figure 2b), MO intersection (Figure 2c),
and GEM intersection (Figure 2d) targets against pancreatic cancer were constructed using
STRING database. There were 136 nodes, with one disconnected node (MIR24-2), and 878
edges of MO + GEM intersection, 33 nodes and 122 edges of shared biotargets intersec-
tion, 81 nodes and 373 edges of MO intersection, and 88 nodes, with one disconnected
node (MIR24-2), and 425 edges of GEM intersection targets against pancreatic cancer. The
networks showed that these target genes have complex interactions between each other.
Several potential pancreatic cancer related target genes of MO and GEM were also identi-
fied in the network and were considered as the hub genes based on the degree, closeness,
and betweenness values. All the hub genes for each intersection are shown in Figure 3.
TP53, AKT1, VEGFA, and CCND1 were identified as hub genes that overlapped between
the four intersection networks. Shared biotargets intersection has two hub genes, CASP3
and BCL2L1, that were not targeted by GEM or MO alone, while STAT3 was the only hub
gene that was untargeted by any other intersections except GEM intersection.
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Figure 2. Targets of MO, GEM and their combinations against pancreatic cancer using STRING database. (a) Venn diagram
and PPI network of MO + GEM intersection target genes against pancreatic cancer. (b) Venn diagram and PPI network of
shared biotargets intersection against pancreatic cancer. (c) Venn diagram and PPI network of MO intersection target genes
against pancreatic cancer. (d) Venn diagram and PPI network of GEM intersection target genes against pancreatic cancer.
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MO
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BCL2L1

STAT3

Figure 3. Hub genes derived from the PPI network based on degree, closeness, and betweenness
values. TP53, AKT1, VEGFA, and CCNDI1 are the hub genes that overlapped between the 4 intersection
networks against pancreatic cancer.

3.5. GO and Pathway Enrichment Analysis

GO enrichment analysis was performed to further investigate the biological process,
cellular components, and molecular function of the pancreatic cancer related target of MO
and GEM using DAVID bioinformatics resources. The Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis was also conducted to further reveal the
pharmacological mechanism of the combination between MO and GEM against pancreatic
cancer. Three intersection networks were investigated to determine the GO and pathway
enrichment analysis, i.e., MO + GEM intersection, shared biotargets intersection, and
MO intersection networks. The GO enrichment terms and KEGG pathway analysis are
illustrated in Figures 4 and 5. The results of GO analysis for the top 10 biological processes
among the three intersection networks showed that the negative regulation of the apoptotic
process was highly regulated compared to the other processes. In cellular component
enrichment analysis, the top 10 significant enrichment terms were mainly involved in
the cytosol and nucleus among the three intersection networks. The top 10 significant
enrichment terms represented by molecular function showed that protein binding was
highly regulated in MO + GEM intersection (Figure 4a), while identical protein binding
was highly regulated in shared biotargets (Figure 4b) and MO intersections (Figure 4c).
Besides, the KEGG pathway enrichment analysis of the three intersection networks was
mainly associated with pathways in cancer and hepatitis B. Among the three networks,
pancreatic cancer was one of the related pathways, where it was ranked as third and fourth
in the MO + GEM intersection (Figure 5a) and MO intersection (Figure 5c), respectively.
However, pancreatic cancer was found in the last rank of the shared biotargets intersection
(Figure 5b).
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Figure 4. GO enrichment terms analysis of MO, and its combination with GEM against pancreatic cancer. (a) The bar chart
represents the top 10 significant enrichment terms represented by the biological process, cellular component, and molecular
function of MO + GEM intersection target genes against pancreatic cancer. (b) The bar chart represents the top 10 significant
enrichment terms represented by the biological process, cellular component, and molecular function of shared biotargets
intersection against pancreatic cancer. (c) The bar chart represents the top 10 significant enrichment terms represented by the
biological process, cellular component, and molecular function of MO intersection target genes against pancreatic cancer.

3.6. Compound-Target-Pathway Network Constructions

The compound-target-pathway network (Figure 6) was constructed based on the
significantly enriched pathways by using Cytoscape software to further understand the
pharmacological mechanism of MO and GEM against pancreatic cancer. Compound-target
network analysis identified catechin, kaempferol, and quercetin as hub compounds in
the network of MO + GEM intersection target genes against pancreatic cancer, since the
degree value of these compounds is greater than the average degree of node, 14.910. In
the network of shared biotargets intersection against pancreatic cancer with the average
degree of node, 22.737, only catechin was recognized as a hub compound, while two hub
compounds, which are catechin and kaempferol, were identified in the network of MO
intersection target genes against pancreatic cancer with a degree value greater than the
average degree of node, 30.909 (Table 3).
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Figure 5. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of MO, and its combination with
GEM against pancreatic cancer. (a) The bar chart represents the top 10 KEGG pathway analysis of MO + GEM intersection
target genes against pancreatic cancer. (b) The bar chart represents the top 11 KEGG pathway analysis of shared biotargets
intersection against pancreatic cancer. (c) The bar chart represents the top 10 KEGG pathway analysis of MO intersection

target genes against pancreatic cancer.

Table 3. Hub compounds in compound-target network based on the degree values.

Compounds Degree
Gemcitabine 89
MO + GEM intersection target genes against pancreatic cancer Catechin 46
Kaempferol 43
Quercetin 18
. . . . . Gemcitabine 33
Shared biotargets intersection against pancreatic cancer Catechin o7
Catechin 47

MO intersection target genes against pancreatic cancer

Kaempferol 42
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Figure 6. The compound-target-pathway network of MO and GEM, as well as the shared biotargets intersection against pancreatic cancer, by using Cytoscape. The network contains
162 nodes (8 compounds, 17 pathways, and 137 target genes) and 3227 edges. The left and right compound-target network are the MO and GEM intersections target genes, respectively,
while the center compound-target network is their combination against pancreatic cancer. The light blue hexagons represent the pathways involved in MO intersection targets, the orange
hexagons represent the pathways involved in the MO and shared biotargets intersections, the yellow hexagons represent the pathways involved in the GEM intersection targets, the green
hexagons represent the pathway involved in shared biotargets intersection, and the pink hexagons represent the pathway involved in three intersection networks. The oval nodes represent
the target genes, the rectangle nodes represent the compounds, the hexagons represent the signaling pathway, while the edges represent the interaction between them.
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4. Discussion

As the seventh most common cause of cancer death, most pancreatic cancer patients
are less likely to survive for more than 5 years, since the relative survival rate at 5 years for
pancreatic cancer is less than 10% across the globe. Traditionally, the conventional approach
in drug discovery is considered as “one drug, one target, one disease” theory. In contrast,
network pharmacology study has been known as “multi-drug, multi-target, multi-diseases”
to explore the correlation of drugs and diseases [33]. In this present study, a network
pharmacology approach was proposed to identify the potential bioactive compounds
and theoretically evaluate the effect of the combination therapy of MO and GEM against
pancreatic cancer.

The progression of pancreatic cancer is often associated with the mutation of oncogene
and tumor suppressor genes, such as KRAS and TP53, respectively. Currently, there
is no effective treatment that has been clinically approved which directly targets the
mutation of KRAS oncogene in pancreatic cancer [34]. Despite the significant efforts in the
research and development of the drug, gemcitabine (GEM), which is the gold-standard
first-line chemotherapy against locally advanced and metastatic pancreatic cancer since
1997, has poor efficacy due to the rapid acquired resistance [35]. It has been reported in a
previous study that pancreatic cancer patients with KRAS mutation had a poor response
and shorter survival rates compared to those with wild-type KRAS after being treated with
gemcitabine [34]. Besides, mutant TP53 has been demonstrated to induce gemcitabine
resistance towards pancreatic cancer cells. Gemcitabine stabilized the mutant of p53 protein
in the nucleus and caused chemoresistance, which occurred concurrently with the mutant-
p53-dependent expression of CDKI and CCNB1 genes that led to the hyperproliferation of
pancreatic cancer cells [36]. Hence, this present in silico study combined GEM with MO that
might help the future researchers in developing an effective treatment against pancreatic
cancer.

This study revealed four potential bioactive compounds in MO, including catechin,
epicatechin, kaempferol, and quercetin, that met the requirement of ADME screening.
Glucomoringin, glucoraphanin, and moringinine were included in this study, as they have
been found to exhibit the anticancer effect in various kinds of cancer [30-32]. However,
only three compounds of MO, i.e., catechin, kaempferol, and quercetin, were considered
as the hub compounds in MO + GEM intersection target genes against pancreatic cancer.
Catechin and kaempferol were also identified to be the hub compounds in MO intersection
targets against pancreatic cancer. Kaempferol was found to play a role in the regulation of
various cancer cell activities, which include inflammation, apoptosis, and cell cycle [37].
Quercetin had been reported to stimulate antitumor activities through the induction of
apoptosis, cell cycle, and autophagy [38—41]. Since catechin was the only compound that
has been recognized as a hub compound in the shared biotargets intersection against
pancreatic cancer, this compound plays a vital role against pancreatic cancer. Catechin is
one of the flavonoid derivatives, which is prominently found in green tea, that possesses
health-promoting properties, including anticancer and antioxidant properties [42-44].
It has been demonstrated that catechin, which is also known as cyclooxygenase-1 (COX-1)
inhibitor, had exhibited a synergistic and additive antiproliferative effect on breast, bladder,
and prostate cancer in vitro with the combination of COX-2 inhibitor [45,46]. Besides,
catechin with the combination of IP6 also gives a reduction in cellular proliferation, as
well as inducing the apoptosis effect in the pancreatic cancer cells, MiaPaca and Panc-1,
significantly [47].

Several hub genes were identified based on the PPI network and considered to play a
crucial role within the network against pancreatic cancer [8]. In this study, it is suggested
that TP53, AKT1, VEGFA, and CCND1 may be the key targets for anticancer activity of
MO and GEM combination, which might have major biological importance in treating
pancreatic cancer. TP53 has been known to be mutated in 70% of cases in pancreatic cancer,
causing the loss of DNA-binding ability, which activates the transcription of genes [48]. The
progression of malignant pancreatic cancer was found to be associated with the sustained
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expression of mutant TP53 [49]. From the previous study, R273H mutation of P53 in
MiaPaca-2 pancreatic cancer cell lines have been found to play roles in increasing colony
formation and proliferation, and resistance to drug [49]. A study on MO demonstrated
that the hot water leaf extract of the plant revealed the antiproliferative effect in the lung
cancer cell, A549, by the activation of P53, caspases, and PARP1 cleavage, which led to
the apoptosis of the cancer cell [50]. Besides, TP53 plays a role as a diagnostic marker in
pancreatic cancer patients treated with GEM chemotherapy [51]. Previously, study has
reported that the chemoresistance of GEM can be overcome by the combination of P53-
reactivating molecules, RITA, and CP-31398, which reduced the growth rate and caused
apoptosis to the pancreatic cancer cell line [36]. AKT1 is the main protein in the signaling
pathway of PI3K/Akt and in the various types of cancer. The abundance of AKT1 activity
has been shown through the transmission of strong antiapoptotic signals [52]. It has been
demonstrated that activation of AKT was prevented by the AKT inhibitor, together with
GEM, which then enhanced the cytotoxic activity of GEM [53]. In pancreatic cancer, VEGFA
is the most common and prevalent angiogenic factor among other family members. Since it
can promote angiogenesis and greatly increases cancer cell motility, VEGFA is responsible
for inducing pancreatic cancer cell invasion and migration [54,55]. The suppression of
VEGFA expression by GEM will cause the inhibition of tumor angiogenesis in the cancer
cells [56]. Researchers recently are also focusing to target the pancreatic stroma, as the
tumor microenvironment of pancreatic cancer plays an important role in its pathogenesis.
A previous study has reported an aberrant gene expression profile in the cancer-associated
stroma, which is associated with high expression of VEGFA, COX-2, and collagen I, as
well as the alteration of integrin expression. These could result in the abnormal interaction
of epithelial-mesenchymal that enhances the proliferation and invasiveness of cancer
cells [57]. Hence, it is suggested that the MO and GEM combination may help in the
inhibition of the aberrant signal generated by pancreatic cancer associated stromal cells
and provides therapeutic options. Cyclin D1, encoded by CCND1 gene, is a key regulator
protein in the G1-S phase transformation, which is also responsible for the regulation of
cell growth and differentiation. Cyclin D1 deregulation can result in tumor formation
caused by genetic instability in vivo and in vitro [58]. A study has shown that GEM causes
CCND1 suppression in the human breast cancer cell line, which is due to the cell cycle
arrest in S phase [59]. Moreover, cancer cells that have been treated with the leaf extract of
MO were shown to have a significant reduction in cyclin D1 levels in a dose-dependent
manner [60]. Therefore, it is assumed that downregulation of mutant TP53, AKT1, VEGFA,
and CCND1 genes might reduce the ability of pancreatic cancer cells to survive.
Moreover, this study revealed the novel targets in the combination of MO and GEM
may represent the new target proteins against pancreatic cancer, including CASP3 and
BCL2L1, which were not targeted by MO or GEM alone. CASP3 is known as a proapoptotic
gene that is involved in multiple apoptosis processes [61]. A previous study has shown that
doxorubicin induced apoptosis in breast cancer cell lines by upregulating the expression of
caspase-3, caspase-8, and BAX [62]. In contrast, BCL-xL, which is encoded by the BCL2L1
gene, is an important antiapoptotic protein that aids in the survival of pancreatic cancer
cell differentiation [63]. Venetoclax, the anticancer drug against acute myeloid leukemia
and chronic lymphocytic leukemia, has been reported to inhibit the binding of BCL2 to
BAK or BAX, which trigger the apoptosis of the cancer cells [64]. Hence, these genes could
be an ideal target of MO and GEM combination in controlling pancreatic cancer growth.
Furthermore, the possible mechanism of action and signaling pathway against pan-
creatic cancer was further evaluated through enrichment analysis. The result of the GO
enrichment analysis demonstrated that the most enriched biological process of the target
genes of MO, as well as its combination with GEM, involves the regulation of cell pro-
liferation and apoptosis. It has been reported that the positive and negative regulation
of apoptotic processes were simultaneously activated through noxious and protective
signals via various pathways [65]. Thus, it is pertinent to finely balance the regulation
of the two signals to increase the effectiveness of the combination therapy between MO
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and GEM. Besides, the positive regulation of cell proliferation might lead to the abnormal
growth of the cancer cell. Therefore, targeting the genes involved in the regulation of cell
proliferation might improve the treatment of pancreatic cancer. From the KEGG pathway
enrichment analysis of MO, as well as its combination with GEM, the results showed
that the enrichment pathways were mainly related to pancreatic cancer, prostate cancer,
colorectal cancer, bladder cancer, endometrial cancer, and chronic myeloid leukemia. There
were also involvement of other pathways in this study, such as hepatitis B, apoptosis,
FoxO signaling pathway, Ras signaling pathway, VEGF signaling pathway, and toll-like
receptor signaling pathway. On the other hand, when MO and GEM were combined, other
diseases were also being targeted, such as chagas disease (American trypanosomiasis) and
nonalcoholic fatty liver disease (NAFLD). These findings revealed that “multi-pathway”
theory has been applied.

5. Conclusions

In conclusion, this is the first network pharmacology study reported to predict the
pancreatic cancer target genes of the bioactive compounds of MO with the combination
of GEM and theoretically evaluate their effect in pancreatic cancer development and pro-
gression. Multiple targets, including TP53, AKT1, VEGFA, and CCND1, were found to be
functionally enhanced in multiple pathways associated with pancreatic cancer develop-
ment. Furthermore, CASP3 and BCL2L1 that were not targeted by MO or GEM were found
in the shared targets of MO and GEM, which may represent a new target protein against
pancreatic cancer. Hence, the effect of GEM could be enhanced when it is combined with
MO in treating pancreatic cancer. These findings provide new insights into the antipancre-
atic cancer effects of the MO and GEM combination therapy and pave the way for further
in vitro and in vivo experimental validations.
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