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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a severe 
malignancy ranked as the fourth leading cause of cancer-
related deaths.1,2 At the time of diagnosis, most patients 
have incurable metastatic conditions with an overall 
5-year survival rate of less than 10%.2 It is predicted that 

PDAC will become the second-greatest cause of cancer-
related death globally during the next two decades.3 
Various elements contribute to the high mortality rate 
caused by PDAC.4 These include the advanced stage at 
which it is typically diagnosed and the limited availability 
of efficacious systemic treatments.5 Currently, clinical and 
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Abstract
Introduction: Pancreatic ductal adenocarcinoma (PDAC) 
is a highly lethal disease with a poor prognosis. Kinase 
proteins are essential regulators of cellular processes and 
potential targets for drug development.
Methods: Integration of multiple microarray datasets was 
screened to find differentially expressed kinases (DE-
Kinases) across adjacent normal and tumor tissue samples 
in PDAC. The most effective kinase for drug design and 
docking in this study was selected by investigating biological 
mechanisms and survival analyses. Forty phytochemicals 
were extracted from the yellow sweet clover, Melilotus 
officinalis (Linn.) Pall, and were then subjected to in silico 
screening and molecular docking studies against a specific 
potent kinase.
Results: MET, PAK3, and PDK4 were identified as the 
DE-Kinases. After examining the pathways and biological 
processes, up-regulated  MET had the most significant 
survival analysis and became our primary kinase for drug 
design and docking in this study. Four of the extracted 
phytocompounds of Melilotus officinalis (Linn.) Pall that 
exhibited high binding affinities with MET and were selected for toxicity analysis. Finally, the 
stability and mobility of the two nontoxic compounds that passed the toxicity test (dicumarol 
PubChem CID: 54676038 and melilotigenin PubChem CID: 14059499) were studied by molecular 
dynamics simulation.
Conclusion: This study's results identified two phytochemicals in yellow sweet clover that could 
be used to develop an anticancer drug, but experimental evaluation is necessary to confirm their 
efficacy.
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pathological features possess limited predictive utility 
in forecasting the prognosis of patients with metastatic, 
locally advanced, or resectable subgroups of PDAC.6,7 It 
is imperative to develop efficient systemic therapeutic 
approaches for PDAC. Advancements in molecular biology 
and genomic technologies, including transcriptomic 
analyses, have led to substantial progress in the diagnosis 
and therapeutic interventions for PDAC.5 Transcriptomic 
analyses in cancer genomics contribute to advancing 
the field of precision medicine by identifying clinically 
transcriptomic biomarkers.8,9 Abundant transcriptomic 
data is publicly accessible in The Gene Expression 
Omnibus (GEO) database, which consists of open-access, 
high-throughput gene expression data with various 
functional genomics datasets.10 GEO contains data from 
microarray technology, a potent tool for studying global 
gene expression in human cancers. This technique has 
provided essential insights into the progression, prognosis, 
and therapeutic response of many cancer types.11,12 The 
UALCAN database has been shown to have the ability 
to make connections between gene expression and the 
overall survival of individuals.13 Very few cancer genes 
encode targets that are suitable for drug development. 
Protein kinases are among the most important targets for 
small-molecule inhibitors against cancer.5 They belong to 
a group of 500 genes encoding protein kinase enzymes 
responsible for facilitating protein phosphorylation.14,15 
Kinase enzymes regulate and maintain proliferation, cell 
cycle, apoptosis, motility, growth, and differentiation in 
a cell by transferring a phosphate group.16 Misregulated 
kinase activity can lead to profound alterations in these 
processes and is identified as a potential carcinogenic 
process.14 Given the essential role of kinases in cell biology 
and their significant contribution to various cancer types, 
there are numerous ongoing studies on kinase inhibitors 
in research and therapeutic contexts.14,17 Previous 
investigations have employed a multi-database analysis 
methodology to identify essential gene networks and 
anticipate prospective drug candidates. Several studies 
have generated various multi-modal molecular profiles 
for PDAC that show promise in terms of prognostic 
potential and cross-validation and generalization18-21; 
however, more systematic analyses of data are required to 
develop feasible clinical applications.22 A meta-analysis of 
previously published data on PDAC provides the ability to 
integrate related research.23,24

In the past few decades, among the diverse treatment 
approaches used for different types of cancers, 
chemotherapy has emerged as the predominant method 
for cancer treatment. Chemotherapeutic agents are 
typically classified into two groups based on their 
source: natural products (such as those derived from 
plants) and synthetic compounds. Despite the expensive 
production costs of synthetic chemotherapeutics, they 
have not demonstrated the anticipated efficacy in cancer 

treatment. Conversely, plant-derived chemotherapeutic 
agents have demonstrated promising outcomes in treating 
various diseases, including some types of cancer. The 
anticancer properties of over 3000 plant species have 
been acknowledged globally. The anticancer activities 
demonstrated by the bioactive compounds found in these 
plants result in the scavenging of free radicals, antioxidant 
effects, stimulation of apoptosis, halting of the cell cycle, 
and suppression of angiogenesis.

Melilotus officinalis (Linn.) Pall is an annual herb 
containing chemical compounds with antioxidative, anti-
inflammatory, antitumor, and various pharmaceutical 
properties. This herb, commonly known as yellow sweet 
clover, belongs to the Melilotus genus of the Fabaceae 
family and is widely distributed worldwide. Studies have 
demonstrated the inhibitory effects of Melilotus officinalis 
on MCM7, MCF-7, PC3M, and other tumor cell lines. For 
example, research has shown that the ethanolic extract 
of Melilotus officinalis directly inhibits the growth of 
MCF-7 cancer cells through its antioxidant properties 
and enhancement of the expression of the p53 gene.25 
Additionally, the inhibitory effects of two novel benzoic 
acid compounds from this herb on PC-3M prostate cancer 
cells have been documented. In silico studies reveal the 
potential of rosmarinic acid and melilotigenin to serve as 
anticancer agents against the MCM7 protein.26

 This study aimed to identify the differentially expressed 
kinase genes (DEKGs) in PDAC and to screen for potential 
anticancer compounds from the yellow sweet clover plant, 
Melilotus officinalis. The study used transcriptome data 
from three public datasets of PDAC tumor samples and 
adjacent non-tumor samples and performed a meta-
analysis to find consistent DEKGs across the datasets. 
The study also performed survival analysis to evaluate 
the prognostic value of DEKGs in PDAC patients. The 
study then used virtual screening and molecular docking 
techniques to test phytochemicals from the yellow 
sweet clover plant against the DEKGs and selected four 
compounds that showed strong binding affinities with 
the target proteins to discover novel biomarkers and drug 
candidates for PDAC, a highly fatal disease with a poor 
prognosis.

Materials and Methods 
Data collection
To search the mRNA expression datasets, the Gene 
Expression Omnibus (GEO) database (http://www.
ncbi.nlm.nih.gov/geo) was searched using the following 
keywords: "pancreatic adenocarcinoma," "Homo sapiens," 
'[porgn: txid9606]' and 'expression profiling by array.' After 
completing an extensive search, the researchers selected 
and analyzed three GSE profiles (GSE28735, GSE62452, 
and GSE183795). The datasets contained PDAC samples 
and were the expression of transcripts on the GPL6244 
(Affymetrix Human Gene 1.0 ST array [transcript (gene) 
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version]). Subsequently, the KinHub database (http://
www.kinhub.org/kinases.html) was used to collect all 
human kinase genes and report them in a table.

Microarray data processing and integrative data 
integration
The R statistical programming language was used in 
all data processing and integration stages. The datasets 
discussed were from a refined platform (Affymetrix). 
After combining two data sets, principal component 
analysis (PCA) and boxplot were used to investigate 
whether the batch effect was eliminated. As the final 
product of the data integration, a unit expression matrix 
(the combination of the two datasets in this study) was 
generated.

Identification of differentially expressed genes
We extracted differentially expressed genes (DEGs) 
from a unit expression matrix comparing "pancreatic 
adenocarcinoma with normal tissue." DEGs were 
identified using the R program limma.27 We used a log2 
fold change ≥ |1| and an adjusted P-value of 0.05 to assess 
whether DEGs were statistically significant. This work 
focused on DEG kinase in PDAC cancer to see if they 
could be converted to oncogenes. Therefore, we used the 
Venny 2.0 tool (https://bioinfogp.cnb.csic.es/tools/venny/
index2.0.2.html) to identify genes that were both kinase 
and DEGs in this study (DE-Kinase).

Gene Ontology (GO) and pathway enrichment analyses
The Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathways and Gene Ontology (GO), including the 
biological process (BP) terms, were used to recognize 
biological mechanisms. In the present study, the 
ClusterProfiler and GOPlot packages in R were run to 
attitude KEGG pathways and BP enrichment analyses of 
DE-Kinase in this study.28

Survival analysis 
UALCAN (http://ualcan.path.uab.edu/index.html) is an 
interactive website that enables an in-depth examination 
of TCGA gene expression data. Kaplan-Meier analyses 
play a prominent and essential role within the UALCAN 
platform. They offer valuable insights and analyses in 
cancer research.29 P values of less than 0.05 were considered 
statistically significant for survival analysis.

Protein and ligand retrieval
The Protein Data Bank (PDB) is a repository that contains 
information on the three-dimensional structures of large 
biological molecules. The RCSB PDB was used to obtain 
the 3D structure of the target protein.30 We also used two 
different databases to obtain the phytochemicals from 
the yellow sweet clover plant, scientifically known as 
Melilotus officinalis (Linn.) Pall. The first database was 
IMPPAT, a comprehensive collection of Indian medicinal 

plants and their associated phytochemicals. IMPPAT 
helps in the discovery of natural product-based drugs 
using cheminformatic methods. The second database was 
Dr. Duke's database, which provides information on the 
medicinal properties of phytocompounds in humans.31 
AutoDock software was used to process the acquired 
compounds.

Molecular docking study
Molecular docking studies involve computational 
techniques to predict how two molecules, such as a 
drug and a protein, might interact. The AutoDock Vina 
tool from PyRx virtual screening software was used to 
determine the binding pose of the ligand-protein pair. 
This software is widely used in computer-aided drug 
design (CADD) to find the optimal binding mode of a 
specific drug to its target protein. The PyRx software 
provides a reliable and easy-to-use docking tool for 
CADD by screening libraries of compounds against the 
selected target protein.32 The complexes with the lowest 
binding energy (highest with a negative sign) in units of 
kcal/mol were selected for further analysis. 

Pharmacokinetics study
The Swiss-ADME online server was used to evaluate the 
drug candidate's absorption, distribution, metabolism, 
and excretion (ADME) characteristics.33 This analysis is 
essential for predicting the drug's potential behavior in the 
body before it undergoes clinical testing. Optimizing the 
ADME profile is essential to ensuring the drug's success 
in both clinical and commercial settings. The ADME 
properties of the compounds were estimated based on 
their physicochemical properties, such as hydrophobicity, 
lipophilicity, interaction with the gastrointestinal 
environment, and ability to cross the blood-brain barrier. 
These properties affect how the drug is eliminated from 
the body through urine and feces.

Toxicity analysis
In order to guarantee the safety of the drug candidate, it 
was subjected to toxicity testing as an essential part of its 
development process. The toxicity test is a crucial stage 
in drug development for acquiring the compound's safety 
profile. The preclinical toxicity test aims to anticipate 
specific risks in the compound's profile, including 
mutagenicity, carcinogenicity, and immunotoxicity, both 
quantitatively and qualitatively.34 The admetSAR 2.0 
online server was utilized to assess the toxicity of the 
selected phytochemicals. Furthermore, the ProTox-II 
server was employed to investigate the compound's toxic 
effects further by examining various pathways related to 
toxicity, such as those involving nuclear receptors and 
stress responses.

The protein-ligand interaction visualization 
After the molecular docking study, pharmacokinetics 

http://www.kinhub.org/kinases.html
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search, and toxicity analysis, BIOVIA Discovery Studio 
Visualizer software was used to visualize and analyze the 
binding interaction between the ligands and the protein. 
This software is a powerful tool for visualizing and 
analyzing molecular structures and their properties. It 
is commonly used in chemistry, biochemistry, and drug 
discovery to examine and manipulate molecular models. 
We also used the software to calculate the binding energy, 
hydrogen bonds, and other interaction parameters of each 
ligand-protein pair. We used these parameters to evaluate 
the stability and specificity of the binding interaction and 
to identify the key residues involved in the binding site.

Molecular dynamics simulation
The complex structures underwent 150 nanoseconds 
of MD simulations using the GROMACS 5.1.4 software 
within a Linux environment to assess the stability of 
the chosen candidate compounds binding to the target 
protein. A simple point-charge water molecule was 
utilized to address the system, with an orthorhombic 
periodic boundary box shape set at a distance of 10 Å on 
both sides to maintain a specific volume. Suitable ions 
such as Na + and Cl− with a salt concentration of 0.15 M 
were randomly placed in the solvated system to neutralize 
it electrically. Following the construction of the solvated 
system containing the protein in complex with the ligand, 
the system was minimized and relaxed using the default 
protocol implemented within the GROMOS 96 43a1 force 
field parameters. The system was gently heated at a low 
temperature (t = 0.1 ps) and pressure (t = 0.5 ps) using 
Berendsen algorithms to achieve the equilibrium geometry 
at 300 K. All simulations were carried out under constant 
temperature and pressure conditions with a non-bonded 
cut-off of 1.4 Å. The molecular dynamics simulation lasted 
for 150 ns at 300 K, with bond length constraints enforced 
using LINCS and electrostatic interactions handled using 
the particle mesh Ewald method. The simulation followed 
the NPT (constant number of particles, pressure, and 
temperature) criteria. Throughout the simulation, the 
frame was saved every 1.0 ps. The stabilized structure 
was extracted from the system's trajectory to assess the 
reliability of protein geometry and structural folding. 
Subsequently, the protein's dynamic behavior and 
structural changes were analyzed by calculating the 
root mean square deviation (RMSD) to investigate the 
structural stability of complexes.35

Results 
Data collection and expression analysis
Table 1 provides details of the three GEO data sets used 
in this study. We detected 536 human kinase genes in the 
KinHub database (Supplementary file 1, Table S1). The 
integrated analysis of the three GEO datasets resulted 
in 277 DEGs, which were divided into 163 upregulated 
genes and 114 downregulated genes between tumor 
samples (n = 253) and adjacent non-tumor samples 
(n = 208) (Supplementary file 2, Table S2). By comparing 
upregulated DEGs with human protein kinases, three 
genes, i.e., MET (MET proto-oncogene, receptor tyrosine 
kinase), PAK3 (p21 (RAC1) activated kinase 3), and PDK4 
(pyruvate dehydrogenase kinase 4), were identified as the 
final list. In this study, MET expression was upregulated, 
while the PAK3 and PDK4 genes were down-regulated.

Gene Ontology (GO) and pathway enrichment analysis
The clusterProfiler and GOplot packages were utilized to 
find the enriched pathways and GO with P values < 0.05, 
shown by dot and chord plots, respectively. No significant 
biological pathway was found for the PDK4 gene. However, 
pathway analysis indicated that the renal cell carcinoma, 
axon guidance, focal adhesion, and Ras signaling pathways 
were most prevalent in MET and PAK3 (Fig. 1A). Besides, 
regulation of protein polymerization, regulation of actin 
filament organization, protein polymerization, regulation 
of actin cytoskeleton organization, and regulation of 
supramolecular fiber organization were significant in the 
GO category (Fig. 1B).

Screening DE-Kinases by survival analysis
The overall survival of DE-Kinases was analyzed using 
UALCAN. The results showed that the PDK4 survival 
analysis was insignificant (P = 0.11). MET (P = 0.0001) 
and PAK3 (P = 0.022) were two of the kinases that we 
were able to identify among the DE-Kinases (Fig. 2). 
Patients who had higher expression of MET and lower 
expression of PAK3 had worse overall survival among 
PDAC patients. Considering the high expression of MET 
and the most significant value of survival analysis and 
its significant impact on survival in this study, MET was 
associated with shorter overall survival and predicted a 
poor prognosis. Due to its high expression and significant 
effect on the system's survival, this kinase can be a very 
suitable therapeutic target. 

Table 1. This study used information from three GEO datasets 

No. of GEO profile Platform
Samples Stage

Tumor tissue Adjacent non-tumor Normal Pancreas Stage I Stage II Stage III Stage IV Not reported

GSE28735 GPL6244 45 45 - - - - - 90

GSE62452 GPL6244 69 61 - 7 84 26 13 -

GSE183795 GPL6244 139 102 3 11 143 32 13 45

The Affymetrix company utilized all mRNA platforms for its research
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Fig. 1. Functional enrichment analysis of DE-kinase. Top KEGG pathways (A); Top GO terms (B).

Fig. 2. The overall survival curve of DE-Kinases.
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Protein and ligand retrieval and preparation
The structure of the Met domain protein kinase (7mo7.
pdb) was obtained from the PDB. Various structures of 
the Met protein kinase can be found in the PDB, and from 
these, 7mo7 was selected due to its longest sequence length 
and absence of mutations. A set of 40 phytochemical 
compounds derived from the yellow sweet clover plant 
(Melilotus officinalis) was obtained from IMPPAT and Dr. 
Duke's databases. Molecular docking analysis was done 
to identify the most effective interaction between the Met 
domain protein kinase (7mo7) and the phytochemical 
compounds. The AutoDock Vina wizard from the PyRx 
software was used to examine the 40 compounds. The 
results showed binding affinities ranging from -4.5 to 
-11.9 kcal/mol (Supplementary file 3, Table S3). The 
compounds with lower binding affinity compared to the 
control compound were selected. However, capmatinib 
had an inhibitory effect on Met domain protein kinase 
and a binding affinity of -10.5 kcal/mol as determined by 
PyRx. The top four compounds, PubChem CID: 54676038 
(-10.8 kcal/mol), PubChem CID: 14059499 (-11.9 
kcal/mol), PubChem CID: 18646 (-9.9 kcal/mol), and 
PubChem CID: 5280343 (-9.5 kcal/mol), exhibited better 
binding affinities than the control ligand capmatinib (-9.2 
kcal/mol). More information on these four compounds 
can be found in Table 2.

Pharmacokinetics study
The SwissADME server assessed the ADME properties 
of the selected compounds based on their interaction 
with the target macromolecules. These properties reveal 
the advantages and disadvantages of a drug candidate, 
such as how it is taken up, distributed, broken down, and 
eliminated by the body. The ADME properties of the four 
compounds are shown in Table 3. These properties are 
essential for determining how a drug acts in the human 
body and are essential factors to consider during the 
drug design process to ensure successful clinical trials. 
A drug molecule's molecular weight and topological 
polar surface area (TPSA) affect its permeability across 
biological barriers. Permeability decreases with higher 
molecular weight, while permeability increases with lower 
TPSA. The lipophilicity of a drug molecule, measured 
by the logarithm of the inorganic and aqueous phase 
partition coefficient (LogP), influences its absorption 
in the human body. Lower absorption is associated with 
higher LogP values. Water solubility, measured by the 
LogS parameter, also affects drug absorption, with lower 
values indicating higher solubility. The ability of a drug 
molecule to cross the membrane bilayer is influenced by 
the number of hydrogen bond donors and acceptors being 
within an appropriate range. Additionally, the number 
of rotatable bonds influences the oral bioavailability of 
compounds, with an optimal range near 10. Based on their 
pharmacokinetic properties, three compounds (PubChem 
CIDs 5280343, 14059499, and 5467038) demonstrated 
effectiveness and potency.

Toxicity test
The admetSAR online server was used to assess the 
toxicity of the selected phytochemical compounds. Table 4 
shows the results of the toxicity tests, which revealed that 
none of the compounds had the potential to cause 
cancer. Most compounds did not inhibit hERG toxicity, 
which is significant because hERG inhibition can result 
in dangerous heart rhythm abnormalities. However, one 
compound, identified as PubChem CID: 18646, did show 

Table 2. The docking information of the four best ligands and lapatinib 
(control) 

Compound ID Chemical name Chemical 
Formula

Docking score
(kcal/mol)

PubChem CID:
54676038 Dicumarol C19H12O6 -10.8

PubChem CID:
14059499 Melilotigenin C6H46O5 -11.9

PubChem CID:
18646 2-Methoxyanthraquinone C15H10O3 -9.7

PubChem CID:
5280343 Quercetin C15H10O7 -9.5

PubChem 
CID: 25145656 Capmatinib C23H17FN6O -9.2

Table 3. Pharmacokinetics analysis results of the four selected compounds

Properties
PubChem CID:

54676038
PubChem CID:

14059499
PubChem CID:

5280343
PubChem CID:

18646

Physicochemical 
properties

Molecular Weight (g/mol) 336.29 270.28 302.24 238.24

Heavy atoms 25 20 22 18

Arom. heavy atoms 20 12 16 12

Rotatable bonds 2 1 1 1

H-bond acceptors 6 4 7 3

H-bond donors 2 1 5 0

Lipophilicity Log Po/w 2.6 2.52 1.63 2.75

Water solubility Log S (ESOL) Soluble Soluble Soluble Moderately

Pharmacokinetics GI absorption High High High High

Drug-likeness Lipinski Yes Yes Yes Yes

Medi. Chemistry Synth. Accessibility 3.37 3.54 3.23 2.28
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inhibitory effects on hERG.
On the other hand, this compound exhibited inhibitory 

effects on P-glycoprotein (PGP), which limits the entry of 
drugs into cells and is highly expressed in various cells. 
Regarding genotoxicity, all of the compounds passed 
the Ames tests except for PubChem CID: 5280343, 
which showed potential genotoxicity by causing reverse 
mutations. Additionally, the LD50 values, which measure 
immediate or acute toxicity, were within an acceptable 
range for all compounds. Further assessment using the 
ProTox-II server indicated that the compounds were 
not toxic regarding hepatotoxicity, immunotoxicity, 
mutagenicity, cytotoxicity, aryl hydrocarbon receptor, and 
androgen receptor.

Protein-ligand interaction visualization 
After the pharmacokinetics study and toxicity tests, the two 
compounds PubChem CID: 14059499, PubChem CID: 
54676038 were selected. Then, the BIOVIA Discovery 
Studio Visualizer software was employed to visualize and 
analyze the binding interaction between these two ligands 
and proteins. Fig. 3 shows the interactions between 
PubChem CID: 14059499, PubChem CID: 54676038, and 
PubChem CID: 25145656 (control).

MD simulation analysis
To study the stability and mobility of the structure of 
PubChem CID: 54676038 and PubChem CID:14059499 
as two nontoxic complexes that passed the toxicity test, 
as well as capmatinib PubChem CID: 25145656 as the 
control compound, a 150 ns MD simulation at 300 
K was performed. The global behavior of the models 
was analyzed based on the RMSD, which is a crucial 
parameter for evaluating the molecule's stability during 
the simulation. Fig. 4 represents the RMSD plot for the 
complex structures during simulation. The figures show 
that both complexes are more stable during the simulation 
than the control compound.  

Discussion
PDAC is a highly lethal and incurable metastatic 
malignancy of the pancreas, and the 5-year survival 
rate is approximately 11%.31 The majority of patients 
with pancreatic tumors arrive with advanced illness 
as a result of the silent nature of PDAC development. 
Even the patients who undergo surgery are faced with 
metastatic spread within two years. As there are currently 
no efficient, targeted treatments for PDAC, it is critical 
to better understand the biology of pancreatic tumors 
and find novel and effective approaches for therapy.32 
Clinical management of cancer must target the genes with 
the metastasis transformational capacity. One of these 
category genes is kinases. Many kinases participate in cell 
transformation, tumor cell initiation, and proliferation.33 
This study aimed to identify potential natural MET 
kinase inhibitors, a crucial regulator of pancreatic cancer 
development and progression. We performed an integrated 
analysis of three GEO datasets to find differentially 
expressed kinases (DE-Kinases) between tumor and non-
tumor samples. We found three DE-Kinases, MET, PAK3, 
and PDK4, significantly associated with pancreatic cancer. 
Using molecular docking analysis, we then screened 40 
phytochemical compounds derived from the yellow sweet 
clover plant (Melilotus officinalis) for their binding affinity 
with the MET kinase. We selected four compounds that 
showed better binding affinity than the control compound 
capmatinib, a known MET kinase inhibitor. We further 
evaluated these compounds' pharmacokinetics and 
toxicity properties using in silico prediction tools. We 
found that three compounds had favorable drug-like 
characteristics and low toxicity. However, one compound 
had inhibitory effects on hERG and PGP, which may affect 
cardiac safety and cellular uptake.

MET is a tyrosine kinase receptor that regulates vital 
processes such as cell signaling, growth, and differentiation. 
MET also promotes cancer development and metastasis 
by stimulating cell proliferation, invasion, migration, 
and angiogenesis.34,35 This hypothesis is supported by 
the observation that wild-type MET overexpression is 

Table 4. Toxicity test analysis results of the selected four compounds

Compound ID PubChem CID: 54676038 PubChem CID: 14059499 PubChem CID: 5280343 PubChem CID: 18646

hERG toxicity No No No Yes

AMES toxicity No No Yes No

Carcinogenicity No No No No

PGI No No No Yes

Rat (LD50) 2.32 2.01 3.02 3.02

Hepatotoxicity Inactive Inactive Inactive Inactive

Immunotoxicity Inactive Inactive Inactive Inactive

Mutagenicity Inactive Inactive Inactive Inactive

Cytotoxicity Inactive Inactive Inactive Inactive

Aryl hydrocarbon Receptor Inactive Inactive Inactive Inactive

Androgen Receptor Inactive Inactive Inactive Inactive
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Fig. 3. 3D (left side) and 2D (right side) visualization of protein-ligand interaction between the MET protein and (A) PubChem CID: 14059499, (B) PubChem 
CID: 54676038, and (C) PubChem CID: 25145656 (control).

Fig. 4. The RMSD of the MET protein in interaction with PubChem CID: 25145656 (yellow) (control structure), PubChem 14059499, and (B) PubChem CID: 
54676038 during 100 ns MD simulation.
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associated with highly aggressive and metastatic tumors.36 
MET signaling is naturally activated by the interaction of 
the MET receptor and its ligand hepatocyte growth factor 
(HGF). This interaction leads to the receptor dimerization 
and phosphorylation of two tyrosine residues, Tyr1234 
and Tyr1235, in the MET kinase catalytic domain. The 
phosphorylated MET activates a network of intracellular 
proteins, including PI3K, PLCc1, GrB2, GaB1, and 
STAT3. As a result, MET triggers the activation of some 
important physiological processes in cancer development, 
including the PI3K/Akt, STAT3, SRC/FAK, and MAPK/
ERK signaling pathways.37 MET has been reported to 
be highly upregulated in pancreatic cancer tissues and 
positively correlated with PD-L1 expression levels. 
The expression levels of MET and PD-L1 are related to 
metastatic progression, tumor TNM stage, and overall 
survival in pancreatic cancer. MET inhibition facilitates 
lymphocyte infiltration into pancreatic tumors, and 
combining MET inhibitors with PD-1/PD-L1 blockage 
has demonstrated notably improved health in mouse 
models of pancreatic cancer.38 Consistent with the above 
report content, the survival analysis result from the 
UALCAN database showed that the patients with higher 
MET expression levels had worse overall survival rates 
than healthy individuals. 

PAK3 is a serine-threonine kinase that has a role in 
glioma formation and could be a therapeutic target. PAK3 
is highly expressed in proneural glioblastoma tumors 
and cell lines. PAK3 expression is linked to neuronal 
differentiation, lower proliferation, and longer survival 
in glioblastoma. Our survival analysis from UALCAN 
showed that lower PAK3 expression has been associated 
with worse survival in healthy individuals. PAK3 
inhibition increases glioma growth in nude mice.39 It has 
been shown that PAK3 regulates the Akt-GSK3-β-catenin 
pathway in pancreatic cancer cells. PAK3 depletion blocks 
tumor sphere formation and β-catenin stability. PAK3 
overexpression increases Akt signaling and β-catenin 
expression. PAK3 inhibition reduces tumor growth in 
vivo.40

Pyruvate dehydrogenase kinase 4 (PDK4) is another 
gene differentially expressed in our study. PDK4 is an 
enzyme that inactivates pyruvate dehydrogenase (PDH) 
by adding a phosphate group. PDH is an enzyme that 
converts pyruvate into acetyl-CoA, a key molecule for cell 
growth. By inhibiting PDH, PDK4 increases the amount 
of pyruvate in the cell, which is then converted into lactate 
by another enzyme called lactate dehydrogenase. This 
process also recycles NAD + , which is needed for making 
ATP, the cell's energy currency, through a pathway called 
aerobic glycolysis. This pathway helps cancer cells to 
grow and proliferate faster.41 The heart, skeletal muscles, 
kidneys, and pancreatic islets all have significant levels of 
PDK4 gene expression.

PDK4 is implicated in cancer development according to 

several lines of evidence. In several human malignancies, 
including breast, ovarian, colon, and lung tumors, PDK4 
mRNA expression is markedly reduced.42 PDK4 has 
different roles in different types of cancers. Some studies 
have shown that PDK4 can stop the growth of prostate, 
lung, and liver cancers. Other studies have shown that 
PDK4 can help the growth of colorectal and lung cancers. 
These studies suggest that PDK4's function depends on 
the type of tissue or cell it is in.43-47 A study showed that 
individuals with pancreatic cancer with high PDK4 gene 
expression had a better prognosis than those with low 
PDK4 gene expression due to the inhibition of cancer 
stem cell characteristics in PDAC.48 Another study on the 
KIS compounds used as inhibitors of PDK4 demonstrated 
that, given its effect on shifting glucose metabolism, 
PDK4 is a desirable target for cancer therapy. In both 
subcutaneous xenograft and orthotopic pancreatic tumor 
models in nude mice, KIS37 inhibited the development of 
pancreatic cancer cells by inhibiting PDK4.49

Additionally, a small drug called cryptotanshinone 
(CPT), which blocks PDK4 activity, prevents tumorigenesis 
of KRAS-activated human pancreatic and colorectal 
cancer cells.50 PDK4 acts as a critical gene responsible for 
ferroptosis resistance in PDAC cells. By limiting pyruvate 
oxidation, which prevents pancreatic cancer cells from 
synthesizing fatty acids or oxidizing lipids, PDK4 helps 
avoid ferroptosis. By preventing pyruvate dehydrogenase-
dependent pyruvate oxidation, PDK4 prevents ferroptosis. 
System XC drugs' anticancer efficacy is increased by 
PDK4 inhibition in vitro in the appropriate preclinical 
animal models.51 However, the survival analysis through 
UALCAN did not show a significant difference between 
pancreatic and healthy patients. Together, MET, PAK3, 
and PDK4 kinases play essential roles in promoting 
cancer and can be potential targets for cancer therapy. Our 
findings suggest that the yellow sweet clover plant may be 
a promising source of natural inhibitors of MET kinase for 
pancreatic cancer treatment. Our study also demonstrates 
the usefulness of computational methods for screening 
and evaluating potential drug candidates from natural 
sources. However, our study has some limitations and 
challenges that must be addressed in future research.

Conclusion
In conclusion, phytochemical compounds melilotigenin 
PubChem 14059499 and dicumarol PubChem CID: 
54676038 may have therapeutic potential as a source of 
natural inhibitors of MET kinase in pancreatic cancer. 
The results also provided insights into these compounds' 
molecular mechanisms and pharmacological properties. 
We hope our study will inspire further research on 
developing natural inhibitors of MET kinase for pancreatic 
cancer treatment. However, as future work, we suggest 
experimental work to evaluate the results of the in silico 
study.
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