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Four potential microRNAs affect the progression
of pancreatic ductal adenocarcinoma by targeting
MET via the PI3K/AKT signaling pathway
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Abstract. Pancreatic ductal adenocarcinoma (PDAC) is the
most common tumor subtype of pancreatic cancer, which
exhibits poor patient prognosis due to the lack of effective
biomarkers in the diagnosis and treatment. The present study
aimed to identify the potential biomarkers of PDAC carci-
nogenesis and progression using three microarray datasets,
GSE15471, GSE16515 and GSE28735, which were down-
loaded from the Gene Expression Omnibus database. The
datasets were analyzed to screen out differentially expressed
genes (DEGs) in PDAC tissues and adjacent normal tissues.
A total of 143 DEGs were identified, including 132 upregu-
lated genes and 11 downregulated genes. Gene Ontology
and Kyoto Encyclopedia of Genes and Genomes functional
and signaling pathway enrichment analyses were performed
on the DEGs, and the Search Tool for the Retrieval of
Interacting Genes/Proteins database was used to construct a
protein-protein interaction network. The main functions of
DEGs include extracellular matrix degradation, and regula-
tion of matrix metalloproteinase activity and the PI3K-Akt
signaling pathway. The five hub genes were subsequently
screened using Cytoscape software, and survival analysis
demonstrated that abnormal expression levels of the hub genes
was associated with poor disease-free survival and overall
survival. Biological experiments were performed to confirm
whether mesenchymal-to-epithelial transition (MET) factors
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promote the proliferation, migration and invasion of PDAC
cells via the PI3K/AKT signaling pathway. In addition, six
MET-targeted microRNAs (miRNAs) were identified, four
of which had conserved binding sites with MET. Based on
the signaling pathway enrichment analysis of these miRNAs,
it is suggested that they can affect the progression of PDAC
by targeting MET via the PI3K/AKT signaling pathway. In
conclusion, the hub genes and miRNAs that were identified
in the present study contribute to the molecular mechanisms
of PDAC carcinogenesis and progression. They also provide
candidate biomarkers for early diagnosis and treatment of
patients with PDAC.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most
common tumor subtype of pancreatic cancer accounting
for ~85% of cases (1), which is observed in the digestive
system. The global incidence rate of PDAC continues to
increase annually, due in part to its extreme aggressiveness
and early metastasis characteristics (2). The 5-year survival
rate of patients with PDAC is ~5% (3). The outcomes of
immunotherapy, surgery, chemotherapy and radiotherapy for
PDAC remain unsatisfactory, and treatment side effects have
resulted in patients experiencing a lower quality of life (4).
Comprehensive genomic analysis of PDAC has demonstrated
that PDAC occurrence and development is closely associ-
ated with multiple gene mutations and signal transduction
pathways, which are involved in the mutant genes (5). In
addition to the four common cancer mutant genes, KRAS,
TP53, SMAD4 and CDKNZ2A, it also includes some genes
that have a mutation rate of ~10%, including KDMO6A,
RBMI10 and MLL3 (6). These mutant genes mainly influence
PDAC progression in DNA damage repair, cell cycle regula-
tion, chromatin regulation and TGF-f signaling pathway (7).
Thus, understanding the underlying molecular mechanisms of
PDAC is vital for improving current therapeutic options and
developing novel therapeutic strategies.
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Recently, notable progress has been made in microarray
technology and bioinformatics methods. Unlike traditional
experimental methods, where only either a single gene or
several genes can be studied at once, large-scale research and
analysis can be performed, and mutant genes can be screened
out at the genomic level, which provides a better method for the
identification of cancer biomarkers and the study of molecular
mechanisms (8).

Inthepresentstudy,three microarray datasets, GSE15471 (9),
GSEI16515 (10) and GSE28735 (11) were downloaded from the
Gene Expression Omnibus (GEO) database to identify differ-
entially expressed genes (DEGs) in PDAC tissues and adjacent
normal tissues, and five hub genes were further screened from
the DEGs using Cytoscape software. Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
functional and signaling pathway enrichment analyses of
the DEGs were performed, and a protein-protein interaction
(PPI) network was constructed using the Search Tool for the
Retrieval of Interacting Genes/Proteins (STRING) database to
assess PDAC development at the molecular level.

MicroRNAs (miRNAs/miRs) are non-coding
single-stranded RNA molecules that are 20-24 nucleotides in
length, which can be paired with the 3'-untranslated region
of the target gene to regulate its expression (12). miRNAs are
involved in several cellular biological processes, including cell
proliferation, migration, apoptosis, invasion, angiogenesis and
immune escape, and also participate in the occurrence and
development of cancer through regulation of the expression
of oncogenes and antioncogenes (13). Increasing evidence
suggests that specific cancer-related miRNAs that are
detected in body fluids, such as plasma, serum, urine and
saliva can serve as biomarkers for cancer diagnosis and
prognosis (14,15).

In the present study, six mesenchymal-to-epithelial
transition (MET)-targeted miRNAs (miR-1-3p, miR-23b-3p,
miR-31-5p, miR-34a-5p, miR-340-5p and miR-130a-3p) were
screened using the DIANA, TargetScan, miRDB and miRTar-
Base databases, and the results demonstrated that miR-1-3p,
miR-23b-3p, miR-34a-5p and miR-130a-3p have conserved
binding sites with MET. Thus, a miRNA-mRNA signaling
pathway was assessed, which affects PDAC progression,
thereby providing potential biomarkers for the early diagnosis
and treatment of patients with PDAC.

Materials and methods

Microarray datasets. A total of three microarray datasets,
GSE15471, GSE16515 and GSE28735, were downloaded from
the GEO database (http://www.ncbi.nlm.nih.gov/geo), based
on the GPL570 Affymetrix Human Genome U133 Plus 2.0
Array and the Affymetrix Human Gene 1.0 ST Array. The
GSEI15471 dataset contained 36 PDAC tissues and 36 normal
tissues, the GSE16515 dataset contained 36 PDAC tissues
and 16 normal tissues, and the GSE28735 dataset contained
45 PDAC tissues and 36 normal tissues. The datasets were
screened for the following criteria: i) Samples contained
PDAC tissues and normal pancreatic tissues, ii) study type
was restricted to expression profiling by array, iii) organism
was restricted to homo sapiens and iv) original data were
accessible.

GO and KEGG functional and signaling pathway enrichment
analyses of the DEGs. GEO2R is an interactive web tool
that allows users to compare two or more databases in a
GEO series, and screen DEGs under different experimental
conditions (8). Thus, the GEO2R database (http:/www.ncbi.
nlm.nih.gov/geo/geo2r) was used to screen the DEGs between
PADC tissues and normal pancreatic tissues. The probe sets
were converted into corresponding gene symbols based on the
annotation information in the platform. Probe sets that did not
have corresponding gene symbols or genes with more than
one probe set were removed or averaged. [Log, fold changel >1
and adjusted P<0.01 were considered to indicate a statistically
significant difference.

The Database for Annotation, Visualization and Integrated
Discovery (DAVID; http://david.ncifcrf.gov) was used to
perform GO and KEGG functional and signaling pathway
enrichment analyses of the DEGs. GO analysis (http:/www.
geneontology.org/) is used to predict the potential functions of
target genes based on molecular function (MF), cell component
(CC) and biological processes (BP) (16). KEGG (http://www.
genome.jp/kegg/pathway.html) is a database that is associ-
ated with gene pathways and improves the understanding of
metabolic pathways where genes are involved, and the associa-
tions between pathways by linking genomic information to a
higher-level system (17).

PPI network construction. Analysis of the interactions
between proteins can help uncover the molecular mechanisms
of disease occurrence and development (18). In the present
study, the STRING database (http:/string-db.org) was used to
construct the PPI network of the DEGs, and interaction with
a combined score >0.4 was considered to indicate statistical
significance. The Cytoscape software (version 3.6.1) (8) was
subsequently used to visualize the PPI network.

Selection and analysis of hub genes. A total of five hub genes
were selected from the DEGs using MCODE plug-in (version
1.5.1) within the Cytoscape software, and BiNGO plug-in
(version 3.0.4) was subsequently used to perform biological
process analyses of the hub genes. The Gene Expression
Profiling Interactive Analysis (GEPIA) database (http:/gepia.
cancer-pku.cn/detail.php) was used to assess the differences
in expression of the five hub genes in PDAC tissues and
normal pancreatic tissues. The Kaplan-Meier plotter database
(http://kmplot.com) was used to perform disease-free survival
and overall survival of the hub genes in PDAC. The Oncomine
database (http://www.oncomine.com) is used to compute gene
expression signatures, clusters, gene-set modules and automat-
ically extract biological insights from data (19). The Oncomine
database was used in the present study to analyze the DEGs
between PDAC tissues and normal pancreatic tissues, and
detect the expression levels of the hub gene MET in different
types of tumors.

Cell culture and transfection. The PDAC cell line, PANC-1,
was purchased from the Cell Bank of Type Culture Collection
of the Chinese Academy of. Cells were maintained in DMEM
(HyClone; Cytiva) supplemented with 10% fetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1% peni-
cillin/streptomycin (cat. no. SV30010; Shanghai Canspec
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Scientific & Technology Co., Ltd.), at 37°C with 5% CO,. The
medium was replaced every 2 days for 2 weeks.

Small interfering (si)RNAs were subsequently used to
silence MET expression and assess the effect of MET on
PDAC cells. Cells were seeded into 6-well plates at a density of
5x10° cells/ml and cultured until they reached 60-70% conflu-
ence. Cells were transfected at 37°C for 48 h with 5 ul MET
siRNA (siRNA-MET) and 5 pl negative control (scrambled)
siRNA (siRNA-NC) using 10 ul Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's instructions. The following sequences were
used: siRNA-MET sense, 5'-CACUAACUACAUUUAUGU
UUU-3" and antisense, 5"~ AACAUAAAUGUAGUUAGU
GGC-3'; siRNA-NC sense, 5~ AUAUAAUUCUACUUACUU
GCU-3', and antisense, 5'-CGAGUAAGUACAGUAAUG
AUU-3' (Shanghai GenePharma Co., Ltd.). Non-transfected
cells were used as the control group. Transfection efficiency
was assessed via reverse transcription-quantitative (RT-q)PCR
analysis.

RT-gPCR. Total RNA was extracted from cells using TRIzol®
reagent (Thermo Fisher Scientific, Inc.), and NanoDrop 1000
Spectrophotometer (Thermo Fisher Scientific, Inc.) was used
to measure the concentration and purity. Total RNA (1 ug)
was reverse transcribed into cDNA using TagMan™ Reverse
Transcription Reagents (Applied Biosystems; Thermo Fisher
Scientific, Inc.), according to the manufacturer's instruc-
tions, in a 20 pul volume of reaction mixture. qPCR was
subsequently performed using the SYBR® Premix Ex Taq™
kit (cat. no. RR820A; Takara Bio, Inc.), according to the
manufacturer's instructions. The following primer sequences
were used for gPCR: MET forward, 5-CCTGCGAAGTGA
AGGGTCTCC-3' and reverse, 5'-CTGGCAGCTTTGCAC
CTGTTT-3"; and GAPDH forward, 5-CTTCAAGATCAT
CAGCAATGC-3' and reverse, 5'-GTTGAAGTCAGAGGA
GACCACC-3'. The following thermocycling conditions were
used for qPCR: Initial denaturation at 95°C for 5 min, followed
by 39 cycles of denaturation at 95°C for 30 sec, annealing at
60°C for 30 sec and extension at 72°C for 60 sec, and a final
extension step at 72°C for 5 min. Relative expression levels
were calculated using the 224% method (20) and normalized
to the internal reference gene GAPDH. All experiments were
performed in triplicate.

Cell Counting Kit-8 (CCK-8) assay. PANC-1 cells were
seeded into 96-well plates at a density of 5,000 cells/well, with
each sample containing three replicates. CCK-8 reagent (10%,
Dojindo Molecular Technologies, Inc.) was added to each well
following culturing for 0, 6, 12, 18, 24, 30, 36, 42 and 48 h.
Following incubation with CCK-8 for 1 h, the results were
analyzed at a wavelength of 450 nm, using a microplate reader
(Bio-Rad Laboratories, Inc.). All experiments were performed
in triplicate.

Wound healing assay. PANC-1 cells were seeded into 6-well
plates (10*/well) and cultured until they reached 90% conflu-
ence. Subsequently, the cells were serum-starved for 12 h,
the cell monolayers were scratched using 200-ul sterile
pipette tips, and the cells were continued to be cultured with
serum-free DMEM. Wound healing was observed at 0, 24 and
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48 h under an inverted light microscope (magnification, x40;
Olympus Corporation).

Transwell assay. Cell invasion was evaluated using
Transwell chambers coated with Matrigel at 37°C for 48 h
(BD Biosciences). A total of 2x10° PANC-1 cells were plated in
the upper chambers of 24-well Transwell plates in serum-free
medium and 200 yul cell suspension was subsequently added.
DMEM (700 ul) supplemented with 20% FBS was plated in
the lower chambers. Following incubation for 48 h at 37°C,
cells were fixed with 4% paraformaldehyde for 15 min at room
temperature and subsequently stained with 0.1% crystal violet
for 20 min at room temperature. The non-invading cells were
removed using a wet cotton swab, whilst the stained cells were
counted under an inverted light microscope (magnification,
x100; Olympus Corporation).

Western blotting. PANC-1 cells were lysed using RIPA lysis
buffer (Beyotime Institute of Biotechnology) supplemented
with protease and phosphatase inhibitors (Beyotime Institute
of Biotechnology). Protein concentration was determined
using the BCA protein assay kit (cat. no. PO012S; Beyotime
Institute of Biotechnology) and 40 ug protein/lane was
separated by 10% SDS-PAGE. The separated proteins
were subsequently transferred onto PVDF membranes and
blocked with 5% non-fat milk for 1 h at room temperature.
The membranes were incubated with primary antibodies
against rabbit anti-GAPDH (1:1,000; cat. no. ab9485; Abcam),
PI3K (1:1,000; cat. no. 4249; Cell Signaling Technology,
Inc.), phosphorylated (p)-PI3K (1:1,000; cat. no. 17366; Cell
Signaling Technology, Inc.), Akt (1:1,000; cat. no. 4691; Cell
Signaling Technology, Inc.) and p-Akt (1:1,000; cat. no. 4060;
Cell Signaling Technology, Inc.) overnight at 4°C. Following
the primary incubation, membranes were incubated with
HRP-conjugated goat anti-rabbit (1:2,000; cat. no. ab150079;
Abcam) secondary antibody at room temperature for 1 h.
Protein bands were visualized using ECL reagents (Tanon,
Science and Technology Co., Ltd.) and the intensity of each
band was quantified using Image Lab software (version 4.1;
Bio-Rad Laboratories, Inc.). All experiments were performed
in triplicate.

miRNA-MET prediction. The DIANA (http://diana.imis.
athena-innovation.gr), TargetScan (http://www.targetscan.
org), miRDB (http://www.mirdb.org) and miRTarBase
(http://mirtarbase.mbc.nctu.edu.tw) databases were used
to predict MET-targeted miRNAs. The results from the
four databases were intersected to obtain six common
miRNAs, and functional and signaling pathway enrichment
analyses of the miRNAs were subsequently performed. The
TargetScanHuman database (http://www.targetscan.org) was
used to analyze and predict the MET-targeted miRNAs, as
well as to obtain the sequences of fragments that contain
binding sites.

Statistical analysis. Statistical analysis was performed
using SPSS 20.0 software (IBM Corp.). All experiments
were performed in triplicate and data are presented as the
mean + standard deviation. One-way ANOVA followed by
Dunnett's multiple comparison test were used to compare
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Figure 1. Identification of DEGs in PDAC, and functional and signaling pathway enrichment analyses. (A) Volcano plot of genome-wide gene expression
profiles in pancreatic ductal adenocarcinoma tissues and adjacent normal tissues from the GSE15471, GSE16515 and GSE28735 datasets. Red plots represent
upregulated genes with P<0.05 and log, FC >1, black plots represent normally expressed genes and green plots represent downregulated genes with P<0.05
and log, FC <-1. (B) The intersection of the three microarray datasets contained 143 DEGs. (C) Gene Ontology and (D) Kyoto Encyclopedia of Genes and
Genomes functional and signaling pathway enrichment analyses of the DEGs were performed using the DAVID database. P<0.05 was set as the threshold.
DEGs, differentially expressed genes.

differences among multiple groups, while differences Results

between two groups were compared by Wilcoxon rank-sum

test. P<0.05 was considered to indicate a statistically signifi-  Screening DEGs in the microarray datasets. The present study
cant difference. analyzed the DEGs in PDAC tissues and normal pancreatic
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Figure 2. PPI network of the DEGs, and the expression levels of the hub genes in PDAC tissues and normal tissues. (A) The Cytoscape software was used to
construct a DEG-based PPI network. Upregulated genes are marked in red, while downregulated genes are marked in blue. (B) BINGO was used to construct
the biological processes of the hub genes. The color depth of the nodes refer to the corrected P-value of ontologies, while the size of the nodes refer to the
number of genes that are involved in the ontologies. (C) The Gene Expression Profiling Interactive Analysis database was used to analyze the differences in the
expression levels the hub genes between PDAC tissues and normal pancreatic tissues. "P<0.05. PPI, protein-protein interaction; DEGs, differentially expressed

genes; PDAC, pancreatic ductal adenocarcinoma.

tissues. The DEGs were obtained following standardiza-
tion of the microarray results, which demonstrated that the
GSE15471 dataset contained 1,330 upregulated genes and 66
downregulated genes, the GSE16515 dataset contained 1,801
upregulated genes and 561 downregulated genes, and the
GSE28735 dataset contained 267 upregulated genes and 156
downregulated genes (Fig. 1A). As presented in the Venn
diagram, the intersection of the three microarray datasets

contained 143 genes, composed of 132 upregulated genes and
11 downregulated genes (Fig. 1B).

Functional and signaling pathway enrichment analyses of
the DEGs. The DAVID database was used to perform GO
and KEGG functional and signaling pathway enrichment
analyses of the DEGs. GO analysis demonstrated that the
DEG BP are mainly focused on cell metabolism, intercellular
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Figure 3. Kaplan-Meier survival analysis of the hub genes in pancreatic ductal adenocarcinoma. (A) Disease-free survival time. (B) Overall survival time.

HR, hazard ratio.

communication and cell proliferation regulation. CC are mainly
concentrated in the structural composition of extracellular
matrix, cell membrane system, and the binding with collagen
and integrin. MF is mainly focused on cell molecular transport,
protein binding and enzyme activity regulation (Fig. 1C). KEGG
analysis demonstrated that DEG signaling pathways mainly
enriched extracellular matrix receptors, protein digestion and
absorption and the PI3K-Akt signaling pathway (Fig. 1D).

PPI network construction, and selection and analysis of hub
genes. A DEG-based PPI network was constructed using the
STRING database and visualized using Cytoscape software
(Fig. 2A). MCODE was subsequently used to screen out five
hub genes [MET, matrix metalloproteinase (MMP)14, EPHA4,
pyruvate dehydrogenase kinase (PDK)4 and DDX60] from the
DEGs. PDK4 expression was downregulated, while the expres-
sion levels of the other four hub genes were upregulated. BINGO
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9 1.40E-13 11.83  ZG16B
10 2.39E-13 5.68 GJB3
11 3.29E-13 304  AP1S3
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13 3.58E-13 14.95 DKK1
14 8.34E-13 6.32 OASL
15 8.85E-13 18.52 SDR16C5
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17 1.54E-12 478 ANLN
18 1.61E-12 7793  S100P
19 2.32E-12 10.46 SCEL
20  2.35E-12 6.13 MET
21 257E-12 567  CLIC3
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Figure 4. MET expression in different types of cancer. (A) The differentially expressed genes were identified between PDAC tissues and normal pancreatic
tissues using the Oncomine database. (B) MET expression in different types of cancer tissues and normal tissues.

was subsequently used to assess the biological processes of
the hub genes, revealing that their functions were mostly
focused on cell proliferation and migration, phosphorylation
metabolism process and matrix metalloproteinase activation
(Fig. 2B). Analysis using the GEPIA database demonstrated
that the differences in the expression levels of these five hub
genes between PDAC tissues and normal pancreatic tissues
were statistically significant (all P<0.05; Fig. 2C).

Kaplan-Meier survival analysis of the hub genes demon-
strated that both high expression levels of MET, MMP14,
EPHA4 and DDX60, and low PDK4 expression resulted in
a shorter disease-free survival time (Fig. 3A) and overall
survival time (Fig. 3B) of patients with PDAC.

The DEGs between PDAC tissues and normal pancreatic
tissues were analyzed using the Oncomine database. The results
demonstrated that MET expression was 6.13 times higher in
PDAC tissues compared with normal tissues (Fig. 4A). The
expression of MET in different tumors was subsequently

analyzed, and the results demonstrated that MET expression
was upregulated in different types of cancer, including lung,
cervical, gastric and colorectal cancer (Fig. 4B).

Silencing MET inhibits the proliferation, migration and
invasion of PDAC cells. MET expression was knocked down
in PANC-1 cells via siRNA transfection (Fig. 5A). The results
of the CCK-8 assay confirmed that MET knockdown signifi-
cantly inhibited the proliferation of PANC-1 cells (Fig. 5B).
The results of the wound healing and Transwell assays demon-
strated that high MET expression promoted the migration and
invasion of PDAC cells. In addition, the wound healing rate
of the siRNA-MET group significantly decreased compared
with the control group (P<0.05), whereas the differences
between the siRNA-NC group and the control group were not
statistically significant (P>0.05; Fig. 5C). The number of inva-
sive cells in the siRNA-MET group was significantly lower
compared with the control group (P<0.01), and the differences
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between the siRNA-NC group and the control group were not mechanism by which MET regulates the proliferation,
statistically significant (P>0.05; Fig. 5D). migration and invasion of PDAC cells, the protein levels of

the PI3K/AKT pathway-related molecules were assessed
MET promotes the progression of PDAC by activating the in PANC-1 cells transfected with siRNA-MET. The results
PI3K/AKT signaling pathway. To further study the molecular ~ demonstrated that MET knockdown significantly decreased
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the levels of phosphorylated PI3K and AKT, but not their total
protein levels (Fig. SE). Taken together, these results suggest
that MET is an upstream signal factor that modulates the
PI3K/AKT pathway in PDAC, and that MET promotes the
proliferation, migration and invasion of PDAC cells through
activation of the PI3K/AKT pathway.

Prediction of the miRNA-MET signaling pathway. A total
of six MET-targeted miRNAs (miR-1-3p, miR-23b-3p,
miR-31-5p, miR-34a-5p, miR-340-5p and miR-130a-3p) were
screened using the DIANA, TargetScan, miRDB, and miRTar-
Base databases (Fig. 6A). Functional and signaling pathway

analyses of these six miRNAs demonstrated that their func-
tions mainly focused on prion diseases, fatty acid synthesis and
metabolism, and they are involved in the progression of thyroid,
prostate, colorectal and pancreatic cancers. The signaling
pathways mainly include the TRAIL-mediated external apop-
tosis signaling pathway, sphingosine-1-phosphate signaling
pathway, c-MET/ hepatocyte growth factor (HGF) signaling
pathway, PI3K/Akt signaling pathway and ErbB receptor
signaling pathway (Fig. 6B and C). A total of four miRNAs
(miR-1-3p, miR-23b-3p, miR-34a-5p and miR-130a-3p) were
demonstrated to have conserved binding sites with MET, using
the TargetScanHuman database (Fig. 6D). Thus, it is suggested
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that these four miRNAs can act as upstream regulators of the
MET/PI3K/AKT pathway, and serve as potential biomarkers
and therapeutic targets for patients with PDAC.

Discussion

Currently, there are still significant challenges facing the early
diagnosis of PDAC. A lack of understanding of the molecular
mechanism in PDAC progression and effective treatments for
PDAC facilitates a poor prognosis in patients. Thus, the iden-
tification of signal factors that play a key regulatory role in the
occurrence and development of PDAC is of great importance,
and they may become pivotal early diagnostic biomarkers and
targets in the treatment of PDAC.

Microarray technology can be used for studying gene
transcription and epigenetic changes, and it is an incredibly
effective method for identifying disease biomarkers (21). In
the present study, microarray technology and bioinformatics
methods were used to analyze three PDAC-related microarray
datasets, which were downloaded from the GEO database,
and 143 DEGs between PDAC tissues and normal tissue were
screened out, including 132 upregulated genes and 11 down-
regulated genes. GO and KEGG functional and signaling
pathway enrichment analyses were performed, and it was
discovered that DEG's functions are mainly focused on the
extracellular matrix (ECM), protein digestion and absorption,
and the regulation of cellular metabolic processes. ECM is a
network structure that is composed of collagen, glycoprotein
and proteoglycan, and provides biomechanics for the regula-
tion of cell behavior, while maintaining organs' morphology
and integrity (22). ECM is in dynamic equilibrium under
the influence of extracellular proteases and their inhibitors;
however, when a tumor grows, the dynamic balance is broken,
which triggers pathological ECM remodeling, and results in
reduced adhesion of cells to the ECM (23). This is conducive
to cancer cells invading nearby organs and blood vessels,
thereby promoting cancer invasion and metastasis (24). This
also explains the reason for PDAC's high invasiveness (23).

A total of five hub genes (MET, MMP14, EPHA4, PDK4
and DDX60) were screened out from the DEGs, PDK4 was
downregulated and the other four genes were upregulated. MET
is a potential therapeutic target for different types of cancer,
and it can promote cell proliferation, migration and epithe-
lial-to-mesenchymal transition (25). The binding of MET with
its ligand, HGF, is a key driver in the development of cancer (26).
MMP14 is a type of MMP, which is upregulated in different
types of cancer, including colorectal, lung and nasopharyngeal
cancer (27-29). MMP14 promotes angiogenesis, inflammation,
invasion and metastasis of cancer cells, and severely affects the
prognosis of patients (30). EPHA4 plays a significant role in
neurodegenerative diseases, including Alzheimer's disease and
amyotrophic lateral sclerosis (31). Previous studies have demon-
strated that EPHAA4 is upregulated in PDAC and promotes tumor
growth (32-34). Its high expression is also associated with poor
prognosis of patients with gastric cancer and breast cancer (35).
PDK plays a vital role in the regulation of cell metabolism and
mitochondrial function (36). PDK includes four isoenzymes
(PDK1, 2, 3, and 4); PDK4 provides a tri-carbon substrate (pyru-
vate, lactic acid and alanine) for gluconeogenesis during fasting
to maintain blood glucose levels (37). RIG-I-mediated type I

interferon (IFN) and nuclease-mediated viral RNA degradation
are of great importance for the innate antiviral immune response
in vivo (38). DDX60 is an IFN-induced cytoplasmic helicase
that participates in viral RNA degradation, performs a vital role
in the innate immune response and is dependent on the RIG-I
antiviral pathway (39). A previous study has demonstrated that
DDX60 is highly expressed in oral cancer and is closely associ-
ated with tumor progression and poor prognosis (40). The results
of the Oncomine and GEPIA analyses in the present study
demonstrated that MET, MMP14, EPHA4 and DDX60 were
highly expressed in PDAC, while PDK4 was expressed at low
levels. The impact of hub genes on the survival time of patients
with PDAC was subsequently analyzed and the results revealed
that abnormal expression of these five hub genes was associated
with poor disease-free survival time and overall survival time.
Taken together, these results suggest that the five hub genes play
a significant role in the progression of PDAC. Furthermore,
through a series of biological experiments, it was confirmed that
the hub gene, MET, can promote the proliferation, migration and
invasion of PDAC cells via the PI3K/AKT signaling pathway.
miRNAs, as major regulators of several biological and
pathological processes, including growth, development, metab-
olism, infection, immunity, cell death, messenger signaling,
DNA repair and self-renewal, have exhibited carcinogenic or
anticancer activity in different types of human tumors (41,42).
Increasing evidence suggests that several miRNAs are crucial
for cancer development as they regulate various biological
processes in cancer cells, including proliferation, differentia-
tion, apoptosis, cell cycle, migration and invasion, which has
led to miRNAs becoming potential diagnostic biomarkers and
therapeutic targets for different types of cancer (43). In the
present study, six MET-targeted miRNAs were screened out
using several online databases, and four (miR-1-3p,miR-23b-3p,
miR-34a-5p and miR-130a-3p) of them were demonstrated to
have conserved binding sites with MET. Previous studies have
demonstrated that miR-1-3p expression is downregulated in
different types of cancer, including colon cancer, esophageal
squamous cell carcinoma and bladder cancer, and that the
overexpression of miR-1-3p can inhibit the growth of these
tumors (44-46). Li et al (47) demonstrated that miR-1-3p can
inhibit prostate cancer cell proliferation by regulating the cell
cycle-related genes, E2F5 and PFTK1. miR-23b-3p is consid-
ered a tumor suppressor that affects the carcinogenesis and
aggressiveness of liver cancer, and it can be used as a predic-
tive biomarker and therapeutic target for liver cancer (48).
Ge and Li (49) have demonstrated that long non-coding RNA
SNHGI7 can promote glioma cell proliferation, migration and
invasion by regulating the miR-23b-3p/ZHX1 axis. Studies
have reported that miR-34a-5p is involved in the occurrence
and development of cancer through regulation of the Notch,
PI3K/Akt, SIRT1/HIF-1o. and Wnt/B-Catenin signaling path-
ways (50-52). As a tumor suppressor, miR-34a-5p is able to
inhibit the growth of glioma and esophageal squamous cell
carcinoma (53,54). miR-130a-3p is a key regulator of human
cancer, and it can inhibit the proliferation, migration and inva-
sion of various cancer cells, such as liver cancer, breast cancer
and nasopharyngeal carcinoma (55-57). Notably, Dai et al (58)
have also demonstrated that miR-130a-3p promotes the growth
of gastric cancer. Several studies have reported that abnormal
miRNA expression is closely associated with the occurrence



and development of PDAC, and that miRNAs can be used as
early detection biomarkers for potential treatment and prog-
nostic monitoring targets (59,60). However, the miRNAs that
play a regulatory role in the development of PDAC and their
molecular mechanisms are rarely reported. The present study
assessed four miRNAs (miR-1-3p, miR-23b-3p, miR-34a-5p
and miR-130a-3p) that can potentially be involved in PDAC
development; however, further studies are required to
determine their molecular mechanisms.

MET is a receptor for HGF, which is encoded by the
proto-oncogene, c-Met. MET is a tyrosine kinase receptor that
is mainly distributed in the membranes of epithelial-derived
or endothelium-derived cells (61). MET is upregulated in
different types of cancer, including breast cancer, colorectal
cancer, glioma and non-small cell lung cancer (62-64). MET
has the ability to help cells adapt to adverse environment,
promote tumor angiogenesis, enhance tumor cell survival, and
their metastatic and invasive abilities (65). This is consistent
with the experimental results of the present study. When HGF
ligand binds to a MET receptor, MET is activated and induces
intracellular tyrosine residue phosphorylation, activating the
downstream RAS/ERK/MAPK, PI3K/Akt, Wnt/f-catenin
and STAT signaling pathways (64). These pathways can drive
proliferation, migration, invasion, angiogenesis and epithe-
lial-to-mesenchymal transition in a variety of tumors (66-68).
According to the functional and signaling pathway enrich-
ment analysis of DEGs and miRNAs in the present study,
they were all involved in the PI3K/Akt signaling pathway.
The PI3K/Akt signaling pathway plays a crucial regulatory
role in different types of cancer, including PDAC (69). In the
present study, western blot analysis demonstrated that MET
activated the PI3K/AKT pathway in PDAC cells. Based on
this study's experimental results and bioinformatics analysis, it
can be speculated that under the modulation of miRNA, MET
promotes PDAC progression through the PI3K/AKT signaling
pathway. In addition, four alternative MET-targeted miRNAs,
miR-1-3p, miR-23b-3p, miR-34a-5p and miR-130a-3p are
provided in the present study.

Future studies will perform dual-luciferase reporter
assays to verify the targeting association between these four
miRNAs and MET. In addition, the expression levels of the
miRNAs will be restrained in PANC-1 cells via transfection,
and cell proliferation, migration and invasion will be assessed.
Furthermore, prospective studies will perform western
blot analysis to detect the expression levels of PI3K/AKT
pathway-related proteins. Collectively, these experiments will
help identify novel diagnostic biomarkers and therapeutic
targets for patients with PDAC.

In conclusion, the present study aimed to identify DEGs
and molecular mechanisms that affect the progression of
PDAC to discover potential diagnostic biomarkers and thera-
peutic targets for patients with PDAC. A total of 143 DEGs
were screened out, five hub genes and four miRNAs were
further identified, and the cancer-promoting effect of MET in
PDAC was proven. According to the functional and signaling
pathway enrichment analysis of DEGs and miRNAs, it can
be speculated that these four miRNAs affect PDAC progres-
sion by targeting MET via the PI3K/AKT signaling pathway.
However, further biological experiments must be performed to
confirm this speculation. Notably, the present study identified a

ONCOLOGY LETTERS 21: 326, 2021 11

novel mechanism that affects PDAC progression, and provided
four potential miRNAS that can serve as promising biomarkers
for the early diagnosis and treatment of patients with PDAC.
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