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Abstract: This study aims to identify the pivotal microRNAs (miRNAs) and genes, and their potential regulatory
mechanisms in pancreatic ductal adenocarcinoma (PDAC) through bioinformatics analysis and experimental verifi-
cation. We comprehensively analyzed two miRNA microarray datasets (GSE32678 and GSE43796) and three gene
microarray datasets (GSE28735, GSE41368 and GSE71989), which were downloaded from the Gene Expression
Omnibus (GEO) database, and identified the total of 8 differentially expressed miRNAs (DEMs) and 257 differentially
expressed genes (DEGs) in common. Next, a new miRNA-mRNA regulatory network was constructed by bioinformat-
ics methods, including 7 miRNAs, 58 putative target genes and 80 interaction pairs of miRNA-mRNA. Scrutinized
by OncoLnc and GEPIA, it was found that 3 of 7 miRNAs (miR-21, miR-196b and miR-203) and 20 of 58 genes
(MXRA5, EPYC, ECT2, COL12A1, SLC6A14, SLC7A2, BTG2, PDK4, CTNND2, NRP2, PXDN, CD109, TGFBI, LRRN1,
ITGA2, DKK1, GREM1, EFNB2, SEMA3C and NT5E) were notably associated with prognosis in patients with PDAC.
Furthermore, EFNB2 was significantly upregulated in PDAC compared with normal controls from different public
databases. Cellular function experiments demonstrated that EFNB2 knockdown inhibited cell proliferation, migra-
tion and invasion in SW1990 cells. Western blot and luciferase reporter assays revealed that miR-557 negatively
regulated the expression of EFNB2 by directly binging its 3’ UTR. In conclusion, we performed integrated analysis for
multiple expression profiles, and provided novel candidate miRNAs and genes to be exploited for functional studies.
In addition, our findings suggested that EFNB2 contributes to PDAC progression by acting as the target gene of miR-
557. It is useful for uncovering miRNA-based treatments in PDAC.
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Introduction of normal function giving rise to aberrant
expression of key oncogenes or tumor suppres-

MicroRNAs (miRNAs) are endogenous, single sor genes [3, 4].

stranded, noncoding RNA molecules consisting

of 19-24 nucleotides. It was known that miR-
NAs negatively regulated gene expression by
binding to complementary sequences in the
3’ untranslated region (UTR) of target mRNAs,
which can result in degradation of the mRNA
transcript or suppression of the protein transla-
tion process [1]. Accumulating evidence sug-
gested that miRNAs play acritical regulatory
role in most aspects ofhomeostasis and cell
differentiation [2]. More than that, the dysregu-
lation of miRNAs were involved in various path-
ologies, including carcinogenesis, metastasis,
and chemoresistance of tumor cells, with loss

Pancreatic ductal adenocarcinoma (PDAC) is
the fourth leading cause of cancer-related
death in the United States, with more than
53,000 new cases predicted in 2017, and this
number has been firmly increasing over the
past few decades [5]. Due to no specific symp-
tomsand lack of effective biomarkers, majority
of patients have local invasion and even distant
metastasis at the initial diagnosis, making them
inoperable [6]. Only less than 20% of PDAC
patients diagnosed at early stage can be con-
sidered as candidates for surgical excision [7].
Despite receiving curative resection, numerous


http://www.ajtr.org

Screening of mMiRNA-mRNA networks in pancreatic cancer

Table 1. The main features of five selected datasets

71989) contained 64

GEO Datasets

Platform Samples in total
accession type (PDACs/ANTSs)

Country PMID

PDAC samples and 59
normal samples. A total

GSE32678 miRNA  GPL7723 32 (25/7)
GSE43796 miRNA  GPL15159 11 (5/6)
GSE28735 Gene GPL6244 90 (45/45)
GSE41368 Gene GPL6244 12 (6/6)
GSE71989 Gene GPL570 21 (13/8)

USA 22261810

South Korea 24072181
USA 23918603
Italy 24120476
USA -

of five microarray datas-
etswere obtained from
GeneExpression Omnib-
us (GEO) database (http:
//www.ncbi.nlm.nih.gov/
geo) [10]. The main fea-

Abbreviations: GEO, Gene Expression Omnibus; ANTs, adjacent normal tissues; PMID:

PubMed unique identifier.

patients still die of invisible metastases and
relapses at last. Hence, its 5-year survival rate
less than 10% as before in the context of multi-
modality treatments [8]. However, its pathogen-
esis at the molecular level remains fragmentary
and incomplete at present. Consequently, it is
imperative to implement a more integrated
analysis of PDAC to exploit the effective bio-
markers for cancer diagnosis and treatment.

Recently, high-throughput technologies provide
the new and significant insights into diagnosis,
prognosis and individualized medication of
PDAC in an unprecedented manner [9]. Online
analysis tools and publicly available databases
were designed for favoring researchers to con-
duct data mining and exploration, which greatly
accelerated our understanding of miRNAs and
genes in the initiation and development of
PDAC.

In this study, our research team synthetically
analyzed multiple datasets to establish a novel
regulatory network of miRNA-mRNA. We ana-
lyzed functional, pathway and prognostic value
among the differentially expressed miRNAs
(DEMs) and differentially expressed genes (DE-
Gs). More importantly, our data revealed that
the expression level of EFNB2 was significantly
upregulated in PDAC tissues and cell lines, and
EFNB2 knockdown inhibited the cell prolifera-
tion, migration and invasion.Furthermore, we
found that the overexpression of miR-557
decreased EFNB2 level by directly binding the
3’ UTR of EFNB2 for the first time.

Materials and methods

Collection of microarray datasets and data
processing

Two miRNA microarray datasets (GSE32678
and GSE43796) contained 30 PDAC samples
and 13 normal samples. Three gene microarray
datasets (GSE28735, GSE41368 and GSE-
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tures of these five datas-
ets were shown in Table
1.The GEO2R online ana-
lysis tool based on the GEOquery and limma R
packages was utilized to identify the DEMs and
DEGs between PDAC samples and normal sam-
ples [11]. We used P value <0.01 and |logFC| >
1 as cutoff criteria for screening DEMs, and
P value <0.05 and |logFC| > 1 as cutoff cri-
teria for screening DEGs. Venn diagrams were
drawn by Venny 2.1 (http://bioinfogp.cnb.csic.
es/tools/venny/).

Construction of miRNA-mRNA interaction net-
work

The miRNAs targets were predicted by miRe-
cords, which is an integrative tool based on
eleven established miRNA target prediction
programs (DIANA-microT, Microlnspector, miR-
anda, MirTarget2, miTarget, NBmiRTar, PicTar,
PITA, RNA22, RNAhybrid, and TargetScan/
TargertScanS) [12]. We only considered miRNA
target genes that were predicted by at least
four of eleven programs. In addition, the miR-
NA-mRNA regulatory network was visualized by
Cytoscape 3.6.0. [13].

Functional enrichment analysis and protein-
protein interaction (PPI) network

For functional enrichment analysis of the 58
shared DEGs, an online program, Database for
Annotation, Visualization and Integrated Dis-
covery (DAVID, https://david.ncifcrf.gov/) [14],
was applied to perform Gene ontology (GO)
analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis [15, 16].
P<0.05 was set as the cutoff criterion. To
assess the interactive associations among
DEGs, the 58 common DEGs were mapped via
using The Search Tool for the Retrieval of
Interacting Genes (STRING, http://string-db.
org), which is an useful online tool designed to
explore and analyze the protein-protein interac-
tion (PPI) information [17]. Hide disconnected
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nodes in the network and confidence score >
0.4 were selected.

Survival analysis

The overall survival curves of overlaping
DEMs were performed by Oncolnc (http://
www.oncolnc.org) [18], allowing investigators
to quickly explore survival correlations for up to
21 cancers based on The Cancer Genome Atlas
(TCGA). We divided into low and high expres-
sion groups according to the median value,
namely 50% vs 50%. Thus, there were 87
patients with PDAC in each group. The overall
survival and disease free survival curves of
screening DEGs were generated by GEPIA
(http://gepia.cancer-pku.cn/) [19], which is a
newly developed interactive web server for
analyzing the gene expression data and prog-
nostic value based on TCGA and the GTEx
by using a standard processing pipeline. We
selected median as the group cutoff for surviv-
al plots.

Data mining from public databases

The function of EFNB2 and related networks
with other genes were predicted by geneMANIA
(http://genemania.org/), which is a flexible
and user-friendly web interface for generating
hypotheses about gene function [20]. The basic
expression level of EFNB2 in different human
organs or tissues were downloaded from The
National Center for Biotechnology Information
(NCBI) Gene database (https://www.ncbi.nim.
nih.gov/gene/) [21]. The clinical information of
patients with PDAC in regard to the expression
level of EFNB2 were provided by Oncomine
(http://www.oncomine.org), which is a web-
based data mining platform aimed at promot-
ing discovery from genome-wide expression
analyses [22]. The immunofluorescent and
immunohistochemistry staining of EFNB2 were
obtained from the Human Protein Atlas data-
base (https://www.proteinatlas.org/) [23].

Cell culture and transfection

Human pancreatic cancer cell lines (MiaPaCa-2,
PANC-1, BxPC-3 and SW1990) and an immor-
talized pancreatic ductal epithelial cells (HPD-
E6) were cultured in DMEM medium (Gibco,
Grand Island, NY, USA) supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin-
streptomycin in a humidified 5% CO, atmo-
sphere at 37°C. The small interfering RNA of
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EFNB2 (si-EFNB2), scramble siRNA of EFNB2
(negative control, NC), miR-557 mimics and
negative control oligonucleotides (miR-NC)
were constructed by GenePharma (Shanghai,
China). Transfection was performed using the
Lipofectamine 2000 (Invitrogen, USA) accord-
ing to the manufacturer’s instructions. The effi-
ciencywas tested at 48 hours after trans-
fection.

Real-time PCR analysis

Total RNA was extracted from pancreatic can-
cer cells by using Trizol solution (Invitrogen,
USA) according to the manufacturer’'s proto-
cols, and then was converted into cDNA by
using the Reverse Transcription System (Pro-
mega, USA). The expression of EFNB2 and miR-
557 were detected by quantitative real-time
PCR (gRT-PCR) with SYBR Green PCR Kit
(TaKaRa, Japan) following the manufacturer’s
instructions, and GAPDH as an internal control.
For the purpose of reduction of bias, each sam-
ple were performed in triplicate. Fold changes
in expression were calculated relative to the
control group. The primer sequences were as
follows: EFNB2, 5-ACCAGTCCTTGTCCAGGTAG-
AA-3’ (forward) and 5-TCCGTGTGGAAGTACTG-
CTG-3’ (reverse); miR-557, 5-GTTTGCACGGGT-
GGGC-3' (forward) and 5-GAACATGTCTGCGT-
ATCTC-3’ (reverse); GAPDH, 5-TGCCATCAATGA-
CCCCTTC-3’ (forward) and 5-CATCGCCCCAC-
TTGATTTTG-3’ (reverse).

Western blot analysis

Western blot was performed as previously pub-
lished [24], the primary antibodies specific for
EFNB2 or GAPDH purchased from Abcam
(Cambridge, MA, USA).

Cell proliferation assays

The proliferation ability of cells was evaluated-
by the Cell Counting Kit-8 (CCK-8) (Dojindo,
Japan) according to the manufacturer’s instruc-
tions. Briefly, the transfected cells were seeded
into 96-well plates and the absorbance was
monitored at 450 nm every 24 h on a micro-
plate reader to assess the number of viable
cells.

Migration and invasion assays
The wound healing assays were utilized to mea-

sure the migration ability of tumor cells. Cells
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Figure 1. |dentification of DEMs and DEGs, and construction of the miRNA-mRNA regulation network in PDAC. A. A

total of 8 common DEMs were screened were obtained from GSE32678 and GSE43796. B. A total of 257 shared
DEGs were identified from GSE28735, GSE41368 and GSE71989. C. Eight target gene datasets intersected with
257 DEGs, respectively. D. The regulatory network between miRNAs and target genes was visualized by the Cyto-
scape. Red nodes represent miRNAs and blue nodes represent genes. DEMs, differentially expressed miRNAs.

DEGs, differentially expressed genes.

were seeded on the 6 well plate untilformed a
single cell layer, and the wounds were gently
scratched using a 200 ul sterile pipette tip
across cell monolayer. Afterwards, exfoliated
cells and debris were removed by washing with
PBS, and were replaced with serum-free DMEM
medium. The migration of the cells into the
wound was photographed at five randomly cho-
sen areas every 24 h. The invasion ability of
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cells was measured by using transwell assay in
line with our previous study [25]. The propor-
tion of migration and the number of invasive
cells were calculated with Image J software.

Luciferase reporter assay

SW1990 cells were cultured in a 96 well plate
and were co-transfected with 100 ng luciferase

Am J Transl Res 2018;10(11):3514-3528



Screening of miRNA-mRNA networks in pancreatic cancer

Table 2. The seven screened DEMs and predicted target genes

miRNA  Expression Number of targets Target genes

BACE1, LRRN1, RUNX2, MXRA5, DGKH, ITGA2, EDIL3, THBS2

GUCA1C, TRHDE, KCNJ16, GATM, PKHD1, SLC4A4, BACE1, SLC1A2, RGN, ESRRG, G6PC2,

EPB41L4B, F8, PDK4, CTNND2, DKK1, SLC6A6, NRP2, PXDN, CD109, EPYC, ETV1, OSBPL3,
HPGD, ECT2, ADAM12, ITGA2, IGFBP5, GREM1, EDIL3, COL12A1, THBS2, SLC6A14, VCAN

miR-21 Up 4 BTG2, EPHA4, TGFBI, CCL20
miR-135b Up 8

miR-196b Up 3 DCDC2, COL1A1, COL3A1

miR-203 Up 34

miR-222 Up SLC4A4, EFNB2, OSBPL3, SEMA3C
miR-224 Up SLC4A4, SLC7A2, RUNX2, SEMA3C
miR-557 Down 23

F11, GATM, NR5A2, AQP8, BACE1, SLC1A2, ESRRG, FAM129A, F8, PDK4, RUNX2, MATN3,

SLC6A6, AEBP1, EFNB2, COL5A2, OSBPL3, NT5E, CCL20, EDIL3, ANTXR1, COL12A1, LEF1

Abbreviation: DEMs, differentially expressed microRNAs.

reporter vector containing the wild type or
mutant 3’ UTR of EFNB2 with 50 nM miR-557
mimics or miR-NCs. Cells were harvested at
48 h after transfection, luciferase activity was
measured by using adual-luciferase reporter
assay system (Promega, USA) according to
the kit instructions. Relative luciferase activity
were normalized to respective Renilla lucifer-
ase.

Statistical analysis

Each experiment was performed at least three
times. Statistical graphs and analyzes were
performed by GraphPad Prism 6.0 (Lajolla, CA,
USA) and all data were expressed as mean *
standard deviation (SD). Comparisons of two
groups was conducted using the two-tailed stu-
dent’s t-test. Overall survival were analyzed by
the Kaplan-Meier method and differences were
analyzed by log-rank test. Statistical signifi-
cance was defined as P<0.05.

Results

Identification of DEMs and DEGs, and con-
struction of the miRNA-mRNA regulation net-
work in PDAC

We selected two miRNA microarray datasets
(GSE32678 and GSE43796) and three gene
microarray datasets (GSE28735, GSE41368
and GSE71989) from GEO database for identifi-
cation of DEMs and DEGs, respectively. The
main features of five datasets were summa-
rized in Table 1. A total of 8 shared DEMs (miR-
21, miR-135b, miR-196b, miR-203, miR-210,
miR-222, miR-224 and miR-557) and 257 com-
mon DEGs were obtained and showed by using
Venn diagrams (Figure 1A and 1B). Of the eight
miRNAs, only miR-557 was downregulated, and
the remaining seven miRNAs were upregulated
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in PDAC. Next, we predicted 408, 811, 323,
2364, 41, 373, 433 and 1014 target genes for
miR-21, miR-135b, miR-196b, miR-203, miR-
210, miR-222, miR-224 and miR-557, respec-
tively, by means of miRecords. In order to find
potential miRNA-mRNA interactions, the pre-
dicted target genes datasets of 8 miRNAs were
intersected with 257 DEGs to identify the over-
lapping genes, respectively (Figure 1C). Among
them, the predicted target gene dataset of miR-
210 and DEGs had no intersections. Finally, a
total of 58 related genes and 80 putative
miRNA-mRNA pairs were obtained. The seven
miRNAs and corresponding target genes were
shown in Table 2, and the regulatory network
between them was visualized by the Cytoscape
software (Figure 1D).

Functional enrichment analysis and PPI net-
work

To gain a deeper understanding with regard to
the function of shared miRNAs based on 58
target genes, we performed GO analysis and
KEGG pathway analysis by using the DAVID. The
GO analysis found that molecular function (MF)
group was principally enriched in extracellular
matrix structural constituent, symporter activi-
ty and transmembrane transporter activity.
Biological process (BP) terms werenotably
involved in blood vessel development, cell dif-
ferentiation and cellular response to endoge-
nous stimulus. Cellular component (CC) terms
were mainly implicated in extracellular matrix
and extracellular region (Figure 2A). In addi-
tion, the KEGG pathway analysis indicated that
58 target genes were observably enriched in
ECM-receptor interaction, protein digestion
and absorption, focal adhesion and PI3K-Akt
signaling pathway (Figure 2B). For purpose of
mining of 58 target gene-related proteins, we
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Figure 2. Functional enrichment analysis and PPl network. A, B. Gene ontology analysis and KEGG pathway enrichment analysis on 58 target genes of selected
miRNAs. BP, biological process; CC, cell component; MF, molecular function. C. PPl network on target genes of selected miRNAs.
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Figure 3. Screening of potential indicators associated with prognosis in PDAC. A-C. The overall survival curves of
miR-21 (P=0.0234), miR-196b (P=0.0002) and miR-203 (P=0.0010). Patients were divided into low- and high-
expression group according to median value. Both low- and high-expression groups contain 87 patients with PDAC.
D. The expression level of EFNB2 between PDAC samples (n=179) and normal pancreatic samples (n=171). P<0.05.
E, F. The overall survival and disease free survival curves of EFNB2 (P=0.00026 and P=0.00063, respectively).
Both low- and high-expression groups contain 89 patients with PDAC. TPM, transcripts per million. G. The function
of EFNB2 and relevant networks with other genes were predicted by geneMANIA.

performed the PPl network by using the STRING
online database (Figure 2C).

Screening of potential indicators associated
with prognosis in PDAC

OncolLnc was used to evaluate the prognostic
value of the screened eight miRNAs in patients

3520

with PDAC. We found that high expression of
miR-21, miR-196b and miR-203 were dramati-
cally correlated with worse overall survival (OS)
(P=0.0234, 0.0002 and 0.0010, respectively)
(Figure 3A-C). There was no significant associa-
tion between the expression of remaining five
miRNAs and OS (data not shown).
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Table 3. Expression levels and prognosis-relat-
ed P values of 20 genes in patients with PDAC

P value
Genes Expression Overall Disease-
survival  free survival
MXRA5 Upregulated 0.039" 0.14
EPYC Upregulated  0.0029"" 0.87
ECT2 Upregulated 0.005* 0.12

COL12A1 Upregulated 0.0055™ 0.057
SLC6A14  Upregulated 0.0081*" 0.36
SLC7A2 Downregulated  0.027" 0.48

BTG2 Downregulated 0.83 0.0084™
PDK4 Downregulated 0.34 0.0093™
CTNND2 Downregulated 0.15 0.029"
NRP2 Upregulated 0.07 0.014~
PXDN Upregulated 0.38 0.026"
CD109 Upregulated 0.11 0.039"
TGFBI Upregulated 0.047" 0.033"
LRRN1 Upregulated 0.032" 0.021"
ITGA2 Upregulated ~ 0.0015™  0.0039*"
DKK1 Upregulated ~ 0.0044™  0.0014*

GREM1 Upregulated 0.026" 0.029"
EFNB2 Upregulated  0.00026™" 0.00063""*"
SEMA3C  Upregulated 0.024~ 0.0052™
NT5E Upregulated 0.023" 0.00046™""

“P<0.05, ""P<0.01, *"P<0.001.

GEPIA, a web-based tool for data mining based
on TCGA and GTEx data, was applied to investi-
gate prognostic value of 58 genes in patients
with PDAC. As shown in Table 3, a total of 20
genes were associated with prognosis in pati-
ents with PDAC. Among them, either MXRAD,
EPYC, ECT2, COL12A1, SLC6A14 high expres-
sion groups or SLC7A2 low expression group
had observably poorer OS, while their expres-
sion levels might not affect the patients’ dis-
ease-free survival (DFS). Either downregulation
of BTG2, PDK4 and CTNND2 or upregulation
of NRP2, PXDN and CD109 were remarkably
associated with shorter DFS time and earlier
relapsed, while had no significant correlation
with OS. The remaining eight genes (TGFBI,
LRRNZ, ITGA2, DKK1, GREM1, EFNB2, SEMA3C
and NT5E) were upregulated in PDAC patients,
and were significantly associated with OS and
DFS.

More importantly, Kaplan-Meier survival analy-
sis demonstrated that EFNB2 had the extreme-
ly low log-rank P values in both OS and DFS
analysis (P=0.00026 and P=0.00063, respec-
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tively) (Figure 3D-F), which caught the attention
of our research team. We used geneMANIA to
predict the function of EFNB2 and relevant net-
works with other genes (Figure 3G). We found
that EFNB2 was related to ephrin receptor sig-
naling pathway, and physical interacted and co-
expressed with ephrin family (EPHB4, EPHA4,
EPHB3 and EPHB2), which were implicated in
the initiation and progression of cancer [26-
28].

Data mining of EFNB2 from public databases

The data from NCBI Gene database revealed
that the basic expression level of EFNB2 in nor-
mal pancreas was much lower than that in
other organs or tissues (Figure 4A). Badea, Pei
and Segara’s data indicated that the expres-
sion level of EFNB2 was elevated in PDAC com-
pared with normal pancreatic tissues through
employing the Oncomine (Figure 4B). Consis-
tently, immunohistochemistry staining demon-
strated that EFNB2 was positively expressed in
PDAC tissues and negatively expressed in nor-
mal pancreatic tissues (Figure 4C). In addition,
immunofluorescent analysis manifested that
EFNB2 distributed in the nucleoplasm and
cytosol by utilizing the Human Protein Atlas
(Figure 4D). Taken together, the above results
suggested that EFNB2 might play a crucial role
in PDAC progression.

Inhibition of EFNB2 impairs cell proliferation,
migration and invasion

To demonstrate the expression of EFNB2 in
PDAC patients, GSE28735 was used as an
example, indicating that the expression of
EFNB2 was significantly elevated in PDAC tis-
sues compared with paracancerous tissues
(Figure 5A). Furthermore, it was found that the
expression of EFNB2 was markedly enhanced
in the PDAC cell lines (PANC-1, BxPC-3 and
SW1990) compared with the HPDEG (Figure
5B). Due to the expression level of EFNB2 in
SW1990 was the highest, we chose it for the
next experiment. In order to ascertain the
effects of EFNB2 on PDAC cells, we transfected
SW1990 cells with specific siRNA to reduce its
expression (Figure 5C). CCK-8 assays revealed
that the proliferation rate of cells was notably
impaired after downregulation of EFNB2 (Figure
5D). The wound healing assays showed that
migration rate of cells was observably attenu-
ated in si-EFNB2 group compared with negative
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Figure 5. Inhibition of EFNB2 impairs cell proliferation, migration and invasion. A. The expression of EFNB2 between
PDAC tissues (n=45) and matched normal tissues (n=45) in GSE28735. B. The expression level of EFNB2 in hu-
man pancreatic ductal epithelial cells (HPDEG) and PDAC cells (MiaPaCa-2, PANC-1, BxPC-3 and SW1990) were
assessed by qRT-PCR. C. The protein level of EFNB2 in SW1990 cells after transfection of siRNA was examined
by Western blot analysis. D. CCK-8 assays were carried out to compare the proliferation ability of SW1990 cells
transfected with NC or siRNA. E. Wound healing assays were utilized to measure the migration ability of SW1990
cells transfected with NC or siRNA (maghnification: 100x). Cells were photographed at O and 48 h after wounding. F.
Transwell invasion assays were used to detected the invasion ability of cells. The invasive cells were counted from
five random areas at 200x maghnification. Mean + SD, *P<0.05, **P<0.01, ***P<0.001.

control group (Figure 5E). Transwell invasion
assays turned out that depletion of EFNB2 sup-
pressed the invasive ability of cells (Figure 5F).

MiR-557 inhibited EFNB2 expression by di-
rectly binding to its 3’ UTR

From the interaction network in Figure 1D, we
found that EFNB2 had two putative miRNAs
that could regulate it, namely miR-222 and miR-
557. Because miR-222 was markedly increased
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in PDAC and had no negative relationship with
the expression of EFNB2, we chose the miR-
557 whose expression was significantly dec-
reased in PDAC tissues to explore (Figure 6A
and 6B). Meanwhile, the miR-557 expression-
was dramatically downregulated in all four
PDAC cell lines compared to that of HPDEG
(Figure 6C). We transfected SW1990 cells with
miR-557 mimics to augment its expression
(Figure 6D). The 3’ UTR of EFNB2 mRNA con-
tained putative binding site for miR-557 which

Am J Transl Res 2018;10(11):3514-3528



Screening of mMiRNA-mRNA networks in pancreatic cancer

A GSE32678 B GSE32678 c
§ 20 § 16 g 12
0 *%* 2] *k B
[ s oo [ ) . a®w "
310 % “E- e e = sE
gl ' g E100 73 —= 2 < 04
£9 5 55 8 g
o o 2
0 . : ¥ 6 . . 0.0
Normal PDAC Normal PDAC
F
D 40 % E
§ 35
@ r~ 307
213 25
5% 122 EFNB2 WT 3'-UTR &' ...CGGGCUAGUUMGGU(?Lll?ﬁzlAllkﬁi\G... 3
®E 10] o
%“5 05 miR-557 3' UCUGUUCCGGGUGGGCACGUUUG &
g EFNB2 MUT 3'-UTR 3' CGGGCUAGUUAAGGUCACGUUUG 5'
0.0!
O ‘\c'
» &
§
& 93\6\
P
6-\3-
F 2 miR-NC G ©
2 1.5 . - &
5 M miR-557 mimic &
3 (9] é,;\
@ P p:
8 1.0 & &
E * & &
8 o5 EFNB2 s s
[+H]
k= GAPDH " e
3 0.0
(vd WT MUT

Figure 6. MiR-557 inhibited EFNB2 expression by directly binding to its 3’ UTR. A, B. The expression level of miR-222
and miR-557 between PDAC tissues (n=25) and normal pancreatic tissues (n=7) from GSE32678. C. The relative
expression level of miR-557 in HPDE6 and PDAC cell lines (MiaPaCa-2, PANC-1, BxPC-3 and SW1990). D. The ex-
pression level of miR-557 was detected for 48 h in SW1990 cells transfected with miR-557 mimics or miR-NCs by
gRT-PCR. E. EFNB2 mRNA contains a putative miR-557 binding region, located at 464-470 nt of 3’ UTR, and the
mutant type with 7 altered nucleotides. F. Luciferase activity assays with the wild-type 3’ UTR or mutated 3’ UTR of
EFNB2 co-transfected with miR-NCs or miR-557 mimics. G. The endogenous expression level of EFNB2 were deter-
mined by western blotting after the overexpression of miR-557. WT, wild type; MUT, mutant type; UTR, untranslated
region. Mean + SD, *P<0.05, **P<0.01.

located at 464-470 nt was predicted by Tar-
getScan (Figure 6E). The SW1990 cells were
co-transfected with the miR-557 mimics or
miR-NCs and wild-type (WT) or mutant-type
(MUT) 3’ UTR of EFNB2 luciferase plasmid. The
luciferase reporter assay showed that lucifer-
ase activity of EFNB2 mRNA with WT 3’ UTR
was prominently inhibited after transfecting
with miR-557 mimics, but this effect was not
detected in EFNB2 with the MUT 3’ UTR (Figure
6F). Furthermore, western blotting analysis dis-
covered that overexpression of miR-557 signifi-
cantly mitigated the protein level of EFNB2 in
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PDAC cells (Figure 6G). These data suggested
that miR-557 can directly target EFNB2 through
its 3" UTR.

Discussion

In the present study, a novel of mMiIRNA-mRNA
regulatory network including 7 significant miR-
NAs, 58 target genes and 80 miRNA-mRNA
interactions was constructed after integrating
and screening multiple expression profiles of
miRNAs and genes. KEGG pathway analysis
revealed that the significant miRNAs involved in
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the classical signaling pathway based on the
putative target genes, such as ECM-receptor
interaction, focal adhesion, PI3K-Akt signaling
pathway. ECM acts as a key regulator factor in
terms of cellular differentiation, proliferation-
and migration, its alterations can accelerate
cancer development and progression [29].
Focal adhesion signaling hubsare constitutive
of multifarious molecules including integrins
and growth factor receptors, regulating cellbe-
havior and affecting cancer cell survival [30].
The PI3K-Akt pathway is one of major signaling
pathway participated in the oncogenesis of
many kinds of cancers, including PDAC [31]. It
was indicated that screened DEMs might play
an important role in PDAC.

To corroborate the results of bioinformatics
analysis, we analyzed the prognostic value of
screened MiRNA and genes in patients with
PDAC by OncolLnc and GEPIA. Consequently, 3
miRNAs (miR-21, miR-196b and miR-203) and
20 genes (MXRAD, EPYC, ECT2, COL12A1, SLC-
6A14, SLC7TA2, BTG2, PDK4, CTNND2, NRP2,
PXDN, CD109, TGFBI, LRRN1, ITGA2, DKK1,
GREM1, EFNB2, SEMA3C and NT5E) were
screened out. Earlier studies indicated that the
expression of miR-21, miR-196b and miR-203
are enhanced in pancreatic cancer, promoting
cell proliferation, migration and invasion of
pancreatic cancer, and significantly associated
with the overall survival of patients with PDAC
[32-34]. Furthermore, many of the above-listed
genes are involved in the initiation and progres-
sion of pancreatic cancer. For example, DKK1
acted as a negative regulator of Wnt signaling
and might serve as a useful diagnostic pre-
dictor for pancreatic cancer [35]. The high
expression of SEMA3C could facilitate tumori-
genesis and metastasis by activating extracel-
lular signal-regulated kinasel/2 signaling path-
way [36]. Taken together, these findings are
coincide with our results analyzed by bioinfor-
matics methods, augmenting the validity and
believability of our results in a way.

EFNB2 is a membrane-anchored ligand and
belongs to the largest family of receptor tyro-
sine kinase. In neoplasms, EFNB2 was partici-
pated in neovascularization by promoting vas-
cular endothelial precursor cell adhered to the-
specific site of tumor, and lymphangiogenesis
by inducing vascular endothelial growth factor
receptor [37, 38]. Besides, several studies have
indicated that EFNB2 can promote cell migra-
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tion, invasion and angiogenesis in glioma and
melanoma [39, 40], and is a poor prognostic
indicator in ovarian cancer and esophageal
squamous cell carcinoma [41, 42]. Alam and
colleagues found that EFNB2 knockdown sup-
pressed colorectal cancer cell growth, reversed-
malignant phenotype and impaired drug resis-
tance [43]. Sasabe and colleagues showed
that the upregulated EFNB2 could activate the
ephrin-B2 reverse signaling pathway in micro-
environment, and promote cancer progression
by interaction with surrounding cells and rein-
forcement of malignant potential inoral squa-
mous cell carcinoma [44]. However, the resear-
ch work focused on the role of EFNB2 in PDAC
was very limited, and remained to be illustrat-
ed. Our findings demonstrated that the basic
expression of EFNB2 was at an extremely low
level in normal pancreas relative to other
organs or tissues. However, when normal pan-
creatic epithelial tissues transformed into can-
cerous tissues, the expression level of EFNB2
was remarkably enhanced in PDAC tissues,
which confirmed by different public databa-
ses. Moreover, deficiency of EFNB2 dramati-
cally dampened cell proliferation, migration
and invasion in PDAC cells through cellular
function assays. It was indicated that EFNB2
functioned as an oncogene and consistent
with the roles of EFNB2 in other cancers.

To vertify the miRNA-mRNA regulatory network,
we explored the regulatory relationship bet-
ween mMiR-557 and EFNB2. Razaviyan and
workmates found that the expression of miR-
557 was downregulated and might exert its
function by targeting the S6K1 gene in triple-
negative breast cancer [45]. Qiu and partners
discovered that miR-557 acted as a tumor sup-
pressor via negatively adjusting the expression
of LEF1 in lung cancer [46]. In this study, we
found that the expression of miR-557 was also
notably downregulated in PDAC cells. More
than that, luciferase reporter assays confirmed
that the overexpression of miR-557 decreased
the protein level of EFNB2 by directly targeting
the 3’ UTR of EFNB2 in PDAC cells.

In conclusion, we integrated multiple expres-
sion profiles of miRNAs and genes from GEO
database with functional, pathway enrichment,
and survival analysis to identify novel biomark-
ers among screened DEMs and DEGs in PDAC
compared with those in normal controls. More-
over, we constructed a novel miRNA-mRNA reg-
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ulatory network including 7 miRNAs and 58 sig-
nificant target genes by comprehensive analy-
sis. This study also indicated that EFNB2 pro-
moted PDAC progression through enhance-
ment of malignant behavior including cell prolif-
eration, migration and invasion, and miR-557
might play a tumor suppressor role in PADC
by targeting EFNB2. It is worth to further inves-
tigate their clinical significance and molecular
mechanism for the pathophysiology and carci-
nogenesis of PDAC, and may be the promising
targets for diagnosis and treatment of PDAC.
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