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miR-142-5p inhibits pancreatic cancer cell
migration and invasion by targeting PIK3CA
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Abstract. Pancreatic cancer is a fatal disease with a high
mortality rate and poor prognosis worldwide. The aberrant
expression of microRNAs (miRs) is associated with cancer
development and progression. The present study aimed to
evaluate the functional role of miR-142-5p in migration and
invasion, and investigated its underlying molecular mechanism
in pancreatic cancer cells. First, it was identified that miR-142-5p
expression was downregulated in pancreatic cancer tissues and
cell lines by reverse transcription-quantitative polymerase chain
reaction. Furthermore, phosphoinositide-3-kinase catalytic
subunit o (PIK3CA) was identified as a target of miR-142-5p. The
expression of PIK3CA was upregulated in tumor tissues and its
expression was negatively regulated by miR-142-5p expression.
Notably, overexpression of miR-142-5p inhibited the prolif-
eration, migration and invasion of PanCl cells, while PIK3CA
reversed this inhibition. In addition, miR-142-5p suppressed the
expression of focal adhesion kinase (FAK) and matrix metal-
loproteinase (MMP)9, as well as phosphorylated protein kinase
B (AKT) protein level, while PIK3CA reversed the suppression
induced by miR-142-5p. In conclusion, miR-142-5p functions as
a tumor suppressor, which inhibits the migration and invasion
of pancreatic cancer by suppressing the expression of FAK
and MMP9, as well as the phosphatidylinositol 3-kinase/AKT
signaling pathway by targeting PIK3CA. These findings suggest
that miR-142-5p may be a novel therapeutic target for the treat-
ment of pancreatic cancer.

Introduction

Pancreatic cancer is a highly lethal disease with a mortality rate
that is similar to the incidence rate and is a worldwide health
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burden, particularly in China (1,2). Pancreatic cancer accounts
for 5% of all cancer-associated mortality (3). In addition, the
prognosis of pancreatic cancer is very poor, with an overall
5-year survival rate of only ~5% (4) and a median survival
time of <6 months (5). Despite developments in surgical treat-
ment and early detection, this situation has not significantly
changed (6,7). The poor prognosis is mainly due to the fact
that nearly 80% of patients present with locally advanced or
metastatic disease (8). Therefore, improved understanding
regarding the molecular mechanisms involved in pancreatic
cancer will be helpful for providing new insights into effective
treatments for patients with pancreatic cancer.

MicroRNAs (miRNAs/miRs) are a class of small,
non-coding, regulatory RNAs that are ~22 nucleotides in
length (9). Currently, >2,000 miRNAs have been discovered
in humans, which regulate one third of all genes (10). miRNAs
regulate the expression of their target protein-coding genes
by degradation of mRNA or translational inhibition through
binding to the 3'-untranslated regions (3'-UTRs) of target
genes (11). Dysregulation of miRNAs is common in various
human cancer types, with upregulated miRNAs often acting
as oncogenes and downregulated miRNAs acting as tumor
suppressors (12). These cancer-associated miRNAs mediate
various biological functions associated with cancer develop-
ment and progression, including proliferation, differentiation,
cell signaling, cell survival, apoptosis and metastasis (13).
Due to their small size and the network of proteins regulated
by miRNAs, miRNA therapeutics is developing; therefore,
more miRNAs need to be identified that could be applied in
clinical trials (14). miR-142 serves a critical role in cancer,
virus infection, inflammation and immune tolerance, and
miR-142-5p is the passenger strand generated from the
miR-142 hairpin (15). A previous study revealed that over-
expression of miR-142-5p could inhibit tumor growth of
pancreatic cancer in vivo (16). However, the biological func-
tion and molecular mechanism of miR-142-5p in pancreatic
cancer remain largely unknown.

The present study measured the expression of miR-142-5p
in pancreatic cancer tissues and cell lines. Additionally,
the effects of miR-142-5p, as well as its target gene phos-
phoinositide-3-kinase catalytic subunit o (PIK3CA), on cell
proliferation, migration and invasion were investigated. The
results demonstrated that miR-142-5p inhibits the migra-
tion and invasion by targeting PIK3CA, which suggests that
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miR-142-5p may be a potential target for the treatment of
pancreatic cancer.

Materials and methods

Patients and specimens. Pancreatic cancer tissue and paired
adjacent normal tissue samples (n=35, including 24 male
and 11 female; age range from 48-77 years and the average
age was 62.17 years) were obtained from patients who
underwent surgery at The Affiliated Huaian No.l People's
Hospital of Nanjing Medical University (Huai'an, China) from
February 2017 to July 2018. All patients received no preopera-
tive treatment and provided written informed consent prior to
surgery. The fresh tissues were immediately frozen in liquid
nitrogen and stored at -80°C until further use. The present
study was approved by the Ethics Committee of The Affiliated
Huaian No.1 People's Hospital of Nanjing Medical University.

Cell lines and culture. Human pancreatic cancer cell lines
(PanCl1, BxPC3, SW1990 and CAPAN-1) and the normal
human fibroblast WI-38 cell line were purchased from the Cell
Bank of Type Culture Collection of the Chinese Academy
of Sciences. All cells were cultured in Dulbecco's modified
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 10% fetal bovine serum, 100 U/ml
penicillin and 100 gg/ml streptomycin (all from Gibco; Thermo
Fisher Scientific, Inc.), and incubated in an incubator at 37°C
with 5% CO,.

Prediction of miR-124-5p target genes. The miR-142-5p targets
were predicted using Targetscan (http:/www.targetscan.
org/vert_72/).

Dual-luciferase reporter assay. A pGL3 plasmid was
purchased from Promega Corporation. The wild-type (WT)
or mutated 3'-UTR of PIK3CA was synthesized and cloned
into pGL3 downstream of the firefly luciferase reporter. PanC1
cells were seeded in 96-well plates until the confluence reached
70%. Subsequently, the cells were co-transfected with WT or
mutant 3'-UTR reporter vector and miR-negative control (NC)
or miR-142-5p mimic using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.), according to manufacturer's
protocol. At 48 h post-transfection, firefly and Renilla lucif-
erase activities were measured using the Dual-Luciferase
Reporter assay system (Promega Corporation). The Renilla
luciferase activity was used for endogenous normalization.

Celltransfection.miR-142-5pmimic(cat.no.miR10000433-1-5;
sense, 5-CGUGUUCACAGCGGACCUUGAU-3' and
anti-sense, 5'-AUCAAGGUCCGCUGUGAACACG-3')
and the corresponding NC (cat. no. miR1N0000002-1-5;
sense, 5S'-UAGCCAUAUCGUCGAUACU-3' and anti-sense,
5'-AGUAUCGACGAUAUGGCUA-3") were purchased from
Guangzhou RiboBio Co., Ltd. pcDNA3.1 was obtained from
Invitrogen; Thermo Fisher Scientific, Inc. The coding region
of PIK3CA was inserted into the pcDNA3.1 vector and termed
pcDNA3.1-PIK3CA. PanCl1 cells were seeded into six-well
plates at a density of 4x10° cells/well 24 h prior to transfection.
Subsequently, the cells were transfected with20 nM miR-124-5p
mimic, miR-NC, pcDNA3.1 or pcDNA3.1-PIK3CA using
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Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) in serum-free DMEM, according to the manufacturer's
protocol. At 6 h post-transfection, the cells were incubated
with complete medium. After 48 h of transfection, the cells
were harvested for further study. Untransfected cells were
used as the control group.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from paired pancreatic cancer tissues,
corresponding normal tissues and PanCl cells using the
TRIzol® reagent (Invitrogen, Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. Next, the total RNA
was reverse transcribed to cDNA at 60°C for 30 min using
the ThermoScript RT-PCR system (Invitrogen; Thermo Fisher
Scientific, Inc.). Subsequently, JPCR was performed using the
All-in-One™ miRNA RT-qPCR detection kit (GeneCopoeia,
Inc.) to detect miR-142-5p expression and using SYBR Green
PCR Mastermix (Beijing Solarbio & Technology, Co., Ltd.) to
detect the mRNA expression. All reactions were performed
on an ABI PRISM 7500 Fast Real-time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The qPCR ampli-
fication conditions consisted of 95°C for 10 min, followed by
40 cycles of 95°C for 10 sec, 60°C for 20 sec and 72°C for
15 sec. The primers sequences were as follows: miR-142-5p
F: 5-AACTCCAGCTGGTCCTTAG-3', R: 5"TCTTGAACC
CTCATCCTGT-3"; small nuclear RNA U6 F: 5-CTCGCT
TCGGCAGCACA-3', R: 5" AACGCTTCACGAATTTGC
GT-3'; PIK3CA F: 5~AAATGAAAGCTCACTCTGGAT
TCC-3", R: 5"TTGTGCAATTCCTATGCAATCG-3'; FAK
F: 5-GTGCTCTTGGTTCAAGCTGGAT-3, R: 5-ACTTGA
GTGAAGTCAGCAAGATGTGT-3'; MMP9 F: 5-GTGCTG
GGCTGCTGCTTTGCTG-3', R: 5-GTCGCCCTCAAAGGT
TTGGAAT-3"; AKT F: 5-"AGGCATCCCTTCCTTACAGC-3,
R: 5-CAGCCCGAAGTCCGTTATCT-3'; GAPDH F: 5-GAA
GGTGAAGGTCGGAGTC-3,R: 5-GAAGATGGTGATGGG
ATTTC-3". U6 and GAPDH were used as the loading control
for miR-142-5p and mRNA, respectively. The relative expres-
sion was calculated using the 222 method (17).

Western blotting. The harvested PanC1 cells were lysed using
RIPA buffer (Beyotime Institute of Biotechnology) on ice for
30 min. The Bicinchoninic Acid Protein assay kit (Beyotime
Institute of Biotechnology) was used to detect the protein
concentration. Subsequently, 30 pg protein was separated
by 10% SDS-PAGE and transferred onto PVDF membranes
(EMD Millipore). After blocking at room temperature for 1 h
with TBST (containing 0.05% Tween-20; Beijing Solarbio
Science & Technology Co., Ltd.) containing 5% skim milk,
the membranes were incubated with primary antibodies all
purchased from Abcam: Anti-PIK3CA (cat. no. ab40776;
1:5,000); anti-FAK (cat. no. ab40794; 1:1,000); anti-MMP9
(cat. no. ab38898; 1:1,000); anti-AKT (cat. no. ab227100;
1:1,000); anti-phosphorylated (p)-AKT (cat. no. ab81283;
1:5,000); anti-GAPDH (cat. no. ab181602; 1:10,000) overnight
at 4°C. The next day, secondary antibody [goat anti-rabbit
IgG H&L (horseradish peroxidase); cat. no. ab6721; 1:10,000;
Abcam] was incubated with the membranes at room tempera-
ture for 1 h. Finally, the membranes were incubated with
BeyoECL Plus (Beyotime Institute of Biotechnology) and the
protein bands were visualized. The relative expression was
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calculated using ImageQuant LAS 4010 Imaging system (GE
Healthcare Life Sciences). GAPDH was used as an internal
control.

Cell proliferation assay. For the cell proliferation assay, a
CCK-8 (BiotechWell) assay was performed according to the
manufacturer's protocols. Briefly, 2x10° transfected PanCl
cells were seeded into 96-well plates and cultured in an incu-
bator for 0, 12, 24 and 48 h. At the indicated time points, 10 pl
CCK-8 solution was added to each well and the cells were
further incubated for 1 h. The absorbance was measured at
450 nm using a microplate reader (Thermo Fisher Scientific,
Inc.).

Cell migration assay. A wound healing assay was performed
to analyze cell migration ability. Transfected cells were seeded
into 6-well plates at a density of 2x10° cells/well. After incuba-
tion for 24 h, cell layers were scratched with a 10 ul-sterile
plastic tip and cell debris was rinsed with PBS. The cells were
then incubated in serum-free medium at 37°C with 5% CO,
for 24 h. Finally, wound closure was imaged under a light
microscope (magnification, x100; Olympus Corporation) at 0
and 24 h after wounding, and the width was quantified using
a standard caliper.

Cell invasion assay. Cell invasion was assessed by Transwell
assay using 24-well Matrigel invasion chambers (8-um pores;
EMD Millipore). A total of 1x10° cells were added to the
upper chambers of Transwell plates filled with serum-free
DMEM and complete DMEM added to the bottom chambers.
The cells were incubated at 37°C with 5% CO, for 24 h and
the non-invading cells were then removed with sterile swabs.
The invaded cells were fixed with 4% paraformaldehyde for
10 min at room temperature, followed by staining with 0.1%
crystal violet for 15 min at room temperature. The cells were
then photographed and quantified in five random fields using
an optical light microscope (magnification, x200; Olympus
Corporation).

Statistical analysis. Each independent experiment was
repeated a minimum of three times. Statistical analysis was
performed using GraphPad Prism software (version 6.0;
GraphPad Software, Inc.). An unpaired student's t-test was
used to evaluate the significant differences between two
groups in all cases except a paired student's t-test was used
to compare differences between tumor tissues and adjacent
normal tissues. A one-way analysis of variance followed by
Newman-Keuls post hoc test was used to measure the signifi-
cant differences among multiple groups. Data are presented as
the mean + standard error of mean. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-142-5p is downregulated in pancreatic cancer tissues and
cell lines. To determine the expression level of miR-142-5p,
RT-qPCR was performed to detect miR-142-5p expression in
35 pairs of pancreatic cancer and matched adjacent normal
tissues. Compared with that in adjacent non-tumor tissues,
the expression of miR-142-5p was significantly decreased
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in pancreatic cancer tissues (P<0.01; Fig. 1A). In addition,
miR-142-5p expression was significantly downregulated in
four pancreatic cancer cell lines (PanC1, BxPC3, SW1990
and CAPAN-1) compared with normal human fibroblast
WI-38 cells (P<0.01; Fig. 1B). These results suggested that
low miR-142-5p expression may be closely associated with
pancreatic cancer progression.

PIK3CA is a target of miR-142-5p. To understand the molecular
mechanism underlying miR-142-5p, bioinformatics analysis
was performed to identify the potential targets of miR-142-5p.
According to the TargetScan database, miR-142-5p was identi-
fied to be able to bind to the 3'-UTR of PIK3CA at position
1,675-1,682 nt (Fig. 2A). To further confirm this prediction,
cells were co-transfected with WT or mutant 3'-UTR reporter
vector as well as miR-NC or miR-142-5p mimic to perform a
dual-luciferase reporter assay. As presented in Fig. 2B, overex-
pression of miR-142-5p significantly decreased the luciferase
activity of the plasmid carrying the WT 3'-UTR of PIK3CA in
PanCl1 cells (P<0.01). However, miR-142-5p did not affect the
luciferase activity when the 3'-UTR of PIK3CA was mutated.
Additionally, PanC1 cells were transfected with miR-NC,
miR-142-5p mimic, pcDNA3.1 and pcDNA3.1-PIK3CA.
miR-142-5p expression was significantly upregulated when
transfected with miR-142-5p mimic compared with miR-NC
(P<0.01) and PIK3CA mRNA and protein expression levels
were also significantly upregulated when transfected with
pcDNA3.1-PIK3CA compared with pcDNA3.1 (P<0.01;
Fig.2C-E). Furthermore, RT-qPCR and western blotting results
demonstrated that overexpression of miR-142-5p resulted in a
suppression of PIK3CA mRNA and protein levels in PanCl
cells (P<0.01; Fig. 2F and G). These results indicated that
PIK3CA expression is negatively regulated by miR-142-5p. In
summary, PIK3CA was identified as a target of miR-142-5p.

PIK3CA expression is upregulated in pancreatic cancer
tissues. Subsequently, the expression of PIK3CA was exam-
ined in clinical tissue samples. The mRNA and protein
expression levels of PIK3CA were increased in pancreatic
cancer tissues compared with matched adjacent normal tissues
(P<0.01; Fig. 3A and B). Furthermore, an inverse association
was identified between miR-142-5p and PIK3CA expression
(P=0.0001; Fig. 3C). These results suggested that the upregu-
lation of PIK3CA is partly caused by a downregulation of
miR-142-5p and further supports the conclusion that PIK3CA
is a target of miR-142-5p.

miR-142-5p inhibits cell proliferation, migration and inva-
sion of pancreatic cancer in vitro by targeting PIK3CA. To
assess the role of miR-142-5p in pancreatic cancer, CCK-8,
wound healing and Transwell assays were performed to
measure the capability of cell proliferation, migration
and invasion, respectively. The results demonstrated that
overexpression of miR-142-5p significantly inhibited cell
proliferation after 48 h of transfection (P<0.01), while
PIK3CA reversed the inhibition induced by miR-142-5p
(P<0.01; Fig. 4A). Furthermore, miR-142-5p-overexpression
led to slower wound closure in PanC1 cells compared with
the miR-NC group (P<0.01), while PIK3CA-overexpression
significantly reversed the slow closure compared with the
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Figure 1. Reduced expression of miR-142-5p in pancreatic cancer tissues and cell lines. (A) RT-qPCR analysis was conducted to measure the expression of
miR-142-5p in pancreatic cancer tissues and corresponding non-tumor tissues. (B) miR-142-5p expression in four pancreatic cancer cell lines (PanC1, BxPC3,
SW1990 and CAPAN-1) and a normal human fibroblast WI-38 cell line was examined using RT-qPCR. Data are presented as the mean =+ standard error of the
mean. “P<0.01. RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA.
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Figure 2. PIK3CA is a target of miR-142-5p in pancreatic cancer cells. (A) Bioinformatics analysis predicted WT and mutant binding sites of miR-142-5p in
the 3'-UTR of PIK3CA. (B) Dual-luciferase reporter assay confirmed PIK3CA is a target of miR-142-5p. Luciferase activity was detected after PanCl cells
were co-transfected with WT or mutant PIK3CA 3'-UTR and miR-142-5p mimics and miR-NC mimics. (C) Expression of miR-142-5p in PanC1 cells after
transfection with miR-142-5p mimics and miR-NC mimics. (D) PIK3CA expression was measured by reverse transcription-quantitative PCR after PanC1
cells were transfected with pcDNA3.1 and pcDNA3.1-PIK3CA. (E) Protein expression of PIK3CA was measured by western blotting after PanCl1 cells were
transfected with pcDNA3.1 and pcDNA3.1-PIK3CA. The (F) mRNA and (G) protein expression of PIK3CA in PanCl cells transfected with miR-142-5p
mimics or miR-NC mimics. GAPDH was used as a loading control. Data are presented as the mean + standard error of the mean. “P<0.01 vs. miR-NC mimics
or pcDNA3.1 group. UTR, untranslated region; WT, wild-type; NC, negative control; miR, microRNA.

miR-142-5p mimic group (P<0.01; Fig. 4B). Similarly, the = miR-142-5p mimic (P<0.01), which was restored by PIK3CA
invasion ability of PanCl cells was significantly inhibited by ~ (P<0.01; Fig. 4C). In summary, overexpression of miR-142-5p
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tissues was measured by western blotting. GAPDH was used as an internal control. (C) Relationship between miR-142-5p and PIK3CA expression was evalu-
ated by Spearman's correlation analysis; r=-0.6011, P=0.0001. Data are presented as the mean + standard error of the mean. “P<0.01 vs. the control. PIK3CA,

phosphoinositide-3-kinase catalytic subunit o; miR, microRNA.

inhibited the proliferation, migration and invasion in pancre-
atic cancer cell by regulating PIK3CA.

miR-142-5p suppresses FAK and MMP?9 expression, and the
PI3K/AKT pathway by targeting PIK3CA. Finally, the expres-
sion levels of FAK, MMP9, AKT and p-AKT were measured.
As presented in Fig. 5A, B and D, overexpression of miR-142-5p
significantly suppressed the mRNA expression of FAK and
MMP9 (P<0.01), while PIK3CA significantly reversed the
suppression induced by miR-142-5p (P<0.01). Similar results
were observed for protein expression (P<0.01). In addition,
miR-142-5p-overexpression significantly reduced the protein
level of p-AKT (P<0.01), while PIK3CA reversed the inhibi-
tion (P<0.01; Fig. 5D). However, miR-142-5p and PIK3CA did
not affect the expression of total AKT (Fig. 5C and D). These
results suggested that miR-142-5p targets PIK3CA to suppress
the expression of FAK and MMP9, as well as inactivate the
PI3K/AKT signaling pathway.

Discussion
The present study revealed that miR-142-5p was downregu-

lated in pancreatic cancer tissues and cell lines. PIK3CA was
identified as a target of miR-142-5p. Notably, overexpression

of miR-142-5p inhibited cell proliferation, migration and inva-
sion of pancreatic cancer cells, suppressed the expression of
FAK and MMPY, and inhibited the PI3K/AKT pathway by
targeting PIK3CA.

miR-142-5p has beenreported to be a critical miRNA during
cancer progression (15). miR-142-5p functions as an oncogene
or a tumor suppressor in different types of cancer. The expres-
sion of miR-142-5p is upregulated in renal cell carcinoma cells
and overexpression of miR-142-5p promotes cell proliferation
and migration (18). Similarly, miR-142-5p acts as an onco-
gene in colorectal cancer by enhancing the capacities of cell
proliferation, colony formation and wound healing; however, it
inhibits cell apoptosis (19,20). Furthermore, miR-142-5p-over-
expression suppresses the proliferation of non-small cell lung
cancer (NSCLC) cells in vitro and in vivo, while inhibition
of miR-142-5p promotes cell growth (21). miR-142-5p is also
downregulated in hepatocellular carcinoma, which inhibits
tumor cell viability, proliferation, migration and invasion,
and induces apoptosis (22,23). There are a limited number of
studies regarding the functional role of miR-142-5p in pancre-
atic cancer cells. In the present study, miR-142-5p expression
was revealed to be upregulated in pancreatic cancer tissues and
cells. Furthermore, overexpression of miR-142-5p inhibited
pancreatic cancer cell proliferation, migration and invasion.
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Figure 4. miR-142-5p inhibits proliferation, migration and invasion in PanC1 cells by targeting PIK3CA. (A) Cell proliferation was measured by Cell Counting
Kit-8 after incubation of transfected PanC1 cells for 0, 12, 24 and 48 h. (B) Wound healing assay was performed to detected migration ability of PanCl cells
after transfection for 0 and 24 h (magnification, x100). The percent of wound was quantified using a standard caliper. (C) Transwell assay of invasion of PanCl
cells after transfection for 24 h (magnification, x200). Number of invaded cells was quantified. Data are presented as the mean + standard error of the mean.
“P<0.01. OD, optical density; miR, microRNA; NC, negative control; PIK3CA, phosphoinositide-3-kinase catalytic subunit c.

These findings indicated that miR-142-5p functions as a tumor
suppressor in pancreatic cancer. However, the underlying
molecular mechanism requires further investigation.

A previous study reported that PIK3CA is a direct target of
miR-142-5p in NSCLC (21). In the current study, bioinformatics
analysis predicted that PIK3CA is a target of miR-142-5p and
a dual-luciferase reporter assay confirmed this prediction. The
PIK3CA gene is involved in encoding the catalytic subunit of
PI3K P110a, which is activated by cell surface tyrosine kinase
receptors (24,25). PIK3CA often functions as an oncogene in
different types of human cancer, including prostate cancer (26),
lung cancer (27,28), gastric cancer (29) and renal cell carci-
noma (30). A previous study demonstrated that PIK3CA is an
oncogene in pancreatic cancer (31). However, the biological
role of PIK3CA remains unknown. In the present study, the
expression of PIK3CA was upregulated in pancreatic cancer
tissues and was negatively regulated by miR-142-5p expres-
sion in both tumor tissues and cells, which further verifies
that PIK3CA is a target of miR-142-5p in pancreatic cancer.
Furthermore, PIK3CA reversed the miR-142-5p-induced
inhibition of cell proliferation, migration and invasion. These

results demonstrated that miR-142-5p inhibits the proliferation,
migration and invasion of pancreatic cancer cells by targeting
PIK3CA.

FAK is a non-receptor tyrosine kinase that has been
demonstrated to be upregulated in cancer and is involved in
the progression of tumor aggressiveness (32). MMPs, including
MMP?9, have been reported to serve a role in cancer initiation,
tumor growth and metastasis in pancreatic cancer (33). This
study only focused on the expression of MMPO rather than
activity of MMP9, just as other miRNAs decrease cell migra-
tion and invasion through reducing MMP9 expression (34,35).
Additionally, PIK3CA regulates the activation of AKT and
p-AKT activates various cellular processes (36,37). In a
previous study, knockdown of PIK3CA reduced FAK, MMP9
and p-AKT levels in glioblastoma multiforme cells (38). In the
present study, miR-142-5p suppressed the expression of FAK,
MMP9 and p-AKT, but did not affect AKT expression, while
PIK3CA reversed the suppression. These findings suggested
that miR-142-5p targets PIK3CA to suppress the expression
of FAK and MMP?9, and inactivate the PI3K/AKT signaling
pathway.
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In conclusion, the present study demonstrated that may provide a novel target for the therapeutic treatment of
miR-142-5p functions as a tumor suppressor in pancreatic  pancreatic cancer.
cancer, as it was identified to target PIK3CA and inhibit cell
proliferation, migration and invasion in vitro by suppressing  Acknowledgements
FAK and MMP9 expression, and inactivating the PI3K/AKT
signaling pathway. These findings indicated that miR-142-5p  Not applicable.
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