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MicroRNA-203-3p inhibits the proliferation,
invasion and migration of pancreatic cancer cells
by downregulating fibroblast growth factor 2
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Abstract. Aberrant expression of fibroblast growth factor 2
(FGF2) is a major cause of poor prognosis in patients with
pancreatic cancer. MicroRNA (miRNA/miR) miR-203-3p is a
newly identified miRNA that can affect the biological behavior
of tumors. The present study investigated the function of
miR-203-3p on the regulation of FGF2 expression, and its role
in pancreatic cancer cell proliferation, apoptosis, invasion and
migration. Reverse transcription-quantitative PCR was used
to determine the mRNA expression levels of miR-203-3p and
FGF2 in vitro. Cell Counting Kit-8, Annexin V-APC/7-AAD
double-staining Apoptosis Detection kit, wound healing and
Transwell assays were used to determine the proliferation,
apoptosis, migration and invasion of pancreatic cancer cells.
The binding of miR-203-3p to FGF2 was assessed by a lucif-
erase reporter assay. The results demonstrated that miR-203-3p
expression was downregulated in pancreatic cancer cells. Gain-
and loss-of-function experiments indicated that miR-203-3p
inhibited the proliferation, migration and invasion, and
promoted the apoptosis of pancreatic cancer cells in vitro. In
addition, it was found that alteration of miR-203-3p abolished
the promoting effects of FGF2 on pancreatic cancer cells. The
present study demonstrated that FGF2 significantly promoted
the proliferation, invasion and migration of pancreatic cancer
cells. The mechanism involved the binding of miR-203-3p to
the 3'-untranslated region of FGF2 mRNA, resulting in the
downregulation of FGF2. In conclusion, miR-203-3p inhibited
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FGF?2 expression, regulated the proliferation and inhibited the
invasion and migration of pancreatic cancer cells.

Introduction

Pancreatic cancer poses a major threat to human health, and its
incidence is rapidly rising. Cancer data in 2020 revealed that the
death toll from pancreatic cancer reached 470,000 worldwide,
making it the seventh tumor in terms of cancer-associated deaths;
additionally, pancreatic cancer is the tumor with the lowest
S5-year survival rate among all types of tumor (1). Aggressive
metastasis is the most important cause of the high mortality rate
observed among patients with pancreatic cancer (2). However,
the mechanism of metastasis remains unknown. The target
molecules that underline metastasis are of great importance in
the treatment of pancreatic cancer. Pancreatic ductal adenocar-
cinoma (PDAC) is the most common type of pancreatic cancer
and one of the most challenging malignant tumors to treat (3).
The median survival time of patients with PDAC after diagnosis
is 2-8 months, and the 5-year overall survival rate is <7% (1,4).
The poor prognosis in patients with pancreatic cancer is
mainly due to the aggressiveness of cancer cells, early metas-
tasis and non-responsiveness to the majority of chemotherapy
regimens (5). At present, surgical resection is the only feasible
treatment for PDAC. However, <20% of tumors are resectable
at the time of diagnosis (6). Furthermore, patients who undergo
surgery may relapse, and the average survival time of patients
undergoing resection is 12-20 months (7). The majority of
patients with pancreatic cancer have early metastatic or locally
advanced cancer at the time of diagnosis, and the only effec-
tive treatment for these patients is chemoradiation (8). However,
pancreatic cancer cells respond poorly to both chemotherapy
and radiation (9,10). Although gemcitabine-based chemotherapy,
as the standard treatment for advanced pancreatic cancer, can
improve prognosis, its effectiveness is limited since cancer
cells often become resistant (11). Therefore, further research on
pancreatic cancer is urgently needed, and novel diagnostic and
therapeutic approaches are required to improve the prognosis of
this disease.

Non-coding RNAs (ncRNAs) serve important roles in
tumor development. MicroRNAs (miRNAs/miRs) are highly
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conserved single-stranded ncRNA molecules with a length of
18-25 nucleotides. miRNAs can regulate gene expression by
base-pairing with 3'-untranslated regions (3'-UTRs), thereby
enhancing mRNA degradation or inhibiting post-transcrip-
tional translation (12). To date, >2,500 miRNAs have been
identified in plants, animals and viruses (13). After miRNAs
are produced in the cell nucleus, they are delivered into the
cytoplasm by nuclear transporters and then guided into the
RNA-induced silencing complex (RISC), where they facilitate
target gene mRNA degradation or inhibit translation through
complementary pairing with target gene mRNA bases (14).
miRNAs serve important roles in tumor development (15,16).
For example, previous studies have reported the involvement
of various miRNAs (such as miR-21, miR-155 and miR-210) in
the development and progression of pancreatic cancer (17,18).

Fibroblast growth factor 2 (FGF2) is the main factor leading
to tissue fibrosis, and pancreatic fibrosis plays a key role in the
progression of pancreatic cancer (19). Sakai er al (20) found
that, when mice were subcutaneously inoculated with BxPC-3
pancreatic cancer cells and simultaneously administered
FGF2, the area of interstitial fibrosis increased compared with
that of mice administered with BxPC-3 alone. The fibrosis was
characterized by increased accumulation of murine collagen,
which was associated with an increase in monocyte/macro-
phage content in tumor tissue, and promoted the progression
of pancreatic cancer (20).

miR-203 is located on chromosome 14¢32.33. Compared
with that in normal tissues, miR-203 exhibits downregu-
lated expression in diverse malignancies, including bladder,
non-small cell lung and endometrial cancer (21-23). Numerous
studies have demonstrated that miR-203 serves an important
role in tumor cell proliferation, migration and invasion (24,25).
For example, miR-203 expression is decreased in pancre-
atic cancer compared with that in normal pancreatic tissue
and chronic pancreatitis, suggesting that miR-203 may be
associated with specific characteristics of tumors and their
behavior (26). Other studies have suggested that FGF2 expres-
sion may be affected by miR-203 (27,28). However, the relevant
mechanisms of action and signaling pathways in pancreatic
cancer remain unknown. The present study established cell
models of miR-203 knockdown and overexpression to explore
the regulatory effects of miR-203 on FGF2 expression, as well
as on the proliferation, invasion and migration of pancreatic
cancer cells.

Materials and methods

Reagents and materials. Pancreatic cancer cell lines [PANC-1
(CVCL_0480), AsPC-1 (CVCL_0152), BxPC-3 (CVCL_0186)
and HPAC] were purchased from The Cell Bank of Type
Culture Collection of the Chinese Academy of Sciences.
Normal human pancreatic epithelial cells ['TERT-HPNE
E6/E7 (CRL-4036)] and 293T cells were also purchased from
The Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences (293T cells were used for transfection
and luciferase reporter gene experiments). Dulbecco's modi-
fied Eagle's medium (DMEM), fetal bovine serum (FBS)
and Opti-MEM were procured from Gibco (Thermo Fisher
Scientific, Inc.). Lipofectamine® 2000 was obtained from
Invitrogen (Thermo Fisher Scientific, Inc.). PrimeScript™ RT

kit and SYBR Green dye were purchased from Takara Bio,
Inc. Mimic-miR-203-3p, mimic-negative control (NC; scram-
bled), inhibitor-miR-203-3p and inhibitor-NC (non-targeting)
were obtained from Guangzhou RiboBio Co., Ltd. The
pGL3 reporter vector and Dual-Glo Luciferase Activity
Assay kit were purchased from Promega Corporation. The
Annexin V-FITC/PI Double-Staining Cell Apoptosis Assay
kit was purchased from Nanjing KeyGen Biotech Co., Ltd.

Cell culture and transfection. PANC-1, AsPC-1, BxPC-3,
HPAC and HPNE cells were cultured in DMEM containing
10% FBS and 1% streptomycin at 37°C in an atmosphere of
5% CO,. The cells were passaged at 1:4 or 1:5 ratio and then
used for experiments at the logarithmic growth phase. The
cells were digested with 0.25% trypsin, and the digested cells
were counted using a hemocytometer and diluted with culture
medium to a concentration of 5x10* cells/ml. Subsequently,
100 ul cell suspension was added into each well of a 96-well
culture plate, and incubated at 37°C in an atmosphere of 5% CO,
for 24 h. According to the experimental results, AsPC-1 cells
were selected as the experimental cell line. For cell transfec-
tion, 0.25 ug miRNA (mimic-miR-203, miR-NC, inhibitor-NC,
inhibitor-miR-203) was diluted with 25 pul serum-free
Opti-MEM, mixed gently and incubated at room temperature
for 5 min. Lipofectamine® 2000 (0.5 p1) was diluted with 25 pl
serum-free Opti-MEM, mixed gently and incubated at room
temperature for 5 min. Both components were subsequently
combined, mixed gently and incubated for 20 min at room
temperature. The miRNA-Lipofectamine 2000 mixture was
then added to the wells, which contained 50 ul Opti-MEM, and
gently mixed. The sequences of the miRs transfected into the
cells are as follows: Mimic-miR-203, 5-GUGAAAUGUUUA
GGACCACUAG-3"; miR-NC, 5'-UUCUCCGAACGUGUC
ACGUTT-3"; inhibitor-NC, 5'-CAGUACUUUUGUGUAGUA
CAA-3'; and inhibitor-miR-203, 5'-CUAGUGGUCCUAAAC
AUUUCAC-3'". After 4-6 h of incubation at 37°C, the medium
containing the siRNA-Lipofectamine 2000 mixture was care-
fully aspirated and replaced with DMEM with 5% FBS and
no antibiotics. The culture plate was incubated at 37°C for
24 h before detection of cell proliferation, apoptosis, invasion
and migration. In addition, transfection of FGF2 recombinant
plasmid (Guangzhou RiboBio Co., Ltd.; 25 nM/ml; control
plasmid was an empty vector) was performed. The specific
method was the same as aforementioned for the transfec-
tion of mimic/inhibitor-miR-203. Regarding the cell culture
with gemcitabine, 0.04 pg/ml gemcitabine (LY 188011;
MedChemExpress) was added as previously described (29).

Detection of cell proliferation by the Cell Counting Kit
(CCK)-8 assay. After 24 h of transfection as aforementioned,
10 p1 CCK-8 reagent (Wuhan Boster Biological Technology
Co., Ltd.) was added to each well. The culture plate was
incubated for 3 h at 37°C and mixed gently on a shaker for
10 min. A microplate reader was used to determine the optical
density (OD) value of each well at a wavelength of 450 nm.
The inhibition rate = (NC group OD values - experimental
group OD values)/NC group OD values x 100.

Detection of apoptosis by Annexin V-APC/7-AAD
double-staining. AsPC-1 cells were washed twice with



%ﬁ SPANDIDOS
'3,‘ PUBLICATIONS

PBS, digested with 0.25% trypsin for 5 min and centrifuged
at 1,000 x g for 5 min at 4°C to collect 5x10° cells, which
were then resuspended in 500 ul binding buffer (Wuhan
Boster Biological Technology Co., Ltd.). Subsequently, 5 ul
Annexin V-APC was added to the cell suspension, followed by
mixing, and then 5 ul 7-AAD was added, followed by mixing.
The samples were incubated at room temperature in the dark
for 5-15 min, and apoptosis was detected using a BD LSRII
flow cytometer (BD Biosciences). The detection data were
analyzed and graphed using CellQuest Pro (BD Biosciences).

Detection of migration and invasion by wound healing
and Transwell assays. For wound healing assays, cells at
the logarithmic growth phase were cultured to reached
100% confluence in 6-well plates. The next day, the AsPC-1
cell layer was scratched with a 10-ul micropipette tip in the
center of the well (denoted as 0 h). DMEM with 1% FBS was
used to avoid cell proliferation. The AsPC-1 cells were gently
rinsed with PBS and incubated in 1% FBS-containing DMEM.
After 24 h of incubation at 37°C, the cells were removed from
the incubator, photographed using an inverted light micro-
scope (magnification, x200; Leica Microsystems, Inc.), and the
cell migration distance was measured. The width of the wound
healing site was quantified and compared with baseline values.
All experiments were repeated independently in triplicate.
Cancer cell invasion was tested using Transwell assays.
Cells were removed from serum-containing medium and
serum-starved for 24 h using serum-free medium. Matrigel
(BD Biosciences) was thawed at 4°C overnight, and 2x10* cells
from each group in 200 pl serum-free medium were seeded in
the upper chamber (pore size, 8.0 ym; Corning, Inc.) precoated
with 90 ul Matrigel at 37°C for 8 h. Subsequently, 600 ul
RPMI-1640 medium (Wuhan Boster Biological Technology
Co., Ltd.) containing 10% FBS was added to the lower
chamber. After 24 h of incubation at 37°C, the upper chambers
were fixed with 4% polymethanol (Wuhan Boster Biological
Technology Co., Ltd.) for 30 min at room temperature, and
then stained with 0.1% crystal violet for 30 min at room
temperature. The cells that migrated through the membrane
and invaded the underside of the upper chamber were
photographed using an inverted light microscope (magnifica-
tion, x200; Leica Microsystems, Inc.). Five random fields were
selected to calculate the number of migrating or invading cells.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) and reverse tran-
scribed into cDNA according to the manufacturer's protocol
using PrimeScript™ RT kit (Thermo Fisher Scientific, Inc.).
RT-qPCR was performed on a CFX96 System (Bio-Rad
Laboratories, Inc.). The reactions consisted of 5.0 u1 2X SYBR
Green Master Mix, 0.5 ul each forward and reverse primers
(2.5 uM), 1 ul cDNA and RNase-free double-distilled H,O.
The thermocycling conditions were as follows: 95°C for 5 min,
followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min.
The relative expression of target mRNA and miRNA was
quantified using the 2224 method (30). GAPDH was used
as the reference gene to normalize mRNA and U6 was used
as the reference gene to normalize miRNA expression. The
primer sequences are shown in Table SI.
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Western blot analysis. Cells were washed with PBS to
extract the total protein using RIPA Lysis and Extraction
Buffer (Wuhan Boster Biological Technology Co., Ltd.). The
concentration of the extracted protein was measured with a
BCA protein quantification kit (Wuhan Boster Biological
Technology Co., Ltd.) to prepare samples for electrophoresis.
Subsequently, samples were mixed with a loading buffer
(Wuhan Boster Biological Technology Co., Ltd.) at a ratio
of 5:1 and subjected to heat at 100°C for 10 min. A total of
50 ug protein/lane from each sample was separated by
10% SDS-PAGE and then transferred to a PVDF membrane.
The membrane was blocked with 5% skimmed milk powder
in TBS-0.5% Tween (TBST) at room temperature for 2 h
and then incubated with the following anti-human primary
antibodies at 4°C for 12 h: FGF2 (cat. no. BM4959; 1:1,000),
FGF receptor 3 (FGFR3; cat. no. BM5016; 1:500), FGFR2
(cat. no. BM4991; 1:1,000) and GAPDH (cat. no. BM3896;
1:10,000) (all Wuhan Boster Biological Technology Co., Ltd.).
Subsequently, a secondary antibody (HRP-conjugated affini-
Pure goat anti-rabbit IgG; cat. no. BA1055, 1:5,000; Wuhan
Boster Biological Technology Co., Ltd.) was incubated with
the membrane at 37°C for 2 h, and an ECL™ reagent (Wuhan
Boster Biological Technology Co., Ltd.) was used for visual-
izing the protein bands after washing with TBST 3 times
for 19 min each. GADPH was used as a loading control for
normalization. The results were analyzed using ImagelJ soft-
ware (v1.8.0; National Institutes of Health).

Bioinformatics analysis. TargetScan (http:/www.targetscan.
org/vert_72/) is a web server that predicts biological targets
of miRNAs by searching for the presence of sites that match
the seed region of each miRNA. FGF2 and miR-203-3p were
inserted to analyze whether they could bind to each other and
to identify the binding sequence online.

Dual-luciferase reporter assay. The wild-type (WT) FGF2
fragments containing the putative miR-203-3p binding site
were prepared and cloned into the pGL3 reporter vectors
(Promega Corporation) to yield the FGF2-WT reporter
constructs. The mutated (Mut) versions of the fragments were
additionally prepared according to the manufacturer's protocol
with the GeneTailor™ Site-Directed Mutagenesis System
(Invitrogen; Thermo Fisher Scientific, Inc.), after which
FGF2-Mut reporter constructs were generated as aforemen-
tioned. After growing until 70-80% confluence, cotransfection
of WT or Mut reporter vectors with miR-203-3p mimic or
NC mimic was implemented using Lipofectamine 2000, as
aforementioned. After 36 h of incubation at 37°C, firefly lucif-
erase activity was detected according to the manufacturer's
instructions of the Dual-Glo Luciferase Activity Assay kit and
compared with Renilla luciferase activity. All experiments
were repeated independently in triplicate.

Statistical analysis. The experimental results are presented as
the mean + SD and all experiments were repeated =3 times.
SPSS 26.0 Software (IBM Corp.) was used for statistical
analysis. According to whether the data conformed to the
normal distribution, The data of CCK-8, apoptosis, migra-
tion, invasion and RT-qPCR assays were analyzed according
to data types and comparison methods. Kruskal-Wallis test
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Figure 1. miR-203-3p overexpression decrease the viability and increases the apoptosis of pancreatic cancer cells. (A) Relative miR-203-3p expression was
detected in pancreatic cancer cell lines by reverse transcription-quantitative PCR. "P<0.05, “P<0.01 and ““P<0.001 vs. HPNE. (B) miR-203a-3p overexpression
inhibited the viability of the pancreatic cancer AsPC-1 cell line, as detected by Cell Counting Kit-8 assay. (C) miR-203a-3p overexpression increased AsPC-1
cell apoptosis, as detected by Annexin V-APC/7-AAD double staining. (D) Apoptosis rate of AsPC-1 cells treated with mimic-NC, mimic-miR-203-3p,
inhibitor-NC or inhibitor-miR-203-3p. Control represents AsPC-1 cells without transfection. All data are presented as the mean + SD of three experiments.

“P<0.01; “"P<0.001. miR, microRNA; NC, negative control.

was used for comparison between two groups (e.g. mimic-NC
vs. mimic-miR, inhibitor-NC vs. inhibitor-miR, AsPC1-NC
vs. AsPC1-FGF2), and the Bonferroni method was used for
multiple comparisons. Statistical comparison of mean values
in two groups were compared by unpaired Student's t-test.
Multiple groups were compared by one-way ANOVA with
Dunnett's post hoc test. All graphs were produced using
GraphPad Prism (version 8.0; GraphPad Software, Inc.) and
ImageJ (v1.8.0; National Institutes of Health). P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-203-3p expression in different cell lines. RT-qPCR was
used to quantify miR-203-3p expression in the HPNE, BxPC-3,
HPAC, PANC-1 and AsPC-1 cell lines, and it was found that
miR-203-3p expression was significantly lower in pancreatic
cancer cells than that in HPNE cells (Fig. 1A). Furthermore,
miR-203-3p expression was the lowest in AsPC-1 cells
(Fig. 1A), indicating that the AsPC-1 cell line was suitable for
further experiments.

miR-203-3p inhibits the proliferation of AsPC-1 cells. To
investigate the role of miR-203-3p in pancreatic cancer cells,

inhibitor-miR-203-3p was used to knockdown miR-203-3p,
which targeted the junction sites of miR-203-3p. Overexpression
of miR-203-3p was achieved using mimic-miR-203-3p for
transfection into AsPC-1 cells. The results of the CCK-8
assay revealed that miR-203-3p overexpression significantly
inhibited the proliferation of AsPC-1 cells (Fig. 1B). As shown
in Table SII, compared with that of the mimic-NC group, the
inhibition rate of the mimic-miR-203-3p group was increased.
However, compared with that of the inhibitor-NC group, the
inhibition rate of the inhibitor-miR-203-3p group did not
markedly change (Fig. 1B and Table SII).

miR-203-3p increases the apoptosis of pancreatic cancer
cells. The AsPC-1 cell apoptosis rate was significantly
different among all groups. Compared with that of the
mimic-NC group, the apoptosis rate of the mimic-miR-203-3p
group was significantly increased, while compared with
that of the inhibitor-NC group, the apoptosis rate of the
inhibitor-miR-203-3p group was significantly decreased
(Fig. 1C and D, and Table SIII).

miR-203-3p decreases cell migration and invasion, and
increases the sensitivity of pancreatic cancer cells to
gemcitabine. The present study examined the ability of cells
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Figure 2. miR-203-3p overexpression decreases the migration and invasion of pancreatic cancer cells. (A) Effects of miR-203-3p overexpression or knockdown
expression on cell migration were detected by wound healing assay (scale bar, 200 ym). (B) Wound closure percentage of AsPC-1 cells treated with mimic-NC,
mimic-miR-203-3p, inhibitor-NC or inhibitor-miR-203-3p. (C) Number of invading AsPC-1 cells treated with mimic-NC, mimic-miR-203-3p, inhibitor-NC
or inhibitor-miR-203-3p group. (D) Effects of miR-203-3p overexpression or knockdown on cell invasion were detected by Transwell assay (scale bar, 40 ym).
(E) Proliferation curve of AsPC-1 cells treated with mimic-NC, mimic-miR-203-3p, inhibitor-NC or inhibitor-miR-203-3p group. Control represents AsPC-1
cells without transfection. All data are presented as the mean + SD of three experiments. ““P<0.001. OD, optical density; miR, microRNA; NC, negative

control.

transfected with mimic- or inhibitor-miR-203-3p to invade
and migrate. Compared with that of the mimic-NC group, the
mimic-miR-203-3p group exhibited significantly decreased
migration and invasion at 24 h, while knockdown of miR-203-3p
expression significantly promoted cell migration and invasion
(Fig. 2A-D). Compared with the gemcitabine group and the
mimic-NC + gemcitabine group, the proliferation curve of the
AsPC-1 cells in the mimic-miR-203-3p + gemcitabine group
was significantly decreased; however, compared with the
gemcitabine group and the inhibitor-NC + gemcitabine group,
the inhibitor-miR-203-3p + gemcitabine group exhibited
higher proliferation rates at 96 h (Fig. 2E). Overall, the current
findings suggested that miR-203-3p restrained the progression

of pancreatic cancer and increased the sensitivity of pancreatic
cancer cells to gemcitabine in vitro.

miR-203-3p inhibits FGF2 expression in pancreatic cancer
cells. miR-203-3p expression was significantly decreased by
inhibitor-miR-203-3p, whereas it was significantly enhanced
by mimic-miR-203-3p (Fig. 3A). Additionally, it was found
that miR-203-3p overexpression in AsPC-1 cells significantly
decreased FGF2 mRNA expression, while miRNA-203-knock-
down in AsPC-1 cells significantly increased FGF2 mRNA
expression, as determined by RT-qPCR (Fig. 3A). Furthermore,
the protein expression levels of FGFR2 and FGFR3 were
detected by western blotting, revealing that miR-203-3p
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Figure 3. Overexpression of miR-203-3p leads to inhibition of FGF2 expression in pancreatic cancer cells. (A) RT-qPCR revealed the relative expression levels
of miR-203-3p and FGF2 in pancreatic cancer AsPC-1 cells with either overexpression or knockdown of miR-203-3p. (B) Protein expression levels of FGF2
and FGFRs were detected by western botting. (C) Relative expression levels of miR-203-3p and FGF2 in pancreatic cancer cells after FGF2 overexpression
were detected by RT-qPCR. (D) Cell viability was determined by Cell Counting Kit-8 assay. (E) FGF2 suppressed the apoptosis of pancreatic cancer cells,
as detected by Annexin V-APC/7-AAD double staining. (F) Bar graphs representing the quantification of the apoptosis rate. All data are presented as the
mean = SD of three experiments. ““P<0.001. miR, microRNA; FGF2, fibroblast growth factor 2; FGFR, FGF receptor; RT-qPCR, reverse transcription-quan-

titative PCR; NC, negative control.

overexpression decreased FGFR2 and FGFR3 expression,
while miR-203-3p-knockdown increased FGFR2 and FGFR3
expression (Fig. 3B). These results indicated that upregulated
miR-203-3p expression elicited inhibitory effects on FGF2
expression.

To verify the role of FGF2 in AsPC-1 cells, the control
plasmid and the FGF2 overexpression plasmid were simul-
taneously transfected, and RT-qPCR was performed. It was
found that FGF2 mRNA expression in the AsPC-1-FGF2
group increased significantly compared with that in the
AsPC-1-NC group (Fig. 3C). In addition, miR-203 was signifi-
cantly decreased after FGF2 overexpression (Fig. 3C).

FGF?2 significantly affects the proliferation of AsPC-1 cells.
FGF2 overexpression in pancreatic cancer cells significantly
affected cell proliferation. Compared with that of the AsPC-1
and AsPC-1-NC groups, the cell viability of the AsPC-1-FGF2
group was significantly increased, indicating that FGF2
expression promoted the proliferation of AsPC-1 cells (Fig. 3D
and Table SIV).

FGF?2 affects AsPC-1 cell apoptosis. The flow cytometry
results indicated that the apoptosis rate was significantly
decreased in the AsPC-1-FGF2 group compared with that in

the AsPC-1-NC group, indicating that the change in FGF2
expression significantly affected apoptosis (Fig. 3E and F).

Overexpression of FGF2 increases cell migration and
invasion, and the resistance of pancreatic cancer cell
lines to gemcitabine. Compared with the AsPC-1N¢ group,
the wound closure ratio was significantly increased in the
AsPC-17"2 group (Fig. 4A and B). Similarly, compared with
the AsPC-17€ group, the invading cell number was significantly
increased in the AsPC-17°F2 group (Fig.4C and D). These results
indicated that FGF2 promoted the migratory and invasive
abilities of the AsPC-1 pancreatic cancer cell line. Compared
with the gemcitabine group and the NC + gemcitabine group,
the AsPC-1 cells of the FGF2 + gemcitabine group exhibited
significantly higher proliferation efficiency (Fig. 4E).

miR-203-3p directly interacts with the 3'-UTR region of
FGF?2 in pancreatic cancer cells. According to bioinfor-
matics analysis using TargetScan, a binding site to the
3'-UTR of FGF2 was predicted in miR-203-3p (Fig. 5A). A
dual-luciferase reporter system was used to verify whether
miR-203-3p interacted with the binding site of the 3'-UTR of
FGF2. A dual-luciferase reporter gene vector for the target
gene site region (including WT and Mut) was successfully
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constructed, and was co-transfected with mimic-miR-203a-3p
and mimic-NC. The luciferase activity in transfected cells
was determined. The results revealed that luciferase activity
in AsPC-1 cells co-transfected with mimic-miR-203-3p and
WT vectors was significantly decreased compared with that
of cells transfected with MUT vectors (Fig. 5B). These results
indicated that miR-203-3p interacted directly with the 3'-UTR
of FGF2. This mechanism of direct binding indicated that
miR-203-3p directly regulated its target gene FGF2.

Discussion

Since no significant progress has been made lately in the treat-
ment of pancreatic cancer, research has focused on the tumor
cells per se, as well as on the tumor immune microenviron-
ment of pancreatic cancer (31). Previous studies have found
that overexpression of FGF2 and its receptor in pancreatic
cancer cells in the tumor microenvironment promotes the
progression of the tumor itself, and is associated with a poor
prognosis (32-34). Clinically resected pancreatic cancer speci-
mens, particularly PDAC specimens, have a hard consistency,

and large quantities of collagen can be observed by hema-
toxylin and eosin staining under an optical microscope (35).
Kostas et al (36) described the anti-apoptotic effects of FGF1
and FGF?2 in cells, which were independent of FGFR activa-
tion and downstream signaling. Shirakihara et al (37) found
that FGF2 can promote epithelial-mesenchymal transition
(EMT) in injured tissues. Our previous study has revealed that
the heparanase/syndecan-1 axis can upregulate the FGF2 level
and increase the expression levels of downstream Palladin by
activating the PI3K/Akt signaling pathway, thereby leading to
the activation of EMT (38). It has been also reported that EMT
promotes the migration and invasion of pancreatic cancer
cells (38). Therefore, it is necessary to identify a method that
can interfere with the expression of target proteins.

miRNA is a type of post-transcriptional regulatory factor
that does not directly act on genes, but downregulates the
expression levels of target genes by acting on the mRNA tran-
scribed from genes (39). The present study detected miR-203-3p
expression in pancreatic cancer cell lines (PANC-1, AsPC-1,
BxPC-3 and HPAC) and in normal pancreatic cells (HPNE).
Previous studies have investigated the role of miR-203 in
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tumors (24,25,39). The present study found that miR-203-3p
expression was significantly lower in pancreatic cancer
cell lines compared with in normal pancreatic cells, which
is consistent with the results of Du et al (24). Lin et al (25)
reported that miR-203-3p expression is increased in pancre-
atic cancer tissues, but the miRNA detection of tissues may
be affected by the presence of lymphocytes, fibroblasts, other
interstitial cells and non-cellular components, resulting in
inaccurate results (40). Using in vitro experiments, the present
study indicated that miR-203-3p expression affected the
proliferation, apoptosis, invasion and migration of pancreatic
cancer cells. Overexpression of miR-203-3p significantly
inhibited the proliferation, invasion and migration of AsPC-1
cells, and promoted their apoptosis. According to our prelimi-
nary experiments (38) and the TargetScan sequence prediction
results, subsequent FGF2 detection was performed.

Our group has previously demonstrated that FGF2 over-
expression can contribute to the resistance of pancreatic
cancer cells to chemotherapy (29,35). Patients with pancre-
atic cancer and high FGF2 expression are not responsive
to postoperative chemotherapy with gemcitabine, and the
overall prognosis is poor (41). The present study revealed that
increased miR-203 expression inhibited the transcription of
FGF2 mRNA in AsPC-1 cells, thereby inhibiting the progres-
sion of pancreatic cancer cells. In recent years, the association

between cytokines and tumorigenesis has gained increasing
attention. Cytokine-receptor interactions activate various
signaling pathways in cells and serve important roles in
regulating cell proliferation, apoptosis and angiogenesis (42).
FGF2, a growth-promoting factor, is highly expressed in
breast, gastric and thyroid cancer, as well as in other normal
tissues, and aberrant FGF2/FGFR1 signaling may promote
tumor development (43). miRNAs regulate gene expression
after transcription. Therefore, miRNAs are key regulators
of gene expression and promising candidates for biomarker
development. Additionally, miRNAs guide RISC to degrade
mRNAs or prevent translation by base-pairing with target
gene mRNAs (12). The present study demonstrated that
miR-203-3p, combined with the 3'-UTR of FGF2, exerted
a direct regulatory effect. The current results are consistent
with those of previous studies (28,44), and may explain why
miR-203 affected the proliferation, invasion and migration
of pancreatic cancer cells. However, it was also revealed that
downregulation of miR-203 inhibited AsPC-1 cell apoptosis,
while overexpression of FGF2 promoted the viability of
pancreatic cancer cells. Therefore, miR-203 may also affect
the viability of AsPC-1 cells through other signaling pathways,
and further studies are required to explore this hypothesis.

Li et al (45) has found that FGF2 prevents cancer cells
from endoplasmic reticulum (ER) stress-mediated apoptosis
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via enhancing proteasome-mediated non-catalytic region of
tyrosine kinase degradation. The present study indicated that
overexpression of FGF2 in pancreatic cancer AsPC-1 cells
promoted cell viability and inhibited apoptosis. The specific
mechanism may be through FGF2 binding and activating the
tumor cell surface tyrosine kinase receptor FGFR. Intracellular
signaling (including Ras/MAPK, PI3K/Akt and PLCy/PKC)
leads to the proliferation, migration or differentiation of
multiple types of cells and exerts significant anti-apoptotic
effects (46,47). In addition to this classic mode of action,
Kostas et al (36) revealed that under ER stress conditions,
FGF1 and FGF2 can be transported to the cytoplasm and
nucleus through endosomal membranes in a receptor-inde-
pendent manner to exert their anti-apoptotic effects. FGF2 has
significantly stronger anti-apoptotic effects than FGF1 (48).
Thus, the present study hypothesized that, when tumor cells
are deficient in FGF2, the signaling pathways in tumor cells
may be altered, the ER stress may be unbalanced, and apop-
tosis may increase. This theory is consistent with the present
results, since downregulating intracellular FGF2 significantly
induced apoptosis.

The regulation of miR-203-3p expression in pancreatic
cancer should also be further investigated. Li et al (48) has
revealed that epidermal growth factor in esophageal squamous
cells acts on the upstream regulatory elements of miR-203
through CCA AT-enhancer binding protein 3 LIP to down-
regulate miR-203-3p expression in the cells. Zhang et al (49)
has demonstrated that cisplatin induces the production of
E2F transcription factor 1 (E2F1) in esophageal cancer cells,
and then acts on the E2F1 promoter to regulate miR-203
expression. The abnormal expression levels of miR-203-3p in
pancreatic cancer cells require to be further studied.

The present study has some limitations. At present,
gemcitabine has become the main part of pancreatic cancer drug
treatment. In the current study, the joint effect of miR-203-3p
and gemcitabine was investigated, but the mechanism was not
explored in depth. Moreover, whether miR-203-3p can reverse
the gemcitabine resistance of pancreatic cancer cell lines
should be further investigated. Second, although miR-203-3p
downregulated FGF2 expression, whether it changes the sensi-
tivity of pancreatic cancer cell lines to gemcitabine through
FGF2 should also be further studied.

In summary, the present study provided evidence that
miRNA-203-3p expression was abnormally low in pancreatic
cancer cells, and that miRNA-203-3p overexpression inhib-
ited the proliferation, invasion and migration, and increased
the apoptosis of pancreatic cancer cells. Furthermore, the
present study has strengthened the evidence that miR-203-3p
may directly act on FGF2, thus suggesting the value of
miR-203 as an important biomarker for pancreatic cancer
progression.
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