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Abstract. MicroRNAs (miRNAs/miRs) are key components of 
regulatory networks in cancer. Although miR‑190b is an impor‑
tant tumor‑related miRNA, its role in pancreatic cancer has not 
been extensively investigated. The aim of the present study was 
to examine the expression of miR‑190b in pancreatic cancer cell 
lines and tissues and evaluate its effects on cancer progression. 
Reverse transcription‑quantitative PCR (RT‑qPCR) analysis 
was used to measure miR‑190b expression levels in human 
pancreatic cancer cell lines and tissues, and the association 
between miR‑190b expression and clinicopathological charac‑
teristics was assessed. An in vitro Transwell invasion assay and 
an in vivo metastasis formation assay were performed using 
pancreatic cancer cells. The effect of miR‑190b on pancreatic 
cancer cell proliferation was evaluated using a Cell Counting 
Kit‑8 assay based on an in vivo xenograft mouse model. The 
direct targets of miR‑190b were predicted using bioinformatics 
tools and were validated through western blotting and lucif‑
erase reporter assays. Pancreatic cancer cell lines and tissues 
were found to express lower levels of miR‑190b compared with 
normal cells and adjacent non‑tumor tissues. Furthermore, high 
expression of miR‑190b was found to be positively correlated 
with low T, N and American Joint Committee on Cancer classi‑
fications, and predicted a good prognosis. miR‑190b was shown 
to exert suppressive effects on cancer cell proliferation, invasion 

and metastasis. In addition, it was also found that miR‑190b 
directly targeted myocyte enhancer factor 2C (MEF2C) and 
transcription factor 4 (TCF4) in pancreatic cancer, thus serving 
as a tumor suppressor and a predictor of good prognosis in 
pancreatic cancer. The immunohistochemistry and RT‑qPCR 
results indicated that the MEF2C and TCF4 expression levels 
were negatively correlated with the miR‑190b expression 
levels. The findings of the present study highlight the value 
of miR‑190b as a novel target candidate for pancreatic cancer 
diagnosis and therapy.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a highly aggres‑
sive and lethal malignant tumor encountered worldwide (1‑5). 
Although extensive research studies have investigated 
diagnostic biomarkers for PDAC, detailed analyses of the 
underlying molecular mechanisms are still needed for the 
development of targeted therapies (1).

MicroRNAs (miRNAs/miRs) can regulate the expres‑
sion of tumor‑related genes and, thus, may function as tumor 
suppressors or oncogenes (6‑13). miR‑190b has been found 
to be aberrantly expressed in several types of cancer, such as 
hepatocellular carcinoma, gastric cancer, bladder cancer and 
Wilms' tumor. Furthermore, miR‑190b was found to be down‑
regulated in radioresistant gastric cancer cells and to inhibit 
cell viability via negative regulation of Bcl‑2 (14‑17). However, 
the role of miR‑190b in PDAC has yet to be determined.

The aim of the present study was to evaluate miR‑190b 
expression in pancreatic cancer cell lines and tissues. 
Additionally, the effects of miR‑190b on cell invasion, metas‑
tasis and proliferation were assessed to identify potential 
targets for the treatment of PDAC.

Materials and methods

Patients and PDAC tissues. Samples of human PDAC tissues 
and matched non‑tumor adjacent tissues were obtained from 
50 patients (25 men and 25 women; mean age, 61 years; range, 
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40‑80 years) who were diagnosed with PDAC and under‑
went surgical resection at the Shengjing Hospital of China 
Medical University (Shenyang, China) between March 2015 
and April 2020. The inclusion criteria were tissue samples 
collected from patients who had not undergone chemotherapy, 
radiotherapy or other auxiliary treatment prior to surgery. The 
exclusion criteria were tissue samples collected from patients 
who had other severe comorbidities.

Immediately after resection, fresh tissues were snap‑frozen 
in liquid nitrogen and stored at ‑80˚C. The samples were histo‑
logically confirmed using H&E staining. The original patient 
data were reviewed to obtain clinicopathological information 
including sex, age, pT stage, pN stage, 8th American Joint 
Committee on Cancer (AJCC) stage, obstructive jaundice, 
tumor site, operative time and overall survival time. The 
present study was carried out in compliance with the prin‑
ciples of the Declaration of Helsinki and was approved by 
the Research Ethics Committee of the Shengjing Hospital of 
China Medical University (approval no. 2017PS177K). Written 
informed consent was obtained from all the patients.

Cell lines and cell culture. The normal human pancreatic ductal 
epithelial cell line HPDE and the human pancreatic cancer cell 
lines AsPC‑1, BxPC‑3, HPC‑Y5, SW1990, Capan‑2, PANC‑1 
and MIA PaCa‑2 were obtained from the American Tissue 
Culture Collection. Short tandem repeat profiling was used for 
the authentication of all cell lines, which were propagated for 
<6 months after resuscitation. PANC‑1 cells were propagated 
in DMEM (Thermo Fisher Scientific, Inc.); HPDE, AsPC‑1 
and BxPC‑3 cells were propagated in RPMI‑1640 medium 
(Thermo Fisher Scientific, Inc.); Capan‑2, HPC‑Y5 and MIA 
PaCa‑2 cells were propagated in high‑glucose DMEM (Thermo 
Fisher Scientific, Inc.); and SW1990 cells were propagated in 
L15 medium (Thermo Fisher Scientific, Inc.). All culture media 
were supplemented with 10% FBS (HyClone; Cytiva). All cells 
were cultured at 37˚C with 5% CO2 in a humidified incubator. 
AsPC‑1 and MIA PaCa‑2 cells exhibited lower miR‑190b 
expression levels, low differentiation, high cell malignant 
potential and high transfection efficiency. Therefore, AsPC‑1 
and MIA PaCa‑2 cells were used in the subsequent experiments.

RNA extraction and reverse transcription (RT). Extraction of 
total RNA, inclusive of the small RNA fraction, was performed 
using a miRNeasy Mini Kit (Qiagen GmbH) according to 
the manufacturer's instructions. A NanoDrop 2000c UV‑Vis 
spectrophotometer (Thermo Fisher Scientific, Inc.) was 
used to determine the purity and concentration of RNA and 
reverse transcription was performed using a Mir‑X™ miRNA 
First‑Strand Synthesis Kit (Takara Bio, Inc.) according to the 
manufacturer's instructions.

Quantitative PCR (qPCR). To confirm the expression levels of 
miR‑190b, myocyte enhancer factor 2C (MEF2C) and tran‑
scription factor  4  (TCF4), qPCR was performed using an 
ABI  7500 Real‑Time PCR System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.), the corresponding analytical 
7500 software (v2.3) and a SYBR Premix Ex Taq II Kit (Takara 
Bio, Inc.) according to the manufacturers' instructions. The PCR 
reactions used for the amplification of miRNA‑190b and 
mRNAs were conducted at 95˚C for 30  sec, followed by 

45 cycles of 95˚C for 5 sec and 60˚C for 34 sec. U6 or GAPDH 
were used as an endogenous reference genes for normalization 
of miRNA or mRNA levels, respectively. The forward primer 
for the amplification of miR‑190b was 5'‑TGATATGTTTG 
ATATTGGGTTG‑3'; the reverse primer for the amplification of 
miR‑190b was the mRQ 3' Primer from the Mir‑XTM miRNA 
First‑Strand Synthesis Kit. The forward primer for the amplifi‑
cation of MEF2C was 5'‑GCACCAACAAGCTGTTCCAG‑3'; 
the reverse primer for the amplification of MEF2C was 
5'‑GGATGGAGACTGGCATCTCG‑3'. The forward primer for 
the amplification of TCF4 was 5'‑CAAGCACTGCCGACTACA 
ATA‑3'; the reverse primer for the amplification of TCF4 was 
5'‑CCAGGCTGATTCATCCCACTG‑3'. The ratio between the 
expression level of miR‑190b, MEF2C and TCF4 in cancer 
samples and that in non‑tumor controls was examined using the 
2‑ΔΔCq method (18), in which ΔCq = CqmiR‑190b‑CqU6. A rela‑
tive expression ratio of <0.5 (P<0.05) indicated a statistically 
significant difference between the cancer and control groups.

RNA oligoribonucleotides and cell transfection. All RNA 
oligoribonucleotides and the respective negative controls 
(NCs) were synthesized by Shanghai GenePharma Co., Ltd. 
The pyrimidine nucleotides in the miR‑190b mimics and a 
stable NC were replaced by 2‑O‑methyl analogs to improve 
RNA stability. AsPC‑1 cells were plated in 6‑well‑plates 
1  day before RNA oligoribonucleotides were transfected. 
A total of 4x105 cells in RPMI‑1640 medium supplemented 
with 10% FBS were added to each well and were cultured 
at 37˚C with 5%  CO2. Transfection was performed using 
Lipofectamine®  2000 (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. Opti‑MEM 
(Thermo Fisher Scientific, Inc.) was used for transfection and 
was incubated at 37˚C with 5% CO2. After 6 h, the medium 
was exchanged with RPMI‑1640 medium supplemented with 
10% FBS. After 48 h, the cells were harvested for further 
experiments. The RNA oligoribonucleotide sequences are 
shown in Table I.

Cell invasion assay. A Transwell cell invasion assay was 
used to evaluate the invasion ability of pancreatic cancer cells 
in vitro using 24‑well tissue culture plates (Corning, Inc.) with 
a Transwell device containing culture inserts (8‑µm pore). 

Table I. Sequences of miR-190b-5p mimics, NC, anti-miR-
190b-5p and anti-NC.

RNA
oligoribonucleotides	 Sequences (5'-3')

miR-190b-5p	 F:	UGAUAUGUUUGAUAUUGGGUUG
	 R:	ACCCAAUAUCAAACAUAUCAUU
NC	 F:	UUCUCCGAACGUGUCACGUTT
	 R:	ACGUGACACGUUCGGAGAATT
Anti-miR-190b-5p	 CAACCCAAUAUCAAACAUAUCA
Anti-NC	 CAGUACUUUUGUGUAGUACAA

miR, microRNA; NC, negative control; F, forward; R, reverse.
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Matrigel (BD Biosciences) was rehydrated by the addition of 
45 µl serum‑free RPMI‑1640 medium and used to coat the 
bottom of the culture inserts for 4 h at 37˚C. After the mixture 
solidified, 5x104 cells (AsPC‑1 or MIA PaCa2) in serum‑free 
RPMI‑1640 or high‑glucose DMEM (25x104 cells/ml) were 
added to the upper chamber at 37˚C with 5% CO2. RPMI‑1640 
or high‑glucose DMEM supplemented with 10% FBS was 
added to the lower chamber to serve as a chemoattractant. 
After 24 h, the non‑invading cells on the upper surface of 
the filter were wiped with a cotton swab and cells that had 
invaded to the lower surface of the filter were fixed with 
4% poly(methanol) (Sigma‑Aldrich; Merck KGaA) for 15 min 
at room temperature and stained with H&E (3 min with hema‑
toxylin and 15 sec with eosin) at room temperature. Five fields 
were randomly selected under a light microscope (magni‑
fication, x400; Nikon Corporation) to observe and count the 
number of invasive cells.

Cell Counting Kit‑8 (CCK‑8) proliferation assay. Cell prolif‑
eration ability was measured using a CCK‑8 assay (Nanjing 
KeyGen Biotech Co., Ltd.) according to the manufacturer's 
instructions. AsPC‑1 cells were seeded into 96‑well culture 
plates at a density of 5x103 cells/well for 24, 48, 72 and 96 h 
prior to being incubated with 20  µl CCK‑8 solution/well 
for 2 h at 37˚C. Absorbance was measured at a wavelength 
of 450  nm using an iMARK microplate reader (Bio‑Rad 
Laboratories, Inc.).

Animal experiments. A total of 48 female BALB/c nude 
mice (aged 4‑5 weeks and weighing 15‑20 g) were obtained 
from the Vital River Laboratory Animal Technology Co. 
Ltd. (Beijing, China) and housed at 25˚C and 50% humidity 
under specific‑pathogen‑free conditions with a 12/12‑h 
light/dark cycle. Sterile food and water were provided daily 
at the Department of Laboratory Animal Science of China 
Medical University. The animals had access to food and 
water ad libitum. All animal experimental protocols were in 
accordance with the Guide for the Care and Use of Laboratory 
Animals and the institutional ethical guidelines for animal 
experiments and were approved by the Ethics Committee 
Review Board of China Medical University (Shenyang, 
China; approval no.  CMU2019224). A total of 24 mice 
were randomly assigned into three groups (n=8 per group). 
Approximately 5x106 AsPC‑1 cells in 0.1 ml PBS were subcu‑
taneously injected into the right armpit region of each mouse. 
The tumor size was measured every 2 days by using calipers. 
At 16 days after injection, the mice were anesthetized with an 
intraperitoneal injection of 1% pentobarbital (50 mg/kg) and 
were then sacrificed by cervical dislocation. The subcutaneous 
tumors were isolated and measured, and the maximum tumor 
diameter did not exceed 1.5 cm. Tumor volume was calculated 
using the formula: 1/2 (LxW2), where L is the length and W is 
the width of the tumor. For the metastasis experiments, a total 
of 24 mice were randomly assigned into three groups (n=8 per 
group) and each mouse was injected with 1x106 AsPC‑1 cells in 
0.1 ml PBS into the lateral tail vein. The mice were sacrificed 
4 weeks after injection, their lungs were extracted, fixed in 
4% paraformaldehyde overnight at room temperature in PBS, 
embedded in paraffin, cut into 4‑µm sections and stained with 
H&E (3 min with hematoxylin and 15 sec with eosin) at room 

temperature. Ki67 antibody was used for immunohistochem‑
istry at 4˚C overnight. Visible lung metastases were measured 
and counted under a light microscope (magnification, x200). 
The maximum diameter of the lung metastatic lesions did not 
exceed 0.2 cm.

Bioinformatics analyses and luciferase reporter assays. 
To predict potential target genes, TargetScan release  7.2 
(http://www.targetscan.org/vert_72/) was used, and all 
compiled genes were searched against the National Center for 
Biotechnology Information (NCBI) database (https://www.
ncbi.nlm.nih.gov/) to determine their potential roles in pancre‑
atic cancer cell proliferation and metastasis.

The wild‑type (WT) 3'‑untranslated region (UTR) segments 
of MEF2C and TCF4 containing the miR‑190b‑binding sites 
were amplified through PCR. DNA fragments with mutated 
(MUT) target sites (MEF2C‑MUT and TCF4‑MUT), which 
were designed to interfere with miR‑190b seed sequence recog‑
nition, were cloned. The DNA fragments were inserted into the 
pGL3‑control vector (Promega Corporation) using the XbaI site. 
For the luciferase reporter assay, AsPC‑1 cells were plated in 
24‑well plates at a density of 2x105 cells per plate 1 day prior to 
transfection. The firefly and pRL Renilla (Promega Corporation) 
luciferase reporters were co‑transfected with miR‑190b mimics 
or NCs into AsPC‑1 cells using Lipofectamine® 2000, in line 
with the manufacturer's instructions. On day 1 post‑transfection, 
firefly and Renilla luciferase activities were measured consecu‑
tively using the Dual‑Luciferase Reporter Assay (Promega 
Corporation) and a Centro LB 960 Microplate Luminometer 
(Titertek‑Berthold). The sequences of the primers and DNA 
segments are provided in Table II.

Protein extraction and western blotting. Total protein was 
extracted using a Total Protein Extraction Kit (Nanjing 
KeyGen Biotech Co., Ltd.), and the protein concentration 
was quantified by using a BCA Protein Assay Kit (Nanjing 
KeyGen Biotech Co., Ltd.), according to the manufacturer's 
instructions. Subsequently, 30 µg of protein was separated 
using 10% SDS‑PAGE and then electrophoretically transferred 
to PVDF membranes (MilliporeSigma). The membranes were 
incubated at room temperature for 2 h with 5% non‑fat dry 
milk in Tris‑buffered saline‑0.5% Tween‑20 prior to immu‑
noblotting with primary antibodies against MEF2C (1:1,000; 
cat. no. YT2702, ImmunoWay Biotechnology Company) and 
TCF4 (1:1,000; cat. no. YT4580; ImmunoWay Biotechnology 
Company) at 4˚C overnight. Following incubation with 1:10,000 
donkey anti‑mouse (cat. no. sa00001‑1) or donkey anti‑rabbit 
(cat. no. sa00001‑9) peroxidase‑conjugated secondary anti‑
bodies (Wuhan Sanying Biotechnology; ProteinTech Group, 
Inc.) for 2  h at room temperature, the antigen‑antibody 
complexes were visualized using the FluorChem  2.01 
System (Alpha Innotech Corporation; ProteinSimple) and an 
Enhanced Chemiluminescence Kit (Pierce; Thermo Fisher 
Scientific, Inc.). Protein levels in miR‑190b mimic‑transfected 
AsPC‑1 cells are presented as fold‑change values relative to 
the levels in NC‑transfected AsPC‑1 cells after normalization 
to GAPDH as an endogenous reference.

Immunohistochemistry (IHC). Antibodies against Ki67 
(1:50; cat. no.  M7240, Dako; Agilent Technologies, Inc.), 
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MEF2C (1:300; cat. no. YT2702, ImmunoWay Biotechnology 
Company) and TCF4 (1:300; cat. no. YT4580, ImmunoWay 
Biotechnology Company) were used in the present study. In 
brief, the slides were dewaxed, and endogenous peroxidase 
activity was then quenched with 3% H2O2. Tissue samples 
were heated in 1 mmol/l EDTA buffer for 15 min in a water 
bath (96‑98˚C) to retrieve antigens, and cross‑reactivity was 
blocked with normal goat serum (Abcam). The slides were 
then incubated overnight at 4˚C with primary antibodies. 
The subsequent steps were performed using the streptav‑
idin‑peroxidase method according to the instructions of the 
manufacturer (Zymed; Thermo Fisher Scientific, Inc.). The 
primary antibodies were replaced by normal serum or PBS as 
negative controls.

Evaluation of immunostaining results. For Ki67, the criterion 
for a positive reaction was nuclear staining only. Two experi‑
enced pathologists analyzed the staining results, which were 
quantified as percentage of cells with positive nuclear staining.

For MEF2C and TCF4, the criterion for a positive reaction 
was cytoplasmic and/or nuclear staining. Two experienced 
pathologists analyzed the staining results, which were quan‑
tified using a staining index (values,  0‑6) determined by 
multiplying the score of staining intensity by the score of the 
positive area, as described previously (19). The intensity was 
scored as follows: 0, negative; 1, weakly positive; and 2, moder‑
ately positive. The percentage of positive cells was defined as 
follows: 0, <5%; 1, 5‑25%; 2, 26‑50%; and 3, 51‑100%. MEF2C 
and TCF4 staining scores were classified as low expression 
(0‑1) or high expression (2‑6).

Statistical analysis. The non‑parametric Mann‑Whitney U test 
was used to compare the relative expression levels of 
miR‑190b between groups as detected by RT‑qPCR. Other 

results are presented as the mean ± SD of at least three sepa‑
rate experiments. One‑way analysis of variance or unpaired 
Student's t‑tests were used to analyze statistical differences 
between groups, with P<0.05 (two‑tailed tests) considered to 
indicate statistically significant differences. One‑way ANOVA 
followed by Tukey's multiple comparisons tests were selected 
for multiple group comparisons. Survival curves were plotted 
using the Kaplan‑Meier method. Differences between survival 
curves were analyzed using the log‑rank test. Pearson's corre‑
lation analysis was used to determine the correlations between 
miR‑190b expression and the mRNA levels of MEF2C and 
TCF4. SPSS v16.0 (SPSS, Inc.) was used for all statistical 
analyses.

Results

miR‑190b is downregulated in human pancreatic cancer cell 
lines and PDAC tissues. The expression of miR‑190b was first 
evaluated in eight human pancreatic cell lines using RT‑qPCR. 
The results demonstrated that miR‑190b levels were lower in 
the pancreatic cancer cell lines PANC‑1 (0.004±0.0002‑fold; 
P<0.01), MIA PaCa‑2 (0.008±0.0003‑fold; P<0.01), AsPC‑1 
(0.20±0.04‑fold; P<0.01), HPC‑Y5 (0.35±0.08‑fold; P<0.01), 
SW1990 (0.61±0.10‑fold; P<0.05), Capan‑2 (0.76±0.26‑fold; 
P>0.05), and BxPC‑3 (0.83±0.22‑fold; P>0.05) compared with 
those in the normal HPDE cell line (Fig. 1A). Furthermore, 
miR‑190b expression was examined in 50 samples of human 
PDAC tissues and matched non‑tumor adjacent tissues using 
RT‑qPCR. It was demonstrated that miR‑190b expression 
was significantly lower in PDAC tissues compared with 
that in non‑tumor adjacent tissues (0.51±1.56‑fold; P<0.01, 
non‑parametric test on two independent samples; Fig. 1B). 
Furthermore, the correlation between miR‑190b expression 
and clinicopathological characteristics in the 50 patients with 
PDAC was analyzed. PDAC was staged according to the TNM 

Table II. Primers and DNA segments used for vector construction.

Genes	 Sequences (5'-3')

MEF2C	 F:	GCTCTAGATGCAGTTGCACATTTGAG
	 R:	GCTCTAGAAATGGTGAGATCAGAAAGG
TCF4	 F:	GCTCTAGAAAACAAGAGACCACTTCC
	 R:	GCTCTAGAAGTTTAGGCACAAATGC
MEF2C-MUTa	 GCTCTAGATGCAGTTGCACATTTGAGTAACTATTTTCTTTCTGTTTTCTT TTACTCTGCTTACATTTT
	 ATAAGTTTAAGGTCAGCTGTCAAAAGGATAACCTGTGG GGTTAGACTGAGGACCATTGCAACACC
	 CTAAATTGTTTTTAATACATTAGCAATCTAT TGGGTCAACTGACATCCATTGTATATACTAGTTTCTT
	 TCATGCTATTTTTATTT TGTTTTTTGCATTTTTATCAAATGCAGGGCCCCTTTCTGATCTCACCATTT
	 CTAGAGC
TCF4-MUT	 GCTCTAGAAAACAAGAGACCACTTCCTTAACAGCTGTATTATCTTAAACCCACAT AAACACTTCTC
	 CTTAACCCCCATTTTTGTAATATAAGACAAGTCTGAGTAGTTATGAA TCGCAGACGCAAGAGGTTT
	 CAGCATTCCCAATTATCAAAAAACAGAAAA ACAAAAAAAAGAAAGAAAAAAGTGCAACTTGAG
	 GGACGACTTTCTTTACGTCCGATTTCAGAATGTGCAAAGCAGTATGTACAGGCTGAGACACAGCC
	 CAGAGACTGAACGGCAATCTTTCCACACTGTGGAACAATGCATTTGTGCCTAAACT TCTAGAGC

aSense sequence; F, forward primer; R, reverse primer; WT, wild-type; MUT, mutant; MEF2C, myocyte enhancer factor 2C; TCF4, transcrip‑
tion factor 4. 
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classification system (20). As shown in Table III and Fig. 1C, 
low miR‑190b expression levels were associated with higher 
T (P<0.05), N (P<0.05) and AJCC (P<0.05) classifications 
compared with patients with high miR‑190b expression levels. 
The cut‑off value of miR‑190b expression used to generate 
the two groups of patients was 0.5. A relative expression ratio 
of <0.5 (P<0.05) was considered to indicate a significantly 
lower expression in PDAC tissues compared with matched 
non‑tumor adjacent tissues. A relative expression ratio of 
≥0.5 (P>0.05) was considered to indicate a non‑significantly 
lower expression in PDAC tissues compared with matched 
non‑tumor adjacent tissues. The Kaplan‑Meier method with 
the log‑rank test revealed that patients with PDAC exhibiting 
significantly lower miR‑190b expression had shorter survival 
compared with patients in whom the expression of miR‑190b 
did not differ significantly between PDAC tissues and matched 
non‑tumor adjacent tissues (P<0.05; Fig. 1D).

miR‑190b suppresses pancreatic cancer cell invasion in vitro. 
To explore the role of miR‑190b in pancreatic cancer, AsPC‑1 
cells were transfected with miR‑190b mimics, anti‑miR‑190b 
and corresponding NCs. The transfection efficiency was 
confirmed by using RT‑qPCR (Fig. 2A and B). Transwell cell 
invasion assay demonstrated that the in vitro invasive ability 
of AsPC‑1 cells transfected with miR‑190b mimics was lower 
compared with that of cells transfected with NC; in addition, the 

invasion ability of AsPC‑1 cells transfected with anti‑miR‑190b 
was higher compared with that of cells transfected with anti‑NC 
and blank control. The number of miR‑190b‑transfected 
AsPC‑1 cells invading through the membrane was significantly 
lower  (19±7) compared with that of their NC‑transfected 
counterparts  (38±7) or parental counterparts (41±6) (both 
P<0.05; Fig. 2C and D). The number of anti‑miR‑190b‑trans‑
fected AsPC‑1 cells  (56±7) invading through the Matrigel 
membrane was significantly higher compared with that of their 
anti‑NC‑transfected counterparts (39±6) and parental AsPC‑1 
cells (40±8) (both P<0.01; Fig. 2E and F). Similar results were 
obtained for MIA PaCa‑2 cells (Fig. 3).

miR‑190b suppresses pancreatic cancer cell proliferation in 
vitro. A CCK‑8 assay was performed to evaluate the effect of 
miR‑190b on pancreatic cancer cell proliferation. There was a 
significant inhibitory effect of miR‑190b on the proliferation 
of AsPC‑1 cells at 72 and 96 h (P<0.05). No significant differ‑
ences were found between the miR‑190b and NC groups at 
24 and 48 h (Fig. 4A). Low miR‑190b expression levels were 
correlated with a significant increase in AsPC‑1 cell prolifera‑
tion (Fig. 4B). Similar results were obtained for MIA PaCa‑2 
cells (Fig. 4C and D).

miR‑190b suppresses pancreatic cancer growth and metas‑
tasis in vivo. To further observe the effects of miR‑190b on 

Figure 1. miR‑190b expression in pancreatic cell lines and pancreatic tissues. Relative expression levels were determined by reverse transcription‑quantitative 
PCR analysis. (A) miR‑190b expression levels in pancreatic cancer cell lines relative to the normal human pancreatic ductal cell line HPDE. (B) Comparison of 
miR‑190b levels between pancreatic cancer tissues and non‑tumor tissues. (C) Non‑parametric test demonstrated that patients with lower AJCC stage (I and II) 
had significantly higher miR‑190b expression compared with those with higher AJCC stage (II and III) (P<0.01). (D) Survival curves according to miR‑190b 
expression levels in patients with PDAC. The cut‑off value of miR‑190b expression used to generate the two groups of patients was a relative expression ratio 
of 0.5. Values are presented as mean ± SD. n=3. *P<0.05 and **P<0.01. miR, microRNA; AJCC, American Joint Committee on Cancer; PDAC, pancreatic 
ductal adenocarcinoma.
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AsPC‑1 cell proliferation in vivo, nude mice were subcutane‑
ously injected with miR‑190b‑transfected, NC‑transfected and 
parental AsPC‑1 cells. At 4 days post‑injection, the tumors in 
the miR‑190b group were significantly smaller compared with 
those in each of the other groups (Fig. 5A‑C), indicating a causal 
relationship between miR‑190b overexpression and a decreased 
cell proliferative capacity, as measured by a CCK‑8 assay.

For metastasis experiments, 1x106 viable parental AsPC‑1 
cells or AsPC‑1 cells transfected with miR‑190b mimics or 
stable NC were injected into the lateral tail vein. At 4 weeks 
after injection, the lungs were dissected for microscopic 
histological examination and Ki67 expression analysis, which 
demonstrated that mice injected with miR‑190b‑transfected 
AsPC‑1 cells had lower percentages of Ki67‑positive cells in 

Figure 2. miR‑190b suppresses AsPC‑1 cell invasion in vitro. (A) AsPC‑1 cells were transfected with miR‑190b mimics or NC. Following transfection with 
miR‑190b mimics, miR‑190b expression increased by 42.88±2.18‑fold. (B) AsPC‑1 cells were transfected with anti‑miR‑190b or anti‑NC. Following transfection 
with anti‑miR‑190b, miR‑190b expression decreased by 0.30±0.03‑fold. (C) Representative photomicrographs of Transwell assay results for AsPC‑1 cells (orig‑
inal magnification, x100). (D) The numbers of miR‑190b‑transfected AsPC‑1 cells invading through the Matrigel membrane were significantly lower compared 
with NC‑transfected and parental AsPC‑1 cells (blank control). Cells were counted in 16 independent symmetrical visual fields under an inverted microscope 
(original magnification, x400) in three independent experiments. (E) The numbers of anti‑miR‑190b‑transfected AsPC‑1 cells invading through the Matrigel 
membrane were significantly higher compared with anti‑NC‑transfected and parental AsPC‑1 cells (blank control). Cells were counted in 16 independent sym‑
metrical visual fields under an inverted microscope (original magnification, x400) in three independent experiments. (F) Representative photomicrographs of 
Transwell assay results for AsPC‑1 cells (original magnification, x100). Values are shown as mean ± SD; n=3. *P<0.05. miR, microRNA; NC, negative control.
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the lung metastases (0.46±0.03‑fold; P<0.01). The representa‑
tive Ki67 staining diagram is shown in Fig. 5D. Mice injected 
with miR‑190b‑transfected AsPC‑1 cells also exhibited lower 
numbers of lung metastases compared with those injected 
with NC‑transfected AsPC‑1 cells (Fig. 5E and F), suggesting 
that the overexpression of miR‑190b clearly inhibited cancer 
metastasis in vivo.

miR‑190b targets MEF2C and TCF4 in PDAC cells. TargetScan 
release 7.2 was used for target gene prediction. Among all the 
223 genes compiled in this analysis, MEF2C and TCF4 were 
identified as likely contributors to pancreatic cancer cell prolif‑
eration and metastasis based on searches against the NCBI 
database (Fig. 6A).

To determine whether MEF2C and TCF4 are directly 
targeted by miR‑190b, the segments MEF2C‑3'UTR (WT), 
TCF4‑3'UTR (WT), MEF2C‑MUT and TCF4‑MUT were 
inserted into the pGL3‑control vector. The results of the 

luciferase reporter assay demonstrated that the level of 
luciferase activity of the pGL3‑MEF2C‑3'UTR (WT) and 
pGL3‑TCF4‑3'UTR (WT) reporters was significantly lower in 
miR‑190b‑transfected AsPC‑1 cells compared with those in 
NC‑transfected AsPC‑1 cells (Fig. 6B). By contrast, no signifi‑
cant differences were found between miR‑190b‑transfected and 
NC‑transfected AsPC‑1 cells in terms of the relative luciferase 
activity of the pGL3‑MEF2C‑MUT or pGL3‑TCF4‑MUT 
reporters (Fig. 6B).

Furthermore, the MEF2C and TCF4 protein levels in 
transfected and parental AsPC‑1 cells were examined using 
western blotting. Lower levels of endogenous MEF2C and 
TCF4 expression were observed in miR‑190b‑transfected 
AsPC‑1 cells compared with those in NC‑transfected and 
parental AsPC‑1 cells after normalization to the levels of the 
endogenous reference protein GAPDH (Fig. 6C), indicating 
that miR‑190b may target MEF2C and TCF4 in pancreatic 
cancer.

Table III. Association between the expression levels of miR‑190b and clinicopathological characteristics in patients with pan‑
creatic cancer.

Characteristics	 n	 Median (quartiles) of miR-190b expression	 P-value

Sex			   0.57
  Male	 25	 0.19 (0.09-0.38)
  Female	 25	 0.21 (0.11-0.48)
Age (years)			   0.53
  ≥60	 31	 0.21 (0.10-0.42)
  <60	 19	 0.18 (0.11-0.38)
pT stage			   0.000a

  T1	 8	 0.52 (0.39-0.67)
  T2	 25	 0.24 (0.18-0.41)
  T3	 16	 0.10 (0.06-0.13)
  T4	 1	 0.03
pN stage			   0.018a

  N0	 34	 0.21 (0.12-0.52)
  N1	 12	 0.20 (0.12-0.38)
  N2	 4	 0.06 (0.03-0.10)
8th AJCC stage			   0.000a

  ⅠA	 6	 0.58 (0.48-0.71)
  ⅠB	 17	 0.24 (0.18-0.49)
  ⅡA	 11	 0.10 (0.06-0.15)
  ⅡB	 12	 0.20 (0.12-0.38)
  Ⅲ	 3	 0.08 (0.03-0.10)
  Ⅳ	 1	 0.03
Obstructive jaundice			   0.49
  Negative	 29	 0.19 (0.10-0.37)
  Positive	 21	 0.24 (0.11-0.56)
Tumor site			   0.81
  Pancreatic body	 7	 0.19 (0.05-0.53)
  Pancreatic body and tail 	 14	 0.19 (0.10-0.28)
  Pancreatic head 	 29	 0.21 (0.11-0.46)

aStatistically significant association. AJCC, American Joint Committee on Cancer; miR, microRNA.
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MEF2C and TCF4 are highly expressed in association 
with reduced miR‑190b expression. IHC was used to 
examine the expression of MEF2C and TCF4 in clinical 
samples (Fig. 7A and B). There was high expression of MEF2C 
in 48% (24/50) and of TCF4 in 46% (23/50) of PDAC samples. 

Furthermore, miR‑190b expression was significantly lower in 
samples with high expression of MEF2C and TCF4 (Fig. 7C; 
P<0.05). In addition, miR‑190b expression levels were signifi‑
cantly negatively correlated with MEF2C and TCF4 mRNA 
levels in pancreatic cancer cell lines (Fig. 7D; P<0.05).

Figure 3. miR‑190b suppresses MIA PaCa‑2 cell invasion in vitro. (A) MIA PaCa2 cells were transfected with miR‑190b mimics or NC. Following transfec‑
tion with miR‑190b mimics, miR‑190b expression increased by 354.62±69.44‑fold. (B) MIA PaCa‑2 cells were transfected with anti‑miR‑190b or anti‑NC. 
Following transfection with anti‑miR‑190b, miR‑190b expression decreased by 0.34±0.05‑fold. (C) Representative photomicrographs of Transwell assay results 
for MIA PaCa‑2 cells (original magnification, x100). (D) The numbers of miR‑190b‑transfected MIA PaCa‑2 cells invading through the Matrigel membrane 
were significantly lower compared with NC‑transfected and parental MIA PaCa‑2 cells (blank control). Cells were counted in 16 independent symmetrical 
visual fields under a light microscope (original magnification, x400) in three independent experiments. (E) The numbers of anti‑miR‑190b‑transfected MIA 
PaCa‑2 cells invading through the Matrigel membrane were significantly higher compared with anti‑NC‑transfected and parental MIA PaCa‑2 cells (blank 
control). Cells were counted in 16 independent symmetrical visual fields under a light microscope (original magnification, x400) in three independent experi‑
ments. (F) Representative photomicrographs of Transwell assay results for MIA PaCa‑2 cells (original magnification, x100). Values are shown as mean ± SD; 
n=3. *P<0.05. miR, microRNA; NC, negative control.
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Discussion

A body of research exists regarding non‑coding RNAs 
(ncRNAs), such as long non‑coding RNAs  (lncRNAs), 
miRNAs and circular RNAs (circRNAs), including extensive 
findings on the relationships between numerous ncRNAs and 
the development, progression, metastasis and prognosis of 
pancreatic cancer (21,22). Elucidating the regulatory relation‑
ships among oncogenes, tumor suppressor genes and ncRNAs 
may contribute to the development of multitargeted treatment 
strategies. Both lncRNAs and circRNAs may act as miRNA 
sponges, regulating the expression of oncogenes and tumor 
suppressor genes by binding to miRNAs; therefore, miRNAs 
serve major roles in these regulatory networks (23‑25).

miR‑190 consists of two family members, miR‑190a 
and miR‑190b, both of which are involved in cancer. Using 
RT‑qPCR, Zhang et al (26) demonstrated that miR‑190a levels 
were significantly increased in pancreatic cancer tissues and 
cell lines. The RT‑qPCR results of the present study demon‑
strated that miR‑190b was downregulated in pancreatic cancer 
cell lines and PDAC tissues. However, there were no signifi‑
cant differences in the miR‑190b levels between HPDE cells 
and Capan‑2 and BxPC‑3 cells. Capan‑2 cells are derived from 
pancreatic head cancer with local invasion, whereas BxPC‑3 
cells are derived from non‑metastatic pancreatic body cancer. 
Compared with other pancreatic cancer cell lines, these two 
cell lines are relatively less malignant (27). Therefore, it was 
hypothesized that the lower expression levels of miR‑190b in 
these two cell lines compared with the other pancreatic cancer 
cell lines may be explained by the differences in the degree of 
malignancy. Both miR‑190 family members may be implicated 
in pancreatic cancer and low miR‑190b expression may serve 

as a diagnostic marker for PDAC. However, high expression 
of miR‑190b has also been detected in other types of cancer, 
including hepatocellular carcinoma, bladder cancer and Wilms' 
tumor (14,16,17). Thus, the effects of this miRNA appear to 
be cancer type‑specific. miR‑190b has been shown to inhibit 
tumor cell proliferation in osteosarcoma  (28). Consistent 
with these previous results, the present study demonstrated 
that miR‑190b inhibited pancreatic cancer cell proliferation 
in vitro and in vivo. The expression levels of miR‑190b were 
examined in all cell lines used in the present study, but only 
AsPC‑1 and MIA PaCa‑2 cells were used in the subsequent 
experiments. First, the expression levels of miR‑190b in 
AsPC‑1 and MIA PaCa‑2 cells were lower compared with the 
other cell lines. Second, AsPC‑1 and MIA PaCa‑2 cells are 
derived from ascites and pancreatic cancer respectively, and 
they are characterized by low differentiation and high cell 
malignant potential. Furthermore, cytological experiments 
demonstrated high transfection efficiency in these two cell 
lines. Therefore, AsPC‑1 and MIA PaCa‑2 cells were used in 
the subsequent experiments. Using a Transwell cell invasion 
assay in vitro and a tumor metastasis formation assay in vivo, it 
was demonstrated that miR‑190b suppresses pancreatic cancer 
cell invasion. These findings indicate that miR‑190b may serve 
as a tumor suppressor in pancreatic cancer.

The present study investigated the molecular mechanism 
underlying the function of miR‑190b as a tumor suppressor 
in pancreatic cancer by employing luciferase reporter assay 
and western blotting. The results revealed that MEF2C is a 
target of miR‑190b in pancreatic cancer cells. MEF2C acts 
as a potential oncogene in pancreatic cancer. Zhang et al (29) 
found that MEF2C is a direct activator of MMP10, which is 
significantly associated with pancreatic cancer progression 

Figure 4. miR‑190b suppresses pancreatic cancer cell proliferation in vitro. CCK‑8 assay demonstrated that (A) miR‑190b suppressed AsPC‑1 cell proliferation 
and (B) anti‑miR‑190b significantly promoted AsPC‑1 cell proliferation at 72 and 96 h. CCK‑8 assay demonstrated that (C) miR‑190b suppressed MIA PaCa‑2 
cell proliferation and (D) anti‑miR‑190b significantly promoted MIA PaCa‑2 cell proliferation at 72 and 96 h. miR, microRNA; CCK‑8, Cell Counting Kit‑8; 
NC, negative control. *P<0.05.



LI et al:  ROLE OF miR-190b IN PANCREATIC CANCER10

and metastasis  (30,31). Furthermore, MEF2C mediates 
VEGF‑induced angiogenesis, invasion and metastasis (32). 
Therefore, it was hypothesized that miR‑190b may suppress 
PDAC metastasis by targeting MEF2C.

The Wnt/β‑catenin signaling pathway plays impor‑
tant roles in several biological processes. It interacts with 
TCF/lymphoid‑enhancing factor to induce the expression of 
downstream target genes (e.g., c‑Jun, C‑myc and cyclin D1), 
which regulate cell proliferation, migration and differen‑
tiation. The proliferation, invasion and metastasis of cancer 
cells may also be activated by the Wnt/β‑catenin signaling 
pathway (33‑35). Activated Wnt signaling in pancreatic cancer 

cells leads to their proliferation and metastasis (36,37). TCF4 
is a mediator of canonical Wnt signaling and has been found 
to be highly expressed in PDAC cell lines  (38). Inhibition 
of the Wnt/β‑catenin/TCF4 pathway was shown to result in 
decreased cell proliferation, invasion and migration (39,40). 
In the present study, it was confirmed that TCF4 is directly 
targeted by miR‑190b; inhibition of TCF4 by miR‑190b may 
lead to the inhibition of the Wnt/β‑catenin/TCF4 pathway. 
Thus, miR‑190b may also suppress pancreatic cancer cell 
proliferation and metastasis via the Wnt/β‑catenin/TCF4 
pathway in PDAC. Furthermore, MEF2C and TCF4 expression 
was examined in 50 PDAC samples, and the results revealed 

Figure 5. miR‑190b suppresses pancreatic cancer growth and metastasis in vivo. (A) Xenograft mouse models were used to detect the proliferative ability of 
AsPC‑1 cells in vivo. Images of tumors in each group up to day 16 after injection. (B) Mean tumor weight in each group. (C) Tumor growth curves based on 
in vivo tumor volume. (D) Representative microscopic images showing histological morphology (H&E staining; magnification, x100) and Ki67 expression 
[magnification, x100 and x400 (inset)]. Scale bar, 100 µm. (E) Representative images of mouse lung tissues (upper panels) and corresponding histological 
sections (lower panels). Cell aggregates with dark‑stained nuclei represent lung metastases (arrows). (F) Data are shown graphically by the number of lung 
metastases at 4 weeks in each mouse injected with 1x106 AsPC‑1 cells. Values are shown as mean ± SD; n=8. *P<0.05. miR, microRNA; NC, negative control.
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Figure 6. MEF2C and TCF4 are direct targets of miR‑190b in pancreatic cancer. (A) Potential target genes of miR‑190b were predicted by using bioinformatic 
analyses. (B) Luciferase activities of MEF2C, TCF4, MEF2C‑MUT and TCF4‑MUT in AsPC‑1 cells transfected with miR‑190b mimics or NC. (C) Western 
blot analyses of MEF2C and TCF4 in transfected and parental AsPC‑1 cells. Levels were normalized to those of GAPDH, and endogenous MEF2C and 
TCF4 levels were notably reduced in miR‑190b‑transfected AsPC‑1 cells. Values are shown as mean ± SD. n=3. *P<0.05. miR, microRNA; MEF2C, myocyte 
enhancer factor 2C; TCF4, transcription factor 4; NC, negative control; WT, wild‑type; MUT, mutated.

Figure 7. High expression of MEF2C and TCF4 is associated with reduced miR‑190b expression. (A and B) MEF2C and TCF4 expression in PDAC tissues was 
determined using immunohistochemistry. Positive expression is shown as brown‑yellow particles distributed in the cell nucleus and cytoplasm. The cellular 
staining was classified using a scale of 0‑2 as follows: 0, negative; 1, weakly positive; and 2, moderately positive. Scale bar, 200 µm. Magnification, x100 (main 
panels) and x200 (insets). (C) The non‑parametric test demonstrated that miR‑190b levels were significantly lower in samples with high expression of MEF2C 
and TCF4. (D) Pearson’s correlation analysis demonstrated that miR‑190b levels were significantly negatively correlated with MEF2C and TCF4 levels in 
pancreatic cell lines. Values are shown as mean ± SD. n=3. *P<0.05. miR, microRNA; MEF2C, myocyte enhancer factor 2C; TCF4, transcription factor 4; 
PDAC, pancreatic ductal adenocarcinoma.
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that MEF2C and TCF4 expression was negatively correlated 
with miR‑190b expression, further supporting the possible 
regulation of MEF2C and TCF4 by miR‑190b.

In summary, RT‑qPCR analysis in the present study 
demonstrated that miR‑190b expression levels were low in 
human pancreatic cancer cell lines and pancreatic cancer 
tissues. Furthermore, high expression of miR‑190b was 
found to be correlated with lower malignancy in PDAC. 
Overexpression of miR‑190b significantly suppressed pancre‑
atic cancer cell proliferation and metastasis, as determined 
using a Transwell cell invasion assay, CCK‑8 assay and in vivo 
experiments. Moreover, miR‑190b was shown to function as 
a tumor suppressor in pancreatic cancer by targeting MEF2C 
and TCF4. These findings underscore the potential role of 
miR‑190b as an effective diagnostic biomarker and therapeutic 
target in pancreatic cancer.
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