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MicroRNA-186 affects the proliferation of tumor
cells via yes-associated protein 1 in the occurrence
and development of pancreatic cancer
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Abstract. The present study aimed to determine the
expression of microRNA (miRNA or miR)-186 in tumor
tissues and peripheral blood of patients with pancreatic
cancer (PC), as well as its mechanism of regulation. A total
of 65 patients with PC who underwent surgery between
June 2013 and October 2015 were included. In addition,
59 healthy subjects were recruited as controls. Reverse
transcription-quantitative polymerase chain reaction was used
to measure the expression of mRNA and miRNA. Western
blotting and enzyme-linked immunosorbent assay were used
to determine protein expression. Bioinformatics was employed
for the prediction of the target gene of miR-186, whereas
dual luciferase reporter assay was performed to identify
whether miR-186 directly bound to YAPI mRNA. Human
pulmonary aortic endothelial cells (HPACs) were transfected
with ago-miR-186. YAPI expression in HPACs was silenced
by siRNA. MTT assay was used to evaluate the viability of
HPACs. YAP1I mRNA and protein expression levels were
elevated in PC. In addition, expression levels of miR-186 in
PC were downregulated. miR-186 regulated the expression
of YAPI by binding with the 3'-untranslated region of YAPI.
Elevated expression of miR-186 inhibited the proliferation of
HPACs by downregulating the expression of YAP1. Decreased
expression of YAP1 by siRNA reduced the viability of HPACs.
The present study demonstrates that YAPI is upregulated in
the tumor tissues and blood of PC patients, and this may be
associated with the downregulation of miR-186. In addition,
miR-186 may affect the occurrence and development of PC by
controlling the proliferation of PC cells via YAPI.
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Introduction

As a type of common digestive system tumor, pancreatic
cancer (PC) has particularly high morbidity and mortality
rates. PC has the eighth highest incidence rate among all
tumor types in the USA (1) and, according to its mortality
rates, PC ranks fourth among all cancer types in the USA (2).
It has also been reported that the incidence of PC in China is
increasing year by year (3). Studies of PC can be divided into
the steps of diagnosis, treatment, and prognosis. At present,
there is no publicly accepted screening method for the early
detection of PC. Surgical treatment is the only method that
can cure PC. However, postoperative 5-year survival rates
are only 15-25%, despite radical resection (4). In order to
provide necessary clinical information, a diagnosis model
has been established using the clinical indices that predict the
prognosis of PC, in which biological markers have important
roles (5-7). Various biological markers related to PC have been
identified (8.,9). Previous investigations have demonstrated that
upregulated expression of YAP1 has an important role in the
occurrence and development of PC, and the pathogenesis of the
majority of PC cases is accompanied by gradually increased
expression of YAPI (10,11). With the progression of studies on
microRNA (miRNA or miR), researchers have discovered that
the upregulation of miRNA expression is able to inhibit the
expression of YAPI, leading to the inhibition of the formation,
proliferation and metastasis of tumor cells (12,13). However,
the regulatory effect of miR-186 on YAP1 in PC has rarely been
reported in basic and clinical researches. The present study
aimed to measure YAP1 mRNA and protein expression levels
in tumor tissues and blood from PC patients, and investigate
the regulatory effect of miR-186 on YAP1 expression.

Materials and methods

Patients. A total of 65 patients with PC who underwent surgery
between June 2013 and October 2015 were included in the
present study. In addition, 59 healthy subjects were recruited
as controls. PC group included 38 men and 27 women aged
between 48 and 81 years (median age, 61.6 years). Control group
included 33 men and 26 women aged between 45 and 88 years
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(median age, 63.5 years). All PC patients were experiencing
the onset of PC for the first time and had no history of using
hormones, Chinese medicine, or chemoradiotherapy. Tumor
tissues and tumor-adjacent noncancerous tissues were resected
and collected from all PC patients prior to being frozen at -80°C
within 2 h. Fasting peripheral blood samples were collected from
all patients and healthy subjects in the morning, and stored at
-20°C. All procedures were approved by the Ethics Committee
of Qingdao University (Qingdao, China). Written informed
consent was obtained from all subjects or their families.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Tumor and tumor-adjacent noncancerous issues
(100 mg) were ground into powder using liquid nitrogen
prior to the addition of 1 ml TRIzol (10606ES60; Yeasen,
Shanghai, China) for lysis. Following lysis, total RNA was
extracted using the phenol chloroform method. RNA purity
was determined by A260/A280 using ultraviolet spectropho-
tometry (Nanodrop ND1000; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). cDNA was obtained by RT from 1 ug
RNA using a TIANScript IT ¢cDNA kit (KR107; Tiangen
Biotech Co., Ltd., Beijing, China) and stored at -20°C. Primers
for YAP1 were as follows: 5'-CTTCGGCTTTATGGCTAC
CT-3" (upstream) and 5-AAGGTCAGATGGTGGTTG
TTC-3' (downstream). Primers for GAPDH were as follows:
5'-CGGAGTCAACGGATTTGGTCGTAT-3' (upstream) and
5'-AGCCTTCTCCATGGTGGTGAAGAC-3' (downstream).
The RT-qPCR reaction system (25 ul) contained 10 ul
RT-qPCR-Mix, 0.5 pl upstream primer, 0.5 pl downstream
primer, 2 ul cDNA and 7 ul ddH,O (FP204; Tiangen Biotech
Co., Ltd.). The thermal cycling PCR protocol was as follows:
Initial denaturation at 95°C for 30 sec, followed by 40 cycles
of denaturation at 95°C for 5 sec and annealing at 60°C for
30 sec (iQ5; Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The 2224 method was used to calculate the relative expres-
sion of YAP1 against GAPDH (14). For RT-qPCR to measure
miR-186, similar protocols were used. Primers for miR-186
were as follows: 5'-CCCGATAAAGCTAGATAACC3-3'
(upstream) and 5'-CAGTGCGTGTCGTGGAGT-3'
(downstream). Primers for U6 were as follows:
5'-GCTTCGGCAGCACATATACTAAAAT-3' (upstream)
and 5'-CGCTTCACGAATTTGCGTGTCAT-3' (downstream).
PCR conditions included initial denaturation at 95°C for
5 min, followed by 40 cycles of denaturation at 95°C for 10 sec,
annealing at 60°C for 20 sec, and elongation at 72°C for 20 sec
(iQ5; Bio-Rad Laboratories, Inc.). The 2244 method was used
to calculate the relative expression of miR-186 using U6 as an
internal reference.

Enzyme-linked immunosorbent assay (ELISA). Blood samples
were centrifuged at 1,200 x g at room temperature for 10 min
for the separation of serum. Levels of YAP1 were measured
using an ELISA kit (KA3582; Amyjet Scientific Inc., Wuhan,
China). The procedure was performed according to the
manufacturer's manual. Absorbance at 450 nm was measured
using a microplate reader (Bio-Rad Laboratories, Inc.) within
15 min after the reactions were terminated.

Bioinformatics. Bioinformatics prediction is the basis for
functional studies of miRNAs. Target gene prediction
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software, including miRanda (microma.org/rnicroma/home
.do), TargetScan (targetscan.org), PiTa (genie.weizmann
.ac.il/pubs/mir07/mir07_data.html), RNAhybrid
(bibiserv.techfak.uni-bielefeld.de/rnahybrid/) and PICTA
(pictar.mdc-berlin.de/), was used to predict whether miR-186
was one of the genes that could regulate YAP1. miR-186 was
predicted to be one of the genes that could regulate YAPI,
which informed the remainder of the study.

Dual luciferase reporter assay. According to the bioinfor-
matics results, wild-type (WT) and mutant seed regions of
miR-186 in the 3'-untranslated region (UTR) of YAPI gene
were chemically synthesized in vitro, supplemented with
Spel and HindIII restriction sites (Sangon Biotech, Co., Ltd.,
Shanghai, China), and cloned into pMIR-REPORT luciferase
reporter plasmids (Thermo Fisher Scientific, Inc.). Plasmids
(0.8 pug) with WT or mutant 3'-UTR DNA sequences were
co-transfected with ago-miR-186 (100 nM) into HEK293T
cells. Following cultivation for 24 h, the cells were lysed
using a dual luciferase reporter assay kit (catalogue no. E1910;
Promega Corp., Madison, WI, USA) according to the manufac-
turer's manual, and fluorescence intensity was measured using
a GloMax 20/20 luminometer (Promega Corp.). Using Renilla
fluorescence activity as an internal reference, the fluorescence
values of each group of cells were measured.

Cell transfection. Human pulmonary aortic endothelial cells
(HPAC:) in log-phase growth were seeded into 24-well plates
(3x10°) 24 h prior to transfection, and cultured in antibiotic-free
F12/Dulbecco's modified Eagle medium supplemented
with 10% fetal bovine serum (GE Healthcare, Chicago, IL,
USA). When cells reached 70% confluency, 1.25 ul plasmids
containing siRNA and ago-miR-186 and 1 ul Lipofectamine
2000 (Thermo Fisher Scientific, Inc.) were added into two
individual vials containing 50 pl OptiMemi medium, respec-
tively. After 5 min, the liquids in the two vials were mixed
before being left to stand for another 20 min. Subsequently, the
mixture was added to the cells and incubated for 6 h. Following
this, the medium was replaced with fresh medium and the cells
were cultured at 37°C and 5% CO, for 48 h before use.

Western blotting. HPACs were trypsinized and collected prior
to treatment with precooled radio-immunoprecipitation assay
lysis buffer (600 pl; 50 mM Tris-base, | mM EDTA, 150 mM
NaCl, 0.1% sodium dodecyl sulfate, 1% TritonX-100 and 1%
sodium deoxycholate; Beyotime Institute of Biotechnology,
Shanghai, China). Following lysis for 50 min on ice, the
mixture was centrifuged at 12,000 x g (4°C) for 5 min. The
supernatant was used to determine protein concentration with
a bicinchoninic acid protein concentration determination
kit (RTP7102; Real-Times Biotechnology Co., Ltd., Beijing,
China). Protein samples (20 pg) were subsequently mixed with
equal volumes of 2X SDS loading buffer before denaturation
in boiling water bath for 5 min. Following this, the samples
were separated by 10% SDS-PAGE at 100 V. Resolved proteins
were transferred to polyvinylidene difluoride membranes on
ice (100 V; 2 h) and blocked with 5% skimmed milk at room
temperature for 1 h. Then, the membranes were incubated
with rabbit anti-human YAPI1 polyclonal primary antibody
(1:1,000; ab39361) and rabbit anti-human (-actin primary
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Figure 1. Expression of YAP1 mRNA in (A) tumor tissues and tumor-adjacent tissues from PC patients, and (B) peripheral blood from healthy subjects and PC

patients. “P<0.01. YAPI, yes-associated protein 1; PC, pancreatic cancer.

antibody (1:5,000; ab129348; both Abcam, Cambridge,
UK) at 4°C overnight. Following extensive washing with
phosphate-buffered saline with Tween 20 (3x15 min), the
membranes were incubated with goat anti-rabbit horseradish
peroxidase-conjugated secondary antibody (1:3,000; ab6721;
Abcam) for 1 h at room temperature before washing with
phosphate-buffered saline with Tween 20 (3x15 min).
Then, the membrane was developed using an enhanced
chemiluminescence detection kit (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) for imaging. Image lab software
(version 3.0; Bio-Rad Laboratories, Inc.) was used to acquire
and analyze imaging signals. The relative content of YAP1
protein was expressed as a YAP1/B-actin ratio.

MTT assay. HPACs were seeded into a 96-well plate in trip-
licate at a density of 2x10° cells/well. Empty wells were set
in 96-well plate as blank control, while cell-free wells with
reagent were used as negative control. The solvent to dissolve
the crystals was dimethyl sulphoxide. For incubation for 24, 48
and 72 h,5 g/ MTT (20 pul per well) was added (JRDCO000003;
JRDUN Biotechnology, Shanghai, China). Cells were subse-
quently incubated at 37°C for 4 h, after which 150 1 dimethyl
sulfoxide was added and the cells were incubated for another
15 min. Absorbance of each well was measured at 490 nm
with a microplate reader (Bio-Rad Laboratories, Inc.). A cell
viability curve was subsequently plotted.

Statistical analysis. Results were analyzed using SPSS v18.0
statistical software (SPSS Inc., Chicago, IL, USA). All data
were expressed as means + standard deviation. Data were
tested for normality. Multiple sets of measurement data
were analyzed using one-way analysis of variance. If homo-
geneity of variance was detected, data were analyzed using
Least Significant Difference and Student-Newman-Keuls
methods; whereas Tamhane's T2 or Dunnett's T3 methods
were employed during heterogeneity of variance. P<0.05 was
considered to indicate a statistically significant difference.

Results
YAPI mRNA expression is elevated in PC. To measure

YAPI mRNA expression levels in tissues and blood samples,
RT-qPCR was used. The findings showed that YAP1 mRNA

levels in PC tissue were significantly higher than those in
tumor-adjacent tissue (P<0.01; Fig. 1A). In addition, YAP1
mRNA levels in peripheral blood samples from PC patients
were significantly elevated compared with those of healthy
subjects (P<0.01; Fig. 1B). These result suggest that YAPI
mRNA expression is elevated in PC.

YAPI protein expression is increased in PC. To measure
YAPI protein expression levels in tissues and blood samples,
western blotting and ELISA were performed. Western blotting
data showed that YAPI protein levels in PC tissue were signifi-
cantly higher than those in tumor-adjacent tissue (P<0.05;
Fig. 2A), whereas ELISA demonstrated that YAP1 protein
levels in the peripheral blood of PC patients were significantly
increased compared with those of healthy subjects (P<0.05;
Fig. 2B). These results indicate that, consistent with YAP1
mRNA expression, YAP1 protein expression is also increased
in PC.

Expression of miR-186 is downregulated in PC. To determine
the expression levels of miR-186 in tissues and blood samples,
RT-qPCR was performed. The findings showed that miR-186
levels in PC tissue were significantly lower than those in
tumor-adjacent tissue (P<0.01; Fig. 3A). In addition, miR-186
levels in the peripheral blood of PC patients were signifi-
cantly reduced when compared with those of healthy subjects
(P<0.05; Fig. 3B). These results suggest that miR-186 expres-
sion is downregulated in PC.

miR-186 regulates the expression of YAPI by binding with the
3'-UTR of YAPI. To determine whether miR-186 was able to
target YAPI, a dual luciferase reporter assay was performed.
The findings showed that transfection with ago-miR-186 and
pMIR-REPORT in the WT group resulted in significantly
reduced fluorescence intensity, as compared with the negative
control (P<0.05). Fluorescence intensity in the mutant group
was not significantly different from that of the negative control
(Fig. 4). These results indicate that miR-186 regulates the
expression of YAP1 by binding with the 3'-UTR of YAPI.

Elevated expression of miR-186 inhibits the viability of HPACs
by downregulating the expression of YAPI. To determine the
effect of miR-186 on the viability of HPACsS, the cells were
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Figure 2. Expression of YAPI protein in (A) tumor tissues and tumor-adjacent tissues from PC patients, and (B) peripheral blood from healthy subjects and PC

patients. “P<0.05. YAPI, yes-associated protein 1; PC, pancreatic cancer.
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Figure 3. Expression of miR-186 in (A) tumor tissues and tumor-adjacent tissues from PC patients, and (B) peripheral blood from healthy subjects and PC
patients. ‘P<0.05 and “"P<0.01. YAP1, yes-associated protein 1; PC, pancreatic cancer.
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Figure 4. Interaction between miR-186 and YAP1 was detected by dual
luciferase reporter assay. Plasmids (0.8 yg) with WT or mutant 3'-UTR DNA
sequences were co-transfected with ago-miR-186 (100 nM) into HEK293T
cells. Following cultivation for 24 h, the cells were lysed using dual lucif-
erase reporter assay kit and fluorescence intensity was measured. Using
Renilla fluorescence activity as internal reference, the fluorescence values of
each group of cells were measured. “P<0.01 vs. NC. WT, wild-type; UTR,
untranslated region; NC, negative control; YAP1, yes-associated protein 1.

Mutant

transfected with ago-miR-186. RT-qPCR data showed that
the expression of miR-186 was increased and the expression
of YAP1 mRNA was decreased in HPACs after transfection
with ago-miR-186 (P<0.05; Fig. 5A and B). In addition, MTT
assay showed that the viability of HPACs was inhibited after
transfection with ago-miR-186 at 72 h (P<0.05; Fig. 5C). These
results suggest that elevated expression of miR-186 inhibits the
proliferation of HPACs by downregulating the expression of
YAPI.

Decreased expression of YAPI by siRNA inhibits the prolif-
eration of HPACs. To elucidate the effect of YAP1 on the
viability of HPACs, cells were transfected with siRNA of
YAPIL. RT-qPCR showed that expression of YAP1 mRNA
was significantly reduced after transfection with YAP1
siRNA (P<0.01; Fig. 6A). Consistently, western blotting data
showed that YAP1 protein expression in HPACs was also
decreased after transfection with YAP1 siRNA (P<0.01;
Fig. 6B). MTT assay demonstrated that the viability of HPACs
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Figure 5. Effect of ago-miR-186 transfection on HPACs. (A) Expression of miR-186 after transfection with ago-miR-186. (B) Expression of YAPI mRNA
after transfection with ago-miR-186. (C) Viability of HPACs after transfection with ago-miR-186, as determined by MTT assay. "P<0.05 and “P<0.01 vs. NC.
HPACs, human pulmonary aortic endothelial cells; NC, negative control.
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Figure 6. Effect of YAP1 expression on HPACs. (A) Expression of YAP1 mRNA after transfection with YAP1 siRNA. (B) Expression of YAP1 protein
after transfection with YAP1 siRNA. (C) Viability of HPACs after transfection with siRNA of YAPI as determined by MTT assay. “P<0.01 vs. NC. YAP1,
yes-associated protein 1; HPACs, human pulmonary aortic endothelial cells; siRNA, short interfering RNA; NC, negative control.
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was significantly reduced in HPACs transfected with YAP1
siRNA at 72 h (P<0.05; Fig. 6C). These results indicate that the
siRNA-induced decrease in the expression of YAPI inhibited
the proliferation of HPACs.

Discussion

PC occurrence and development is a complex process that
involves multiple genes and steps. With the development of
biological treatment, it is important to elucidate the patho-
genesis of PC and to elucidate novel treatment targets. In the
present study, we determined the expression levels of YAP1
mRNA and protein in tumor tissues and peripheral blood from
PC patients, as well as the levels of miR-186 upstream of YAPI.
Biological functions of miR-186 and YAP1 were investigated
using cell experiments. YAP1 protein (65 kDa) is one of the
two main effectors of the Hippo tumor suppressor pathway,
and its gene is located at human chromosome 11q22 (15). It has
previously been reported that YAP1 is a potent oncogene that
is amplified in various types of human cancer (16), partici-
pating in the proliferation, survival, maintenance of stem cell
phenotype, invasion, and metastasis of tumor cells (17,18).
Several studies have shown that YAP1 levels in tissues
are able to predict the prognosis of patients with ovarian
cancer (19,20), endometrial cancer (21), gastric cancer, colon
cancer (22), breast cancer (23) and head and neck squamous
cell carcinoma (24). In the present study, the expression levels
of YAPI mRNA and protein in PC tissues were elevated,
suggesting that changes in YAP1 expression may be associated
with the occurrence of PC, and abnormal expression of YAP1
may be important for the occurrence of PC. Organs with rich
blood flow often become distant metastatic targets of PC cells
via blood circulation, and a serious consequence of this is
metastasis to other parts of the body (19,20). Therefore, YAP1
detected in the blood may indirectly reflect the malignancy
and metastatic status of PC cells.

miRNA molecules have been found to inhibit the trans-
lation of YAP1 (25). Using bioinformatics, we predicted
upstream genes that may regulate YAPI, and found that
miR-186 is closely related with YAP1. Studies have shown
that miR-186 may become a novel target for the prediction,
diagnosis and treatment of tumors. Zhang et al (26) discov-
ered that miR-186 is a predictor of the diagnosis of pancreatic
ductal adenocarcinoma, and it affects the proliferation and
invasion of tumor cells. Lee et al (27) demonstrated that
upregulation of miR-186 is closely related with the inhibited
proliferation of human lung fibroblasts. Sun er al (28) showed
that miR-186 regulates the formation of fibroblasts that are
associated with tumors. Cui et al (29) reported that miR-186
targets Rockl and inhibits the proliferation and migration of
non-small-cell lung carcinoma cells. Consistent with these
findings, the results of the present study demonstrated that
miR-186 expression levels in tumor tissues and peripheral
blood from PC patients were significantly reduced, whereas
YAPI expression in these samples was demonstrated to be
significantly increased. Therefore, we propose that the down-
regulation of miR-186 is one of the reasons for the upregulation
of YAPI, finally leading to changes in the biological func-
tions of PC cells. In order to clarify the underlying molecular
mechanism, we transfected HPACs using ago-miR-186 and

2099

the findings indicated that elevated expression of miR-186
reduced the proliferation of HPACs. Furthermore, RT-qPCR
also showed that increased miR-186 expression levels induce
the downregulation of YAP1 mRNA. To identify the direct
binding of miR-186 with YAP1 mRNA, dual luciferase
reporter assay was performed. The results demonstrated that
miR-186 binds the 3'-UTR of YAPI mRNA and regulates the
expression of YAPI.

In conclusion, the present study demonstrated that miR-186
regulates the expression of YAP1 by direct targeting, inhibits
PC cell proliferation, and exerts important biological func-
tions in the occurrence and development of PC. Our study on
the effect of miR-186 on PC provides theoretical evidence for
the prediction, diagnosis and treatment of PC.
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