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Introduction: Pancreatic cancer is one of the most common malignant digestive system
tumors. Current treatment options for pancreatic cancer cannot achieve the expected
curative effect. MicroRNAs (miRNAs and miRs) participate in many biological and
pathological processes. miR-486 has been reported to be involved in diverse types of
malignant tumors; however, its role in pancreatic cancer remains unclear.

Material and Methods: miR-486 mimics and inhibitors were transfected into Capan-2 cells
to increase or decrease the expression of miR-486. Western blot was used to detect protein
expression levels. EAU proliferation assay and flow cytometry were applied to identify changes
in proliferation. In combination with a PTEN overexpression plasmid, miR-486 mimics were
used to determine whether PTEN upregulation abolished the proliferative effect of miR-486.

Results: Overexpression of miR-486 promoted proliferation and cell cycle progression
of Capan-2 cells. Conversely, the proliferation and cell cycle of Capan-2 cells were
attenuated after inhibition of miR-486. Using a combination of bioinformatics and Western
blot analysis, PTEN was identified as a downstream target gene of miR-486. The effect
of miR-486 on Capan-2 cell proliferation could be abolished by PTEN overexpression.

Conclusions: miR-486 promotes the proliferation of Capan-2 cells by targeting PTEN.
Inhibition of MiR-486 might be a novel therapy for pancreatic cancer.

Keywords: miRNAs, pancreatic cancer, PTEN, proliferation, therapy

INTRODUCTION

Pancreatic cancer is a leading cause of mortality worldwide, with characteristic insidious onset,
rapid progression, and low survival rate. The mortality rate of pancreatic cancer ranks fourth
among all malignant tumors in the US (Jemal et al., 2003; Siegel et al., 2017, 2018) and is predicted
to rank second in Western countries by the year 2030 (Rahib et al, 2014; Kuroczycki-Saniutycz
et al, 2017). Surgical resection is the only possible treatment to improve long-term survival rate
of patients with pancreatic cancer at present (Ryan et al, 2014; Attiyeh et al.,, 2016). Thus, novel
therapies are desperately needed.
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MicroRNAs (miRNAs, miRs) are a class of single-stranded
non-coding RNAs that play a regulatory role in different tissues/
organs and in different growth stages. They participate in many
biological and pathological progresses, including embryo
development, cell proliferation and apoptosis, and metabolism
(Lee et al., 1993; Ambros, 2004; Lewis et al., 2005; Ksiazek-Winiarek
et al, 2013; Eaton et al, 2018; Wang et al,, 2018). In addition,
multiple miRNAs have been reported to play major roles in the
development of tumors. miR-486 has been found to be involved
in many malignant tumors such as gastric cancer, lung cancer,
liver cancer, cervical cancer, and ovarian cancer (Hang et al,
2009; Braconi et al., 2010; Yujuan et al., 2010; Hue-Kian et al., 2011;
Res, 2011; Yong et al., 2013; Parikh et al.,, 2014; Guo et al,, 2015;
Hou et al., 2016; Roh and So, 2017; Guan et al., 2018), nevertheless,
its role in pancreatic cancer is poorly understood.

Here, we found that miR-486 overexpression promoted the
proliferation of human pancreatic cancer cell line Capan-2,
while miR-486 inhibitors attenuated proliferation. Phosphatase
and tensin homolog deleted on chromosome 10 (PTEN) was
identified as a target gene of miR-486 in Capan-2 cells, mediating
its pro-proliferation effects. Our results suggest that inhibition
of miR-486 might be a novel therapy for pancreatic cancer.

MATERIALS AND METHODS
Cell Culture

Human pancreatic cancer cell line Capan-2 was acquired from
the Shanghai Cell Bank of Chinese Academy of Sciences (China).
Capan-2 cell was cultured with RPMI-1640 medium (keyGEN,
Jiangsu, China) containing 10% fetal bovine serum (Gibco,
USA) and 1% penicillin-streptomtcin solution (Solarbio, Beijing).
The cell was cultured at 37°C in the incubator containing 5%
CO, and the morphology was observed by microscope.

miRNA Transfection

Capan-2 cells were transfected with miR-486 mimics (50 nM,
RiboBio, Guangzhou, China), miR-486 inhibitors (100 nM,
RiboBio, Guangzhou, China), PTEN overexpression plasmid,
or the respective negative controls after 6 h of starvation using
Lipo2000 (Invitrogen, Carlsbad, CA, USA). Cells were harvested
at 48 h after transfection. The cloning primer sequences for
PTEN were designed as follows: has-PTEN-F: CGC GGA TCC
ATG TTA GAA GTG GTG ACC TCAGC; has-PTEN-R: CCG
GAA TTC CTA TAG ATA CTC CAG TTC CAGG.

Western Blot

Cells were lysed in RIPA buffer supplied with 1 mM PMSF
(Invitrogen, Carlsbad, CA, USA) to obtain cell protein. After
30 min on ice, the supernatant was collected by centrifugation
at 12,000 rpm for 15 min. Protein concentration was determined
using a BCA assay kit (Takara, Japan), and equivalent amounts
of protein were resolved by SDS-PAGE and transferred to
PVDF membranes (Roche, USA) using a wet transfer method.
Membranes were blocked with 5% (w/v) skim milk powder
for 2 h and subsequently incubated with primary antibody
overnight at 4°C. Primary antibodies used in this study were

PTEN (ABclonal, USA, 1:1,000), and GAPDH (Bioworld, USA,
1:1,000). Membranes were next incubated with appropriate
secondary antibody (Jackson, USA, 1:10,000) at 25°C for 2 h.
ECL detection reagent (Tanon, Shanghai, China) and a fully
automated chemiluminescence image analysis system (Tanon,
Shanghai, China) were used to visualize the signals. Image ]
(National Institutes of Health) was used for gray value
measurement and statistics.

Cell Proliferation Assay

Capan-2 cells were incubated with 50 uM 5-ethynyl-2'-deoxyuridine
(EdU) for 2 h, and then fixed in 4% (v/v) paraformaldehyde
for 30 min. Cells were treated with 2 mg/ml glycine solution
and washed with PBS thoroughly to remove paraformaldehyde.
After permeabilization, cells were incubated with Apollo dye
solution (keyGEN, Jiangsu, China) for 30 min and all nuclei
were counterstained with hoechst33342 (keyGEN, Jiangsu, China)
for 20 min. An inverted fluorescence microscope (Leica, Germany)
was used for obtain florescent images and Image J was used to
calculate the ratio of EAU positive cells to total nuclei.

Analysis of Cell Cycle by Flow Cytometry

At the end of experiment, cells suspensions were prepared by
trypsinizing for 1-2 min, which were subsequently mixed with
absolute ethyl alcohol and fixed at —20°C overnight. The fixed
cells were incubated with a 100 ug/ml propidium iodide (Sigma,
USA, P4170) solution supplied with 100 pug/ml RNase A (keyGEN,
Jiangsu, China). Cell distribution at different fluorescence intensities
was analyzed using a Beckman flow cytometer. FlowJo 7.0 was
used to calculate the percentage of cells in G1/G0, S, and G2 phase.

Real-Time Quantitative Polymerase

Chain Reaction

Total RNA of cells was extracted by Total RNA Extractor
(Takara, Japan). Extracted RNA was dissolved in RNase-free
water and the concentration was measured using a NanoDrop
spectrophotometer. To quantify the expression of miR-486 in
cells, cDNA was first synthesized by cDNA synthesis kit (Bio-
rad, USA). Then SYBR Green reagent (Bio-Rad, USA) and
Bulge-LoopTM miRNA qPCR primers (RiboBio, Guangzhou,
China) were used together to determine the expression levels
of miR-486 on a Bio-Rad CFX-96 Touch Real-Time PCR
Detection System. The expression level of miR-486 was
normalized to U6 and quantified by the 27" method. The
sequences were as follow: U6 forward: 5-CTCGCTTCGG
CAGCACA-3; U6 reverse: 5-AACGCTTCACGAATTTGCGT-3;
miR-486 forward: 5-ACACTCCAGCTGGGTC CTGTACTGAG
CTGCCC-3; miR-486 reverse: 5-CTCAACTGGTGTCG TGGA
GTC GGCAATTCAGTTGAGCCCCGAG-3.

Statistical Analysis

All data were repeated for three times and presented as means
+ SEM. The difference between two groups was compared by
two-tailed unpaired student’s t test, and a significance test of
mean difference between two or more samples was conducted
by one-way ANOVA followed by Bonferroni test. Differences were
considered to be statistically significant when the p was <0.05.
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RESULTS

miR-486 Promotes Cell Proliferation and

Cell Cycle Progression in Capan-2 Cells

To investigate the role of miR-486 in Capan-2 cell proliferation,
miR-486 mimics and inhibitors were used. Real time quantitative
PCR confirmed that miR-486 mimics significantly increased
the expression of miR-486 (Figure 1A), while miR-486 inhibitors
decreased its expression (Figure 1B). As determined by EdU
staining, miR-486 mimics significantly increased the number
of EAU positive cells, while miR-486 inhibitors decreased the
number of EAU positive cells, indicating that miR-486 mimics
could promote the proliferation of Capan-2 cells and miR-486
inhibitors could block it (Figure 2). Moreover, flow cytometry
revealed that miR-486 mimics promoted cell progression from
Gl to S phase, whereas miR-486 inhibitors decreased it (Figure 3).
Collectively, these data suggested that miR-486 promoted cell
proliferation and cell cycle progression in Capan-2 cells.

PTEN Is a Target Gene of miR-486 in
Capan-2 Cells

PTEN has been reported to be a target gene of miR-486 in
other types of cells (Small et al., 2010; Gao et al., 2018), however,
whether PTEN is a target gene of miR-486 in Capan-2 cells has
not been confirmed. Capan-2 cells were transfected with miR-486
mimics and inhibitors, and Western blot was used to determine
the expression of PTEN at the protein level. It was found that
overexpression of miR-486 in Capan-2 decreased the expression
of PTEN, while inhibition of miR-486 increased its expression,
confirming that miR-486 could regulate PTEN at least at the
protein level (Figure 4; Supplementary Figures 1-4).

Overexpression of PTEN Reverses the
Pro-proliferation Effect of miR-486 in
Capan-2 Cells

To determine whether PTEN influences the proliferation effects
of miR-486 in Capan-2 cells, a PTEN overexpression plasmid was
used to perform a functional rescue experiment in the presence
of the miR-486 mimics (Figure 5A; Supplementary Figures 5, 6).

It was found that overexpression of PTEN reduced the number
of EdU positive cells. Compared with the group transfected with
miR-486 mimics, the number of EAU positive cells in the group
transfected with PTEN overexpression plasmid and miR-486 mimics
decreased significantly, indicating that overexpression of PTEN
could reduce the pro-proliferation effects of miR-486 in Capan-2
cells (Figure 5B). This result confirmed that up-regulation of PTEN
mediates the pro-proliferation effects of miR-486 in Capan-2 cells.

DISCUSSION

As a worldwide public health threat, pancreatic cancer has a
metastasis rate of 85-95%, which causes approximately 330,000
deaths annually (Siegel et al., 2015). Surgical resection is currently
the most effective treatment, but local recurrence and distant
metastasis tend to occur after operation and the 5-year survival
rate is less than 20% (Oettle et al., 2007). Gemcitabine is the
preferred chemotherapy drug for non-surgical treatment of
pancreatic cancer. While chemotherapy drugs tend to prolong
the survival of patients with advanced stage pancreatic cancer,
such drugs have limitations due to their toxicity and adverse
reactions (Thota et al., 2014). In the present study, we demonstrated
that miR-486 was involved in the regulation of Capan-2 pancreatic
cancer cell proliferation by targeting PTEN. Inhibition of miR-486
might be a novel therapeutic strategy for pancreatic cancer.
miR-486 locates to the region sAnkl on chromosome 8pll,
and interestingly, the abnormal changes of genes in this region
are closely related to the pathogenesis of various tumors. miR-486
has been reported to inhibit the proliferation and metastasis of
lung cancer, but may play a causative role in cervical and prostate
cancer (Yong et al, 2013; Ye et al, 2016; Yang et al, 2017). It
has been suggested that miR-486 functions as a tumor suppressor
in digestive system cancer including colorectal cancer, esophageal
and hepatocellular carcinoma and is highly expressed in colorectal
cancer (Small et al., 2010; Mosakhani et al., 2012; Youness et al.,
2016; Lang and Zhao, 2018). Tumor suppressor PTEN has been
reported to be a regulatory target gene of miR-486, and the
regulation axis of miR-486/PTEN has been confirmed in non-small
cell lung cancer (Gao et al, 2018). MiR-486 is also considered
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FIGURE 1 | Effects of miR-486 mimics and inhibitors on miR-486 expression in Capan-2 cells. (A) miR-486 mimics significantly increase the expression of
miR-486 in Capan-2 cells. (B) miR-486 inhibitors significantly decrease the expression of miR-486 in Capan-2 cells. **p < 0.01; **p < 0.001. n = 4 per group.
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FIGURE 2 | miR-486 promotes the proliferation of Capan-2 cells. EAU proliferation assay shows that miR-486 mimics promote the proliferation of Capan-2 cells,
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FIGURE 3 | miR-486 promotes the cell cycle progression of Capan-2 cells. Pl cell cycle assay shows that miR-486 mimics promote the progression of Capan-2
cells from G1 to S phase while miR-486 inhibitors inhibit it. *p < 0.05; **p < 0.01; n = 6 per group.
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FIGURE 4 | PTEN is negatively regulated by miR-486 in Capan-2 cells. Western blot shows that miR-486 mimics downregulate the expression of PTEN in Capan-2
cells while miR-486 inhibitors upregulate it (Relative to GAPDH). *p < 0.05; *p < 0.01; n = 3 per group.

as the biomarker for the diagnosis and prognosis of multiple  in the patients with pancreatic cancer and exhibited good diagnostic
tumors (Li et al, 2015, 2018; Jiang et al, 2018). Recently, the  value for this disease (Xu et al, 2016). However, the role of
expression level of circulating miR-486 was found to be increased =~ miR-486 in pancreatic cancer was to this point less clear. Here,
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we found that miR-486 overexpression promoted the proliferation
of human pancreatic cancer Capan-2 cell line while miR-486
inhibition attenuated such proliferation as determined by EdU
staining and flow cytometry cell cycle analysis.

PTEN was the first tumor suppressor gene found to have
phosphatase activity. Located on human chromosome 10q23, it
can promote the dephosphorylation of the second messenger
PIP3, and functions in maintaining cell structure and signal
transduction. PTEN is necessary for the body to maintain normal
biological processes and to exert anti-cancer effects. A variety
of tumors including glioblastoma, prostate cancer, breast cancer,
lung cancer, melanoma, and digestive system cancer are associated
with the inactivation of PTEN (Furnari et al., 1997; Myers et al,,
1997; Maehama and Dixon, 1998; Zhang et al, 2004). PTEN
was reported to be down-regulated in pancreatic cancer cell
lines and targets NF-kappaB and c-Myc by activating PI3K/Akt
signaling pathway, thereby exerting a role in inhibiting pancreatic
cancer (Asano et al,, 2004; Ying et al,, 2011). In addition, PTEN
is involved in the regulation of angiogenesis in pancreatic cancer
cells and may be related to the chemoresistance and cancer
stemness (Gu et al., 2016; Wang et al.,, 2016). PTEN is a well-
documented target of miR-486 in other types of cells (Small
et al, 2010; Alexander et al., 2014; Gao et al., 2018); however,
due to cell specificity, whether PTEN is a target gene of miR-486 in
pancreatic cancer was unclear. In this study, we found that
miR-486 could negatively regulate the expression of PTEN at
least at the protein level. Importantly, overexpression of PTEN
abolished the pro-proliferation effects of miR-486 mimics,
suggesting that PTEN is a functional target gene of miR-486 in
Capan-2 cells.

In conclusion, miR-486 promotes human pancreatic cancer
cell line Capan-2 cell proliferation by targeting PTEN. Therefore,
targeting miR-486/PTEN is a potential new therapeutic strategy
for pancreatic cancer.
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