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ARTICLE INFO ABSTRACT

Keywords: Objective: To explore the expression of miR-186-5p in lung adenocarcinoma (LUAD) and its possible function
miR-186-5p associated with cancer cell proliferation, migration and invasion.

Lung adenocarcinoma (LUAD) Methods: MiR-186-5p expression levels in LUAD samples, human LUAD cell lines H1299 and NCI-H1975, and
PTEN . normal human lung epithelial cell line BEAS-IB were assessed by quantitative real-time PCR (qRT-PCR). H1299
E’ztl;fsetiion and NCI-H1975 cells were transfected with miR-186-5p mimic or miRNA negative control. CCK-8 assay was

performed to evaluate the cell proliferation. Transwell assay and transwell-matrigel™ invasion assay were ap-
plied to assess the migration and invasion abilities of H1299 and NCI-H1975 cells.

Results: miR-186-5p expression was significantly up-regulated in LUAD tumor tissues and LUAD cell lines as
compared with tumor-adjacent tissues and normal human lung epithelial cells, respectively. MiR-186-5p over-
expression remarkably promoted the proliferation, migration and invasion of LUAD cells. Furthermore, phos-
phatase and tensin homolog (PTEN) was a direct target of miR-186-5p verified by luciferase reporter assay.
Overexpression of PTEN significantly suppressed LUAD cells to proliferate, migrate and invade. MiR-186-5p
overexpression-induced LUAD cell phenotype could be partially rescued by co-overexpression of miR-186-5p
and PTEN.

Conclusion: This study demonstrated that miR-186-5p is up-regulated in LUAD, and functionally associated with
cell proliferation, migration and invasion. MiR-186-5p promotes the proliferation, migration and invasion of
LUAD cells by targeting PTEN. MiR-186-5p may be utilized as a novel molecular marker and therapeutic target
of LUAD.

1. Introduction

To date, lung cancer is one of the most common malignant tumors
and has been described as the most fatal type of cancers worldwide
(Mutti, 2008; Bunn, 2012; Griesinger, 2017). Approximately 80% of
lung cancer patients are diagnosed with non-small-cell lung cancer
(NSCLQ). In spite of the advances in the diagnosis and treatment of lung
cancer that have been achieved in recent years, there remain great
challenges due to the high recurrence and metastasis during cancer
treatment (Diagnosis, 2011; Treatment of Metastatic Non-Small Cell
Lung Cancer: A Systematic Review of Comparative Effectiveness and
Cost-Effectiveness, 2012; Local Nonsurgical Therapies for Stage I and
Symptomatic Obstructive Non-Small-Cell Lung Cancer, 2013;
StatPearls, 2018). Therefore, it is extremely important to elucidate the
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molecular mechanisms underlying carcinogenesis and progression in
NSCLC, which would contribute to providing promising therapeutic
targets for lung cancer and improving the prognosis of this disease.
MicroRNAs (miRNAs) are a class of small, well-conserved non-
coding RNAs (18-25 nucleotides in length) that regulate the expression
of their target genes at the post transcriptional level by binding to 3’-
untranslated regions (3’-UTRs) of the target genes (Bushati and Cohen,
2007; Zhang et al., 2007; Li et al., 2009). Increasing evidence indicates
that miRNAs are involved in cancer development and progression and
play important roles in regulating cancer-related genes (DeSano and Xu,
2009; Li et al., 2010; Kim et al., 2012; Vo et al., 2014; Zhao et al.,
2018). It was found that miR-186-5p upregulation inhibited prolifera-
tion, metastasis and epithelial-to-mesenchymal transition of colorectal
cancer cell by targeting ZEB1 (Li et al., 2018). It was also reported that
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Table 1
Patient characteristics.

Characteristics

Number (%)

Age (years)

Median (range) 67.1 (48-80)
Gender

Males 14 (70%)

Females 6 (30%)
Clinical stage

T1 12 (60%)

T2 8 (40%)
Histological sub-classification

Adenocarcinoma 20 (100%)

Smoking status

Non-smoker (0 years) 12 (60%)
Previous light smoker (1-10 years) 1 (5%)
Previous heavy smoker (> 10 years) 2 (10%)
Current smoker 5 (25%)

miR-186-5p inhibition attenuated proliferation, anchorage independent
growth and invasion in metastatic prostate cancer cells (Jones et al.,
2018). Additionally, miR-186-5p overexpression modulated colon
cancer growth by repressing the expression of the FAM134B tumor
inhibitor (Islam et al., 2017). These results suggest the key functions of
miR-186-5p in cancer. However, up to now, the detailed mechanisms of
how miR-186-5p is regulated in lung adenocarcinoma (LUAD) and how
miR-186-5p impacts the disease are largely unknown.

In the present study, our aim is to investigate the biological func-
tions of miR-186-5p on LUAD and to explore the underlying molecular
mechanisms. Here, we report that miR-186-5p is remarkably over-
expressed in LUAD compared with the matching tumor-adjacent tissues,
and for the first time that miR-186-5p directly targets and regulates the
3’-UTR of the human tumor suppressor gene phosphatase and tensin
homolog (PTEN) mRNA, which is commonly down-regulated in many
cancers. Overall, our results suggest that miR-186-5p promotes cell
proliferation, migration and invasion in LUAD by directly targeting 3’-
UTR of PTEN.
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2. Materials and methods
2.1. Data analysis

The data analysis of miR-186-5p expression, PTEN expression and
the correlation between miR-186-5p and PTEN was downloaded from
starbase Pan-Cancer Analysis Platform (http://starbase.sysu.edu.cn/
panCancer.php). The starbase Pan-Cancer Analysis Platform is de-
signed for decoding Pan-cancer Networks of IncRNAs, miRNAs, pseu-
dogenes, snoRNAs, RNA-binding proteins (RBPs) by analyzing their
expression profiles across 32 cancer types integrated from TCGA project
via Genomic Data Commons Data Portal.

2.2. Tumor tissue samples and cell lines

This study was approved by the human ethics and research ethics
committees of China-Japan Friendship Hospital. This study included
human LUAD tissues and tumor-adjacent lung tissues (> 2cm away
from the cancerous region) derived from 20 patients who underwent
surgery. The clinicopathologic features of the patients are listed in
Table 1. None of these patients received any chemotherapy or radio-
therapy. All samples were immediately frozen in liquid nitrogen after
surgery. The human LUAD cell lines H1299 and NCI-H1975 and normal
human lung epithelial cell line BEAS-IS were purchased from Cell Bank,
Chinese Academy of Sciences (Shanghai, China).

2.3. Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was isolated from indicated cells by using TRIzol reagent
(Invitrogen) according to the manufacturer's instructions, and then
subjected to reverse transcription. The expression levels of genes and
miRNAs were measured by the gRT-PCR kit (Life Technologies,
Shanghai, China) using the QuantStudio® 6 Flex Real-Time PCR System
(Life Technologies, Shanghai, China) with SYBR Green kit (TaKaRa,
Tokyo, Japan). The relative expression levels of genes and miRNAs
were quantified. TagMan advanced miRNA assay kits of miR-186-5p
(477940_mir) were purchased from Applied Biosystems (Carlsbad, CA,
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Fig. 1. The expression of miR-186-5p in LUAD tissues and cell lines. A. The expression levels of miR-186-5p in LUAD tissues and normal lung tissues obtained from
starbase v3.0 project. B. QPCR quantification of miR-186-5p in LUAD tissues and tumor-adjacent lung tissues. C. QPCR examination of miR-186-5p in LUAD cell lines
H1299 and NCI-H1975 and human lung epithelial cell line BEAS-IB. Assays were performed in triplicate. Data are expressed as mean + SD. *P < .05. **P < .01.
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Fig. 2. miR-186-5p overexpression promotes the proliferation, migration and invasion of LUAD cells. A and B. The cell proliferation measured by CCK-8 assay in miR-
186-5p transfected LUAD cells H1299 and NCI-H1975. C. Shown are representatives of transwell migration assay and transwell invasion assay after transfected with
miR-186-5p mimic or control in H1299 or NCI-H1975. D. Quantitative representation of transwell migration assay and transwell invasion assay after transfected with
miR-186-5p mimic or control in H1299 or NCI-H1975. Assays were performed in triplicate. Data are expressed as mean = SD. *P < .05, **P < .01l.

USA) to measure the expression level, and normalized using RNU48
control miRNA assay kit (P/N 001006; Applied Biosystems, Carlsbad,
CA, USA), following the manufacturer's protocols.

2.4. Cell culture and transfection

Cells were cultured in DMEM

(Gibco, Grand Island, NY, USA)

medium supplemented with 10% fetal bovine serum (10% FBS), 100 U/
ml penicillin, and 100 mg/ml streptomycin (Gibco) at 37 °C with 5%

CO,. Hsa-miR-186-

5p mimic and mimic negative control were pur-

chased from GenePharma Co., Ltd. (Shanghai, China). Cells were
seeded in 6-well plates at a density of 2 X 10° cells/well and treated
overnight. Cells were transfected with either miR-186-5p mimic or
mimic negative control using Lipofectamine 2000 according to the
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Fig. 3. PTEN is a predicted target of miR-186-5p in LUAD. A. PTEN expression has a negative correlation with miR-186-5p expression in 512 LUAD samples from
Starbase v3.0. r = —0.161. B. The expression of PTEN is decreased in 526 LUAD tumor samples compared with 59 normal lung samples from Starbase v3.0.

manufacturer's instructions.
2.5. Cell counting kit-8 (CCK-8) assay

Proliferation of cell lines H1299 and NCI-H1975 were determined
by CCK-8 kit (Dojindo, Kumamoto, Japan). The H1299 and NCI-H1975
cells were seeded in 24-well plates at a density of 5 x 10°cells/well.
Cells were incubated with 10% CCK-8 at the time of harvest. One hour
after adding CCK-8, cellular viability was determined by measuring the
absorbance of the converted dye at 450 nm. Proliferation rates of
H1299 and NCI-H1975 cells were measured at 0, 1, 2, 3 and 4 days after
transfection.

2.6. Transwell migration/invasion assay

H1299 and NCI-H1975 cells were grown in DMEM containing 10%
FBS to about 60% confluence and transfected with miRNA mimic or
gene fragment, or their corresponding negative controls. Cells were
harvested by trypsinization after forty eight hours. Cell migration
analysis was performed by 8-mm pore size culture inserts (Transwell;
Costar, High Wycombe, UK) placed into the wells of 24-well culture
plates. Cell invasion was assayed in Biocoat Matrigel invasion chambers
(BD Bioscience, San Jose, CA, USA) according to the manufacturer's
protocol.

2.7. Western blot analysis
Total protein was separated by 10% SDS-PAGE and transferred onto

polyvinylidene difluoride membranes (Bio-Rad, Hercules, CA, United
States). Primary anti-PTEN (ab32199) and anti-GAPDH (ab8245)
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antibodies were incubated overnight at 4 °C, followed by incubation
with the secondary antibody Santa Cruz Biotechnology, CA, United
States) for 1h at room temperature. Protein bands were visualized
using the ECL-kit, according to the manufacturer's instructions. GAPDH
was used as a loading control.

2.8. Luciferase assay

The H1299 and NCI-H1975 cells were seeded in 24-well plates at a
density of5 x 10° cells/well. Then they were incubated for 24 h. In the
luciferase reporter gene assay, the H1299 and NCI-H1975 cells were co-
transfected with PTEN wild-type (or mutant) reporter plasmid and miR-
186-5p mimic (or miR mimic NC) with Lipofectamine 2000 (Invitrogen,
Shanghai, China). The activities of firefly and Renilla luciferase were
measured using dual luciferase reporter assay forty-eight hours post-
transfection (Promega, Shanghai, China).

2.9. Statistical analysis

All experiments were performed at least three times. Data are dis-
played as the means = the standard deviations from at least three in-
dependent experiments. Differences with p-values of < 0.05 were con-
sidered statistically significant.
3. Results

3.1. The miR-186-5p is overexpressed in LUAD and LUAD cell lines

To investigate the role of miR-186-5p in LUAD, we first analyzed
miR-186-5p expression in human LUAD using data from starbase v3.0.
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Fig. 4. miR-186-5p targets PTEN in LUAD cells. A. The predicted structure complementation between miR-186-5p and PTEN. B and C. The analysis of the relative
luciferase activities of PTEN-WT, PTEN-MUT in H1299 and NCI-H1975 cells after transfection with miR-186-5p mimics. D. The mRNA level of PTEN is significantly
decreased 48 h after transfection with miR-186-5p mimics in H1299 and NCI-H1975 cells by qRT-PCR. E. The protein level of PTEN is significantly decreased after
transfection with miR-186-5p mimics in H1299 and NCI-H1975 cells by western blot. Assays were performed in triplicate. Data are expressed as

mean * SD.*P < .05, *P < .01l.

It was found that miR-186-5p was overexpressed in LUAD samples
compared to normal samples (Fig. 1A). Then, quantitative PCR was
performed to examine miR-186-5p expression in primary human LUAD
samples. We observed that miR-186-5p expression was significantly
increased in the 20 LUAD samples we collected during surgery com-
pared with the tumor-adjacent lung tissues (Fig. 1B). In addition, we
measured the expression levels of miR-186-5p in the two LUAD cell
lines. As expected, miR-186-5p was expressed at a higher level in the
LUAD cell lines H1299 and NCI-H1975than in the normal human lung
epithelial cell line BEAS-IB (Fig. 1C), indicating that miR-186-5p is up-
regulated in LUAD.

3.2. miR-186-5p accelerates LUAD cell proliferation, migration and
invasion

To further investigate the role that miR-186-5p plays in LUAD, we
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quantified the effect of miR-186-5p overexpression on the proliferation
of LUAD cell lines using the CCK-8 assay. Our results showed that
overexpression of miR-186-5p significantly facilitated the proliferation
of both H1299 and NCI-H1975 cells compared to their controls (Fig. 2A
and B). In addition, we also explored the role of miR-186-5p on the
metastasis of LUAD cells using transwell, and the results demonstrated
that miR-186-5p mimic treatment caused an increase in the migration
capacity and invasive ability of H1299 and NCI-H1975 cells compared
with their negative controls (Fig. 2C and D).

3.3. PTEN is a direct target of miR-186-5p

We used miRNA target prediction software (starbase v3.0) to search
for the target genes ofmiR-186-5p. We found that PTEN has a negative
correlation with miR-186-5p (Fig. 3A) and PTEN expression was down-
regulated in LUAD tumor from the cancer genome atlas (TCGA)
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Fig. 5. PTEN overexpression inhibits the proliferation, migration and invasion of LUAD cells. A. Western blot analysis of PTEN expression in LUAD tissues (C) and
tumor-adjacent lung tissues (N). B. Western blot analysis of PTEN overexpression in human LUAD cell lines H1299 and NCI-H1975. C and D. CCK-8 assays of H1299
and NCI-H1975 cells after transfected with PTEN plasmid or vector control. E. Shown are representatives of transwell migration assay and transwell invasion assay
after transfected with PTEN plasmid or vector control in H1299/NCI-H1975. F. Quantitative representation of transwell migration assay and transwell invasion assay
after transfected with PTEN plasmid or vector control in H1299/NCI-H1975. Assays were performed in triplicate. Data are expressed as mean * SD. *P < .05,

=P < .01.

database (Fig. 3B). In addition, a complementary region of miR-186-5p
was identified in the 3’-UTR of PTEN by using miRNA target prediction
software (miRTarBase) (Fig. 4A). Thus, we constructed the luciferase
plasmid carrying the wild-type PTEN 3’-UTR fragment (3’'WT UTR) or
the mutated PTEN 3’-UTR fragment (3’'mutant UTR). Luciferase re-
porter assay showed that miR-186-5p significantly suppressed the lu-
ciferase activity compared to control miRNA in both H1299 and NCI-
H1975 cells transfected with PTEN wild-type reporter plasmid
(Fig. 4B). However, miR-186-5p showed no effect on the mutated PTEN
3’-UTR fragment (Fig. 4B), suggesting that PTEN is a direct target of
miR-186-5p. In addition, both the mRNA and protein levels of PTEN
were significantly decreased in H1299 or NCI-H1975 cells transfected
with miR-186-5p mimics (Fig. 4C and D).

3.4. PTEN is required for regulating proliferation, migration and invasion of
LUAD cells

We next examined the PTEN expression in human LUAD tissues
using western blot. Our results showed that PTEN was significantly
decreased in LUAD tissues compared to the tumor-adjacent tissues
(Fig. 5A). Then, we designed PTEN overexpression plasmid to over-
express PTEN in LUAD cell lines H1299 and NCI-H1975 and verified the
expression at protein level by western blot (Fig. 5B). Functional analysis
revealed that overexpression of PTEN resulted in proliferation inhibi-
tion both in H1299 and NCI-H1975 cells (Fig. 5C and D). In addition,
both the migration and invasion abilities of H1299 and NCI-H1975 cells
that were transfected with PTEN plasmid were significantly impaired
(Fig. 5E-G), which was opposite to the phenotypes that resulted from
miR-186-5p overexpression (Fig. 2C and D). These results suggested
that miR-186-5p promotes the proliferation, migration and invasion of
LUAD cells possibly by directly targeting PTEN.

3.5. MiR-186-5p promotes LUAD cell growth, migration and invasion by
targeting PTEN

To validate our hypothesis that miR-186-5p functions by directly
targeting PTEN, we co-overexpressed PTEN together with miR-186-5p
in H1299 and NCI-H1975 cells. The CCK-8 assay showed that over-
expression of miR-186-5p significantly accelerated LUAD cell pro-
liferation while co-overexpression of miR-186-5p and PTEN partially
impaired the cell growth of LUAD cells induced by miR-186-5p over-
expression (Fig. 6A and B), suggesting that miR-186-5p functions di-
rectly through PTEN. Moreover, we examined the cell migration ca-
pacity and invasion ability of cells with ectopic expression of miR-186-
5p and PTEN. Our data showed that the enhanced migration and in-
vasion abilities of LUAD cells caused by miR-186-5p overexpression
could be attenuated by co-overexpression of miR-186-5p and PTEN
(Fig. 6C and D). Western blot revealed that overexpression of miR-186-
5p significantly impaired the expression of PTEN while co-over-
expression of miR-186-5p and PTEN restored the PTEN protein levels in
H1299 and NCI-H1975 cells (Fig. 6F). Taken together, the results in-
dicate that miR-186-5p promotes the growth, migration and invasion of
LUAD cells by directly targeting the expression of PTEN.

4. Discussion

miRNAs have diagnostic, prognostic and therapeutic potential in
LUAD (Vansteenkiste et al., 2012; Giordano et al., 2018). A series of

studies reported that altered expression of miRNAs was involved in the
initiation and progression of LUAD (Mou and Liu, 2016; Su et al., 2016;
Liu et al., 2017a; Yang et al., 2018). For example, Duan and coauthors
reported that direct interaction between miR-203 and ZEB2 suppressed
the epithelial-mesenchymal transition signaling and reduced LUAD
chemoresistance (Duan et al.,, 2016). Yuan et al. found that over-
expression of miR-30a in LUAD A549 cell line inhibited the migration
and invasion via targeting EYA2 (Yuan et al., 2016). Li et al. demon-
strated that miR-1304 suppressed human non-small cell lung cancer cell
growth in vitro by targeting heme oxygenase-1 (Li et al., 2017). In the
current study, our data suggests that the overexpression of miR-186-5p
promotes the development, migration and invasion of LUAD, indicating
an oncogene role of miR-186-5p that mediates through directly tar-
geting PTEN.

No special studies had been performed to examine the mechanistic
function of miR-186-5p in LUAD. Thus, it was of great importance to
investigate the expression levels and regulatory molecular mechanisms
of miR-186-5p in LUAD to better understand the role of miR-186-5p in
LUAD. Our results showed that miR-186-5p is not only upregulated in
the two LUAD cell lines H1299 and NCI-H1975, but is also increased in
human LUAD tissues, suggesting that miR-186-5p might accelerate
LUAD tumorigenesis. Besides the stimulative role of miR-186-5p in
LUAD proliferation, our results indicated that miR-186-5p over-
expression promotes the migration and invasion of H1299 and NCI-
H1975 cells, suggesting a promotional effect of miR-186-5p in cancer
cell migration and invasion. In vivo studies on the function of miR-186-
5p in LUAD metastasis should be performed in the future to validate
these findings.

We also used luciferase reporter assay to demonstrate that miR-186-
5p functions by repressing PTEN. Our data revealed that PTEN ex-
pression is reduced in human LUAD tissues, which is in line with the
previous reports, in which PTEN was found to be down-regulated in
many types of human cancers including lung carcinoma, colon cancer
and prostate cancer (Bai et al., 2009; Liang et al., 2015; Ye et al., 2015;
Liu et al., 2017b). Furthermore, restoration of PTEN expression rescued
the cell growth accumulation that resulted from miR-186-5p over-
expression. Indeed, evidence seemed to indicate that PTEN acts as a
tumor suppressor in tumor initiation, progression and dissemination
(Cao et al., 2007; Shearn and Petersen, 2015; Joshi and Ellenson, 2017).
Our results showed that downregulation of PTEN is associated with the
growth, migration and invasion of LUAD cells, further supporting this
idea. For the first time, our data showed that PTEN inhibition through
miR-186-5p overexpression leads to increased migration and invasion
of LUAD cells.

In conclusion, our study demonstrates that miR-186-5p is up-regu-
lated in LUAD, and promotes LUAD cell proliferation, migration and
invasion via inhibiting PTEN. This novel miR-186-5p/PTEN axis dee-
pens our understanding of the mechanisms underlying LUAD, and
brings new genetic insights into lung cancer. Besides, since miR-186-5p
overexpression facilitates the proliferation, migration and invasion of
LUAD cells, indicating that miR-186-5p might play an “oncogene” role
in LUAD progression, it might offer potential markers for the early di-
agnosis of LUAD. In addition, miR-186-5p stimulates the progression of
LUAD by targeting PTEN, and therefore, both miR-186-5p and PTEN
may serve as putative candidates for future therapeutic approaches in
this disease. Further carefully designed studies involving large number of
subjects are needed to confirm the diagnostic, prognostic and therapeutic
roles of these agents.
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Fig. 6. Effect of PTEN overexpression on the oncogene role of miR-186-5p. A and B. CCK-8 analysis of cell viability of H1299/NCI-H1975 cells with empty vector,
H1299/NCI-H1975 cells overexpressing miR-186-5p, and H1299/NCI-H1975 cells co-overexpressing miR-186-5p and PTEN. C. Cell migration and cell invasion
analysis of H1299/NCI-H1975 cells with empty vector, H1299/NCI-H1975 cells overexpressing miR-186-5p, and H1299/NCI-H1975 cells co-overexpressing miR-
186-5p and PTEN. D and E. Quantitative representation of transwell migration assay and transwell invasion assay after transfected with empty vector, miR-186-5p
mimic, miR-186-5p mimic and PTEN in H1299/NCI-H1975. F. Western blot analysis of PTEN expression in empty vector control, miR-186-5p-overexpressing, PTEN
and miR-186-5p co-overexpressing H1299/NCI-H1975 cells. Assays were performed in triplicate. Data are expressed as mean = SD.*P < .05, *P < .0l.
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