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Abstract: The recent discovery of microRNAs (miRNAs) has provided a novel mechanism for the tumorigenesis.
In the present study, we explored the expression and function of miR-187 in non-small-cell lung cancer (NSCLC).
Quantitative real-time PCR analysis showed that miR-187 was up-regulated in NSCLC specimens and cultured can-
cer cells. In vitro studies demonstrated that overexpression of miR-187 mimics enhanced cell proliferation and
invasion. Mechanistically, the targets of miR-187 were predicted by bioinformatics tools. Luciferase reporter assays
and western blot further revealed that the phosphatase and tensin homolog (PTEN) gene, a tumor suppressor, was
suppressed by miR-187. As a result, overexpression of miR-187 mimics led to an enhanced activation of AKT signal-
ing. In agreement, restoration of PTEN expression or inhibition of AKT activity by its antagonist in lung cancer cells
largely attenuated the oncogenic roles of miR-187. Therefore, our results suggest that miR-187 promotes NSCLC
progression by directly targeting PTEN and may serve as a potential therapeutic target for cancer therapy.

Keywords: Non-small-cell lung cancer, cell proliferation, miR-187, PTEN

Introduction

Non-small-cell lung cancer (NSCLC) is the lead-
ing cause of cancer-related deaths and with
poor prognosis worldwide [1]. Intensive studies
have demonstrated the molecular mechanisms
of several tumor suppressors and oncogenes
in NSCLC development, including PTEN, p53,
FoxO1, Wnt/B-Catenin and EGFR signaling
[2-7]. However, the roles of non-coding RNAs
medicated post-transcriptional regulation that
contributed to the tumorigenesis of NSCLC
remains to be determined.

MicroRNAs (miRNAs), a class of small and non-
coding RNAs, suppress mRNA translation or
promote mRNA cleavage by base pairing with a
seed region in the 3’-untranslated region (3'-
UTR) of target genes [8, 9]. It has been shown
that dysregulation of several miRNAs is involved
in the NSCLC proliferation, invasion, metasta-
sis, and drug resistance [10-12], suggesting
that a better understanding of the mechanisms
underlying miRNA function may offer new tar-
gets for cancer treatment.

The expression and roles of miR-187 has been
revealed in several types of human cancers.
For instance, single-nucleotide polymorphisms
inside mMiR-187 target sites influence breast
cancer susceptibility [13]. Further studies
showed that miR-187 expression in breast can-
cer leads to a more aggressive, invasive pheno-
type and acts as an independent predictor of
outcome [14]. Besides, miR-187 was overex-
pressed in thyroid tumors, compared with
hyperplastic nodules in the surgical samples
[15]. Moreover, ectopic expression of miR-187
in ovarian cancer cells promoted cell prolifera-
tion through targeting disabled homolog-2
(DAB2) [16]. Interestingly, a recent study found
that the eight-miRNA signature, including
miR-187, is an independent prognostic marker
of overall survival of lung adenocarcinoma
patients [17]. However, until now, the expres-
sion and biological function of miR-187 in
NSCLC remains unknown.

In the present study, we investigated the
expression of miR-187 in 35 pairs of primary
NSCLC tissues along with their matched adja-
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cent normal tissues, and explored its function
in NSCLC. Our results suggest that miR-187
has a potentially important role on the initiation
and/or progression of NSCLC

Materials and methods
Human tissue samples

35 parried of primary NSCLC tissues and adja-
cent non-tumor normal specimens were
obtained from patients in the Second Hospital
of Jilin University from 2011 to 2013 with
informed consent and agreement. The study
protocol was reviewed and approved by the
Institutional Review Board of the Second
Hospital of Jilin University. All tissue samples
were from untreated patients undergoing sur-
gery and were snap frozen in liquid nitrogen
and then stored at -80°C.

miR-187 mimics and inhibitors

The human miR-187 duplex mimic, miR-187
inhibitor and negative control miRNA duplex
(miR-NC) and were designed and synthesised
by Genepharma Inc. (Shanghai, China). miR-
187 inhibitor is chemically modified, single-
stranded nucleic acids designed to specifically
bind to and inhibit endogenous miR-187
molecules.

Cell culture and transfection

Non-small-cell lung cancer cell lines (A549,
H1299 and H460), human bronchial epithelial
(HBE) cell line was provided by the Institute
of Biochemistry and Cell Biology of Chinese
Academy of Science, China. Cells were grown
in Dulbecco’s modified Eagle’'s medium (Invi-
trogen, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum (Invitrogen) and
maintained at 37°C in a humidified atmosphere
with 5% CO,. All transfections were performed
using Lipofectamine 2000 reagents (Invitrogen)
according to the manufacturer’s instructions.

BrdU incorporation, cell invasion assays

A cell proliferation enzyme-linked immunosor-
bent assay (BrdU kit; Beyotime) was used to
analyze the incorporation of BrdU during DNA
synthesis following the manufacturer’s proto-
cols. Absorbance was measured at 450 nm in
the Spectra Max 190 ELISA reader (Molecular
Devices, Sunnyvale, CA). Invasion assays were
conducted using a specialized Chemicon inva-

937

sion chamber which included a 24-well tissue
culture plate with 12 cell culture inserts
(Millipore, Bedford, MA, USA).

Real-time PCR analysis

Total RNA from tissues and cells was extracted
using the TRIzol Kit (Invitrogen) according to the
manufacturer’s instructions. Quantitative real-
time PCR was performed using SYBR Premix Ex
Taq reagents (Takara, Shiga, Japan). Relative
expression levels of miR-187 were calculated
using the 222t method with U6 as the endoge-
nous reference gene.

Western blot

Cells and tissues were harvested and lysed
with ice-cold lysis buffer (50 mM Tris-HCI, pH
7.4, 100 mM 2-Mercaptoethanol, 2% w/v SDS,
10% glycerol). After centrifugation at 10,000xg
for 10 min at 4°C, proteins in the supernatants
were quantified and separated by 10% SDS
PAGE. Immunoblots were performed using
primary antibodies targeting PTEN and AKT
(Abcam, Cambridge, Massachusetts, USA).
Protein levels were normalized to total GAPDH,
using a rabbit anti-GAPDH antibody (Abcam).
The proteins were visualized by an ECL chemilu-
minescence detection kit (Amersham Biosci-
ences, Buckinghamshire, UK).

miRNA target prediction

Putative miR-187 target genes were screened
by the combined use of miRBase (http://micror-
na.sanger.ac.uk), miRWalk (http://www.umm.
uni-heidelberg.de/apps/zmf/mirwalk/) and Tar-
getScan (http://genes.mit.edu/targetscan) tar-
get prediction programs.

Plasmid construction and luciferase reporter
assays

The 3’-untranslated region (3’-UTR) of human
PTEN gene was cloned into the pmirGlo plas-
mid (Promega, WI, USA) between the Xhol and
Xbal sites. The pmirGlo plasmids containing
mutated PTEN 3’-UTR were constructed using
the KOD-plus mutagenesis kit (Toyobo, Osaka,
Japan) according to the manufacturer’s instruc-
tions. For luciferase reporter assays, the miRNA
mimics (25 nM) and plasmid (100 ng) were co-
transfected into A549 cells. Transfection effi-
ciency was normalized by co-transfecting
Simian virus 40 (SV40) plasmids (Promega).
Luciferase values were measured using the

Int J Clin Exp Med 2016;9(2):936-943



MiR-187 inhibits PTEN expression in NSCLC

A miR-187
151
E **
(]
-t
< 104
=
1 4
£
S 5
k=
[F]
(14
0 [ |

NSCLC

Nor'mal

w

Relative miRNA Level

% % %

2.5+

% % %

2.0 T * %
1.54

1.0

0.54

0.0 T T
A549 H1299 H460 HBE

Figure 1. Up-regulation of miR-187 in NSCLC tissues and cell lines. (A, B) Relative expression levels of miR-187 in
35 cases of human tissues (A) and cell lines (B). miR-187 expression was analyzed by quantitative real-time PCR

and normalized to the endogenous control U6.
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Figure 2. The effect of miR-187 overexpression on NSCLC growth in vitro. (A, B) Cell proliferation (A), invasion (B)
assays in A549 and H460 cells expressing miR-187 mimics or negative control (NC). (C) Colony formation and quan-
tification of colonies as function of miR-187 over-expression.

Dual-Luciferase Reporter Assay System (Pro-
mega).

Statistical analysis

Data were expressed as mean * standard error
of the mean (SE). Analysis was conducted with
GraphPad Prism version 6.01 (GraphPad Soft-
ware). Student’s t test was used to analyze the
significance between two groups. Significance
between two groups was analyzed using the
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unpaired two-tailed t test (*P<0.05, **P<0.01,
***P<0.001).

Results

miR-187 is up-regulated in NSCLC tissues

To determine the expression and significance
of miR-187 in NSCLC carcinogenesis, quantita-
tive real-time PCR analysis was conducted in
35 cases of NSCLC and adjacent normal tis-
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Figure 3. miR-187 represses PTEN expression through targeting its 3’-UTR. (A, B) Relative mRNA (A) and protein (B)
levels of DAB2 in A549 cells transfected with miR-187 mimics or negative control (NC). (C) Prediction of miR-187
binding sites in the 3’-UTR of human PTEN gene by bioinformatics software. (D) Luciferase reporter assays in A549
cells. Cells were transfected with wild-type or mutant 3’-UTR-reporter constructs together with miR-187 mimics or
negative control (NC). (E, F) Representative protein levels of PTEN in A549 (E) and H460 (F) cells transfected with
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and H460 cells separately.
As a result, forced overex-
pression of miR-187 mim-
ics enhanced cell prolifera-
tion and invasion abilities
(Figure 2A, 2B). Colony
formation rate was also
increased after overexpre-
ssion of miR-187 (Figure
2C), suggesting that miR-
can enhance the
growth of NSCLC cells in

t-AKT

Figure 4. miR-187 activates AKT signaling in NSCLC cells. (A, B) Representative
protein levels of phosphorylated AKT (S473) in A549 (A) and H460 (B) cells
transfected with miR-187 mimics or negative control (NC).

vitro.

Identification of PTEN as a

sues. As shown in the Figure 1A, miR-187 was
significantly up-regulated in NSCLC tissues
(Figure 1A). In addition, the increased expres-
sion of miR-187 was also observed in human
NSCLC cell lines including A549, H1299 and
H460, compared with bronchial epithelial (HBE)
cells. These results suggest that the up-regula-
tion of miR-187 may affect with the tumorige-
nicity of NSCLC.

miR-187 promotes NSCLC cell proliferation
and invasion

Next, to evaluate the biological roles of miR-

187 in NSCLC cell lines, its mimic and the nega-
tive control (NC) were transfected into A549
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novel target of miR-187

Previous study has shown that miR-187 could
inhibit DAB2 expression in ovarian cancer cells
[16]. However, mRNA and protein levels of
DAB2 remained unaffected in NSCLC cells over-
expressing miR-187 (Figure 3A, 3B). Therefore,
potential targets of miR-187 were screened by
bioinformatics analyses. Three prediction algo-
rithms (PicTar, miRWalk and Target Scan) were
used to identify the putative target genes of
miR-187. Among them, the tumor suppressor
gene PTEN was chosen for further experiments,
since it harbored a miR-187 binding site in its
3’-untranslated region (3’-UTR) (Figure 3C).

To test this hypothesis, the 3-UTR fragment,
containing the potential binding site (wild-type

Int J Clin Exp Med 2016;9(2):936-943
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Figure 5. Restoration of PTEN expression reversed the oncogenic roles of miR-187. (A) Representative protein levels
of PTEN in A549 cells. Cells were pre-transfected with miR-187 mimics or negative control (NC) for 24 hr, and then
transfected with PTEN expression plasmid for another 24 hr. (B-D) Cell proliferation (B), invasion (C) and quantifica-

tion of colonies (D) were determined in A549 cells.
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or mutant) (Figure 3C), was cloned and insert-
ed into the pGL3 vector immediately down-
stream of the luciferase reporter. As shown in
Figure 3D, overexpression of miR-187 mimics
led to a reduction of luciferase activity when
the reporter construct contained the wild-type
3-UTR (Figure 3D). In contrast, mutation of the
potential binding site largely abolished the sup-
pressive effect of miR-187 mimics (Figure 3D),
suggesting that miR-187 could bind to the seed
sequence to inhibit PTEN expression. In agree-
ment, our western blot experiments showed
that endogenous protein levels of PTEN were
substantially down-regulated by miR-187 mim-
ics in A549 and H460 cells (Figure 3E, 3F).
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Figure 6. Inhibition of AKT signaling reversed the on-
cogenic roles of miR-187. (A-C) Cell proliferation (A),
invasion (B) and quantification of colonies (C) as-
says were determined in A549 cells. Cells were pre-
transfected with miR-187 mimics or negative con-
trol (NC) for 24 hr, and then treated with LY294002
(20 nM) or vehicle control (Ctrl) for another 12 hr.

It has been well-established that PTEN could
oppose phosphoinositide 3-kinase (PI3K) func-
tion, leading to inactivation of AKT signaling
[18]. Therefore, phosphorylated AKT was ass-
essed in these cells. In agreement, transfec-
tion of miR-187 mimics led to a significant acti-
vation of AKT, as shown by its phosphorylation
at the Serine 143 (S143) (Figure 4A, 4B).

Restoration of PTEN expression or inhibition of
AKT signaling reversed the oncogenic roles of
miR-187

Given the regulatory roles of miR-187 on the
PTEN-AKT signaling pathway, we further verify

Int J Clin Exp Med 2016;9(2):936-943
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Figure 7. Suppression of miR-187 inhibits NSCLC cell proliferation. (A, B) Cell proliferation (A) and invasion (B) assays
were determined in A549 cells transfected with miR-187 inhibitors or negative controls (NC). (C) Representative
protein levels of PTEN and phosphorylated AKT were analyzed in A549 cells.

the functional connection between these mol-
ecules. Firstly, Ab49 cells were transfected
with PTEN expression plasmids to restore its
expression (Figure 5A). As shown in Figure
5B-D, re-introduction of PTEN reversed the pro-
liferative roles of miR-187 (Figure 5B-D). Next,
we treated A549 cells with LY294002, a mor-
pholine-containing chemical compound that
is a potent inhibitor of AKT signaling [19].
Consistently, the oncogenic roles of miR-187 in
the cell proliferation and invasion were also
blocked by LY294002 treatment (Figure 6A-C),
underlining the specific importance of the
PTEN-AKT pathway for miR-187 action in the
NSCLC tumorigenesis.

Inhibition of miR-187 suppresses NSCLC
growth

Finally, we determined whether inhibition of
miR-187 could suppress NSCLC growth.
Inhibitors of miR-187 and negative controls
(NC) were transfected into A549 cells, followed
by cell proliferation and invasion analysis. As
a result, suppression of miR-187 significantly
inhibited cell proliferation and invasion (Figure
7A, 7B). Besides, up-regulation of PTEN and
inactivation of AKT signaling was observed in
both cells (Figure 7C). Therefore, our results
suggest that down-regulation of miR-187 could
reduce NSCLC progression in vitro.

Discussion

In this study, we provide the first integrated
investigation of the function of miR-187 in
NSCLC at both clinical and cellular levels.
Firstly, miR-187 expression was increased in
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NSCLC tissues, compared with adjacent nor-
mal tissues. Secondly, ectopic overexpression
of miR-187 mimics promoted, whereas its
inhibitor suppressed NSCLC cell proliferation
and invasion. Moreover, luciferase reporter and
western blot assays showed that miR-187 has
a direct contact with PTEN 3’-UTR, to down-reg-
ulate PTEN expression. It has to be noted that
miR-187 was down-regulated in clear cell renal
cell carcinoma and inhibited cell growth and
migration though targeting B7-H3 [20]. There-
fore, miR-187 could act as either an oncogene
or a tumor suppressor, which might rely on cel-
lular context.

PTEN, which dephosphorylates PI(3,4,5)P3, an
important activator of Akt, is a tumor suppres-
sor gene mutated in many human cancers [21].
Bronchioalveolar epithelium-specific null muta-
tion of PTEN promotes lung carcinogenesis in
mice [22]. Besides, loss of PTEN expression is
observed in most NSLCL patients [23]. However,
the mechanism by which PTEN expression is
regulated in NSCLC remains poorly understood.
It has been shown that genetic alterations,
including LOH or inactivating mutation of PTEN,
and promoter methylation are rare in NSCLC
[24, 25], suggesting that other suppressive
mechanisms may play important roles.
Interestingly, recent studies have shown that
PTEN could be down-regulated by several miR-
NAs in NSCLC, including miR-21, miR-92b, miR-
205 and miR-214 [26-30]. Therefore, together
with these reports, our data highlight an impor-
tant role of miRNAs in the regulation of PTEN
expression. Understanding of these regulatory
mechanisms might have therapeutic benefits
against NSCLC.

Int J Clin Exp Med 2016;9(2):936-943
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This study has some limitations. Firstly, wheth-
er other important molecules are involved in
the roles of miR-187 should be determined.
Besides, whether this complicated network
involving miR-187 and PTEN-AKT regulates
tumorigenesis in vivo remains unexplored.
Further studies are still needed to clarify these
issues.

In summary, this study provides a miR-187-me-
diated mechanism for the frequent down-regu-
lation in NSCLC pathogenesis, causing uncon-
trolled proliferation and invasion. Further inves-
tigation will help to clarigy whether therapeutic
tools targeting this pathway can be developed
for lung cancer treatment and whether this
pathway provides a prognostic biomarker for
lung cancer patient survival.

Acknowledgements

This work was supported by the science and
technology services of jilin province scientific
and technological project (#20140521) and
the Natural science Foundation of China
(#81272472).

Disclosure of conflict of interest
None.

Address correspondence to: Xing-Yi Zhang, De-
partment of Thoracic Surgery, The Second Hos-
pital of lJilin University, No. 218 Zigiang Street,
Changchun 130041, China. Tel: +86 13904309833;
E-mail: xingyizhang@live.com

References

[1] Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun
MJ. Cancer statistics, 2009. CA Cancer J Clin
2009; 59: 225-49.

[2] Yip PY. Phosphatidylinositol 3-kinase-AKT-
mammalian target of rapamycin (PI3K-Akt-
mTOR) signaling pathway in non-small cell lung
cancer. Transl Lung Cancer Res 2015; 4: 165-
76.

[31 D’Arcangelo M, D’Incecco A, Cappuzzo F. Rare
mutations in non-small-cell lung cancer. Future
Oncol 2013; 9: 699-711.

[4] Kumar$S, Mohan A, Guleria R. Prognostic impli-
cations of circulating anti-p53 antibodies in
lung cancer--a review. Eur J Cancer Care (Engl)
2009; 18: 248-54.

[5] Chada S, Menander KB, Bocangel D, Roth JA,
Ramesh R. Cancer targeting using tumor sup-
pressor genes. Front Biosci 2008; 13: 1959-
67.

942

(6]

(7]

)

(10]

(11]

[12]

(13]

(14]

(15]

[17]

(18]

Stewart DJ. Wnt signaling pathway in non-small
cell lung cancer. J Natl Cancer Inst 2014; 106:
djt356.

Cadranel J, Ruppert AM, Beau-Faller M, Wislez
M. Therapeutic strategy for advanced EGFR
mutant non-small-cell lung carcinoma. Crit Rev
Oncol Hematol 2013; 88: 477-93.

Sun K, Lai EC. Adult-specific functions of ani-
mal microRNAs. Nat Rev Genet 2013; 14: 535-
48.

Ling H, Fabbri M, Calin GA. MicroRNAs and
other non-coding RNAs as targets for antican-
cer drug development. Nat Rev Drug Discov
2013; 12: 847-65.

Huang Y, Hu Q, Deng Z, Hang Y, Wang J, Wang
K. MicroRNAs in body fluids as biomarkers for
non-small cell lung cancer: a systematic re-
view. Technol Cancer Res Treat 2014; 13: 277-
87.

Cortinovis D, Monica V, Pietrantonio F, Ceresoli
GL, La Spina CM, Wannesson L. MicroRNAs in
non-small cell lung cancer: current status and
future therapeutic promises. Curr Pharm Des
2014; 20: 3982-90.

Zhang Y, Yang Q, Wang S. MicroRNAs: a new
key in lung cancer. Cancer Chemother
Pharmacol 2014; 74: 1105-11.

Nicoloso MS, Sun H, Spizzo R, Kim H,
Wickramasinghe P, Shimizu M, Wojcik SE,
Ferdin J, Kunej T, Xiao L, Manoukian S, Secreto
G, Ravagnani F, Wang X, Radice P, Croce CM,
Davuluri RV, Calin GA. Single-nucleotide poly-
morphisms inside microRNA target sites influ-
ence tumor susceptibility. Cancer Res 2010;
70: 2789-98.

Mulrane L, Madden SF, Brennan DJ, Gremel G,
McGee SF, McNally S, Martin F, Crown JP,
Jirstrom K, Higgins DG, Gallagher WM,
0’Connor DP. miR-187 is an independent prog-
nostic factor in breast cancer and confers in-
creased invasive potential in vitro. Clin Cancer
Res 2012; 18: 6702-13.

Nikiforova MN, Tseng GC, Steward D, Diorio D,
Nikiforov YE. MicroRNA expression profiling of
thyroid tumors: biological significance and di-
agnostic utility. J Clin Endocrinol Metab 2008;
93: 1600-8.

Chao A, Lin CY, Lee YS, Tsai CL, Wei PC, Hsueh
S, Wu Tl, Tsai CN, Wang CJ, Chao AS, Wang TH,
Lai CH. Regulation of ovarian cancer progres-
sion by microRNA-187 through targeting
Disabled homolog-2. Oncogene 2012; 31:
764-75.

Li X, ShiY, Yin Z, Xue X, Zhou B. An eight-miRNA
signature as a potential biomarker for predict-
ing survival in lung adenocarcinoma. J Transl
Med 2014; 12: 159.

Hollander MC, Blumenthal GM, Dennis PA.
PTEN loss in the continuum of common can-

Int J Clin Exp Med 2016;9(2):936-943



[19]

[20]

[21]

[22]

(23]

[24]

943

MiR-187 inhibits PTEN expression in NSCLC

cers, rare syndromes and mouse models. Nat
Rev Cancer 2011; 11: 289-301.

Kong D, Yamori T. Phosphatidylinositol 3-ki-
nase inhibitors: promising drug candidates for
cancer therapy. Cancer Sci 2008; 99: 1734-
40.

Zhao J, Lei T, Xu C, Li H, Ma W, Yang Y, Fan S,
Liu Y. MicroRNA-187, down-regulated in clear
cell renal cell carcinoma and associated with
lower survival, inhibits cell growth and migra-
tion though targeting B7-H3. Biochem Biophys
Res Commun 2013; 438: 439-44.

Song MS, Salmena L, Pandolfi PP. The func-
tions and regulation of the PTEN tumour sup-
pressor. Nat Rev Mol Cell Biol 2012; 13: 283-
96.

Yanagi S, Kishimoto H, Kawahara K, Sasaki T,
Sasaki M, Nishio M, Yajima N, Hamada K,
Horie Y, Kubo H, Whitsett JA, Mak TW, Nakano
T, Nakazato M, Suzuki A. Pten controls lung
morphogenesis, bronchioalveolar stem cells,
and onset of lung adenocarcinomas in mice. J
Clin Invest 2007; 117: 2929-40.

Li G, Zhao J, Peng X, Liang J, Deng X, Chen Y.
The mechanism involved in the loss of PTEN
expression in NSCLC tumor cells. Biochem
Biophys Res Commun 2012; 418: 547-52.
Forgacs E, Biesterveld EJ, Sekido Y, Fong K,
Muneer S, Wistuba Il, Milchgrub S, Brezinschek
R, Virmani A, Gazdar AF, Minna JD. Mutation
analysis of the PTEN/MMAC1 gene in lung can-
cer. Oncogene 1998; 17: 1557-65.

[25]

[26]

[27]

(28]

[29]

(30]

Marsit CJ, Zheng S, Aldape K, Hinds PW,
Nelson HH, Wiencke JK, Kelsey KT. PTEN ex-
pression in non-small-cell lung cancer: evaluat-
ing its relation to tumor characteristics, allelic
loss, and epigenetic alteration. Hum Pathol
2005; 36: 768-76.

Zhang JG, Wang JJ, Zhao F, Liu Q, Jiang K, Yang
GH. MicroRNA-21 (miR-21) represses tumor
suppressor PTEN and promotes growth and in-
vasion in non-small cell lung cancer (NSCLC).
Clin Chim Acta 2010; 411: 846-52.

Li Y, Li L, GuanY, Liu X, Meng Q, Guo Q. MiR-
92b regulates the cell growth, cisplatin chemo-
sensitivity of A549 non small cell lung cancer
cell line and target PTEN. Biochem Biophys
Res Commun 2013; 440: 604-10.

Lei L, Huang Y, Gong W. miR-205 promotes the
growth, metastasis and chemoresistance of
NSCLC cells by targeting PTEN. Oncol Rep
2013; 30: 2897-902.

Cai J, Fang L, Huang, Li R, Yuan J, Yang Y, Zhu
X, Chen B, Wu J, Li M. miR-205 targets PTEN
and PHLPP2 to augment AKT signaling and
drive malignant phenotypes in non-small cell
lung cancer. Cancer Res 2013; 73: 5402-15.
Wang YS, Wang YH, Xia HP, Zhou SW, Schmid-
Bindert G, Zhou CC. MicroRNA-214 regulates
the acquired resistance to gefitinib via the
PTEN/AKT pathway in EGFR-mutant cell lines.
Asian Pac J Cancer Prev 2012; 13: 255-60.

Int J Clin Exp Med 2016;9(2):936-943



