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miR-126 suppresses epithelial-to-mesenchymal
transition and metastasis by targeting
PI3K/AKT/Snail signaling of lung cancer cells

ZHIJUN JIA!, YING ZHANGZ, QINFENG XU', WANHUA GUO' and AIBIN GUo?

1Department of Nuclear Medicine, %Prenatal Diagnosis Center and 3Department of Geriatrics, The Affiliated

Drum Tower Hospital of Nanjing University Medical School, Nanjing, Jiangsu 210008, P.R. China

Received June 10, 2016; Accepted February 7, 2018

DOI: 10.3892/01.2018.8207

Abstract. Although previous studies have demonstrated that
dysregulation of microRNA (miR)-126 is associated with
the progression of several types of cancer, including lung
cancer, the relationship between miR-126 and lung cancer
metastasis remains unclear. SPC-Al lung cancer cells were
transfected with miR-126 mimic and negative control using
Lipofectamine® 3000. Following 2 h, TGF-B1 was used to
induce epithelial-to-mesenchymal transition (EMT). The
protein expression levels of EMT markers: E-cadherin, fibro-
nectin, N-cadherin and vimentin were detected by western
blot analysis or immunofluorescence staining. The results
demonstrated that ectopic expression of miR-126 significantly
suppresses the epithelial-to-mesenchymal transition process,
which is considered to be the initial step of tumor metastasis,
in SPC-Al lung cancer cells. In addition, lentivirus-delivered
miR-126 was demonstrated to endow Lewis lung carcinoma
(LLC) cells with the ability to suppress lung metastasis
in vivo. Previous studies have demonstrated that the molecular
signals for this phenomenon involve the inhibition of the
phosphoinositide 3-kinase/protein kinase B/Snail pathway by
miR-126. The protein levels of p-PDK1 (S241) and p-AKT
(8473) decreased in miR-126 mimic transfected SPC-A1
and LLC cells, compared with the control group, which were
detected by western blot analysis. Reverse transcription-quan-
titative polymerase chain reaction and western blot analysis
results indicated that the expression of Snail decreased in
miR-126 mimic transfected SPC-A1 and LLC cells. In conclu-
sion, these results revealed an important role for miR-126 in
the regulation of the invasive and metastatic potential of lung
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cancer, and suggested a potential application for miR-126 in
lung cancer treatment.

Introduction

Lung cancer is the most common cause of cancer-associated
mortality globally (1). Despite improvements in early
diagnosis and novel therapies, the 5-year survival rate for
patients with lung cancer is still <15%. The major cause of
the low survival rate of patients with lung cancer is distant
metastasis (2). Previous studies have demonstrated that
epithelial-to-mesenchymal transition (EMT), which is char-
acterized by the loss of epithelial markers and the gain of a
mesenchyme-like phenotype, serves a key function in the early
process of cancer cell metastasis (3,4). During the transition,
cancer cells lose the expression of genes that promote cell-cell
contact, including epithelial cadherin (E-cadherin), and gain
the expression of mesenchymal markers, including vimentin,
fibronectin and neural cadherin (N-cadherin). Transited tumor
cells are thought to have increased potential for motility,
invasion and metastasis, as well as increased resistance to
chemotherapy (5-7). A group of transcription factors has been
confirmed to be capable of orchestrating EMT programs
in cancer progression. These include direct transcriptional
repressors of E-cadherin, including Snail, Slug, zinc finger
E-box binding homeobox (ZEB)1, ZEB2 and others, including
Twist-related protein 1 (Twistl) and forkhead box C2 (8).
MicroRNAs (miRNAs/miRs) represent a group of small
non-coding RNAs (18-25 nucleotides) that induce translational
repression or target degradation by binding to the 3'-untrans-
lated regions of target mRNAs (9). miRNAs are involved
in almost every biological process, including the cell cycle,
growth, apoptosis, differentiation and stress responses, and
the regulation of gene expression (10). Furthermore, evidence
indicates that certain miRNAs may function as tumor suppres-
sors or oncogenes, potentially contributing to tumorigenesis by
binding to their targets (9,11,12). miR-126 has frequently been
reported to be downregulated in human cancers, including
osteosarcoma, breast cancer, pancreatic cancer and colorectal
cancer (13-15). In these types of cancer, miR-126 inhibits
cancer cell growth by binding to targets including insulin
receptor substrate 1, phosphoinositide 3-kinase regulatory
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subunit 2, ADAM metallopeptidase domain 9, vascular endo-
thelial growth factor and certain other molecules (16-18).
Furthermore, certain studies have demonstrated that miR-126
acts as a negative regulator of tumor invasion and metastasis
in breast cancer (18,19). In lung cancer cells, miR-126 also
inhibits cell proliferation and invasion (20-23), but the func-
tion of miR-126 in lung cancer metastasis, its role in patients
with lung cancer and in murine lung cancer models, as well
as the mechanisms by which miR-126 performs its functions
and modulates the malignant phenotypes of lung cancer cells,
remain to be fully understood.

The present study demonstrated that overexpres-
sion of miR-126 inhibited transforming growth factor-f1
(TGF-f1)-induced EMT. Furthermore, stable ectopic expres-
sion of miR-126 inhibited the metastasis of lung cancer cells
in a mouse xenograft model, suggesting that EMT inhibition
may be a central mechanism that suppresses cancer invasion
and metastasis. Furthermore, the present study identified
that the inhibitory function of miR-126 may be achieved by
targeting the phosphoinositide 3-kinase (PI3K)/protein kinase
B (AKT)/Snail signaling pathway. Thus, the results of the
present study provide valuable insights toward developing
more effective clinical therapies for lung cancer in the future.

Materials and methods

Cell culture and transfections. The SPC-A1 and LLC cell lines
were purchased from the Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China). The
cells were cultured in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), supplemented
with 10% fetal bovine serum (FBS; Hyclone; GE Healthcare
Life Sciences, Logan, UT, USA), and maintained at 37°C in
a humidified environment containing 5% CO,. SPC-A1 cells
were seeded into 6-well plates with 2.5x10* cells/well. Cells
were grown to 70% confluence, serum-starved for 24 h, and
then treated with human recombinant TGF-$1 (5 ng/ml; cat.
no. 100-21; PeproTech. RockyHill, NJ, USA) or equal amounts
of dimethyl sulfoxide (DMSO) for 48 h at 37°C. For LY294002
treatment, 24 h after seeding, the medium was removed
and replaced with LY294002 (50 gmol/l; cat. no. L9908;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) or equal
amounts of DMSO and incubated for 48 h at 37°C. miR-126
mimics (5'-UCGUACCGUGAGUAAUAAUGCG-3") and
its scramble control (5'-UAGUCA ACGAGUCUAUGAGUC
G-3") were designed and chemically synthesized by RiboBio
Co., Ltd (Guangzhou, China). For transfection, the cells were
plated into 6-well plates with 2.5x10* cells/well. Once the cells
were 30-50% confluent, miR-126 mimics or NC mimics were
transfected into the SPC-A1 cells using Lipofectamine® 3000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis. Total RNA was extracted from
SPC-AI1 cells with TRIzol® (Invitrogen; Thermo Fisher
Scientific Inc.). A total of 1 yg RNA was transcribed into
cDNA using 1st Strand cDNA Synthesis Kit (Vazyme Biotech
Co., Ltd., Nanjing, China) for mRNA and an RT-qPCR kit
(Takara Bio Inc., Otsu, Japan) for miRNA according to the
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manufacturer's protocol. The expression levels of the genes
were detected by qPCR. The following primers were used:
Human (h-) miR-126 forward, 5'-GTCGTATCCAGTGCA
GGGTCCGAG-3' and reverse, 5'-GTATTCGCACTGGAT
ACGAC-3'; h-U6 forward, 5-CTCGCTTCGGCAGCA
CA-3" and reverse, 5-AACGCTTCACGAATTTGCGT-3'
h-Snail forward, 5“TCGGAAGCCTAACTACAGCGA-3'
and reverse, 5'-AGATGAGCATTGGCAGCGAG-3'"; h-Twistl
forward, 5'"-TGCAGACGCAGCGGGTCATG-3' and reverse,
5'-GGACCGGCGGTCGAACTCCC-3"; h-ZEBI forward,
5'-GATGATGAATGCGAGTCAGATGC-3' and reverse,
5'-ACAGCAGTGTCTTGTTGTTGT-3"; h-ZEB2 forward,
5'-CAAGAGGCGCAAACAAGCC-3" and reverse, 5'-GGT
TGGCAATACCGTCATCC-3"; E-cadherin forward, 5'-CAG
CCTGTCGAAGCAGGATTGC-3' and reverse, 5-GAGCTC
AGACTAGCAGCTTCGG-3'. qPCR was performed using
the SYBR Green (Takara Biotechnology Co. Ltd, Dalian,
China) dye detection method on the ABI PrismStep-One Plus
instrument (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The thermocycling conditions were as follows: 95°C for
30 sec; followed by 40 cycles of 95°C for 5 sec; and 60°C for
30 sec. The comparative Cq method was used for quantifica-
tion of the transcripts (24).

Immunofluorescent (IF) staining. For IF staining, the SPC-A1
cells grown on the slides were fixed with 4% paraformal-
dehyde for 30 min at 4°C, then blocked with 5% bovine
serum album in for 1 h at room temperature and incubated
with primary antibodies overnight at 4°C. The next day, the
slides were washed with PBS, and incubated with Cy3-goat
anti-rabbit secondary antibodies (1:200; cat. no. 111-165-003;
Jackson Immuno Research Laboratories, West Grove, PA,
USA) and DAPI (1 mg/ml; cat. no. D6584; Sangon Biotech
Co., Ltd., Shanghai, China) for 2 h at room temperature. The
following primary antibodies were used: E-cadherin (1:200;
cat. no. ab1416; Abcam, Cambridge, UK), Fibronectin (1:200;
cat. no. ab2413; Abcam), Ki-67 (1:100; cat. no. GA626;
Dako; Agilent Technologies, Inc., Santa Clara, CA, USA).
Fluorescence microscopy images were obtained with a
research fluorescence microscope (Olympus Corporation,
Tokyo, Japan) equipped with a digital camera (at least 5 fields
of view at x400 magnification).

Western blotting. Cells or tumors were lysed in RIPA buffer
supplemented with complete Protease Inhibitor Cocktail
tablets (Roche, Inc., Basel, Switzerland) for 30 min on ice.
Protein lysates (30 ug) were subjected to 10% SDS-PAGE
(Pierce; Thermo Fisher Scientific, Inc.) and transferred to
PVDF membrane. Subsequent to blocking with 5% non-fat
milk in 0.05% TBS-Tween-20 (v/v) for 1 h at room tempera-
ture, the membranes were incubated with the appropriate
primary antibodies overnight at 4°C. Primary antibodies
used were as follows: Anti-E-cadherin (1:1,000; cat. no. 3195;
Cell Signaling Technology, Inc.), N-cadherin (1:2,000; cat.
no. 4061; Cell Signaling Technology, Inc.), vimentin (1:1,000;
cat. no. 3932; Cell Signaling Technology, Inc.), phosphorylated
(p-)AKT (ser-473; 1:2,000; cat. no. 2118-1; Epitomics; Abcam),
p-PDKI (ser-241; 1:500; cat. no. ab131067; Abcam) and B-actin
(1:5,000; cat. no. MS-1295-P; Pierce; Thermo Fisher Scientific,
Inc.). The secondary antibodies were horseradish peroxidase
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(HRP)-conjugated goat anti-mouse IgG (cat. no. AP308P;
heavy + light; 1:3,000; Sigma-Aldrich; Merck KGaA) and
HRP-conjugated goat anti-rabbit IgG (cat. no. AP307P;
heavy + light; 1:3,000; Sigma-Aldrich; Merck KGaA). The
secondary antibodies were incubated for 1 h at room tempera-
ture. Protein detection was performed using an enhanced
chemiluminescence substrate (Thermo Fisher Scientific, Inc.)
prior to exposure to film.

Stable overexpression of miR-126 in lung cancer cells and
mouse xenograft assay. The oligonucleotide sequence of
miR-126 (5'-UCGUACCGUGAGUAAUAAUGCG-3'") and
scramble control (5'-UAGUCAACGAGUCUAUGAGUC
G-3') were synthesized and cloned intopGFP-C-shLentia
lentiviral vector (cat. no. TR30023; OriGene Technologies,
Inc., Rockville; MD, USA) as previously reported (25).
The following primers were used: miR-126 forward, 5'-TAT
CTTGTGGAAAGGACGCG-3' and reverse, 5-AGACGT
TCCAAAAAATCGTACCGTGAGTAATAATGCGTCAAG
AGCGCATTATTACTCACGGTACGAGTCTTCTGACGC
TGCTGCCTG-3"; scramble control forward, 5-TATCTTGTG
GAAAGGACGCG-3' and reverse, 5"~ AGACGTTCCAAA
AAATAGTCAACGAGTCTATGAGTCGTCAAGAGCGAC
TCATAGACTCGTAGTCTAGTCTTCTGACGCTGCTGC
CTG-3'; Advantage GC 2 polymerase mix (cat. no. 639114,
Clontech Laboratories, Inc., Mountainview, CA, USA) was
used for amplification. For lentiviral infection, non-transfected
LLC cells were eliminated by 2 week spuromycin incubation
at 37°C. The overexpression of miR-126 in puromycin-resistant
LLC cells was verified by RT-qPCR as previously mentioned.

Female C57BL/6 mice were (n=8) purchased from the
Model Animal Research Center of Nanjing University
(Nanjing, China; age, 4-6 weeks; weight, 15-18 g). Mice were
bred in an SPF room of the core animal facility of the Model
Animal Research Center of Nanjing University (Nanjing,
China). The room temperature was 25°C and the light-cycle
is automatically controlled (12 h light and 12 h dark). Mice
had free access to food and water. LLC cells (1x10°) stably
overexpressing miR-126 or NC were suspended with 100 ul
50% Matrigel and injected subcutaneously into one side of
the flanks of the mice. Mice were anesthetized by intraperito-
neal injection with fresh 2,2,2-tribromoethanol (Avertin; cat.
no. B65586; Sigma-Aldrich; Merck KGaA) in sterile PBS at
a dose of 0.4 mg/g. Primary tumors were surgically removed
1 week following transplantation or when reaching a volume
of 800 mm?® to allow further growth of metastatic nodules.
Following 3 weeks of tumor growth, the mice were sacrificed
and metastasis to the lung was determined by counting indi-
vidual metastatic nodules. The results are presented as the
mean =+ standard error of the mean (SEM).

Hematoxylin-eosin (H&E) staining. Mouse lungs were
dissected and washed with cold PBS and fixed in 4% para-
formaldehyde overnight at 4°C. The samples were processed
successively by: i) a 30 min wash in PBS at 4°C; ii) an 1 h
incubation in 70, 80 and 95% ethanol and a 1 h incubation
in 100% ethanol at room temperature; iii) a 20 min incuba-
tion in xylene at room temperature; iv) a 1 h incubation in
paraffin/xylene (1:1) at 65°C; and v) a 1 h incubation in fresh
paraffin at 65°C. The processed samples were then embedded
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in paraffin and sectioned (8 ym thick). The sections were
applied for H&E staining: Briefly, sections were washed in
distilled water and incubated with 0.2% hematoxylin solu-
tion (w/v) for 5 min. Differentiation followed for 30 sec in
1% acid alcohol (1% HCI in 70% Ethanol). Subsequently,
the sections were stained with 0.25% eosin (w/v) for 15 sec
and dehydrated with an alcohol series (70, 80, 90 and 100%)
for 2 min each. The sections were visualized under a light
microscope (magnification, x6).

Statistical analysis. Each value in the present study was
obtained from at least three independent experiments. Data
were presented as the mean + SEM. Since two groups were
being compared in the present study, statistical significance
was determined using the unpaired two-tailed Student's t-test.
Statistical analysis was performed using GraphPad Prism
5.0 software (GraphPad Software, Inc., La Jolla, CA, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

miR-126 inhibits the EMT of lung cancer cells in vitro.
EMT is an important process involved in the invasion
and metastasis of tumor cells. To assess whether miR-126
affects the EMT of lung cancer cells, miR-126 mimics were
used to overexpress miR-126 in the human lung cancer
SPC-AT1 cell line. The expression of miR-126 was verified
by RT-qPCR (Fig. 1A). Cells were treated with TGF-f1
(5 ng/ml) 2 h following transfection with miR-126 mimics
and NC. TGF-f1 is widely used to induce EMT in epithelial
cells (26). Immunofluorescent staining of fibronectin and
E-cadherin revealed that TGF-f1-treated control cells exhib-
ited loss of tight junctions and epithelial phenotypes while
acquiring spindle-like, fibroblastic morphology (Fig. 1B).
However, miR-126 overexpression inhibited EMT-associated
changes (Fig. 1B). The relative protein expression of EMT
markers was also measured by western blot analysis.
Upregulation of miR-126 expression in SPC-A1 cells
resulted in a visible increase in E-cadherin expression and
a decrease in N-cadherin and vimentin expression compared
with control cells (Fig. 1C). These results indicated that
ectopic expression of miR-126 inhibited the EMT phenotype
in SPC-AT cells.

miR-126 inhibits metastasis of lung cancer cells in vivo. To
directly evaluate the function of miR-126 in tumor metastasis
in vivo, a xenograft LLC model in C57BL/6 mice was used.
LLC cells transfected with miR-126 or scramble control
lentivirus were injected subcutaneously into each flank of
the mice. Primary tumors were surgically removed ~1 week
following injection. There was no significant difference in the
size and weight of primary tumors between these two groups
(Fig.2A and B). Immunofluorescent staining of the Ki-67 prolif-
eration marker also confirmed these results (Fig. 2C and D). To
examine whether miR-126 inhibited the EMT of lung cancer
cells in vivo, the expression of EMT markers was examined
by western blot analysis. Consistent with the in vitro results,
increased expression of E-cadherin and decreased expression
of N-cadherin and vimentin were observed in the miR-126
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Figure 1. miR-126 inhibits the EMT of lung cancer cells in vitro. (A) SPC-A1 lung cancer cells were transfected with miR-126 mimics or negative control
mimics for 48 h. Overexpression of miR-126 was validated with reverse transcription-quantitative polymerase chain reaction. (B) Immunofluorescent staining
of fibronectin (green) and E-cadherin (red) in SPC-A1 cells (magnification, x400). Nucleiwere stained with DAPI (blue). SPC-A1 cells were treated with
TGF-B1 (5 ng/ml) for 48 h. Cells without any treatment were used as the normal control. (C) Western blot analysis of N-cadherin and vimentin expression in
SPC-A1 cells. B-actin was used as an internal control. “P<0.05 vs. control. EMT, epithelial-mesenchymal-transition; miR, microRNA; E-cadherin, epithelial
cadherin; N-cadherin, neural cadherin; TGF-f1, transforming growth factor-f1.
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Figure 2. miR-126 has no effect on the proliferation of lung cancer cells in vivo. (A) LLC cell-derived primary tumors 1 week following subcutaneous injection
(magnification, x1). (B) Average weight of the LLC-derived primary tumors obtained from control and miR-126 overexpression mice. (C) Ki-67 staining (red)
with the primary tumor sections. Nuclei were stained with DAPI (blue) (magnification, x400). (D) Quantification of Ki-67 positive cells in the primary tumor
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overexpression group (Fig. 3A). Stable ectopic miR-126 expres-  (Fig. 3B and C). These results indicated that miR-126 maybe
sion significantly suppressed the formation of lung metastases  capable of repressing lung cancer metastasis by preventing the
3 weeks following the surgical removal of the primary tumors  EMT process in vivo.



z

DID
LICATIONS

Control miR-126

‘ — — | E-cadherin

l | MN-cadherin

_ _I Vimentin

‘_ m—— | [i-catenin

(@]

%

[0}
=]
J

f

(=]
o
I

lung per mouse
Y
=)
1

(W8]
[=]
A

Metastatic nodules on the

Control miR-126

0S ONCOLOGY LETTERS 15: 7369-7375, 2018

7373

miR-126

Figure 3. miR-126 inhibits metastasis of lung cancer cells in vivo. (A) Western blot analysis of E-cadherin, N-cadherin and vimentin expression in LLC-derived
primary tumors. 3-actin was used as an internal control. (B) Representative metastases (upper) and morphology of the lung (lower) 3 weeks following
removal of the primary tumor. (C) Quantification of lung metastases of the control and miR-126-overexpression group. "P<0.05 vs. control. miR, microRNA;

E-cadherin, epithelial cadherin; N-cadherin, neural cadherin.

The PI3K/AKT/Snail pathway is a direct target of miR-126
in lung cancer cells. Previous studies have demonstrated
that multiple predicted and validated miR-126 targets are
signaling inputs for AKT activity (27,28). To investigate
whether the inhibitory function of miR-126 on the metastasis
of lung cancer cells is mediated by the PI3K/AKT pathway,
the activity of this pathway was examined following miR-126
overexpression. p-PDK1 and p-AKT were significantly down-
regulated in SPC-Al and LLC cells overexpressing miR-126
(Fig.4A and B). Expression of the transcription factor Snail was
reduced in the two miR-126 transfected cell lines compared
with the NC cells, but Slug, Twistl and ZEB1 were not affected
(Fig. 4C and D). Constitutively active AKT induces Snail
expression (29). To examine whether reduced Snail expres-
sion accounted for the reduced PI3K/AKT activity, LY294002
was used to treat SPC-Al and the LLC cells. Snail mRNA
expression was reduced following treatment with LY294002,
compared with the control (Fig. 4E and F). Snail represses
E-cadherin expression by directly targeting the promoter of
the latter (30). Expression of E-cadherin was also reduced
following the addition of LY294002 to the SPC-A1 and the
LLC cells, compared with control cells (Fig. 4E and F). These
results revealed that miR-126 may inhibit the EMT and metas-
tasis of lung cancer cells via the PI3K/AKT/Snail signaling
pathway.

Discussion

EMT serves a crucial function not only in the development of
cancer, but also in cancer progression (31). Cancer cells under-
going EMT are endowed with more aggressive phenotypes than
cells that have not undergone EMT, including mesenchymal
and stem cell-like features which result in the acquisition of
malignant properties, including invasion, metastasis, recur-
rence and drug resistance. Understanding the molecular
mechanisms that regulate EMT is necessary to improve lung

cancer treatment. The present study demonstrated that overex-
pression of miR-126 inhibited TGF-B1-induced EMT in lung
cancer cells. The present study also demonstrated that regu-
lation of the PI3K/AKT/Snail signaling pathway is involved
inmiR-126-mediated EMT and metastasis inhibition in lung
cancer cells.

Previous studies have demonstrated that miR-126 inhibits
the invasion and migration of lung cancer cells (23). EMT,
which is characterized by a loss of cell junctions and the gain
of migratory functions, serves a key role in the early process
of metastasis of cancer cells. The present study revealed that
overexpression of miR-126 inhibited TGF-p1-induced EMT.
EMT inhibition may be the main mechanism to account for
miR-126-mediated inhibition of lung cancer.

Previous studies have reported that miR-126 inhibited
the proliferation of lung cancer cells (20,22). However, in
the present study there was no significant inhibitory effect
on the proliferation of LLC cells in vivo. This may be due
to distinct regulatory networks in different types of cancer
cell or the complicated microenvironment in vivo. Further
studies are needed to address this. Zhang et al (19) reported
that miR-126 inhibited breast cancer metastasis by repressing
the recruitment of mesenchymal stem cells and inflammatory
monocytes. However, in the present study there was no differ-
ence in the number or size of metastatic lung cancer tumor
nodules between the control and miR-126 overexpression
groups. Zhang et al (19) adapted the tail-vein injection assay,
which excludes the influence of miR-126 on the cancer cells at
the primary tumor site prior to intravasation into the circula-
tion. The present study demonstrated that miR-126 inhibited
the mesenchymal-like changes of primary tumor cells, thereby
inhibiting the initial step necessary for metastasis.

It has become evident that EMT is one of the numerous
cellular processes subject to AKT kinase regulation (28). In
addition, TGF-B1 induces EMT in human lung cancer cells
via the PI3K/AKT and mitogen-activated protein kinase
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Figure 4. miR-126 directly targets the phosphoinositide 3-kinase/AKT/Snail pathway in lung cancer. Western blot analysis of p-PDK1 and p-AKT expression
in (A) SPCA1 and (B) LLC cells transfected with NC and miR-126 mimics. f$-actin was used as an internal control. RT-qPCR analysis of epithelial-mesen-
chymal-transition-associated gene expression in (C) SPCA1 and (D) LLC cells transfected with NC and miR-126 mimics. RT-qPCR analysis of Snail and
E-cadherin expression in (E) SPCA1 and (F) LLC cells following DMSO or LY294002 (50 M) treatment. “P<0.05, “P<0.01 vs. control. miR, microRNA;
AKT, protein kinase B; p-, phosphorylated; PDK1, pyruvate dehydrogenase kinase 1; NC, negative control; RT-qPCR, reverse transcription-quantitative

polymerase chain reaction; E-cadherin, epithelial cadherin.

kinase/extracellular signal-regulated kinase 1/2 signaling
pathways (32). EMT is driven by activating AKT and involves
upregulation of the mesenchymal cell-specific protein Snail
and downregulation of numerous epithelial cell-specific
proteins, including E-cadherin (29). SNAIL represses
E-cadherin expression by directly targeting the promoter of
the latter (30). Previous studies and the present study have
demonstrated that miR-126 significantly inhibits the AKT
pathway as revealed by reduced p-PDK1 and p-AKT protein.
AKT pathway inhibition resulted in reduced Snail expression.
Thus, the PI3K/AKT/Snail pathway may be an important
means through which miR-126 inhibits the EMT and metas-
tasis of lung cancer cells.

In conclusion, the present study demonstrated that overex-
pression of miR-126 suppressed the EMT and metastasis of lung
cancer cells by targeting the PI3K/AKT/Snail pathway. To the
best of our knowledge, this is the first study to demonstrate that
miR-126 regulates the EMT of lung cancer cells and also the
first to demonstrate that miR-126 inhibits lung cancer metastasis
in vivo. However, further studies are required to identify and
understand the clinical therapeutic significance of miR-126.
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