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Background: Non-small-cell lung cancer (NSCLC) is one of the most malignant tumors. In
which, numerous miRNAs had been reported to participate in the pathogenesis. However, the
expression and function of miR-1299 in NSCLC are not clear.

Methods: To explore the roles of miR-1299 in NSCLC, we detected the levels of miR-1299
in clinical samples of NSCLC and investigated the role of miR-1299 in the regulation of the
NSCLC cells proliferation, metastasis, and EMT. Luciferase reporter assay was employed to
verify the target of miR-1299. Additionally, the proliferation, metastasis, and EMT of A549
and H1299 cells were analyzed after the overexpression and knockdown of miR-1299.
Results: We found that the miR-1299 expression negatively corresponded with the clinical
stage and overall survival in NSCLC patients. Overexpression of miR-1299 inhibited the
migration, invasion, and EMT of A549 and H1975 cells. Meanwhile, we proved that miR-
1299 is the sponge of EGFR. Besides, our results suggested that miR-1299 inhibits the
progression of NSCLC cells through the PI3K/Akt signal pathway.

Conclusion: We demonstrated that miR-1299 inhibits the progression of NSCLC through
the EGFR/PI3K/Akt signal pathway. Therapeutic intervention targeting the miR-1299 may
provide a potential strategy for the treatment of NSCLC.
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Introduction

Lung cancer is currently the malignant tumor with the highest morbidity and
mortality. Among them, non-small-cell lung cancer (NSCLC) accounts for about
85%, which was traditionally treated with surgery and chemoradiotherapy.' Surgery
is often chosen for early NSCLC, but most NSCLC patients are diagnosed in the
middle or late stage of this disease, missing the best opportunity for operation.
Moreover, due to the high postoperative recurrence rate after surgical treatment, the
5-year survival rate of NSCLC patients is only about 65%.% Although radiotherapy
and chemotherapy based on cisplatin were recommended for patients with advanced
NSCLC. However, these patients suffered from the side-effects of chemoradiother-
apy, accompanied with a slight improvement of the survival rate.?

Consistent with the tumorigenesis of most cancers, the initiation of NSCLC is
often driven by mutations activated oncogenes. Epidermal growth factor receptor
(EGFR) is the dominant oncogene in NSCLC, which accounts for about 70% to
85% of total cases.” Therapeutic drugs targeting EGFR can effectively interfere
with the signal transduction pathway and inhibit the progression of tumors.>®
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Tyrosine kinase inhibitor (TKI) is the most representative
one, which has been demonstrated that can significantly
prolong the progression-free survival (PFS) and objective
remission rate (ORR) in clinical trials.®” Whereas, it has
been found lots of patients (57.3%) who were initially
treated with EGFR targeted drugs will develop secondary
drug resistance after about 14 months of PFS.*° Drug
resistance of EGFR-TKIs has become a significant obsta-
cle to the treatment of NSCLC.'*!"!

In recent years, as a new class of drug development
targets, miRNAs have exhibited high potentials to serve as
therapeutic targets in cancers. In lung cancer, numerous
miRNAs, such as miRNA-21, miRNA-223, and miR-1253,
have been found to participate in the pathogenesis of
NSCLC. Yang etal'? reported that inhibition of miRNA-21
expression up-regulates the expression of PDCD4, thus inhi-
biting the proliferation, migration, and invasion of A549
cells. MiRNA-21 also induces acquired drug resistance of
EGFR-TKI in NSCLC by activating PI3K/AKT signal
pathway.'® Ma etal'* found that overexpression of miRNA-
223 inhibits the protein expression of EGFR and PI3K,
enhancing apoptosis of NSCLC cells. Besides, miR-1253
inhibits the proliferation, migration, and invasion of
NSCLC cells by targeting Wnt5A."> All these findings sug-
gested that miRNAs may become therapeutic targets in
NSCLC treatment. On the other hand, miR-1299 participates
in the regulation of colon cancer,'® hepatocellular
carcinoma,'” and prostate cancer.'® However, the expression
and function of miR-1299 in NSCLC have not been studied.

In this study, we found that the expression level of miR-
1299 in tumor tissues was lower than that in paracancerous
tissues. Moreover, the overexpression of miR-1299 inhibited
the migration, invasion, and EMT of A549 and H1975 cells.
Mechanistically, EGFR was the target of miR-1299, and the
expression level of EGFR and STAT3 was down-regulated
by miR-1299. Besides, we demonstrated that miR-1299
inhibited the progression of NSCLC cells through the
PI3K/Akt signal pathway. Based on these results, therapeutic
interventions targeting the miR-1299 may provide a potential
strategy for the treatment of NSCLC.

Materials and Methods

Cell Treatment
BEAS-2B (human bronchial epithelium cell lines) and four
NSCLC cells, H1299, A549, H358, and HI1975, were
obtained from ATCC and cultured according to their recom-
MiR-1299 mimic was

mendations. purchased from

GenePharm Co. Ltd. (Shanghai, China). The miR-1299
mimic sequences were: 5'-UUC UGG AAU UCU GUG
UGA GGGA-3' (forward) and 5'-CCU CAC ACA GAA
UUC CAG AAUU-3' (reverse). Under the specified plural
number of infection and treatment time, this miRNA has no
off-targeted effect, nor does it affect the adherence, shape or
activity of lung cells mentioned above.

Clinical Specimens

Fresh NSCLC tissues were acquired from 56 patients at
Xuzhou Cancer Hospital from June 2018 to March 2020.
Moreover, the healthy lung tissues at the edge of the lung
tumor were obtained as the paracancerous tissue (control).
Subsequently, the specimens were quickly snap-frozen in
liquid nitrogen and transferred to —80°C for preservation.
All the patients signed informed consent, and the hospital
ethical committee approved this study (Permit num-
ber:2018-03-14).

Quantitative Real-Time PCR

Cells were seeded in a 6-well plate and treated according to
the experimental group. When the density reached 90%, the
RNA extraction was performed by TRIzol reagent as
described previously.!” According to the instructions, the
extracted total RNA was reverse transcribed to cDNA by
PrimeScript 1st Strand cDNA synthesis kit (Takara, Otsu,
Japan). After the implementation of real-time reverse-tran-
scription polymerase chain reaction, the CT value of the
target gene expression was obtained compared with the con-
trol group. U6 was used as the internal control gene. The
relative quantitative analysis was carried out by the 2744¢T
method. The probes were synthesized as followed: miR-
1299, 5'-ACA CTC CAG CTG GGT TCT GGA AUU
CTC-3’ (forward) and 5-CTC AAC TGG TGT CGT GGA
GTC GGC AAT TCA GTT GAG TCC CTC AC-3' (reverse);
U6: 5'-CCG CCC GCC GCC AGG CCCC-3' (forward) and
5'-ATATGG AAC GCT TCA CGA ATT-3' (reverse); EGFR,
5'-TTG CCG CAA AGT GTG TAA CG-3' (forward) and 5'-
GTC ACC CCT AAATGC CAC CG-3' (reverse).

Cell Viability Analysis

Cells were seeded in 96-well plates and cultured in 10%
FBS DMEM medium. When the density reached 70%, cells
were infected with miR-1299 mimic. After 48-h transfec-
tion, 10 ulL. CCK-8 solution (Beyotime Biotechnology,
Nantong, China) was added to each well. After incubating
60 minutes, the absorbance of each well was detected

submit your manuscript

7494

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Cao et al

at450nm by a microplate reader

Massachusetts, USA).

(Thermo Fisher,

Western Blot

To extract the total proteins, cells were lysed with RIPA
Lysis Buffer (Beyotime Biotechnology, Nantong, China) as
described previously.'” The lysate was centrifuged by
12,000 rpm at 4 °C for 10 minutes. The supernatant was
transferred to a new tube to quantify the protein amount by
BCA assay. Subsequently, electrophoresis was conducted
with 12% SDS-PAGE, followed by transfer onto polyviny-
lidene difluoride (PVDF) membrane (Millipore, Bedford,
MA, USA). After blocking with 5% (w/v) non-fat dry milk,
the membranes were incubated with primary antibodies
against GAPDH (1:2000 dilution), E-cadherin (1:1000 dilu-
tion), Vimentin (1:1000 dilution), Slug (1:1000 dilution),
Twistl (1:1000 dilution), EGFR (1:1000 dilution), PI3K
(1:1000 dilution), p-PI3K (1:1000 dilution), AKT (1:1000
dilution) and p-AKT (1:1000 dilution). All antibodies were
purchased from Abcam (Shanghai, China). Then, the appro-
priate HRP-conjugated secondary antibodies (1:5000 dilu-
tion, Proteintech, Wuhan, China) were applied. The protein
bands were detected with chemiluminescence procedure
(Pierce, Rockford, IL, USA) on Tanon 5200 Imaging sys-
tem (Shanghai, China).

EdU Staining

Cells were seeded in a 6-well plate and treated according to
the experimental group. After treatment, cells were fixed
with 4% paraformaldehyde and permeated with 0.5% Triton
X-100. After washed with 3% BSA PBS three times, the
EdU staining solution (US Everbright, Suzhou, China) was
added to cover the cells at room temperature for 30 minutes
evenly. Subsequently, the nucleus was counterstained with
DAPI, and the cells were observed with a fluorescence
microscope (IX73, Olympus, Japan).

Cell Apoptosis Analysis

Cells (1 x 10°) were seeded in 6-well plates and cultured
in 5% CO, and 37 °C incubators for 24 hours. After the
transfection of miR-1299 mimic, the cells were collected
by centrifugation at 1000 rpm for 5 minutes and washed
twice with PBS buffer. Then re-suspended cells were
added with 5 pL Annexin V-FITC and 5 pL PI and
incubated at room temperature for 15 minutes. Flow cyto-
metry analysis was carried out by a FACSCalibur flow
cytometer (BD Bioscience, New Jersey, USA).

Wound Healing Migration Assay

Cells (3 x 10° cells), which had been infected with miR-1299
mimic, were seeded in a 6-well plate and grown to nearly 90%
confluence. Subsequently, a linear scratch was made with a
200 pL pipette tip. After being washed with PBS three times,
the cells were incubated with serum-free DMEM medium. All
images were photographed at 0 and 24 h at 100 x magnifica-
tion, and the size of the wound gap was measured. Each
experiment was performed at least three times independently.

Transwell Chamber Assay

For the transwell chamber assay, a transwell chamber (8 pm,
24-well plate) that the insert membranes were coated with
diluted Matrigel was used. Cells (1 x 10° cells), which had
been infected with miR-1299 mimic, were added to the upper
chamber and cultured for 24 hours. Subsequently, the insert
membranes were cut and stained with crystal violet (Solarbio
Science and Technology Ltd., Beijing, China). The images
were taken by an inverted microscope, and the number of
invading cells was counted in three wells per group.

Luciferase Reporter Gene Assay

The 3'-UTRs (wild type) and the corresponding mutant 3'-
UTRs were amplified by PCR. Obtained target fragments
were connected it to the pLVX report vector. HEK293T
cells were inoculated into 24-well plate at the concentration
of 1 x 10° cells/cm?. When the cell density reached 70—
80%, reporter gene plasmids and miR-1299 were co-trans-
fected into HEK293T cells by Lipofectamine 2000
(ThermoFisher, Shanghai, China). The cells were collected
48 h after transfection, and luciferase activity was detected.

Statistical Analysis

All experiments were repeated at least three times. Data
were presented with mean = SD. Statistical analysis was
performed by GraphPad Prism 6 (GraphPad Software,
Inc.), and differences between groups were analyzed by
one-way ANOVA followed by Tukey’s test. P < 0.05 was
considered to be statistically significant.

Results

Low Expression of MiR-1299 is
Associated with the Pathogenesis of
NSCLC

In order to explore the physiological expression of miR-
1299, the levels of miR-1299 in 56 matched NSCLS tissues
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and corresponding paracancerous tissues were measured by
gRT-PCR. As a result, the level of miR-1299 in tumor tissues
was lower than that in paracancerous tissues (P < 0.01,
Figure 1A). Additionally, the expression levels of miR-
1299 in advanced cases (stage III and IV) was lower than
those in early-stage cases (stage I and II) (Figure 1B). At the
cellular levels, compared with BEAS-2B, the expression
levels of miR-1299 in H1299, A549, H358, and H1975
cells were significantly down-regulated (Figure 1C), indicat-
ing that down-regulation of miR-1299 is positively correlated
with the lung cancer progression. Kaplan-Meier analysis
revealed that overall survival rates of NSCLC patients with
the low miR-1299 level were decreased, compared to the
high miR-1299 levels group (Figure 1D). These data suggest
that the low expression of miR-1299 may have positive
effects on the procession of NSCLC.

MiR-1299 Inhibits the Proliferation and

Promotes the Apoptosis of NSCLC Cells
Because of the decrease of miR-1299 in NSCLC, we further
explore the effects of miR-1299 on the proliferation and
apoptosis. As shown in Figure 2A, the expression of miR-
1299 in A549 and H1975 cells was measured after the trans-
fection of miR-1299 mimic and inhibitor. Meanwhile, CCK-8
assay showed that cell viability of A549 and H1975 cells were
decreased after the transfection of miR-1299 mimic, while cell
viability of them was increased after the transfection of miR-
1299 inhibitor (Figure 2B). Furthermore, we further evaluated
the effects of miR-1299 on the proliferation and apoptosis of
these two cells by EdU assay and Annexin V/PI staining,
respectively. After the transfection of miR-1299 mimics, we
observed that red fluorescence intensity (EdU-positive) was
decreased in these cells (Figure 2C). On the contrary, red
fluorescence intensity was decreased in A549 and H1975
cells after the transfection of miR-1299 inhibitor, which indi-
cated that the proliferation was negatively regulated by miR-
1299. Moreover, the results of flow cytometry showed that the
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apoptosis of miR-1299 mimic-transfected cells was increased,
while the opposite trend was observed in the cells after the
transfection of miR-1299 inhibitor (Figure 2D). Above all,
these results suggest that miR-1299 inhibited the proliferation,
while promoted the apoptosis of NSCLC cells.

Overexpression of MiR-1299 Inhibits the
Migration, Invasion, and EMT of NSCLC
Cells

Tumor migration/invasion and EMT processes are critical
factors for tumor progression. Then, we further explore the
effects on the migration, invasion, and EMT of A549 and
H1975 cells after the overexpression of miR-1299. As shown
in Figure 3A, the wound closure percentages of the miR-1299
overexpression group were decreased, compared with these of
NC mimic group (P < 0.01). On the contrary, the wound
closure percentages were increased after the transfection of
miR-1299 inhibitor (P < 0.01). Meanwhile, the transwell
chamber assay showed the invasions of miR-1299-overex-
pressed A549 and H1975 cells were significantly inhibited,
while the invasions were promoted after transfection of miR-
1299 inhibitor (P < 0.01, Figure 3B). Furthermore, we evalu-
ated the EMT of these two NSCLC cells by detecting the
expression levels of its hallmarks, including E-cadherin,
Vimentin, Slug, and Twistl. As shown in Figure 3C, the
protein expression levels of E-cadherin were significantly
increased, while the protein expression levels of Vimentin,
Slug, and Twist1 were all decreased in A549 and H1975 cells
after transfection of miR-1299 mimic (P < 0.01). As expected,
the opposite trend was observed after transfection of miR-1299
inhibitor. Overall, these findings suggest that miR-1299 inhib-
ited the migration, invasion, and EMT of NSCLC cells.

EGFR is the Target of MiR-1299

To further explore the molecular mechanism of miR-1299
involved in the migration and proliferation of NSCLC
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Figure | Expression and clinical signifificance of miR-1299 in NSCLC. (A) Expression of miR-1299 in cancer tissue and paracancerous tissue. (B) Expression of miR-1299 in
different TNM stages. (C) Expression of miR-1299 in different lung cell lines, including BEAS-2B, H1299, A549, H358, and H1975 cells. (D) Overall survival rates of NSCLC
patients. Data were represented as mean value + SD. *P<0.05, **P<0.01 vs control group.
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Figure 2 Effects of miR-1299 on proliferation and apoptosis of NSCLC cells. (A) Transfection efficiency of miR-1299 mimic and inhibitor in A549 and H1975 cells. (B) Cell
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presented as means * SD. n = 3 ¥**¥P<0.001, **P < 0.01 vs control group. The experiments were independently repeated three times.

cells, we found that miR-1299 could target the EGFR
under the prediction of online software TargetScan
(https://www.targetscan.org) miRcode (https://www.mir
code.org), and RegRNA 2.0 (http://regrna2.mbe.nctu.edu.
tw/detection.html) (Figure 4A). Besides, we detected the
expression of EGFR in different lung cells. The results
showed that the expression of EGFR in four kinds of
NSCLC cancer cells was higher than that in BEAS-2B
cells (Figure 4B). Meanwhile, considering the critical
roles of EGFR in NSCLC,11 we selected EGFR as our

target. Subsequently, luciferase reporter assay showed that

miR-1299 mimic significantly decreased the luciferase
activity of EGFR 3'UTR, while this inhibition was blocked
by mutation of the potential binding domains (Figure 4C).
Furthermore, as shown in Figure 4D, the mRNA levels of
EGFR were significantly down-regulated in A549 and
H1975 cells overexpressed with miR-1299 (P < 0.01),
while the mRNA level of EGFR was up-regulated after
transfection of miR-1299 inhibitor (P < 0.01). Meanwhile,
the trends of protein levels were consistent with the
mRNA levels (Figure 4E). Overall, these results suggest
that miR-1299 targeted EGFR and inhibited the expression
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three times.

of EGFR, which might lead to inhibiting the progression
of NSCLC cells.

MiR-1299 Negatively Regulates the
Progression of NSCLC Through PI3K/
AKT Pathway

In order to explore the downstream of miR-1299, we
detected the phosphorylation of PI3K and AKT by
Western blot. As shown in Figure 4A, the phosphorylation
of PI3K and AKT were down-regulated after the transfec-
tion of miR-1299 mimic, while the phosphorylation of PI3K
and AKT were up-regulated after transfection of miR-1299
inhibitor. Not surprisingly, the phosphorylation level of
PI3K and AKT in H1975 cells was consistent with that in

A549 cells (Figure 5A). To confirm the mediating role of
PI3K/Akt signals in miR-1299 regulation, the 740Y-P
(PI3K agonist) was employed to activate the PI3K activity.
As shown in Figure 5B, miR-1299 mimic decreased the cell
viability in A549 cells, whereas the inhibitory effect was
blocked by 740Y-P. Besides, the EdU staining assay showed
that the red fluorescence intensity of the miR-1299-over-
expressed A549 cells treated with 740Y-P was much higher
than that in the miR-1299 mimic alone group (Figure 5C).
These results indicated that miR-1299 overexpression-
induced inhibition on the NSCLC proliferation was blocked
by 740Y-P. Furthermore, results of flow cytometry showed
that apoptosis promotion of miR-1299-overexpressed A549
cells was also blocked by 740Y-P (Figure 5D).
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were independently repeated three times.

We further evaluated the migration, invasion, and EMT of
miR-1299-regulated A549 cells. As shown in Figure 5E, the
wound closure percentage of miR-1299-overexpressed A549
cells treated with 740Y-P was higher than that in the miR-1299
overexpression alone group (P< 0.05), which indicated that the
miR-1299-inhibited cell migration was blocked by 740Y-P.
Moreover, the transwell chamber assay showed that the inva-
sion of miR-1299-overexpressed A549 cells was significantly
inhibited by 740Y-P (P < 0.05, Figure 5F). Additionally, the
EMT examination showed that the up-regulation of E-cadherin
expression in miR-1299 mimic-treated A549 cells was signifi-
cantly inhibited by 740Y-P (P < 0.05, Figure 5G). In contrast,
the reduced expression levels of Vimentin, Slug, and Twistl in
miR-1299-overexpressed AS549 cells were significantly
increased by 740Y-P (P < 0.05, Figure 5G), indicating the
PI3K pathway was involved in the miR-1299-inhibited EMT
progression in A549 cells. Above all, these results suggest that

miR-1299 negatively regulated the progression of NSCLC
cells through PI3K/Akt signals.

Discussion

Tumors are new organisms formed by abnormal proliferation
due to the loss of control at the gene level, which is primarily
genetic diseases. Oncogenes are genes that have the potential
to transform healthy cells into cancer cells. When oncogenes
exist in an inactivated form in healthy cells, it was called
proto-oncogenes. Most of them are cell growth factors and
growth factor receptors that are very important for healthy
cell growth, such as platelet growth factor (PGF), fibroblast
growth factor (FGF), Epidermal Growth Factor (EGF), tyr-
osine kinase, nuclear regulatory proteins, etc. There are
mainly two ways of proto-oncogenes activation: structural
changes (mutations) of proto-oncogenes to produce oncopro-
teins with abnormal functions; overexpression of genes to
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Figure 5 Mechanism of miR-1299 on the progression of NSCLC cells. (A) Regulation of PI3K/AKT pathway in A549 and HI975 cells. (B-D) Cell viability, proliferation, and
apoptosis of A549 cells treated or not treated with 740Y-P were measured by CCK-8 assay, EJU staining and Annexin V/PI staining, respectively. (E) Migration of A549 cells
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and Twist|. Statistical data are presented as means + SD. n = 3, *P < 0.05, **P < 0.01 vs control group. The experiments were independently repeated three times.

produce excessive growth-promoting proteins with the cor-
rect structure.

In recent years, numerous studies had proved that miRNAs
also involved in the mechanism of tumorigenesis. For
instance, miR-1299 has been reported to regulate the progres-
sion of several cancers. Wang etal'® found that the level of
miR-1299 in colon cancer cells is significantly decreased.
Notably, overexpression of miR-1299 not only down-regulates
the STAT3 pathway but also inhibits the growth of colon
cancer cells. Another study reported that miR-1299 targets
CDK6 and inhibits its expression, subsequently inhibiting
the proliferation of hepatocellular carcinoma cells.'”
However, the expression and function of miR-1299 in
NSCLC remain elusive. In this study, we detected the expres-

sion level of miR-1299 in tumor tissues was lower than that in

paracancerous tissues. Besides, the miR-1299 expression
negatively corresponded with the clinical stage and overall
survival in NSCLC patients. Further results showed that the
miR-1299 expression was significantly decreased in the
NSCLC cells, indicating that miR-1299 may participate in
the progression of NSCLC.

The progression of lung cancer usually initiates with
abnormal biological signaling pathways, including the
overexpression and mutation of crucial signal proteins in
the pathways. EGFR, as a transmembrane glycoprotein
receptor with tyrosine kinase activity, is the expression
product of proto-oncogene C-erb-1 (HER-1).?° Studies
have shown that EGFR gene mutation and subsequent
abnormal signal transduction lead to active oncogene

expression and promote the progression of tumor cells.
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EGFR plays a regulatory role in the processes of tumor
cells, including proliferation, differentiation, and anti-
apoptosis. Its mutation or abnormal expression can pro-
mote tumor cell proliferation, adhesion, invasion, and
metastasis.”> Signal transducer and activator of transcrip-
tion 3 (STAT3) is one of the members of the family of
signal transduction and transcription activation. EGFR
indirectly activates c-Src by binding to Ral-GTPase and
then activating the downstream transcriptional activator
STAT3.% Studies had shown that EGFR could promote
the phosphorylation and expression of STAT3, which con-
tributes to tumor development.**** For instance, miRNA-
7 inhibits the expression of EGFR and thus leads to
abnormal activation of STAT3 and expression.”® In this
study, we found that EGFR was overexpressed in various
kinds of NSCLC cells, compared to healthy lung tissue
cells. Moreover, we predicted the EGFR is a target of miR-
1299 by online software. The subsequent luciferase repor-
ter assay confirmed this prediction. Furthermore, the
results showed that the protein expression of EGFR in
the miR-1299 overexpression group was significantly
inhibited compared to the control group. Meanwhile, the
expression of STAT3 was also inhibited in A549 and
H1975 cells after the transfection of miR-1299 mimic.
These results suggested that miR-1299 acts as a sponge
of EGFR, thus participating in the progression of NSCLC.

As a downstream pathway of EGFR, hyperactivation of
PI3BK/AKT 1is a prominent feature of various human
cancers.””*® EGFR stimulates Ras protein after dimeriza-
tion, leading to phosphorylation cascade reaction and acti-
vating PI3K/Akt signal pathway, which leads to the
occurrence and development of tumors.?**° Studies had
shown that the PI3K/AKT pathway induces tumorigenesis
through multiple mechanisms. Sos etal’’ found that PTEN
dephosphorylates PIP3 and converts it into PIP2, which
inhibits the activation of Akt and blocks the PI3K/Akt/
mTOR pathway. The deletion or mutation of the PTEN
gene would lead to the continuous activation of the PI3K/
Akt/mTOR pathway, thus promoting the proliferation of
tumor cells. In this study, phosphorylation of PI3K and
Akt were both down-regulated after the overexpression of
miR-1299. Then, we employed an agonist of PI3K (740Y-
P) toinvestigate whether PI3K is the downstream pathway
of miR-1299. The results showed that 740Y-P blocked the
down-regulation of PI3K and Akt protein phosphorylation
in miR-1299-overexpressed A549 cells. Moreover, the inhi-
bition of migration, invasion, and EMT processes in miR-
1299-overexpressed A549 cells was also significantly

blocked by 740Y-P. These results suggested that miR-
1299 inhibited the progression of NSCLC cells through
the PI3K/Akt signal pathway.

In conclusion, we found that miR-1299 down-regulation
and EGFR up-regulation simultaneously existed in NSCLC
cells. Subsequently, we demonstrated that EGFR is the tar-
gets of miR-1299, and its expression is decreased by miR-
1299 overexpression. Moreover, our results suggested miR-
1299 negatively regulated the PI3K/Akt pathway, which
further affects the proliferation, apoptosis, migration, inva-
sion, and EMT processes of NSCLC cells. Hence, this study
demonstrated that miR-1299 impeded the progression of
NSCLC cells through the EGFR/PI3K/Akt signal pathway.
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