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MicroRNAs are essential regulators of cancer-associated genes at the posttranscriptional level, and their
expression is altered in cancer tissues. Herein we sought to identify the regulation of miR-615-3p in NSCLC
progression and its mechanism. miR-615-3p expression was significantly downregulated in NSCLC tissue
compared to control normal tissue. Exogenous overexpression of miR-615-3p inhibited the growth and metas-
tasis of NSCLC cells. In addition, the in vivo mouse xenograft model showed that overexpression of miR-
615-3p inhibited NSCLC growth and lung metastasis, whereas decreased expression of miR-615-3p caused an
opposite outcome. Furthermore, we revealed that insulin-like growth factor 2 (IGF2) expression was negatively
correlated with the miR-615-3p level in NSCLC specimens, and IGF2 knockdown mimicked the effect of miR-
615-3p inhibition on NSCLC cell proliferation, migration, and invasion. In addition, overexpression of IGF2
rescued the inhibition of miR-615-3p in NSCLC cells. Together, our results indicated that miR-615-3p played
important roles in the regulation of NSCLC growth and metastasis by targeting IGF2.
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INTRODUCTION

Non-small cell lung cancer (NSCLC) is one of the
most deadly cancers, and its incidence has drastically
increased worldwide'. Once NSCLC cells have dis-
seminated to distant and internal organs, NSCLC will
be almost resistant to the current clinical treatment and
become an incurable disease, with a median survival time
of only 6-9 months*®. Hence, it is noteworthy that the
occurrence of cancer cell metastasis is a key promoter of
NSCLC, making it aggressive and life-threatening, and
the identification of metastasis-related biomarkers and
therapeutic targets is therefore urgent for the treatment
of NSCLC.

MicroRNAs (miRNAs) are small noncoding RNAS
and posttranscriptionally control their downstream target
gene expression*®. Substantive studies have shown that
altered expression of miRNAs is associated with human
cancer progression, including growth, metastasis and
angiogenesis, and chemotherapy resistance®®. miRNAs
commonly function as a tumor suppressor oncogene and
play an important role in the diagnosis and treatment of
cancer®®. In NSCLC, several miRNAs such as miR-145,
miR-9, and miR-182 have been demonstrated to influence

NSCLC cell invasion and metastasis, indicating a great
potential for targeting miRNAs in NSCLC treatment™® ™,
However, abnormal miRNAs that regulate NSCLC inva-
sion and metastasis have not yet been fully investigated.
Specifically, previous studies identified five miRNAS to
be closely associated with the prognosis of patients with
NSCLC: miR-615-3p, miR-142-5p, miR-150-5p, miR-
342-3p, and miR-146b-5p**™"". miR-615-3p was shown
to be dysregulated in different types of malignancies
such as gastric cancer, colorectal carcinoma, hepatocel-
lular carcinoma, and breast cancer'®*. However, the role
of miR-615-3p in NSCLC growth and metastasis has
not been studied.

Insulin-like growth factor 2 (IGF2) is considered to
play a crucial role in cancer progression and metastasis;
it shows a high level of expression in epithelial cancers,
including prostate cancer, hepatocellular carcinoma, lung
cancer, and pancreatic cancer, and its expression is corre-
lated with a poor prognosis®. Through driving epithelial—
mesenchymal transition (EMT), IGF2 contributes to the
metastasis of carcinoma cells, and prior studies demon-
strated that IGF2 conferred stemness and resistance® >,
Inhibition of IGF2 reversed EMT and chemoresistance in
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chemoresistant human lung cancer cells?. In this study,
we found that miR-615-3p was significantly downregulated
in NSCLC samples, including clinical specimens and cell
lines. With overexpression of miR-615-3p, cell growth,
invasion, and metastasis were significantly inhibited, and
tumor growth was inhibited, whereas reduced expres-
sion of miR-615-3p exhibited the opposite outcomes. In
addition, we demonstrated that IGF2, the miR-615-3p
target gene, plays very important roles in this process.

MATERIALSAND METHODS
NSCLC Specimens and Cell Culture

The frozen human NSCLC samples and paratumor
tissue were obtained from Binzhou Central Hospital
(Shandong, P.R. China). This research was approved by
the Institutional Research Committee of Binzhou Central
Hospital. Written informed consent was obtained from all
patients before participation in this study. The NSCLC cell
lines, including H1975, A549, HCC827, and PLC/PRF/5,
were obtained from the Chinese Academy of Sciences
Cell Bank of Type Culture Collection (CBTCCCAS;
Shanghai, P.R. China). The lung cancer cell lines were
cultured as monolayers in RPMI-1640 or DMEM culture
media supplemented with 10% FBS (Wisent, Quebec,
Canada) and 100 pg/ml streptomycin/penicillin and main-
tained in an incubator with a humidified atmosphere of
95% air and 5% CO, at 37°C.

Transfection of miR-615-3p Precursors and Inhibitor
miR-615-3p and its positive control (miR-NC), as
well as miR-615-3p inhibitor and its negative control
(miR-NC inhibitor), were purchased from Ambion (Gene
Copoeia, Guangzhou, P.R. China). Transfection of miR-
615-3p or inhibitor was carried out using Lipofectamine
RNAIMAX transfection reagent (Invitrogen, Carlsbhad
CA, USA) according to the manufacturer’s protocol.

Transient Transfection and Lentiviral Constructs

Transfection of vectors or short hairpin RNA
(shRNA) into cells was performed with Lipofectamine
2000 reagent (Invitrogen). The shRNAs against the human
IGF2 gene were designed and purchased commercially
from Genepharma Co., Ltd. (Shanghai, P.R. China). For
establishment of stable IGF2-overexpressing cells, lentivi-
ral vector encoding human IGF2 cDNA was constructed
by Genepharma Co., Ltd. and designated as pLV-IGF2.
The empty vector was used as control (designated as
pLV-vector).

Luciferase Reporter Assay

293T cells were seeded in a 96-well plate at 70% to
80% confluence. After 24 h, cells were cotransfected with
miR-615-3p and the wild-type (WT) or mutant (MUT)
36UTR of IGF2. Forty-eight hours after transfection,
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293T cells were collected, and Renilla luciferase activity
was assessed by a dual-luciferase reporter assay system
(Promega, Madison, WI, USA).

MTT Assay

Cells were seeded in 96-well culture plates and cul-
tured for 1, 2, or 3 days. MTT (5 mg/ml) was added into
the 96-well culture plates, and the cells were incubated
for 4 h. Then the cell supernatant was removed, and
200 pl of DMSO was added; the optical density (OD)
value was measured at 490 nm?.

Wound Healing Assay

Cells were seeded into a six-well plate and cultured
for 24 h. The monolayer cells were scratched by a 100-pl
tip, and cells were cultured with serum-free medium. The
images of wound closure at 0 and 24 h were recorded
using a common microscope, and the width of the wound
was obtained using ImageJ software®.

Transwell Invasion Assay

Cells were seeded into a chamber with a pore size of
8 um coated with Matrigel and placed in a 24-well culture
plate. After 24 h, the lower chamber cells were fixed and
stained with 0.1% crystal violet. The invaded cells were
counted®.

Colony Formation Assay

Indicated cells were seeded in 25-mm?® culture dish
and cultured in an incubator for 3 weeks. The colonies
were stained with 0.1% crystal violet, and the number of
colonies was counted?”.

QRT-PCR Assay

The total RNA was extracted from cells using TRIzol
(TakaraBio, Tokyo, Japan). One microgram of RNA was
reverse transcripted to cDNA using a PrimeScript RT
Reagent Kit (TakaraBio). gRT-PCR was performed to
detect the mMRNA level of miR-615-3p or other genes using
IQ™ SYBR Green Supermix and the iQ5 real-time detec-
tion system®. The formula of relative expression value
was determined through the 20°™Y method. We used the
reference gene GAPDH when detecting the mRNA level
of miR-615-3p in NSCLC tissues and paratumor tissues.
The primers used for the PCR were as follows: GAPDH,
5¢CTGGGCTACACTGAGCACC-3¢ (forward) and 5¢A
AGTGGTCGTTGAGGGCAATG-3¢ (reverse); IGF2,
5¢TATATCGGAAACCTCAGCGAGA-3¢(forward) and
5¢GGACCGAGTGCTCAACTTCT-3¢(reverse).

Xenograft Model of NSCLC and NSCLC Cell
Metastasis In Vivo

All nude mice were bred and housed in AAALAC-
accredited SPF rodent facilities at Binzhou Central
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Hospital. All experiments were conducted in accordance or miR-615-3p inhibitor and injected into the tail vein of
with standard operating procedures approved by the nude mice. After 14 days, the mice were sacrificed, and
University Committee on the Use and Care of Animals the lungs were excised. Lungs were stained with Bouin’s
at Binzhou Central Hospital. miR-615-3p and its positive solution for 24 h and then paraffin embedded, sectioned,

control (miR-NC) as well as miR-615-3p inhibitor and and stained with H&E?.
its negative control (miR-NC inhibitor)-transfected cells

were subcutaneously implanted into the flanks of nude Satistical Analysis

mice (n=6 for each group). The tumor sizes were mea- Results are presented as the mean+SD for the three
sured once every week with a caliper and calculated as repeated experiments in each group, and the difference
tumor volume = length” width?/2. For NSCLC cell metas- of two samples was compared using the Student's t-test.
tasis in vivo, the cells were transfected with miR-615-3p A value of p<0.05 was considered as significant.
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Figure 1. MicroRNA-615-3p (miR-615-3p) inhibits non-small cell lung cancer (NSCLC) cell growth. (A) Microarray analysis of
miRNA expression in NSCLC tissues and corresponding normal tissues. (B) Total RNA was extracted from the paratumor and tumor
tissues from patients with NSCLC, and then reverse transcribed into cDNA. The mRNA level of miR-615-3p was determined by qRT-
PCR assay. N represents the total number of patients. (C) The two connected points represent the level of miR-615-3p in the tumor
and paratumor tissue from the same patient with NSCLC. (D) miR-615-3p levels were measured in five different NSCLC cell lines by
gRT-PCR. The data are presented as mean+SD. **p<0.01, compared to LO2. (E) A549 and SK-MEL-2 cells were transfected with
miR-NC or miR-615-3p. The total RNA was isolated and the level of miR-615-3p was determined by qRT-PCR. qPCR values were
normalized to the levels of GAPDH. Data are presented as the mean+ SD from three independent measurements. (F) Cells were plated
into 96-well plates and cultured for 1, 2, or 3 days. MTT assay was performed, and the optical density (OD) value was measured at
490 nm. (G) Cells were subjected to colony formation assay in a six-well culture plate. The cell colonies were counted after 3 weeks.
*p<0.05, **p<0.01, compared to miR-NC.
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RESULTS induction of miR-615-3p significantly inhibited the pro-

The Expression of miR-615-3p I's Reduced in NSCLC liferation of NSCLC cells (Fig. 1F). Colony formation
. L . growth analysis revealed that miR-615-3p overexpres-

Gene expression data sets used for statistical analysis sion inhibited the colony growth of tumor cells (Fig. 1G)
were acquired from the GEO database with the acces- ’ '

sion code GSE53882. The screening was performed in E:;Z‘: i?ﬁgéll_rg'iia\t/?trtgat MIR-615-3p s a tumor pro-
GEO data sets, which contained both the NSCLC sam- '

ples and the matched normal lung samples. As shown ) ) .

in Figure 1A, miR-615-3p was most reduced in NSCLC miR-615-3p Overregulation Inhibits Cell

tissues. In order to confirm the pattern of miR-615-3p Migration and Invasion

expression in NSCLC and control normal tissue, miR- To investigate the effect of miR-615-3p on move-
615-3p levels were detected in 24 NSCLC tissues and ment ability and wound healing, we performed a wound
15 paratumor tissues. As shown in Figure 1B, the mRNA healing assay, in which we observed that the distance
level of miR-615-3p in NSCLC was much lower than that between the wound edges of miR-615-3p-transfected
in the control group. In addition, miR-615-3p was signifi- A549 and H1975 cells was markedly longer than those of
cantly downregulated in NSCLC tissue compared to the control cells (Fig. 2A). Additionally, we observed shorter
paratumor tissue from the same patient (Fig. 1C). miR- distance in wound healing of miR-615-3p inhibitor-
615-3p levels were also detected in a panel of NSCLC transfected A549 and H1975 cells compared with con-
cell lines by gqRT-PCR. Similar results were obtained in trol cells (Fig. 2B). To investigate the effect of altering
four NSCLC cell lines in which the level of miR-615-3p the expression of miR-615-3p on NSCLC cell invasion in
was lowly expressed in all NSCLC cell lines (Fig. 1D). In vitro, we performed a Transwell invasion assay, in which
order to investigate the role of miR-615-3p in the growth we observed that miR-615-3p overexpression remark-
of NSCLC, we constructed the miR-615-3p overexpres- ably suppressed both A549 and H1975 cells invasion

sion system. miR-615-3p was significantly overregulated (Fig. 2C). As expected, we observed that miR-615-3p
in miR-615-3p-transfected NSCLC A549 and H1975 inhibitor significantly accelerated NSCLC cell invasion
cells (Fig. 1E). The MTT assay results showed that the in vitro (Fig. 2D).
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Figure 2. Effects of miR-615-3p on migration and invasion in NSCLC cells (A) Wound healing assay with NSCLC A549 and H1975
cells. Microscopic observations were recorded 0 and 24 h after scratching the cell surface. A representative image is shown (left).
Histograms show the percentage of wound closure (right). (B) Transwell assay. Photographs show NSCLC cells that invaded through
the Transwell membrane with Matrigel (left). Histograms show the numbers of invasion cells (right). **p<0.01, compared to miR-NC.
(C) Wound healing assay with NSCLC A549 and H1975 cells. Microscopic observations were recorded 0 and 24 h after scratching the
cell surface. A representative image is shown (left). Histograms show the percentage of wound closure (right). (D) Transwell assay.
Photographs show cells that invaded through the membrane (left). Histograms show the numbers of invasion cells (right). **p<0.01,
compared to miR-NC inhibitor.
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mMiR-615-3p Overexpression Inhibits NSCLC
Cell Metastasis In Vivo

In vitro, miR-615-3p significantly inhibited NSCLC
cell proliferation, migration, and invasion. Whether miR-
615-3p could regulate tumor growth and metastasis in
vivo needed to be further investigated. A549 cells trans-
fected with miR-615-3p were subcutaneously implanted
into nude mice, and the tumors were monitored and
measured every week for 4 weeks. miR-615-3p over-
expression remarkably inhibited the growth and the tumor
volume of the NSCLC cells (Fig. 3A). We dissected the
mice to harvest the tumor, noting that the Ki-67 stain-
ing was significantly lower in the miR-615-3p group than
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in the miR-NC group (Fig. 3B), which confirmed that
miR-615-3p inhibited NSCLC growth in vivo. In addi-
tion, the incidence of lung metastasis of NSCLC cells in
the miR-615-3p transfection group was remarkably sup-
pressed, compared with the control group (Fig. 3C). To
further determine the effects of miR-615-3p on in vivo
tumor growth and metastasis, parental or miR-615-3p
downregulated A549 cells were implanted into the nude
mice to establish xenograft models. Downregulation of
miR-615-3p markedly accelerated the tumor growth of
A549 cells in vivo (Fig. 3D). Then we analyzed the level
of Ki-67 in the paraffin sections of the tumor by immuno-
histochemical staining. The results of the immuno-
histochemical assay showed that the Ki-67 level in the
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Figure 3. Effect of miR-615-3p on A549 cell tumor growth and metastasis in vivo. (A) A549 cells were transfected with miR-NC or
miR-615-3p and then were implanted into the nude mice. The tumor volume was measured every 3 days. The tumors of the two groups
were separated at the end of treatment. (B) The tumors were removed and embedded in paraffin for immunohistochemical staining
with Ki-67. (C) Metastatic lesions in the lungs of the NSCLC cell metastasis models are shown at 6 weeks after tail vein injection.
The total number of lung metastatic lesions in the miR-615-3p transfection groups was much less than those in controls. (D) A549
cells were transfected with miR-NC inhibitor or miR-615-3p inhibitor and then were implanted into the nude mice. The tumor volume
was measured every 3 days. (E) The tumors were removed and embedded in paraffin for immunohistochemical staining with Ki-67.
(F) Metastatic lesions in the lungs of the models are shown at 6 weeks after tail vein injection. The total number of lung metastatic
lesions in the miR-615-3p downregulated group was much higher than those in controls. **p<0.01, compared to miR-NC inhibitor.
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tumors of the miR-615-3p downregulated group was
double that of the controls (Fig. 3E). Finally, parental
or miR-615-3p downregulated A549 cells were injected
into nude mice via the tail vein. As expected, when the
mice were dissected, there was a significant increase in
the lung tumor lesions between the miR-615-3p down-
regulated group and the control group (Fig. 3F). All these
results demonstrated that miR-615-3p inhibits the growth
and metastasis of NSCLC cells in vivo.

miR-615-3p Directly Binds to the 3“UTR of IGF2

Generally, miRNAs regulate their target genes by
binding to the 3¢UTR of genes. miRBase and TargetScan
were used to predict the target genes of miR-615-3p,
and we found that IGF2 may be a target gene of miR-
615-3p (Fig. 4A). To investigate whether miR-615-3p
binds directly to the 3¢UTR of IGF2 and modulates
IGF2 expression, the 3¢UTR of IGF2 was cloned into the
downstream of the luciferase reporter gene. Luciferase
activity analysis revealed that miR-615-3p could signifi-
cantly reduce the activity of luciferase (Fig. 4B). Taken
together, the results indicated that miR-615-3p regulated
IGF2 by binding to the 3¢UTR region directly. qRT-PCR
assay analysis showed that NSCLC cell lines exhibited
high IGF2 expression (Fig. 4C). In addition, IGF2 was
highly expressed in the NSCLC samples by analyzing
the level of IGF2 in NSCLC samples compared to nor-
mal tissue samples (Fig. 4D). We also investigated the
relationship between miR-615-3p and IGF2 in NSCLC
specimens. As shown in Figure 4E, there was a negative
correlation between the miR-615-3p levels and IGF2
levels. Additionally, IGF2 was significantly downregulated
after cells were transfected with miR-615-3p (Fig. 4F),
whereas IGF2 was remarkably upregulated after cells
were transfected with miR-615-3p inhibitor (Fig. 4G).
These results indicate that IGF2 may be the target gene of
miR-615-3p.

The Effect of miR-615-3p on NSCLC Is Rescued
by IGF2 Overexpression

Nevertheless, little is known about the role of IGF2 in
NSCLC progression and whether IGF2 knockdown could
mimic miR-615-3p on NSCLC. Two different sShRNAs,
which specifically target IGF2, were used to stably knock
down the expression of IGF2 in the A549 cells (Fig. 5A).
To reveal the effect of IGF2 on NSCLC growth and
metastasis, the effect of IGF2 knockdown on A549 cell
proliferation, colony formation, migration, and invasion
was examined (Fig. 5B-E). The stable knockdown of
IGF2 in A549 had a similar effect to that of miR-615-3p
overexpression in A549 cells on growth, migration, and
invasion in vitro, which suggested that IGF2 might exert
a carcinogenic effect on NSCLC growth and metasta-
sis. To investigate whether miR-615-3p inhibited the
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proliferation and invasion of NSCLC by inhibiting IGF2,
we constructed A549 cell lines that were cotransfected
with miR-615-3p and IGF2 overexpression. Western blot
and gRT-PCR analysis showed that ectopic expression of
IGF2 rescued its expression after A549 cells were trans-
fected with miR-615-3p (Fig. 6A). MTT assay, colony
formation, wound healing, and Transwell invasion assay
showed that IGF2 overexpression restored the inhibitory
effect of miR-615-3p in NSCLC cell proliferation and
metastasis (Fig. 6B-E).

DISCUSSION

NSCLC is one of the most aggressive tumors, and
the occurrence of metastasis leads to a sharp decline in
the survival rate of patients®*2. Thus, identification of
metastatic-related biomarkers and therapeutic targets will
help improve NSCLC**, Recently, miRNAs have been
reported to be involved in the regulation of cancer inva-
sion and metastasis, and have been shown to be potentially
noninvasive biomarkers in various cancers®*. Here we
report that miR-615-3p is a novel metastasis-associated
miRNA that plays a significant role in regulating NSCLC
growth and metastasis. We found a significant decrease
in miR-615-3p levels in NSCLC tissues and NSCLC cell
lines. In addition, overexpression of miR-615-3p inhib-
its the aggressiveness and migration of NSCLC cells by
direct targeting of IGF2. Finally, overexpression of miR-
615-3p suppresses the growth and metastasis of NSCLC
in vivo. In conclusion, our results suggest that metastatic-
associated miR-615-3p is not only a potential biomarker
but also a valuable therapeutic target for NSCLC.

It has been reported that miR-615-3p directly targets
certain oncogenes and that overexpression of miR-615-3p
in tumors leads to upregulation of these target genes®. In
recent years, several studies on the role of miR-615-3p
in tumor progression have been performed®®*. In our
study, we found that miR-615-3p was downregulated
in NSCLC tissues and cell lines. More importantly,
miR-615-3p overexpression inhibited NSCLC metasta-
sis, with a low degree of migration and invasive abilities,
indicating the great potential of miR-615-3p for control-
ling NSCLC metastasis. Our study also demonstrated the
role of miR-615-3p in inhibiting the growth of NSCLC
cells in vitro and in vivo, further enhancing the regula-
tion of miR-615-3p in NSCLC. In summary, these results
demonstrate the great value of miR-615-3p in the growth
and metastasis of NSCLC.

It is well known that miRNAs regulate gene expres-
sion by binding to the 3¢UTR of the target gene®**’. In
this study, bioinformatics was used to predict the target
gene, and IGF2 was selected as the candidate target. The
findings were consistent with IGF2 levels being down-
regulated and upregulated in A549 cells after transfection
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Figure 4. Insulin-like growth factor 2 (IGF2) is a direct target of miR-615-3p. (A) Predicted miR-615-3p target sequences in the
3¢UTR of IGF2. (B) Luciferase activity of IGF2 (wild type or mutation) was evaluated after miR-615-3p transfection into 293T cells.
**p<0.01, compared to miR-NC. (C) The expression level of IGF2 was detected by qRT-PCR assay in several NSCLC cell lines.
**p<0.01, compared to LO2 cells. (D) Total RNA was extracted from tumor tissues of patients with NSCLC, and IGF2 expression
level was measured by gRT-PCR. N stands for total numbers of patients. (E) The correlation analysis of miR-615-3p and IGF2 expres-
sions. (F) The level of IGF2 in A549 cells after cells transfected with miR-615-3p was measured by qRT-PCR and Western blotting
assays. (G) The expression level of IGF2 in A549 cells after cells transfected with miR-615-3p inhibitor was measured by gRT-PCR
and Western blot analysis. **p<0.01, compared to miR-NC inhibitor.
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mation assay. The image and quantitative analysis of colonies are shown. (D) A549 cells were transfected with shiIGF2 or shCon, and
then the migration ability of the cells was investigated with the wound healing assay. Quantitative analysis of the percentage of wound
closure from three independent experiments was shown. (E) The invasion capacity of A549 cells was investigated with the Transwell

invasion assay. Quantitative analysis of the invasive cells is shown. The data are presented as mean+SD. **p<0.01, compared to
shCon.
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Figure 6. The effect of miR-615-3p on NSCLC cells can be rescued by IGF2 overexpression. (A) IGF2 overexpression lentivirus
was transfected into A549 cells. The expression level of IGF2 was detected by qRT-PCR analysis and Western blot. (B) Cell prolifera-
tion activity was measured by MTT assay. (C) Growth ability was measured by the colony formation assay in vitro. The image and
quantitative analysis of colonies are shown. (D) A549 cells were cotransfected with IGF2 or miR-615-3p, and then the migration ability
of the cells was investigated with the wound healing assay. Quantitative analysis of the percentage of wound closure from three inde-
pendent experiments is shown. (E). The invasion ability of the cells was investigated with the Transwell invasion assay. Quantitative
analysis of the invading cells from three independent experiments is shown. The data are presented as mean+SD. **p<0.01, compared
to miR-NC. ##p<0.01, compared to cells cotransfected with miR-615-3p and vector.

with miR-615-3p and miR-615-3p inhibitor, respectively.
The luciferase reporter assay is a direct method for target
validation and confirmed that IGF2 is a direct target gene
for miR-615-3p. In addition, the use of sShRNA knock-
down of IGF2 inhibits A549 cell growth, migration, and
invasion, suggesting that IGF2 also plays an important

role in regulating NSCLC cell proliferation and metas-
tasis. Importantly, the overexpression of IGF2 rescued
the miR-615-3p inhibitory effect on the proliferation,
migration, and invasion of NSCLC cells, thus confirming
that IGF2 is a direct functional target for miR-615-3p in
NSCLC.
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In conclusion, we describe the downregulation of

miR-615-3p in NSCLC. Overexpression of miR-615-3p
inhibits the growth, invasion, and metastasis of NSCLC,
whereas downregulation of IGF2 resulted in the opposite
outcomes. IGF2, a direct target gene for miR-615-3p,
plays a crucial role in this process. These results may help
us to better understand the mechanism of miR-615-3p reg-
ulation of NSCLC and might provide a novel therapeutic
target for the clinical treatment of NSCLC metastasis.
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