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MiR-338-3p inhibits the growth and invasion
of non-small cell lung cancer cells by targeting IRS2
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Abstract: MicroRNA-338-3p (miR-338-3p) has recently been reported to have anti-cancer efficacy in several types
of cancers. However, its biological function and underlying mechanism involved in modulation of human non-small
cell lung cancer (NSCLC) remain largely unknown. The present study was designed to investigate the function and
underlying mechanism of miR-338-3p in human NSCLC tissues and cell lines. We demonstrated that miR-338-3p
was significantly decreased in NSCLC tissues and cell lines, and negatively correlated with advanced and tumor-
node-metastasis (TNM) stage and lymph node metastasis (both P<0.01). Transient overexpression of miR-338-3p
by transfecting with miR-338-3p mimic significantly suppressed NSCLC cell proliferation, migration, invasion and
induced apoptosis and cell cycle at G1 phase. Additionally, insulin receptor substrate 2 (IRS2), a known oncogene,
was identified as a potential target gene of miR-338-3p. Subsequent investigations found a negative correlation
between the expression of miR-338-3p and IRS2 in NSCLC tissues. Furthermore, overexpression of IRS2 reversed
the effects of miR-338-3p in NSCLC cells on cell proliferation, cycle, apoptosis, migration, invasion. These findings

suggested that miR-338-3p might act as a tumor suppressor by directly targeting IRS2 in NSCLC.
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Introduction

Lung cancer is a leading cause of death both in
men and women around the world. Non-small
cell lung cancer (NSCLC) represents the most
frequent type of lung cancer, accounting for
approximately 80-85% of all lung cancer cases
[1, 2]. Although great progress in surgical tech-
nique, diagnostic method, and new chemother-
apy regimens, the 5-year overall survival (OS)
rate is just 16% for all stages [3]. Therefore,
further investigation of the molecular mecha-
nisms involved in carcinogenesis and progres-
sion of NSCLC is essential for developing new
effective therapeutic targets of NSCLC.

MicroRNAs (miRNAs) are a class of small, en-
dogenous, non-coding RNA molecules (approxi-
mately 18-25 nucleotides in length) that con-
trol gene expression via partial base pairing to
the 3’ untranslated region (UTR) of their target-
ing mMRNAs for cleavage or repression of trans-
lation [4, 5]. MiIRNAs have been reported to

get involved in various biological processes,
such as differentiation, apoptosis, morphogen-
esis and tumorigenesis [6]. Accumulating evi-
dences have shown that dysregulation of miR-
NAs played crucial roles in the initiation and
progression of cancer by regulating cancer cell
proliferation, cell cycle, apoptosis, migration,
invasion or epithelial-mesenchymal transition
(ETM) [7, 8]. Up to now, a large number of miR-
NAs involved in cell proliferation, migration and
invasion of NSCLC have been identified [9-11].

MiR-338-3p, located on chromosome 17¢25,
has been shown to play critical roles in promot-
ing cell death, neuronal differentiation and neu-
rite extension [12]. Recent several studies sho-
wed that miR-338-3p expression was downreg-
ulated and functioned as a tumor suppressor
in several types cancers, such as hepatocellu-
lar carcinoma [13, 14], neuroblastoma [15],
ovarian cancer [16], malignant melanoma [17],
gastric cancer [18, 19], breast cancer [20],
and colorectal cancer [21, 22]. Although a re-
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Table 1. Correlation between clinicopathological features

and miR-338-3p expression in NSCLCtissues

Cell lines and transfection

Four human NSCLC cell lines (A549,

_ No. of MiR-338-3p H1299, SPCA1 and H358) and normal
Variables expression P value
cases Low (n %) High (n %) lung celll (BEAS-2B) yvere purchased
from Institute of Cell Biology of Chinese
Age (vears) P>0.05 Academy of Science (Shanghai, China).
<55 16 9(56.3) 7(43.7) All cell lines were cultured in Dulbecco’s
255 24 13(54.2) 11(45.8) Modified Eagle’s Medium (DMEM, Gi-
Gender P>0.05 bco, USA) supplemented with 10% fe-
Man 23 12(52.2) 11(47.8) tal bovine serum (FBS, HyClone, USA),
Woman 17  10(58.9) 7 (41.1) 100 U/ml penicillin, 100 pg/ml stre-
TNM stage P<0.01 ptomycin, and 1% non-essential amino
I 31 14 (45.2) 17 (54.8) acids (!nvitrogen, Carlsbad, CA, pSA) at
my 9 8(88.9) 1(111) 37°C in an incubator containing 5%
Tumor size P>0.05 €O,
<5cm 28 15(53.4) 13 (46.6) MiR-338-3p mimic (miR-338-3p), and
>5cm 12 7(58.3) 5(41.7) corresponding miRNA negative control
Lymph node metastasis P<0.01 (miR-NC) were synthesized by GenePh-
No 26 10 (38.5) 16 (61.5) arma (Shanghai, China). Overexpressed
Yes 14 12(85.7) 2(14.3) IRS2 plasmid and blank vector were

port has demonstrated that miR-338-3p could
regulate the survival of NSCLC cells partially
through the downregulation of Ras-related pro-
tein 14 (RAB14) [23], its biological roles, es-
pecially with regard to migration and invasion,
have not yet been thoroughly validated in NS-
CLC. Therefore, the aim of the present study
was to investigate the role of miR-338-3p on
the carcinogenesis of NSCLC.

Materials and methods
Tissue samples

Forty pairs of histologically confirmed NSCLC
tissues (T) and adjacent non-tumor tissues
(ANT) were obtained from patients who under-
went routine curative surgery at Department
of Thoracic Surgery, The First Hospital of Jilin
University (Changchun, China) between July
2011 and September 2015. All tissue sampl-
es were snap-frozen in liquid nitrogen immedi-
ately after resection and stored at -80°C until
use. None of these patients enrolled received
local or systemic treatment before the surgery.
Relevant clinical data of NSCLC patients were
collected and listed in Table 1. We obtained
informed written consent from all participants
involved in our study and this study was ap-
proved by the ethics committee of the First of
hospital of Jilin University (Changchun, China).
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purchased from RiboBio (Guangzhou,
China). Transfection was performed us-
ing lipofectamine 2000 (Invitrogen, USA) accor-
ding to manufacturer’s instructions.

Quantitative reverse transcription polymerase
chain reaction (QRT-PCR)

Total RNA was isolated from clinical tissue sam-
ples and cultured cells using TRIzol reagent
(Invitrogen, USA) according to the manufactur-
er’s instructions. The purity and concentration
of RNA were determined by a dual-beam ul-
traviolet spectrophotometer (Eppendorf, Ham-
burg, Germany). For detection of miR-338-3p,
the RNA was reversely transcribed into cDNA
using One Step Prime script miRNA cDNA Syn-
thesis Kit (Qiagen, Valencia, CA). Then miR-338-
3p was quantified using TagMan miRNA assay
kits (Applied Biosystems, Foster City, CA, USA)
under an ABI7900 real-time PCR system (Appli-
ed Biosystems) through the specific primers of
miR-338-3p and U6 (Applied Biosystems). U6
was used as an endogenous control. To detec-
tion the mRNA levels of IRS2, cDNA was syn-
thesized using the Primer Script RT reagent Kit
(Takara, Dalian, China). Then IRS2 mRNA level
was quantified using the Real-time PCR Mixture
Reagent (Takara, Dalian, China) under an ABI-
7900 real-time PCR system through the specif-
ic primers of IRS2 and B-actin as described
previously [24]. B-actin was used as an endog-
enous control. The comparative 224t method
was used for relative quantification.
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Cell proliferation

Cell proliferation was determined by Cell Count-
ing Kit-8 (CCK-8, Dojindo, Kumamoto, Japan).
Briefly, transfected cells (5x10° cells/well) were
seeded into 24-well plates. At indicated time
points (24 h, 48 h, 72 h), the cells were incu-
bated in 10% CCKS8 solution in normal culture
medium at 37°C until visual color conversion
occurred. The absorbance at 450 nm was mea-
sured with a microplate reader (Bio-Tek Instru-
ments Inc., Winooski, VT, USA).

Cell cycle and apoptosis assay

Cells cycle and apoptosis assays were deter-
mined on A549 cells at 48 h after transfection.
For cell cycle assay, the transfected cells (1x10°
cells per well) were cultured in 12-well plates in
triplicate for 24 h. Then the cells were collected
by trypsinization, washed in PBS and fixed in
ice-cold ethanol overnight at 4°C, followed by
incubated in 1 ml staining solution containing
20 pg/ml propidium iodide (PI, Sigma, USA) and
10 U/mL RNaseA at room temperature for 30
min in the dark. The stained cells were deter-
mined using fluorescence-activated cell sort-
ing (FACS) flow cytometry (FACSCalibur, Becton-
Dickinson, Bedford, MA, USA).

Cell apoptosis was determined using Anne-
xin V-FITC Apoptosis Detection Kit | (BD Bios-
ciences) under FACSCalibur flow cytometer (BD
Biosciences) according to the manufacturer’s
instructions.

Cell migration and invasion assays

To examine the migratory ability of cells in vitro,
a wound-healing assay was performed. Briefly,
5x103 transfected cells were seeded into 24-
well tissue culture plates and grown to a densi-
ty of 70 to 80%. Thereafter, the linear wound of
cellular monolayer was created by 200 ul of
pipette tips. Migration of cells into the wound
was observed and photographed at 0 and 24 h
using an 1x51 inverted light microscope (Olym-
pus, Tokyo, Japan).

Cell invasion assay was carried out using
24-well Transwell chamber with 8 yM pores
(Corning, Lowell, MA). Briefly, 2x10* transfect-
ed cells were suspended in serum-free med-
ium and seeded into upper transwell chambers
coated with Matrigel (BD Biosciences, Bedford,
MA, USA). Bottom wells were filled with DMEM
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media containing 10% FBS. After incubation for
48 hin a humidified atmosphere of 5% CO, at
37°C, non-invading cells were removed from
the top well with a cotton swab, and invading
cells present on the lower surface of the mem-
brane were fixed in 70% ethanol for 30 min
and stained with 2% crystal violet for 10 min,
then photographed under an Ix51 inverted light
microscope (Olympus, Tokyo, Japan). The num-
ber of invading cells was counted at five ran-
domly selected fields with a magnification of
x200.

Dual-luciferase reporter assay

3’-untranslated regions (3’-UTR) of IRS2 con-
taining predicted miR-338-3p seed-matching
sites and corresponding mutant sites were am-
plified by PCR, and inserted into downstream of
the firefly luciferase gene in a pGL3-promoter
vector (Ambion, Austin, TX, USA) at the Nhel
and Xhol sites, named as: Wt-IRS2-3'UTR and
Mut-IRS2-3'UTR, respectively. For dual-lucifer-
ase assay, the luciferase reporter gene vector
with wild-type IRS2 (Wt-IRS2-3'UTR) or mutate-
type IRS2 (Mut-IRS2-3’UTR), together with miR-
338-3p mimic or miR-NC were co-transfected
into AB49 cells. At 48 h after transfection, fire-
fly and renilla luciferase activities were deter-
mined using the Dual Luciferase Reporter As-
say System (Promega, WI, USA). Luciferase ac-
tivities were normalized to Renilla luciferase.

Western blot analysis

Cultured cells and tissue samples were collect-
ed and lysed in RIPA lysis buffer (Heart Biolo-
gical Technology, Xian, China). Concentrations
of total protein were measured using a BCA
assay kit (Pierce, Rockford, IL) according to
the manufacturer’s instructions. Equal amounts
of protein (30 ug) were electrophoresed using
10% SDS-polyacrylamide gels and transferred
to nitrocellulose membranes (Millipore, MA,
USA), blocked in 5% non-fat milk dissolved in
TBST (10 mM Tris-HCI and 0.05% Tween 20)
for 2 h at room temperature. The membranes
were then incubated at 4°C with primary anti-
bodies of IRS2 (1:1000; Santa Cruz, CA, USA)
and B-actin (1:5000; Santa Cruz, CA, USA) over-
night, followed by incubation horseradish per-
oxidase (HRP)-conjugated goat-anti-mouse I1gG
(1:5000; Santa Cruz Biotechnology, CA, USA).
The protein bands were observed on the X-ray
film with a chemiluminescent detection system
(ECL, Beyotime, Shanghai, China).

Am J Cancer Res 2017;7(1):53-63
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Figure 1. MiR-338-3p is down-regulated in NSCLC cell lines and tissues. A. MiR-338-3p expression in four hu-
man NSCLC cell lines (A549, H1299, SPCA1 and H358) and normal lung cell BEAS-2B were detected by qRT-PCR.
*P<0.05; **P<0.01 versus BEAS-2B. B. MiR-338-3p expression in human NSCLC tissues samples (T) and their
adjacent non-tumor tissues (ANT) from 40 patients with NSCLC were detected by qRT-PCR. **P<0.01 versus ANT.

Statistical analysis

Quantitative data were presented as the mean
+ SD (standard deviation) from at least three
independent experiments. All data are ana-
lyzed using Statistical SPSS Version 19.0 (IBM,
Chicago, USA). Student’s T-test or one-way AN-
OVA was used to assess the differences of dif-
ferent groups. The relationship between expres-
sion of miR-338-3p and clinical and patholo-
gical variables was analyzed using Pearson’s
x? test. The correlations between expression
of miR-338-3p and IRS2 were analyzed using
Spearman’s rank test in NSCLC tissues. Stati-
stical significance was accepted at P<0.05.

Results

MiR-338-3p is down-regulated in NSCLC cell
lines and tissues

To examine the correlation between expression
of miR-338-3p and NSCLC, we detected the
expression of miR-338-3p in four human
NSCLC cell lines and normal lung cell line by
gRT-PCR. As shown in Figure 1A, miR-338-3p
was significantly downregulated in all NSCLC
cell lines including A549, H1299, SPCA1 and
H358 cells, compared with normal lung cell line
BEAS-2B. A549 cell line exhibited the lowest
expression of miR-338-3p, and was therefore
selected for following studies (Figure 1A). QRT-
PCR assays were further carried out to quantify
miR-338-3p levels in T and ANT from 40 pati-
ents with NSCLC. It was found that the expres-
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sion levels of miR-338-3p in T tissues (0.37 *
0.06) were significantly decreased compared
to ANT tissues (1.04 + 0.11) (P<0.01, Figure
1B). Based on the median (0.37) of miR-338-
3p level in NSCLC tissues, all 40 NSCLC pati-
ents were divided into 2 subgroups: Low miR-
338-3p group (<0.37, 22 cases) and high miR-
338-3p group (>0.37, 18 cases). The associa-
tion between miR-338-3p expression and the
clinicopathological parameters of the patients
were analyzed. As shown in Table 1, miR-338-
3p was significantly associated with TNM stage
(P<0.01) and lymph node metastasis (P<0.01),
but not with age and gender, and tumor size (All
P>0.05). These data indicated that miR-338-
3p might get involved in NSCLC initiation and
procession.

MiR-338-3p overexpression inhibits NSCLC cell
proliferation and induces apoptosis

To investigate the potential role of miR-338-3p
in regulating NSCLC cell growth, we established
miR-338-3p overexpressed cells by transfec-
tion of miR-338-3p mimic into A549 cells. The
results from gRT-PCR assay confirmed that
miR-338-3p mimic could significantly upregu-
late the expression level of miR-338-3p in A549
cells (Figure 2A). To testify the effects of miR-
338-3p on proliferation of NSCLC cells, CCK8
assay was performed. As shown in Figure 2B,
overexpression of miR-338-3p significantly in-
hibited cell proliferation of A549 cells. We also
analyzed the cell cycle of miR-338-3p or miR-
NC stably transfected-A549 cells to explain the

Am J Cancer Res 2017;7(1):53-63
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Figure 2. MiR-338-3p overexpression inhibits NSCLC cell proliferation and induces apoptosis. (A) QRT-PCR analysis
of miR-338-3p expression in A549 cells after transfection of miR-338-3p or miR-NC. (B-D) Cell proliferation (B), cell
cycle (C) and apoptosis (D) were determined in A549 cells after transfection of miR-338-3p or miR-NC. *P<0.05,

**P<0.01 versus miR-NC.

cell growth suppression caused by miR-338-3p
overexpression. As expected, the percentage of
S phase cells decreased, while the percentage
of G1 phase cells increased in A549 cells trans-
fected with miR-338-3p compared to transfect-
ed with miR-NC (P<0.05, Figure 2C). To reveal
the biological role of miR-338-3p on NSCLC cell
apoptosis, cell apoptosis assay were performed
in NSCLC cells. Our results showed that miR-

57

338-3p overexpression significantly induced
cell apoptosis (P<0.01, Figure 2D).

MiR-338-3p overexpression inhibits NSCLC
metastasis

To further investigate the role of miR-338-3p
involved in NSCLC metastasis, migration and
invasion assays were performed in A549 cells

Am J Cancer Res 2017;7(1):53-63
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Figure 3. MiR-338-3p overexpression inhibits NSCLC cell metastasis. A. Cell migration was determined in A549
cells after transfection of miR-338-3p or miR-NC by wound healing assay. B. Cell invasion was determined in A549
cells after transfection of miR-338-3p or miR-NC by transwell invasion assay. *P<0.05, **P<0.01 versus miR-NC.

transfected with miR-338-3p mimic or miR-NC
by wound healing and transwell invasion as-
says, respectively. It was found that miR-338-
3p overexpression could remarkably suppress
migration (Figure 3A) and invasion (Figure 3B)
of A549 cells.

IRS2 is a direct target of miR-338-3p in NSCLC
cells

To clarify the molecular mechanisms of miR-
338-3p on growth and metastasis of NSCLC
cells, we searched for the target mRNAs using
TargetScan7.0 and miRanda. IRS2 was select-
ed as one of the candidate targets of miR-338-
3p, based on putative target sequences at
2349-2355 bp of IRS2 (Figure 4A). To further
confirm targeting of IRS2 by miR-338-3p, lucif-
erase activity assay was performed. Through
the luciferase activity assay, we found that
A549 cells transfected with miR-338-3p mimic
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significantly inhibited wild-type IRS2 3'UTR re-
porter activity (P<0.01; Figure 4B), while had
no inhibitory effect on the mutanttype IRS2
3'UTR reporter activity (Figure 4B). In addition,
the mRNA and protein levels of IRS2 were
detected in NSCLC cells transfected miR-338-
3p mimic or miR-NC. Our results showed that
miR-338-3p overexpression significantly atten-
uated the mRNA and protein levels of IRS2
in A549 cells (Figure 4C, 4D). Above results
implied that miR-338-3p suppressed |RS2
expression by binding to 3'UTR of IRS2 mRNA.

IRS2 was up-regulated and negatively corre-
lated with miR-338-3p in NSCLC tissues

To further explore the relationship between
miR-338-3p and IRS2, we examined the expr-
ession of IRS2 on mMRNA level and protein lev-
els in T and ANT tissues by gRT-PCR and west-
ern blot, respectively. We found that the expres-

Am J Cancer Res 2017;7(1):53-63
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Figure 4. IRS2 is a direct target of miR-338-3p in NSCLC cells. A. Predicted miR-338-3p target sequence in IRS2-
3’-UTR was shown. B. The luciferase activity was measured after co-transfection with luciferase reporter plasmids
(Wt/Mut IRS2 3’'UTR), and miR-338-3p mimic/miR-NC in A549 cells. Wt: Wide-type; Mut: Mutant-type. C. QRT-PCR
analysis of IRS2 mRNA expression in A549 cells after transfection of miR-338-3p or miR-NC. D. Western blots
analysis of IRS2 protein expression in A549 cells after transfection of miR-338-3p or miR-NC. *P<0.05, **P<0.01

versus miR-NC.

sion of IRS2 on both mRNA and protein levels
was significantly increased in T tissues com-
pared to ANT tissues (P<0.01; Figure 5A, 5B).
Through spearman’s correlation analysis, a sta-
tistically significant negative correlation was
found between expression levels of miR-338-
3p and IRS2 mRNA in T tissues. (r=-0712, P<
0.001; Figure 5C), and ANT specimens (r=-
0.643, P<0.001; Figure 5D). In addition, we
also found that IRS2 expression both on mRNA
level and protein levels was significantly upreg-
ulated in four NSCLC cell lines (A549, H1299,
SPCA1 and H358), compared with normal lung
cell line BEAS-2B (Figure 5E, 5F).

Overexpression of IRS2 reverses the effects
induced by miR-338-3p overexpression in
A549 cells

To evaluate if IRS2 is responsible for the func-
tional effect of miR-338-3p in NSCLC cells,
some rescue experiments were performed. A-
549 cells were co-transduced with miR-338-3p
mimic/miR-NC and blank vector or IRS2 overex-
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pression vector without its 3’UTR. And then,
cell proliferation, cycle, apoptosis, migration
and invasion assays were performed in above
cells. Western blot assay showed that A549
cells co-transduced with miR-338-3p mimic
plus blank vector significantly decreased IRS2
protein expression, while cells co-transduced
with miR-338-3p mimic plus IRS2 overexpres-
sion vectors could restore IRS2 protein expres-
sion (Figure 6A). In addition, we also found
that IRS2 overexpression partially reverses the
effects on cell proliferation, cycle, apoptosis,
migration and invasion of A549 cells induced
by miR-338-3p overexpression (Figure 6B-F),
indicating that miR-338-3p exerts it biological
roles in NSCLC by targeting IRS2.

Discussion

Accumulating evidences have been suggested
that miRNAs function as either tumor suppres-
sors or oncogenes by regulating various biologi-
cal procession of cancer cells, such as cell pro-
liferation, apoptosis, migration and invasion (7,

Am J Cancer Res 2017;7(1):53-63
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pression on mMRNA level (E) and protein level (F) was determined in four NSCLC cell lines (A549, H1299, SPCA1 and
H358) and normal lung cell line BEAS-2B. *P<0.05; **P<0.01 versus BEAS-2B.

8]. In NSCLC, some miRNAs, such as members
of the let-7 family, miR-126, miR-145, miR-144
or miR-34a, have been identified as tumor sup-
pressors [9, 10], while miR-17-92, miR-21, miR-
221, miR-222 and miR-31 were found to act as
oncogenes in NSCLC [9, 10], suggesting that
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miRNAs act as new direction in NSCLC diagno-
sis and treatment. In current study, we found
that miR-338-3p is dramatically down-regulat-
ed in human NSCLC cell lines and tissues com-
pared to normal lung cell and adjacent non-
tumor tissues, which were consistent with pre-
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Figure 6. Overexpression of IRS2 reverses the effects induced by miR-338-3p overexpression in A549 cells. A.
IRS2 protein expression was determined in A549 cells co-transfected with miR-338-3p mimic/miR-NC and blank
vector or IRS2 overexpression vector. B-F. Cell proliferation, cell cycle, apoptosis, migration and invasion were deter-
mined in A549 cells co-transfected with miR-338-3p mimic/miR-NC and blank vector or IRS2 overexpression vector.

*P<0.05; **P<0.01 versus miR-338-3p plus Vector.

vious results [24]. We also found that miR-338-
3p overexpression suppresses NSCLC cell pro-
liferation, migration, invasion, and induces cell
apoptosis. In addition, we identified that miR-
338-3p directly targeted the 3’'UTR of IRS2 and
suppressed its expression transcriptionally and
post-transcriptionally. Of note, we also found
that overexpression of IRS2 reversed the ef-
fects of miR-338-3p on cell proliferation, arrest,
apoptosis, migration, invasion mediated by miR-
338-3p mimics in NSCLC cells. These results
provided new insights into NSCLC research and
therapeutic strategies.

Down-regulation of miR-338-3p has been re-
ported in several type cancers [13-23]. It has
been showed that miR-338-3p could inhibit
cancer cell proliferation, colony formation, mig-
ration and invasion, as well as induced cell
apoptosis by targeting multiple genes, such as
smoothened [13, 22], CyclinD1 [14], PREX2a
[15, 19], SOX4 [20], SSX2IP [18], Runx2 [16],
and Ras-related protein 14 [23]. Recently, a re-
port showed that miR-338-3p expression was
downregulated in NSCLC tissues and inhibited
cell growth partially through the downregula-
tion of Ras-related protein 14 (RAB14) [23].
However, its biological roles in NSCLC, espe-
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cially with regard to migration and invasion,
remained largely unknown. In the present stu-
dy, we further investigated the precise biologi-
cal role of miR-338-3p expression in NSCLC. It
was found that the expression level of miR-
338-3p was downregulated in NSCLC tissues
and cell lines, and negatively associated with
NSCLC metastasis and advanced TNM stages.
Furthermore, we investigated the effects of
miR-338-3p on NSCLC growth, and found that
miR-338-3p overexpression inhibited NSCLC
cells proliferation, induced cell cycle arrest at
G1 phase and apoptosis. After that, we focused
on the effects of miR-338-3p on NSCLC metas-
tasis, and found that miR-338-3p overexpres-
sion inhibited NSCLC cells migration and inva-
sion. These results indicated that miR-338-3p
inhibited cell growth and metastasis of NSCLC.
This study together with previous study sug-
gested that miR-338-3p function as a tumor
suppressor in NSCLC.

It has been shown that miRNAs exert biological
functions via binding to the mRNA 3’-UTR of the
target gene to block its expression [6]. To iden-
tify the target mRNAs of miR-338-3p, Target-
Scan and miRanda algorithm were used. IRS2
was postulated as a potential downstream tar-
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get of miR-338-3p involved in tumor cell prolif-
eration, migration and invasion. IRS2, located
in the 13934 region, is a member of the insul-
in receptor substrate (IRS) protein family that
function as adaptor proteins for additional sur-
face receptors, including the closely related
insulin-like growth factor 1 receptor (IGF-1R)
[25, 26]. It has been shown that IRS2 can re-
cruit and activate PI3K to promote Akt signal-
ing when stimulated with IGF-1 [27]. Previous
studies showed that IRS2 contributed to tu-
morigenesis by promoting cancer cell prolifera-
tion and inhibited apoptosis [28-30]. IRS2
expression has been reported to be upregulat-
ed in many types of cancers including NSCLC
[31]. In addition, recently, a study showed that
silencing IRS2 inhibited NSCLC cell invasion by
regulating ETM [32]. These studies suggested
that IRS2 function as an oncogene in NSCLC.
Here, IRS2 was identified as a direct target
of miR-338-3p. IRS2 expression level was up-
regulated, and negatively correlated with miR-
338-3p expression levels in human T and ANT
tissues. IRS2 overexpression reversed the ef-
fects on cell proliferation, cycle, apoptosis, mig-
ration and invasion mediated by miR-338-3p
overexpression in NSCLC cells. These results
suggests that miR-338-3p function as a tumor
suppressor, at least in part, by repressing IRS2
expression.

In the present study, we verified that miR-338-
3p is dramatically down-regulated in human
NSCLC cell lines and tissues, and its expres-
sion was negatively associated with advanced
and tumor-node-metastasis (TNM) stage and
lymph node metastasis. Moreover, we also
revealed that miR-338-3p overexpression sup-
presses NSCLC cell proliferation, migration, in-
vasion, and promotes cell apoptosis and arrest
at G1 phase, at least in part, through targeting
IRS2. These data suggested that miR-338-3p
might serve as a new therapy target for NSCLC.
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