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miR-103 Functions as a Tumor Suppressor by Directly Targeting
Programmed Cell Death 10 in NSCLC

Dong Yang, Jian-Jun Wang, Jin-Song Li, and Qian-Yu Xu

Department of Thoracic Surgery, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, Hubei, P.R. China

Non-small cell lung cancer (NSCLC) accounts for about 85% of all lung cancer cases. Absence of miR-103
has recently been identified to be associated with metastatic capacity of primary lung tumors. However, the
exact role of miR-103 in NSCLC and the molecular mechanism are unclear. In the present study, we showed
that miR-103 expression was reduced in NSCLC tissues and cells. miR-103 expression was negatively cor-
related with tumor size and stage. The overall survival was longer in patients with higher miR-103 level than
in those with lower miR-103 expression. miR-103 inhibited cell proliferation in A549 cells, decreased tumor
weight and volume, and prolonged survival of tumor-implanted nude mice. miR-103 increased apoptotic cell
death in A549 cells. Furthermore, miR-103 decreased the invasion and migration abilities in A549 cells, as
evidenced by Transwell and wound healing results. Downregulation of miR-103 significantly reduced the level
of programmed cell death 10 (PDCD10). We found a significant decrease in the relative luciferase activity
of the reporter gene in A549 cells cotransfected with the miR-103 mimic and pGL3-PDCD10 WT 3’-UTR,
but not pGL3-PDCD10 mut 3’-UTR. We showed that overexpression of PDCD10 significantly inhibited
miR-103-induced inhibition of cell proliferation, increased apoptosis, and decreased invasion and migration in
A549 cells. Moreover, we found that PDCD10 expression was increased in NSCLC tissues and cells. PDCD10
expression was positively correlated with tumor size and stage. Overexpression of PDCD10 increased cell
proliferation and inhibited apoptosis in A549 cells. The data demonstrated that dysregulation of the miR-103/

PDCD10 signal may be a novel therapeutic target for the treatment of NSCLC.

Key words: MicroRNA-103 (miR-103); Programmed cell death 10 (PDCD10);
Non-small cell lung cancer (NSCLC); Proliferation; Apoptosis

INTRODUCTION

Lung cancer is a type of common and deadly cancer
among both men and women. In China, lung cancer has
become the most common human carcinoma, with the
highest cancer-related mortality rate among both men
and women, which may be attributed to loose regula-
tion and deteriorating air quality'?. There are two major
subtypes of human lung carcinoma, non-small cell lung
cancer (NSCLC) and small lung cancer (SCLC). NSCLC
accounts for about 85% of all lung cancer cases, which
also include adenocarcinoma, large cell carcinoma, and
squamous cell carcinoma®*. Nowadays, therapies for
NSCLC are surgery combined with chemotherapy and
radiotherapy. The therapeutic strategy can be applied
according to the range and progression of the disease’.
Five-year survival rates can reach 20%—-30% in NSCLC
patients after surgery®. However, local and distant metas-
tasis is a common clinical problem during the treatment

of lung cancer and is the primary contributor to poor
prognosis in many patients’. Therefore, early diagnosis
is critical for the therapy of NSCLC patients. Exploration
of novel molecular targets and biomarkers may improve
NSCLC therapy.

MicroRNAs (miRNAs) are a class of noncoding single-
stranded RNAs approximately 18—-22 nucleotides in length
that play important roles in the regulation of cell dif-
ferentiation, proliferation, apoptosis, and metabolism®.
miRNAs bind to the complimentary DNA sequence on
the 3’-untranslated region (3’-UTR) of targeted genes
and posttranscriptionally inhibit target gene expression,
modulating multiple biological processes®!. It has been
verified that regulation of miRNAs is involved in the
critical stages of carcinoma development, such as tum-
origenesis, tumor metastasis, or apoptosis''. Abnormal
expression of a battery of miRNAs is involved in the
development of NSCLC'!3, miR-103 plays both an
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oncogenic and tumor-suppressive role in various types
of cancers. miR-103 promotes colorectal cancer by tar-
geting tumor suppressors DICER and PTEN'. miR-103
inhibits proliferation and sensitizes hemopoietic tumor
cells for glucocorticoid-induced apoptosis". miR-103
regulates migration and invasion of triple negative breast
cancer cells through targeting olfactomedin 4'°. A recent
study showed that the absence of miR-103 can be used to
identify primary lung tumors with metastatic capacity'”.
However, the exact role of miR-103 in NSCLC and the
molecular mechanism are unclear.

In the present study, we report that miR-103 was
upregulated and programmed cell death 10 (PDCD10)
was downregulated in NSCLC tissues and cell lines.
Low expression of miR-103 was associated with worse
patient prognosis. miR-103 inhibited NSCLC cell pro-
liferation, induced apoptotic cell death, and inhibited
migration. Overexpression of PDCD10 suppressed miR-
103-induced inhibitory effect on NSCLC cell prolifera-
tion and migration. Moreover, miR-103 decreased tumor
volume and weight in implanted tumors, decreased the
survival of animals, and reduced PDCDI10 expression
in transplanted tumors. The results demonstrated that
miR-103 acted as a tumor suppressor through targeting
PDCD10 in NSCLC.

MATERIALS AND METHODS
Patients, Tissues, and Ethics Statement

The study protocol was approved by the ethics commit-
tee of Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology. A total of 32 fresh
primary NSCLC tissues and matched adjacent noncan-
cerous lung tissues were collected at the Department of
Thoracic Surgery, Union Hospital, Tongji Medical Col-
lege, Huazhong University of Science and Technology.
The diagnosis of all specimens was histopathologically
confirmed by two pathologists according to the WHO cri-
teria for lung cancer. The tissues samples were obtained
from patients who did not receive chemoradiotherapy. For
living patients, overall survival was defined as the amount
of time from the day of primary surgery to the date of death
or the end of follow-up. All the patients signed informed
consent forms.

Cell Culture and Transfection

NSCLS cell lines (A549, SPC-A1, NCI-H460, H1299,
and PC9), the HEK-293T cell line, and the normal human
bronchial epithelial cell line (16HBE) were all obtained
from the Institute of Biochemistry and Cell Biology of
the Chinese Academy of Sciences (Shanghai, PR. China).
The cells were routinely cultured in Dulbecco’s modi-
fied Eagle’s medium (Gibco, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco,
Thermo Fisher Scientific, Waltham, MA, USA), 100 U/ml
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penicillin, and 100 pg/ml streptomycin and incubated
at 37°C and 5% CO,. A549 cells were transiently trans-
fected with the miR-103 mimic, negative control mimic
(NC), miR-103 inhibitor, pcDNA 3.1 PDCD10, or nega-
tive control siRNA (pcDNA 3.1) using Invitrogen™
Lipofectamine 2000 (Life Technologies, Grand Island,
NY, USA) according to the manufacturer’s recommenda-
tions. At 24-48 h after the transfections, cells were used
for subsequent experiments.

Cell Proliferation

Cell proliferation was measured by the cell count-
ing kit-8 (CCK-8) assay kit (Beyotime Biotechnology,
Jiangsu, P.R. China). At 24, 48, and 72 h after the culture,
8 ul of CCK-8 solution and 100 pl of serum-free medium
were added to each well and then incubated for 90 min.
Finally, the absorbance was measured at 450 nm using a
microplate reader. Each data point represented the mea-
surement of three replicate wells.

Apoptosis Analysis

Apoptosis was detected by TUNEL staining using the
In Situ Cell Death Detection Kit, Fluorescein (Roche,
Basel, Switzerland) following the manufacturer’s instruc-
tions. The percentage of apoptotic cells was analyzed by
flow cytometry (BD Biosciences, San Jose, CA, USA).

Quantitative Real-Time PCR

Total RNA was isolated using TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA) according to the manufac-
turer’s protocol. cDNA synthesis was performed with the
SYBR PrimeScript miRNA RT-PCR Kit and PrimeScript
RT Master Mix (Takara Biotech, Otsu, Japan) follow-
ing the manufacturer’s instructions. miRNA and mRNA
were measured by qRT-PCR using SYBR Green II
(Takara Biotech) performed according to the manufac-
turer’s protocol on a CFX96™ Real-Time System (Bio-
Rad, Hercules, CA, USA). miR-103 was quantified by
normalization to U6 expression level, and PDCDI10
was quantified by normalization to B-actin level. The
expression levels of miRNAs and mRNAs were deter-
mined by the 2-**Ct method for relative quantification of
gene expression.

Western Blot Analysis

Cells and tissues were lysed using radioimmuno-
precipitation assay (RIPA) lysis buffer (CWBIO, Beijing,
PR. China). The protein concentration was quantified
by a Bradford protein assay (Thermo Fisher Scientific).
Equal amounts of protein from each sample were sepa-
rated on 10% denaturing polyacrylamide gels (with 5%
polyacrylamide stacking gel) and transferred electropho-
retically onto a polyvinylidene fluoride membrane (Milli-
pore Corporation, Billerica, MA, USA). The membrane
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was then soaked in Tris-buffered saline with Tween 20
[TBST; 150 mM NacCl, 20 mM Tris-HCI (pH 8.0), 0.05%
Tween 20] containing 55% nonfat dry milk for 1 h at
room temperature. Then the membranes were incubated
with primary antibodies at 4°C overnight. Afterward,
the membranes were incubated with HRP-conjugated
secondary antibody (Thermo Fisher Scientific). Protein
bands were detected by chemiluminescence reaction
using an enhanced chemiluminescence detection system
(Millipore Corporation), captured using Bio-Rad Imaging
Systems, and analyzed by Image Lab analysis software
(Bio-Rad).

Dual-Luciferase Reporter Assay

The PDCD10 wild-type (WT) 3’-UTR firefly luciferase
construct (pGL3-PDCD10 WT 3’-UTR) and the pGL3-
PDCD10 mutant (mut) 3’-UTR construct were generated.
A549 cells were cotransfected with 100 ng of pGL3-
PDCD10 WT 3’-UTR or pGL3-PDCD10 mut 3’-UTR
luciferase reporter and 15 ng of Renilla luciferase reporter
(pRL), and a final concentration of 100 nM miRNA NC or
miR-103 mimic using Invitrogen™ Lipofectamine 2000
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(Life Technologies). Forty-eight hours after the incuba-
tion, cells were washed with cold PBS, lysed in 200 ul of
lysis buffer, and then centrifuged at 12,000 rpm for 2 min
at 4°C. The supernatants were used for the detection of
luciferase activity using a dual-luciferase reporter assay
system (Promega, Beijing, P.R. China). Firefly luciferase
units were normalized against Renilla luciferase units
to control for transfection efficiency. Relative activities
were expressed as the fold change in luciferase activity.

Migration Assays

The cell invasion ability was evaluated by Transwell
assay using Matrigel-coated cell culture chambers (8-um
pore size; EMD Millipore). Cells (1x10°) were added to
the upper chamber with 100 pl of serum-free medium, and
600 pl of medium with 10% FBS was added to the lower
chamber. The cells were cultured for 24 h at 37°C. The
cells remaining on the upper membrane were carefully
removed. Cells on the lower membrane were fixed and
stained with crystal violet. The cell population was calcu-
lated using a light microscope (Nikon, Tokyo, Japan) and
was expressed as the fold change of control.
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Figure 1. miR-103 is upregulated in non-small cell lung cancer (NSCLC) tissues and cell lines. (A) The relative mRNA expression
level of miR-103 in tumor tissues and corresponding nontumor tissues. (B) The relative mRNA expression level of miR-103 in lung
cancer cell lines and 16HBE cells was measured by quantitative real-time (QRT)-PCR (n=3 independent experiments). (C) Expression
of miR-103 related to tumor size. (D) Expression of miR-103 related to tumor pathological stage. (E) Kaplan—-Meier analyses of
cumulative survival for patients with NSCLC according to the expression of miR-103. Error bars represent the mean+SEM. *p<0.05,

compared with control.
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In the wound healing assay, cells were seeded in
24-well plates and cultured to 100%. A single scratch
wound was made in the center of the well by a sterile
pipette tip. Cell debris was removed by washing with
PBS, and cells were allowed to grow in the serum-free
medium. The migration distance of the cells was photo-
graphed at 24 h by a microscope (Nikon) and expressed
as fold change of control.

Lentivirus Construction

pLenti-miR-103 or pLenti vector was cotransfected
into HEK-293T cells with psPAX2 and pMD2G. Forty-
eight and 72 h later, viral particles were collected and
centrifuged together at 4,000 rpm for 5 min at 4°C and
then filtered through 0.45-um filters.

Tumor Xenograft In Vivo

All animal procedures were approved by the Ethics
Animal Care and Use Committee of Tongji Medical
College, Huazhong University of Science and Technology.
To confirm the antitumor function of miR-103 in vivo,
1x 107 logarithmically growing A549 cells stably trans-
fected with lenti-miR-NC or lenti-miR-103 were sus-
pended in a 1:1 mixture of culture medium and growth
factor-reduced Matrigel and injected subcutaneously into
the right armpit of male BALB/c nude mice (18-26 g).
Four days after the implantation, the mice were treated
with the following two protocols. In protocol 1, the mice
were randomly divided into two groups, 10 mice per group.
Four weeks after the inoculation, all mice were sacrificed,
and the tumors were excised, weighed, and subjected to
gRT-PCR and Western blot. In protocol 2, the mice were
randomly divided into two groups, 20 mice per group. The
survival of nude mice was observed up to 80 days.

Statistical Analysis

All data were expressed as the mean+SEM, and sta-
tistical analyses were performed using GraphPad Prism
software. The differences between the two groups were
evaluated with two-sided unpaired Student’s #-tests. The
differences among more than two groups were evaluated
by one-way analysis of variance (ANOVA) followed by
a Dunnett’s #-test for multiple comparisons. Survival
was evaluated by the Kaplan—Meier analysis. A value of
p<0.05 was considered to be statistically significant.
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RESULTS

miR-103 Expression Is Increased in NSCLC Tissues
and Cell Lines

In order to clarify the role of miR-103 in lung car-
cinogenesis, we detected the expression level in lung
cancer tissues of NSCLC patient cases. We showed that
miR-103 expression was reduced in tumor tissues com-
pared with corresponding nontumor lung tissues (Fig. 1A).
Consistent with the results, miR-103 expression was
decreased in several NSCLC cell lines, compared with
16HBE cells (Fig. 1B). miR-103 expression level in
tumors larger than 3 cm was lower than in tumors smaller
than 3 cm (Fig. 1C). Moreover, miR-103 expression level
in stage III/IV tumors was lower than in stage I/II tumors
(Fig. 1D). Furthermore, Kaplan—-Meier analysis was car-
ried out to evaluate the correlation of miR-103 level with
the overall survival of NSCLC patients. Survival analy-
sis revealed that the median overall survival was longer
in patients with higher miR-103 expression than in those
with lower miR-103 expression (Fig. 1E). Our data dem-
onstrated that miR-103 was negatively associated with
the development of NSCLC and was a positive prognos-
tic factor in NSCLC patients.

miR-103 Inhibits Cell Proliferation and Migration
in the A549 Cell Line

To study the effect of miR-103 on NSCLC cell pro-
liferation, A549 cells were transfected with the miR-103
mimic or inhibitor, and qRT-PCR analysis was conducted
to confirm the transfection efficiency (Fig. 2A and B). The
proliferation of A549 cells was examined by the CCK-8
assay (Fig. 2C and D). The results showed that transfec-
tion with the miR-103 mimic significantly inhibited the
cell growth after 48 h (Fig. 2C), whereas the miR-103
inhibitor increased cell proliferation notably under the
same culture conditions (Fig. 2D). Moreover, miR-103
mimic transfection significantly increased the TUNEL-
stained cell population (Fig. 2E and F), indicating the
increase of apoptotic cell death. The miR-103 inhibitor
notably decreased the apoptosis in A549 cells (Fig. 2G
and H). In the invasion test, we showed that the miR-103
mimic remarkably decreased the Transwell cell number
(Fig. 2I) and the miR-103 inhibitor increased the cell
number on the lower membrane (Fig. 2J). Furthermore,

FACING PAGE

Figure 2. miR-103 inhibits cell proliferation and migration of the A549 cell line. A549 cells were transfected with the negative control
mimic (NC) or the miR-103 mimic/NC or the miR-103 inhibitor. miR-103 expression was determined by qRT-PCR (A, B), and cell
proliferation was determined by the cell counting kit-8 (CCK-8) assay kit. (C, D). The apoptosis distributions of A549 cells transfected
with NC or the miR-103 mimic/NC or the miR-103 inhibitor for 48 h, which was detected by flow cytometry (E, G) and expressed as
fold increase versus control (F, H). (I-L) Forty-eight hours after the transfection with NC or the miR-103 mimic/NC or the miR-103
inhibitor, wound healing assays and Transwell assays were performed in A549 cells. n=3-4 independent experiments. Error bars rep-

resent the mean=SEM. *p<0.05, compared with control.
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the miR-103 mimic reduced the relative migration dis-
tance (Fig. 2K), and the miR-103 inhibitor increased the
distance of migration in wound healing assays (Fig. 2L).

miR-103 Directly Targets PDCD10

We selected PDCD10 as a potential target of miR-
103 using the TargetScan prediction programs (Www.
targetscan.org) (Fig. 3A). To confirm whether PDCDI10 is
a direct target of miR-103, the PDCD10 WT 3’-UTR was
cloned into the pGL3 vector (pGL3-PDCD10WT 3’-UTR)
downstream of the luciferase open reading frame. In order
to validate target specificity, we mutated the miR-103

YANG ET AL.

binding sites and conducted site-directed mutagenesis for
PDCDI10 WT 3’-UTR using the QuikChange Mutagenesis
Kit (Fig. 3A). We found a significant decrease in the rela-
tive luciferase activity of the reporter gene in A549 cells
cotransfected with pGL3-PDCD10 WT 3’-UTR and the
miR-103 mimic (Fig. 3B). Conversely, cotransfection
of miR-103 with pGL3-PDCD10 mut 3’-UTR resulted
in no significant change in luciferase activity (Fig. 3B).
Furthermore, we observed that the miR-103 mimic remark-
ably reduced PDCD10 mRNA and protein expression in
cells (Fig. 3C and D). We detected the expression level in
lung cancer tissues of NSCLC patient cases. We showed
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Figure 3. Programmed cell death 10 (PDCD10) is a direct target of miR-103. (A) PDCD10 wild-type (WT) 3’-untranslated region
(3’-UTR) contains predicted miR-103 binding sites. Alignment of miR-103 with the PDCD10 WT 3’-UTR, with arrows indicating the
mutagenesis nucleotides. (B) Dual-luciferase reporter assay. A549 cells were cotransfected with luciferase reporter constructs contain-
ing the pGL3-PDCD10 WT 3’-UTR (PDCD10 WT) and the pGL3-PDCD10 mutant (mut) 3’-UTR (PDCD10 MUT) with the miR-103
mimic or NC mimic. Relative firefly luciferase expression was normalized to Renilla luciferase expression. (C, D) The mRNA and
protein expression of PDCD10 IN A549 cells transfected with NC or the miR-103 mimic. (E) The relative mRNA expression level of
PDCD10 in tumor tissues and corresponding nontumor tissues. (F) The relative mRNA expression level of PDCD10 in lung cancer
cell lines and 16HBE cells was measured by qRT-PCR. (G) Expression of PDCD10 related to tumor size. (H) Expression of PDCD10
related to tumor pathological stage. (I) miR-103 had a negative correlation with PDCD10 according to Pearson correlation coefficient.
n=3 independent experiments. Error bars represent the mean+SEM. *p <0.05, compared with control.
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Figure 4. Downregulation of PDCD10 is involved in miR-103-induced inhibition of proliferation and migration of A549 cell line.
A549 cells were cotransfected with NC or the miR-103 mimic and pcDNA or pcDNA PDCD10. (A) Cell proliferation was determined
by the CCK-8 assay kit. (B, C) The apoptosis distribution was detected by flow cytometry (B) and expressed as fold increase versus
control (C). mRNA expression of Bax (D) and Bcl-2 (E) was determined by qRT-PCR and expressed as folds of control. Transwell
assays (F) and wound healing assays (G) were performed in A549 cells. mRNA expression of Bax (H) and Bcl-2 (I) was determined by
qRT-PCR and expressed as fold of control. n=3—4 independent experiments. Error bars represent the mean+SEM. *p <0.05, compared
with control. #p<0.05, compared with miR-103.
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that PDCD10 expression was increased in tumor tis-
sues, compared with corresponding nontumor lung tissues
(Fig. 3E). Consistent with the results, PDCD10 expression
was increased in several NSCLC cell lines, compared with
16HBE cells (Fig. 3F). The PDCD10 expression level in
tumors larger than 3 cm was higher than in tumors smaller
than 3 cm (Fig. 3G). Moreover, the PDCD10 expression
level in stage III/IV tumors was higher than that in stage
I/IT tumors (Fig. 3H). miR-103 expression was negatively
correlated with PDCD10 expression (Fig. 31).

Downregulation of PDCDI0 Is Involved
in miR-103-Induced Inhibition of Proliferation
and Migration of the A549 Cell Line

To test whether downregulation of PDCD10 is involved
in miR-103-induced inhibition of proliferation and migra-
tion, A549 cells were cotransfected with the miR-103
mimic and PDCD10 plasmid. We showed that overexpres-
sion of PDCD10 significantly increased cell proliferation
and suppressed miR-103 mimic-induced reduction of cell
proliferation in A549 cells (Fig. 4A). Overexpression of
PDCD10 notably decreased apoptotic cell death and sup-
pressed miR-103 mimic-induced increase in apoptosis in
A549 cells (Fig. 4B and C). Overexpression of PDCD10
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notably decreased Bax expression and increased Bcl-2
expression in A549 cells (Fig. 4D and E). Moreover,
overexpression of PDCDI10 notably inhibited miR-103
mimic-induced increase in Bax expression and decrease
in Bcl-2 expression (Fig. 4D and E). Furthermore, over-
expression of PDCDI10 remarkably suppressed miR-
103 mimic-induced decrease in invasion (Fig. 4F) and
migration (Fig. 4G) abilities and reduction of N-cadherin
(Fig. 4H) and vimentin (Fig. 4I) expression.

miR-103 Overexpression Inhibits NSCLC Growth
In Vivo and Promotes Mouse Survival

In the next step, we investigated the effects of miR-103
on transplanted tumor growth in vivo. In order to make
tumor growth easier to monitor, the subcutaneous xeno-
graft tumor model in nude mice was established to assess
the tumor formation ability of A549/miR-NC and A549/
miR-103 cells. At the end of the experiment, the subcu-
taneous xenograft tumors were excised and weighed. As
shown in Figure 5SA and B, tumor weight and volume in
the miR-103 group were significantly larger than in the
miR-NC group. Survival analysis revealed that the median
overall survival was longer in mice transplanted with
A549/miR-103 cells (Fig. 5C). qRT-PCR and Western blot
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Figure 5. miR-103 suppresses the growth of NSCLC subcutaneous tumor. (A) Tumor weight. (B) Tumor volume. (C) Kaplan—Meier
analyses of cumulative survival for mice with NSCLC subcutaneous tumor according to the expression of miR-103. (D-F) mRNA
expression of miR-103 (D) and PDCD10 (E) and protein expression of PDCD10 (F) were determined by qRT-PCR and Western blot,
respectively. Error bars represent the mean+SEM. *p <0.05, compared with control.
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results showed that miR-103 expression in tumors was
increased and that PDCD10 expression in tumors was
decreased in the miR-103 group (Fig. SD-F).

DISCUSSION

Accumulating evidence suggests that dysregulation of
miRNAs plays a role in NSCLC development and is asso-
ciated with histological subtypes, tumor stages, recurrent
tumors, and overall survival'®!®, It has been reported that
miR-103 plays both positive and negative roles in differ-
ent types of cancers. In colorectal cancer, miR-103 func-
tioned as an oncogene via inhibition of tumor suppressors
DICER and PTEN'. In gastric cancer, miR-103 promotes
proliferation and metastasis via regulation of KLF4%, In
hemopoietic tumor, miR-103 functioned as a tumor sup-
pressor and sensitized cells for glucocorticoid-induced
apoptosis'®. In particular, miR-103 was recently identi-
fied to be negatively associated with metastatic capacity
in primary lung tumors'”.

In the current study, we investigated the role of miR-
103 in the development of NSCLC. We showed that
miR-103 expression was reduced in NSCLC tissues and
cells. miR-103 expression was negatively correlated with
tumor size and stage. Kaplan—Meier analysis revealed
that the median overall survival was longer in patients
with higher miR-103 level than in those with lower miR-
103 expression. The data demonstrated that miR-103
was a negative regulator for NSCLC. Moreover, we pro-
vided direct evidence for the negative role of miR-103
in NSCLC growth, indicating that miR-103 inhibited cell
proliferation in A549 cells, decreased tumor weight and
volume, and prolonged survival of tumor-implanted nude
mice. miR-103 increased apoptotic cell death in A549
cells. Furthermore, miR-103 decreased the invasion and
migration abilities in A549 cells, as evidenced by the
Transwell and wound healing results.

Previous results have found several target genes of
miR-103. For example, DICER and PTEN are the target
genes in miR-103-induced promotion of colorectal can-
cer'®, In human gastric carcinoma, miR-103 was found
to modulate multidrug resistance by downregulation of
Cav-12'. Zheng et al. showed that miR-103 promoted
tumor growth and metastasis in colorectal cancer by
directly targeting LATS2%. In prostate cancer, miR-103
suppressed tumor cell proliferation by targeting PDCD10%.
PDCDI10 is identified as an apoptosis-related gene that
plays an important role in regulating cell apoptosis®.
Overexpression of PDCD10 suppressed natural cell death
in fibroblast cell lines exposed to specific apoptotic
stimuli, such as staurosporine, cycloheximide, or tumor
necrosis factor-0*>%, suggesting an antiapoptotic role of
PDCD10. However, the role of PDCD10 in NSCLC is not
known. In the current study, we found that PDCD10 may

527

be the target gene responsible for the tumor-suppressive
role of miR-103 in NSCLC. Downregulation of miR-
103 significantly reduced PDCD10 level. We found a
significant decrease in the relative luciferase activity of
the reporter gene in A549 cells cotransfected with the
miR-103 mimic and pGL3-PDCD10 WT 3’-UTR, but
not in pGL3-PDCD10 mut 3’-UTR. We showed that
overexpression of PDCD10 significantly inhibited miR-
103-induced inhibition of cell proliferation, increased
apoptosis, and decreased invasion and migration in A549
cells. Moreover, we found that PDCD10 expression was
increased in NSCLC tissues and cells. PDCD10 expres-
sion was positively correlated with tumor size and stage.
Overexpression of PDCD10 increased cell proliferation
and inhibited apoptosis in A549 cells. These results sug-
gested that downregulation of PDCD10 mediated the
inhibitory effect of miR-103 on NSCLC.

In summary, we identified that miR-103 functioned
as a tumor suppressor in NSCLC, and PDCDI10 is the
direct target of miR-103 in the regulation of NSCLC cell
proliferation and metastasis. Dysregulation of miR-103/
PDCDI10 signaling may be a novel therapeutic target for
the treatment of NSCLC.
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