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Abstract: MicroRNA (miR)-29a has been implicated in non-small cell lung cancer (NSCLC),
but the mechanism remains largely unclear. LASP1, a cAMP- and cGMP-dependent signaling
protein, was recently found to promote proliferation and aggressiveness in NSCLC. However,
the regulatory mechanism of LASP1 expression in NSCLC, as well as the relationship between
LASP1 and miR-29a, has never been previously studied. In this study, we found that miR-29a
was remarkably downregulated and low expression of miR-29a was associated with the malignant
progression of NSCLC. Moreover, the expression of LASP1 was markedly increased in NSCLC
tissues and cell lines. Bioinformatics analysis and luciferase reporter assay data further identified
LASPI1 as a target gene of miR-29a, and the expression of LASP1 was negatively mediated by
miR-29a at the post-transcriptional level in NSCLC cells. Overexpression of miR-29a reduced
the proliferation, migration, and invasion of NSCLC cells, just as the effects of LASP1 knock-
down. Moreover, overexpression of LASP1 attenuated the suppressive effect of miR-29a on the
malignant phenotypes of NSCLC cells. In addition, upregulation of miR-29a decreased the growth
of A549 cells in nude mice and protected the animals from tumor-induced death. Therefore, we
demonstrate that miR-29a plays a suppressive role in NSCLC via targeting LASP1, suggesting
that the miR-29a/LASP1 axis may become a promising therapeutic target for NSCLC.

Keywords: non-small cell lung cancer, microRNA-29a, LIM and SH3 protein 1, proliferation,

migration, invasion

Introduction

Lung cancer is the most common malignant tumor worldwide.!? Non-small cell lung
cancer (NSCLC), including squamous cell carcinoma, adenocarcinoma, and large
cell carcinoma, accounts for ~85% of lung cancers.'? Despite improvements in
surgery combined with radiotherapy and/or chemotherapy, the prognosis for NSCLC
patients is still unsatisfactory, mainly due to its metastasis and recurrence.’* In the
recent decade, many cancer-related genes have been found to be dysfunctioned in
NSCLC, which may contribute to its progression.>¢ Therefore, revealing the regula-
tory roles and the underlying mechanisms of these oncogenes and tumor suppressors
is beneficial for developing more effective diagnostic and/or therapeutic strategies
for NSCLC treatment.

MicroRNAs (miRs) are a kind of non-coding RNAs with a length of 18-25 nucle-
otides functioning as key regulators of gene expression at the post-transcriptional
level through directly binding to the 3’-untranslational region (UTR) of their target mes-
senger RNAs (mRNAS), causing either translation inhibition or mRNA degradation.”®
Through mediation of their target genes, miRs participate in the regulation of various
biological processes, such as cell proliferation, survival, apoptosis, differentiation, cell
cycle progression, and angiogenesis. Moreover, miRs are also involved in tumorigenesis.
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Deregulations of miRs have been found in a variety of human
cancers, including NSCLC, and contribute to the malignant
progression and poor prognosis of cancer patients.

miR-29a has been found to be involved in many physi-
ological and pathological processes. For instance, miR-29a
regulates the chondrogenic differentiation of mesenchymal
stem cells and cartilage formation.” Besides, it is also a key
regulator of collagen expression in systemic sclerosis.!”
Moreover, miR-29a plays a promoting or suppressive role in
some common human malignancies, such as breast cancer,'
gastric cancer,'? oral squamous cell carcinoma,' and glioma.'*
Recently, the expression of miR-29a was reported to be sig-
nificantly reduced in more invasive lung cancer cell lines, and
overexpression of miR-29a resulted in a significant reduction in
the invasion and proliferation of lung cancer cells." Tan et al'¢
reported that miR-29a could promote the expression of WIF-1
through directly targeting DNMT3A and DNMT3B, which
further suppressed the oncogenic Wnt/B-catenin signaling
pathway in NSCLC cells. However, whether other target genes
of miR-29a exist in NSCLC still remains to be studied.

Therefore, the objective or our study was to explore the
regulatory roles of miR-29a in NSCLC in vitro and in vivo
and to reveal the potential targets of miR-29a involved in
this process.

Patients and methods

Clinical tissue samples
NSCLC tissues (n=78) and matched adjacent non-tumor
tissues (n=78) were collected at Xiangya Hospital, Central

South University from April 2013 to January 2014, the
histomorphology of which were confirmed by the Department
of Pathology. Tissues were immediately snap-frozen in
liquid nitrogen and stored at —80°C before use. The study
was approved by the ethics committee of Central South
University, Changsha, People’s Republic of China. Written
informed consents were obtained from all studied patients.
The clinical information of NSCLC patients is summarized
in Table 1.

Cell culture

Normal human lung epithelial cell line BEAS-2B and NSCLC
cell lines, including A549, SK-MES-1, H460, and SPC-A1,
were purchased from Cell Bank of Chinese Academic Insti-
tute, Shanghai, People’s Republic of China. All cell lines were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM,;
Thermo Fisher Scientific, Waltham, MA, USA) supplemented
with 10% fetal bovine serum (FBS; Thermo Fisher Scientific)
in a 37°C humidified incubator with 5% CO,,.

Real-time quantitative polymerase chain
reaction (PCR) assay

Total RNA was extracted using TRIzol Reagent (Thermo
Fisher Scientific) according to the manufacturer’s instruction.
The relative expression level of miR-29a was determined by
quantitative real-time reverse transcription (RT) PCR using
mirVana™ Real-Time RT-PCR MicroRNA Detection Kit
(Thermo Fisher Scientific), in accordance with the manu-
facturer’s instructions. U6 was used as an internal reference.

Table | Association between miR-29a expression and clinicopathological characteristics of patients with NSCLC

Variables Patients (n) Low miR-29a (n=41) High miR-29a (n=37) P-value

Age (years) 0.927
<55 27 14 13
=55 51 27 24

Gender 0.262
Male 52 25 27
Female 26 16 10

Tumor size 0.723
=4 .cm 49 25 24
>4 cm 29 16 13

Differentiation 0.011
Well-moderate 57 25 32
Poor 21 16 5

Lymph node metastasis 0.015
No 48 20 28
Yes 30 21 9

Distant metastasis 0.146
No 62 30 32
Yes 16 I 5

Clinical stage 0.003
-l 39 14 25
=V 39 27 12

Abbreviations: miR, microRNA; NSCLC, non-small cell lung cancer.
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For mRNA expression detection, real-time RT-PCR was
conducted using standard SYBR Green RT-PCR Kit (Thermo
Fisher Scientific), according to the manufacturer’s instruction.
GAPDH was used as an internal reference. The specific primer
pairs are shown as follows: miR-29a forward: 5’-ACACTCC
AGCTGGGACTGATTTCTTTTGGT-3, reverse: 5-CTCA
ACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCA
GGTGT-3"; U6 forward: 5-CTCGCTTCGGCAGCACA-3,
reverse: 5-AACGCTTCACGAATTTGCGT-3"; LASP1
forward: 5-TGCGGCAAGATCGTGTATCC-3’, reverse:
5’-GCAGTAGGGCTTCTTCTCGTAG-3’; and GAPDH
forward: 5’-GGAGCGAGATCCCTCCAAAAT-3’, reverse:
5-GGCTGTTGTCATACTTCTCATGG-3". The 274%
method was used to determine the relative expression of
miR or mRNA.

Western blot

Cells were lysed in cold radioimmunoprecipitation assay
buffer, and the protein was separated with 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis, which
was then transferred to the polyvinylidene difluoride mem-
brane (Thermo Fisher Scientific). After that, the membrane
was incubated in phosphate-buffered saline (PBS) with 5%
non-fat dried milk (Yili, Beijing, People’s Republic of China)
for overnight at 4°C. Then, the membrane was incubated with
primary antibodies (Abcam, Cambridge, MA, USA) for 3 h
and with secondary antibody (Abcam) for 1 h. The immune
complexes was detected using ECL Western Blotting Kit
(Thermo Fisher Scientific). The relative protein expression
was analyzed using Image-Pro Plus software 6.0 (Media
Cybernetics, Rockville, MD, USA), and GAPDH was used
as the internal reference.

Cell transfection

Cell transfection was conducted using Lipofectamine 2000
(Thermo Fisher Scientific), according to the manufacture’s
instruction. All of the plasmids and vectors used in this study
were designed and purchased from Guangzhou RiboBio Co.,
Ltd. (Guangzhou, People’s Republic of China). In brief,
serum-free medium was used to dilute scramble miR
mimic (miR-negative control [NC]), miR-29a mimic, blank
pcDNA3.1 vector, pcDNA3.1-LASP1 expression plasmid,
non-specific small interfering RNA (siRNA), and LASP1-
specific siRNA, which was then added with the diluted
Lipofectamine 2000 and incubated at room temperature for
20 min. After that, they were added into the cell suspension.
After incubating for 6 h, the medium was replaced by DMEM
with 10% FBS. After transfection for 48 h, the following
assays were performed.

Dual-luciferase reporter assay

For determining the target relationship between miR-29a
and LASP1, we generated the wild-type (WT) and mutant-
type (MT) 3’-UTR of LASP1, which was then inserted
into the multiple cloning site of the psiCHECK™-2
luciferase reporter vector. A549 cells were transfected with
WT-LASP1-3’-UTR or MT-LASP1-3’-UTR vector, plus
miR-NC or miR-29a mimics. At 48 h after transfection,
the Renilla luciferase activity and firefly luciferase activity
were determined using the dual-luciferase reporter assay
system. Renilla luciferase activity was normalized to firefly
luciferase activity.

MTT assay

A549 cells in each group were suspended in 100 uL of
DMEM containing 0.5 g/LL MTT, seeded in 96-well plates,
and incubated at 37°C for 4 h. After that, the MTT medium
was removed and 50 puL of dimethyl sulfoxide was added
and then incubated at 37°C for 10 min. The optical density
at 570 nm was measured using the ELx800 Absorbance
Microplate Reader (BioTek, Winooski, VT, USA). The
experiments were repeated three times.

Wound healing assay

Wound healing assay was conducted to examine the cell
migratory capacity. In brief, we created a wound of 1 mm
width when culturing A549 cells using a plastic scriber.
Then, the cells were washed once with PBS. The serum-free
DMEM was added. After incubated for 24 h, the serum-
free DMEM was replaced by the DMEM with 10% FBS.
At 48 h after wounding, the cells were observed under a
microscope.

Transwell assay

Transwell assay was conducted using the 24-well transwell
chambers with a layer of matrigel (EMD Millipore, Bedford,
MA, USA). A549 cell suspension was added in the upper
chamber, and DMEM containing 10% FBS was added into
the lower chamber. After incubation for 24 h, non-invading
cells in the interior of the inserts were removed using a cotton-
tipped swab. Cells on the lower surface of the membrane
were stained with gentian violet and then rinsed with water
and dried in air. Five fields were randomly selected, and cell
number was counted under the microscope.

Stable transfection and tumor growth
analysis

The study was approved by the ethics committee of Central
South University, Changsha, People’s Republic of China. All
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experiments were performed in accordance with the Guide
for the Care and Use of Laboratory Animals.

Male BALB/C-nu/nu nude mice (10 weeks) were main-
tained at the animal center of our hospital. The pYr-LVX-
miR-29a lentiviral plasmid was obtained from Amspring
(Changsha, People’s Republic of China). A549 cells were
then stably transfected with pYr-LVX-miR-29a lentiviral
plasmid. Blank pLVX-IRES-ZsGreenl vector was used as
control. To determine the effect of miR-29a on the tum-
origenesis of lung cancer cells in vivo, nude mice (n=06)
were injected subcutaneously in the dorsal flank with 5x10°
A549 cells stably transfected with miR-29a-overexpressing
plasmid. Besides, nude mice (n=6) in the control group were
injected with A549 cells stably transfected with the blank
vector. Nude mice were sacrificed, if not died, on day 60 after
tumor implantation. Tumor volume was calculated using the
following formula:

V (mm?®) =0.5% a X b?

where a is the maximum length in diameter and b the maxi-
mum transverse diameter. Tumor weight was also recorded
when the mice died.

Statistical analysis

Data were expressed as mean * standard deviation. SPSS 19.0
software (IBM Corporation, Armonk, NY, USA) was used to
conduct statistical analysis. Comparison of qualitative data
was analyzed by the chi-square test. Comparison of quanti-
tative data was analyzed by the unpaired #-test. Correlation
was determined by Pearson correlation analysis. P<<0.05 was
considered as statistically significant.

Results
Expression of miR-29a and LASPI in
NSCLC

In our study, we first conducted real-time RT-PCR to deter-
mine the miR-29a levels in a total of 78 cases of human
NSCLC tissues and their matched adjacent non-tumor
tissues. As indicated in Figure 1A, miR-29a was significantly
downregulated in NSCLC tissues, when compared with that
in their matched adjacent non-tumor tissues. The median
of the expression of miR-29a was used as the cutoff value.
If the expression of miR-29a was greater than the median,
it was defined as high expression; otherwise, it was defined
as low expression. Further investigation revealed that low
expression of miR-29a was associated with poor differentia-
tion, lymph node metastasis, and advanced clinical stage in

NSCLC, without any association with gender, age, tumor
size, and distant metastasis (Table 1).

We further found that the expression of LASP1 was mark-
edly increased in NSCLC tissues compared to their matched
adjacent non-tumor tissues (Figure 1B). After that, we exam-
ined the expression of miR-29a and LASP1 in several com-
mon human NSCLC cell lines, including A549, SK-MES-1,
H460, and SPC-A1. Normal human lung epithelial BEAS-2B
cells were used as the control group. The miR-29a levels
were also downregulated in NSCLC cell lines compared
to BEAS-2B cells (Figure 1C). Moreover, the mRNA and
protein levels of LASP1 were also upregulated in NSCLC
cells compared to BEAS-2B cells (Figure 1D and E). There-
fore, our findings indicated that miR-29a was downregulated
while LASP1 was upregulated in NSCLC.

LASPI is a direct target of miR-29a in
NSCLC cells

Bioinformatical analysis showed that LASP1 was a direct
target of miR-29a (Figure 2A). The WT-LASP1-3"-UTR
(Figure 2B) or MT-LASP1-3’-UTR (Figure 2C) luciferase
reporter vector was generated. Therefore, we further per-
formed luciferase reporter assay to confirm their relation-
ship in NSCLC A549 cells. As shown in Figure 2D, the
luciferase activity was significantly downregulated only in
NSCLC A549 cells co-transfected with miR-29a mimics
and WT-LASP1-3’-UTR vector, which was eliminated when
co-transfection with miR-29a mimic and MT-LASP1-3’-UTR
vector (Figure 2D), indicating that miR-29a could directly
bind to the 3’-UTR of LASP1 mRNA in NSCLC cells.

Accordingly, we further examined the role of miR-29a
in the regulation of the LASP1 expression in NSCLC cells.
After transfection with miR-29a mimics, the miR-29a levels
were remarkably increased (Figure 2E). We then examined
the protein and mRNA expression of LASP1 using Western
blot and real-time quantitative PCR assay. We found that the
protein level of LASP1 was markedly reduced in miR-29a-
overexpressing A549 cells compared to the control group
(Figure 2F). However, the mRNA expression of LASP1 was
not affected after overexpression of miR-29a (Figure 2G).
Therefore, miR-29a can inhibit the expression of its target
LASP1 at the post-transcriptional level.

miR-29a suppresses migration and
invasion of A549 cells via targeting LASPI
We further investigated the regulatory effects of miR-29a
on the proliferation, migration, and invasion of NSCLC
cells. We found that overexpression of miR-29a markedly
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normal human lung epithelial BEAS-2B cells. For (C-E), **P<<0.01 vs BEAS-2B.

Abbreviations: miR, microRNA; mRNA, messenger RNA; NSCLC, non-small cell lung cancer; RT-PCR, reverse transcription polymerase chain reaction.

reduced the proliferation, migration, and invasion of A549
cells (Figure 3A—C). A549 cells were then transfected with
LASP1 siRNA, and the LASP1 protein levels were signifi-
cantly decreased (Figure 4A). Similar findings showed that
knockdown of LASP1 also decreased A549 cell proliferation,
migration, and invasion (Figure 4B-D).

To further investigate whether LASP1 acts as the
downstream effecter in the miR-29a-mediated malignant
phenotypes of A549 cells, miR-29a-overexpressing A549
cells were transfected with LASP1 expression plasmid.
After transfection, the protein expression of LASP1 was
significantly upregulated (Figure 5A). Further investiga-
tion revealed that overexpression of LASP1 reversed the

inhibitory effect of miR-29a on the proliferation, migration,
and invasion of A549 cells (Figure 5B-D). Accordingly, our
data indicate that miR-29a inhibits NSCLC cell prolifera-
tion, migration, and invasion, partly at least, via inhibition
of LASP1 expression.

miR-29a inhibits the growth of NSCLC

cells in nude mice

Finally, we studied the function of miR-29a in the growth
of NSCLC xenograft in vivo. We cloned the miR-29a to
pLVX-IRES-ZsGreenl vector to construct the pYr-LVX-
miR-29a lentiviral plasmid. A549 cells were then stably
transfected with the pYr-LVX-miR-29a lentiviral plasmid.
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Figure 2 LASPI is a direct target of miR-29a in NSCLC cells.
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SV40, simian virus 40.

The miR-29a levels were significantly increased after trans-
fection (Figure 6A). Nude mice were then subcutaneously
implanted with these A549 cells. After implantation, we
found that miR-29a overexpression in A549 cells protected

animals from tumor-induced death (Figure 6B). On day 90
after implantation, all mice were sacrificed, if had not died.
We obtained the tumor xenograft (Figure 6C). Moreover, the
weight and volume of the tumor xenograft were significantly
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higher in the miR-29a-overexpressing group when compared
to the control group (Figure 6D and E). We also performed
Western blot to analyze the expression of the markers for
proliferation and invasion in xenografted tumor tissues. We
found that overexpression of miR-29a significantly inhibited
the expression of LASP1, Ki67, and MMP2 (Figure 6F).
Therefore, miR-29a has a suppressive effect on the growth
of NSCLC cells in vivo.

Discussion

Deregulations of miR-29a have been observed in many
human cancers, including NSCLC,'"'>16 but the regulatory
mechanism of miR-29a in NSCLC remains obscure. In the
present study, we showed that miR-29a was remarkably
downregulated, and reduced miR-29a levels were signifi-
cantly associated with the malignant progression, including
tumor grade, tumor—-node—metastasis (TNM) stage, and
lymph node metastasis. Moreover, LASP1 was significantly
upregulated in NSCLC tissues and cell lines. LASP1 was
further found to be a target gene of miR-29a, and the LASP1
protein levels were decreased by miR-29a overexpression in

NSCLC A549 cells. Overexpression of miR-29a significantly
inhibited the proliferation, migration, and invasion of A549
cells, and knockdown of LASP1 also decreased these phe-
notypes of A549 cells. Moreover, overexpression of LASP1
attenuated the inhibitory effects of miR-29a on the malignant
phenotypes of NSCLC cells. In addition, in vivo study fur-
ther showed that overexpression of miR-29a inhibited the
growth of A549 cells in nude mice and protected animals
from tumor-induced death.

Many miRs have been demonstrated to participate in
NSCLC development and progression.!”!® For instance,
miR-200c was downregulated in NSCLC tissues and cell
lines and could inhibit the invasive and chemoresistant
phenotypes of NSCLC cells.” miR-145 is downregulated in
NSCLC and inhibits NSCLC cell proliferation by targeting
c-Myc.?’ miR-34a inhibits the proliferation and promotes
the apoptosis of NSCLC cells by targeting TGFbetaR2.!
Recently, miR-29a was reported to play a role in NSCLC.'¢
However, the expression and clinical significance of miR-29a
in NSCLC remain largely unclear. Here, we found that
miR-29a was significantly downregulated in NSCLC tissues
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Figure 4 Knockdown of miR-29a promotes the proliferation, migration, and invasion of A549 cells.
Notes: (A) Western blot assay was conducted to examine the protein expression of LASP| in A549 cells transfected with LASP|-specific siRNA or non-specific siRNA as
control. (B) MTT assay, (C; 40x magnification) wound healing assay, and (D; 200x magnification) transwell assay were conducted to determine cell proliferation, migration,

and invasion. **P<<0.01 vs control.

Abbreviations: h, hours; miR, microRNA; OD, optical density; siRNA, small interfering RNA.

and cell lines. Moreover, we found that the reduced expres-
sion of miR-29a was significantly associated with poor differ-
entiation, advanced TNM stage, and lymph node metastasis
in NSCLC. Accordingly, we suggest that downregulation of
miR-29a promotes the malignant progression of NSCLC.
Recently, Muniyappa et al® used miR expression profil-
ing of human NSCLC cell lines to indicate that the miR-29a
levels were reduced in more invasive cell lines and showed that
miR-29a could reduce the invasion and proliferation of NSCLC
cells. Besides, overexpression of miR-29a was found to inhibit
the expression of B-catenin through upregulation of WIF-1

by inhibiting the methylation of its promoter and suppress
NSCLC cell proliferation while inducing their apoptosis. !
However, the underlying mechanism of miR-29a in regulating
the malignant phenotypes of NSCLC cells remains unknown.
Here, we showed that miR-29a played a suppressive role in
regulating the proliferation, migration, and invasion of NSCLC
A549 cells, consistent with the previous study.'

LASP1, a member of LIM proteins and a member of the
nebulin family of actin-binding proteins, is characterized by
an LIM motif and a domain of Src homology region 3.2 It is
a cAMP- and cGMP-dependent signaling protein and binds to
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Figure 5 miR-29a inhibits NSCLC cell migration and invasion via targeting LASPI.
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Notes: (A) Western blot assay was conducted to examine the protein expression of LASPI in A549 cells transfected with miR-29a mimic or co-transfected with miR-29a
mimic and LASP| expression plasmid. (B) MTT assay, (C; 40x magnification) wound healing assay, and (D; 200x magnification) transwell assay were conducted to determine

the cell proliferation, migration, and invasion. **P<<0.0l vs miR-29a.

Abbreviations: h, hours; miR, microRNA; NSCLC, non-small cell lung cancer; OD, optical density.

the actin cytoskeleton at extensions of the cell membrane.?
Recently, deregulations of LASP1 have been implicated
in some cancers, such as breast cancer, colorectal cancer,
prostate cancer, and so forth.2-2¢ For instance, it promotes
tumor proliferation and metastasis and is an independent
unfavorable prognostic factor in gastric cancer.?® miR-1
inhibits the malignant phenotypes of esophageal squamous
cell carcinoma cells by targeting LASP1.”” However, the
exact role of LASP1 in NSCLC has never been studied.

In the present study, we found that the expression of LASP1
was significantly increased in NSCLC tissues and cell lines,
when compared to adjacent non-tumor tissues and normal
lung epithelial cell line, respectively. Moreover, LASP1 was
identified as a target of miR-29a by using bioinformatical
analysis and luciferase reporter assay. Therefore, we specu-
lated that LASP1 might act as a downstream effecter in the
miR-29a-mediated malignant phenotypes of NSCLC cells.
To clarify this speculation, the expression of LASP1 was
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Figure 6 miR-29a inhibits the growth of NSCLC cells in nude mice.

Notes: (A) A549 cells were stably transfected with pYr-LVX-miR-29a lentiviral plasmid or pYr-LVX-scramble miR lentiviral plasmid as control. Real-time RT-PCR was
conducted to examine the expression levels of miR-29a. (B) Nude mice were then subcutaneously implanted with these A549 cells. miR-29a overexpression in A549 cells
effectively protected nude mice from tumor-induced death. (C) At 90 days after implantation, all mice that had not died were sacrificed. The tumor xenograft was obtained.
(D) The weight and (E) volume of the tumor xenograft were examined. (F) Western blot assay was conducted to examine the protein expression of LASPI, Ki67, and MMP2

in xenografted tumor tissues. **P<<0.01 and **P<0.00| vs control.

Abbreviations: miR, microRNA; NSCLC, non-small cell lung cancer; RT-PCR, reverse transcription polymerase chain reaction.

inhibited in A549 cells by transfection with LASP1-specific
siRNA, and further investigation showed that knockdown of
LASPI1 reduced the proliferation, migration, and invasion
of A549 cells. Moreover, we found that overexpression of
LASP1 attenuated the suppressive effect of miR-29a on A549
cell proliferation, migration, and invasion. These findings
confirm that miR-29a inhibits the proliferation, migration,
and invasion of NSCLC cells, partly at least, via suppressing
the protein expression of LASP1.

According to our findings, we highlight the clinical sig-
nificance of the miR-29a/L ASP1 axis in NSCLC and suggest
that miR-29a and LASP1 may become promising therapeutic
candidates and targets for NSCLC treatment.

Acknowledgment

This study was supported by the Fundamental Research
Funds for the Central Universities of Central South
University (2016zzts116 to ZLH).

submit your manuscript

7008

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

miR-29a inhibits NSCLC

Disclosure
The authors report no conflicts of interest in this work.

References

1.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin. 2011;61(2):69-90.

. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global

cancer statistics, 2012. CA Cancer J Clin. 2015;65(2):87-108.

. Greenlee RT, Murray T, Bolden S, Wingo PA. Cancer statistics, 2000.

CA Cancer J Clin. 2000;50(1):7-33.

. Hall RD, Le TM, Haggstrom DE, Gentzler RD. Angiogenesis inhibi-

tion as a therapeutic strategy in non-small cell lung cancer (NSCLC).
Transl Lung Cancer Res. 2015;4(5):515-523.

. Kang SM, Lee HJ. MicroRNAs in human lung cancer. Exp Biol Med

(Maywood). 2014;239(11):1505-1513.

. Li XB, Gu JD, Zhou QH. Review of aerobic glycolysis and its key

enzymes — new targets for lung cancer therapy. Thorac Cancer. 2015;
6(1):17-24.

. Ambros V. The functions of animal microRNAs. Nature.2004;431(7006):

350-355.

. Moss EG. MicroRNAs: hidden in the genome. Curr Biol. 2002;12(4):

R138-R140.

. Guerit D, Brondello JM, Chuchana P, et al. FoxO3a regulation by

miRNA-29a controls chondrogenic differentiation of mesenchymal
stem cells and cartilage formation. Stem Cells Dev. 2014;23(11):
1195-1205.

. Maurer B, Stanczyk J, Jungel A, et al. MicroRNA-29, a key regulator

of collagen expression in systemic sclerosis. Arthritis Rheum. 2010;
62(6):1733-1743.

. Wu Z, Huang X, Huang X, Zou Q, Guo Y. The inhibitory role of

Mir-29 in growth of breast cancer cells. J Exp Clin Cancer Res. 2013;
32(1):98.

. Cui Y, Su WY, Xing J, et al. MiR-29a inhibits cell proliferation and

induces cell cycle arrest through the downregulation of p42.3 in human
gastric cancer. PLoS One. 2011;6(10):e25872.

. Lu L, Xue X, Lan J, et al. MicroRNA-29a upregulates MMP?2 in oral

squamous cell carcinoma to promote cancer invasion and anti-apoptosis.
Biomed Pharmacother. 2014;68(1):13-19.

. Zhao D, Jiang X, Yao C, et al. Heat shock protein 47 regulated by

miR-29a to enhance glioma tumor growth and invasion. J Neurooncol.
2014;118(1):39-47.

OncoTargets and Therapy

Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers, potential
targets for therapy and treatment protocols employed to improve the
management of cancer patients. The journal also focuses on the impact
of management programs and new therapeutic agents and protocols on

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

20.

21.

22.

23.

24.

25.

26.

217.

. Muniyappa MK, Dowling P, Henry M, et al. MiRNA-29a regulates

the expression of numerous proteins and reduces the invasiveness and
proliferation of human carcinoma cell lines. EurJ Cancer.2009;45(17):
3104-3118.

. TanM, WuJ, Cai Y. Suppression of Wnt signaling by the miR-29 family

is mediated by demethylation of WIF-1 in non-small-cell lung cancer.
Biochem Biophys Res Commun. 2013;438(4):673-679.

. Campayo M, Navarro A, Vinolas N, et al. Low miR-145 and high

miR-367 are associated with unfavourable prognosis in resected nons-
mall cell lung cancer. Eur Respir J. 2013;41(5):1172-1178.

. Capodanno A, Boldrini L, Proietti A, et al. Let-7g and miR-21 expres-

sion in non-small cell lung cancer: correlation with clinicopathological
and molecular features. Int J Oncol. 2013;43(3):765-774.

. Ceppi P, Mudduluru G, Kumarswamy R, et al. Loss of miR-200c expres-

sion induces an aggressive, invasive, and chemoresistant phenotype in
non-small cell lung cancer. Mol Cancer Res. 2010;8(9):1207-1216.
Chen Z, Zeng H, Guo Y, et al. miRNA-145 inhibits non-small cell lung
cancer cell proliferation by targeting c-Myc. J Exp Clin Cancer Res.
2010;29:151.

Ma ZL, Hou PP, Li YL, et al. MicroRNA-34a inhibits the proliferation
and promotes the apoptosis of non-small cell lung cancer H1299 cell
line by targeting TGFbetaR2. Tumour Biol. 2015;36(4):2481-2490.
Orth MF, Cazes A, Butt E, Grunewald TG. An update on the LIM and
SH3 domain protein 1 (LASP1): a versatile structural, signaling, and
biomarker protein. Oncotarget. 2015;6(1):26-42.

Wang C, Zheng X, Shen C, Shi Y. MicroRNA-203 suppresses cell pro-
liferation and migration by targeting BIRC5 and LASP1 in human triple-
negative breast cancer cells. J Exp Clin Cancer Res. 2012;31:58.
Wang H, ShiJ, Luo Y, et al. LIM and SH3 protein 1 induces TGFbeta-
mediated epithelial-mesenchymal transition in human colorectal cancer
by regulating S100A4 expression. Clin Cancer Res. 2014;20(22):
5835-5847.

Nishikawa R, Goto Y, Sakamoto S, et al. Tumor-suppressive
microRNA-218 inhibits cancer cell migration and invasion via targeting
of LASP1 in prostate cancer. Cancer Sci. 2014;105(7):802—-811.
Zheng J, Yu S, Qiao Y, et al. LASP-1 promotes tumor proliferation
and metastasis and is an independent unfavorable prognostic factor in
gastric cancer. J Cancer Res Clin Oncol. 2014;140(11):1891-1899.
Du YY, Zhao LM, Chen L, et al. The tumor-suppressive function of
miR-1 by targeting LASP1 and TAGLN2 in esophageal squamous cell
carcinoma. J Gastroenterol Hepatol. 2016;31(2):384-393.

Dove

patient perspectives such as quality of life, adherence and satisfaction.
The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

OncoTargets and Therapy 2016:9

submit your manuscript

7009

Dove


http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


