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Abstract. The microRNA (miR)‑200 family has been 
demonstrated to be associated with the tumorigenesis and 
progression of multiple types of human cancer, including 
non‑small cell lung cancer (NSCLC). As a member of the 
miR‑200 family, miR‑429 was recently identified to have an 
oncogenic role in NSCLC. However, the role of miR‑429 in 
NSCLC growth as well as the underlying mechanism remains 
to be fully elucidated. In the present study, NSCLC cell line 
H1229 was transfected with miR‑429 mimic or inhibitor, 
respectively. It was observed that overexpression of miR‑429 
led to a significant increase in NSCLC cell proliferation, 
while knockdown of miR‑429 suppressed the proliferation of 
H1229 cells. Bioinformatic prediction suggested that deleted 
in liver cancer 1 (DLC‑1), a tumor suppressor in NSCLC, 
was a putative target gene of miR‑429. Therefore, a luciferase 
reporter assay was performed and confirmed that miR‑429 
was able to bind the 3'‑untranslated region of DLC‑1 mRNA 
in H1229  cells. Furthermore, overexpression of miR‑429 
inhibited the protein expression of DLC‑1, while knockdown 
of miR‑429 promoted the protein expression of DLC‑1 in 
NSCLC H1229 cells. In addition, overexpression of DLC‑1 not 
only inhibited H1229 cell proliferation, but also additionally 
reversed the promoting effect of miR‑429 overexpression on 
H1229 cell proliferation. Based on these findings, the present 
study suggests that miR‑429 may have an oncogenic role in the 
regulation of cell proliferation via direct inhibition of DLC‑1 
protein expression in NSCLC cells. Therefore, miR‑429 
may present a putative therapeutic target for the treatment of 
NSCLC growth.

Introduction

Lung cancer is the most common cause of cancer‑associated 
mortality for men and women globally, while non‑small 
cell lung cancer (NSCLC) is responsible for ~90% of lung 
cancer cases (1). Although surgical resection, radiotherapy 
and chemotherapy have led to improvements in the treat-
ment of NSCLC, the prognosis of patients remains poor (1,2). 
Therefore, development of effective therapeutic targets for the 
treatment of NSCLC is required.

MicroRNAs (miRs), a type of small non‑coding RNA, are 
able to bind the 3'‑untranslated region (UTR) of mRNAs, leading 
to mRNA degradation or inhibition of gene translation (3). 
It has been demonstrated that miRs act as critical regulators 
in tumorigenesis, and deregulation of specific miRs has been 
observed in various types of human cancer (4,5). Lang et al (6) 
reported that the expression of miR‑429 was frequently 
increased in NSCLC compared with normal lung tissues, and 
it was additionally upregulated in NSCLC cell lines compared 
with normal lung cells. It was also demonstrated that miR‑429 
had a promoting role in the regulation of NSCLC cell prolif-
eration, migration and invasion, and three targets of miR‑429 
were identified: Phosphatase and tensin homolog (PTEN), Ras 
association domain‑containing protein 8 (RASSF8) and TIMP 
metallopeptidase inhibitor 2 (TIMP2) (6). However, as a single 
miR may have numerous targets (3), whether other targets of 
miR‑429 may also be involved in the development of NSCLC 
remains to be elucidated.

Deleted in liver cancer 1 (DLC‑1), is a Rho GTPase 
activating protein, and a member of the rhoGAP family 
of proteins, which have a role in the regulation of small 
GTP‑binding proteins as well as cell processes involved in 
cytoskeletal changes (7,8). Recently, DLC‑1 was observed to be 
frequently downregulated, either by genomic deletion or DNA 
methylation, in a variety of types of cancer, including lung, 
breast, prostate, kidney, colon, uterus, ovary and stomach (9). 
Yuan et al (10) reported that overexpression of DLC‑1 caused a 
significant inhibition in cell proliferation and colony formation 
in vitro, and abolished tumorigenicity in vivo, suggesting that 
DLC‑1 may be a tumor suppressor in NSCLC. However, the 
regulatory mechanism of DLC‑1 in NSCLC cells, as well as 
its association with miR‑429, remains to be fully elucidated.
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The present study aimed to investigate the role of miR‑429 
in the regulation of NSCLC cell migration and invasion, as 
well as the underlying mechanism involving DLC‑1.

Materials and methods

Cell culture. The human NSCLC cell line H1229 was obtained 
from the Cell bank of Central South University (Changsha, 
China). Cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 10% fetal bovine serum (FBS, 
Thermo Fisher Scientific, Inc.) at 37˚C in at atmosphere of 5% 
CO2.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
using TRIzol® Reagent (Thermo Fisher Scientific, Inc.). For 
miR detection, a TaqMan MicroRNA Reverse Transcription 
kit (Thermo Fisher Scientific, Inc.) was used to convert RNA 
into complementary DNA, according to the manufacturer's 
protocol. qPCR was subsequently performed by using an 
All‑in‑One™ miRNA qRT‑PCR Detection kit (GeneCopoeia, 
Inc., Rockville, MD, USA) on an Applied Biosystems 7500 
thermocycler (Thermo Fisher Scientific, Inc.). The U6 gene was 
used as an internal reference. For mRNA detection, RT‑qPCR 
analysis was performed using the SYBR Green qPCR Master 
Mix (Thermo Fisher Scientific, Inc.) and specific primers 
synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). 
The specific primer sequences were as follows: DLC‑1 forward, 
5'‑CCA​CGG​ACC​TCC​CAT​CTTC‑3' and reverse, 5'‑GCT​
GTG​CAT​ACT​GGG​GGAA‑3'; GAPDH forward, 5'‑ACA​
ACT​TTG​GTA​TCG​TGG​AAGG‑3' and reverse, 5'‑GCC​ATC​
ACG​CCA​CAG​TTTC‑3'. The PCR steps were 95˚C for 5 min, 
followed by 40 cycles of denaturation at 95˚C for 15 sec and 
annealing/elongation step at 60˚C for 30 sec. The relative 
expression was analyzed by the 2‑ΔΔCq method (11).

Western blotting. Cells were solubilized in cold radioimmuno-
precipitation assay lysis buffer (Beyotime Biotechnology Inc., 
Shanghai, China). Proteins (20 µg per lane) were separated by 
12% SDS‑PAGE, and transferred onto a polyvinylidene difluo-
ride (PVDF) membrane, which was subsequently blocked with 
Tris‑buffered saline with Tween‑20 containing 5% milk at 
room temperature for 3 h. The PVDF membrane was subse-
quently incubated with rabbit polyclonal anti‑DLC‑1 antibody 
(1:100 dilution; catalog no. ab126257) and rabbit monoclonal 
GAPDH antibody (1:100 dilution; catalog no. EPR16891) (both 
Abcam, Cambridge, UK) at room temperature for 3 h. Following 
washing with phosphate‑buffered saline with Tween‑20 three 
times, the membrane was incubated with mouse monoclonal 
anti‑rabbit horseradish peroxidase‑conjugated secondary 
antibody (1:5,000 dilution; catalog no. ab99702; Abcam) at 
room temperature for 40 min. Detection was performed using 
an enhanced chemiluminescence kit (Pierce; Thermo Fisher 
Scientific, Inc.). The relative protein expression was analyzed 
by Image‑Pro plus software 6.0 (Media Cybernetics, Inc., 
Rockville, MD, USA).

Transfection. The scramble miRNA mimic, miR‑429 mimic 
and miR‑429 inhibitor were generated by GenePharma Co., 

Ltd. (Shanghai, China). Lipofectamine™ 2000 (Thermo Fisher 
Scientific., Inc.) was used to perform transfection according to 
the manufacturer's protocol. Briefly, the materials used to trans-
fect the cells (scramble miR mimic, miR-429 mimic, miR-429 
inhibitor, pcDNA3.1-DLC 1 plasmid and blank pcDNA3.1 
vector) were diluted with serum‑free DMEM, respectively. Lipo-
fectamine 2000 was also diluted with serum‑free DMEM. The 
diluted Lipofectamine 2000 was added into the diluted plasmid, 
or miRNA mimic, or inhibitor, and incubated for 20 min at 
room temperature, and subsequently added to the H1229 cells 
at ~70% confluence in a 6-well plate. Subsequently, the cells 
were incubated at 37˚C in an atmosphere of 5% CO2 for 6 h. 
Following incubation, the medium in each well was replaced by 
the DMEM supplemented with 10% FBS, and cultured for 24 h 
at 37˚C prior to performance of the following assays.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT) assay. Cell viability was determined using an MTT, 
assay according to the manufacturer's protocol. Briefly, 
cells were suspended in 0.2 ml DMEM at a concentration of 
5,000 cells/well and incubated overnight in 96‑well plates. 
Absorbance at 429 nm was measured using a microplate reader 
(Molecular Devices, LLC, Sunnyvale, CA, USA).

Bioinformatics analysis. Targetscan Human 7.0 online soft-
ware (www.targetscan.org) was used to predicate the potential 
target genes of miR-429. ‘Human’ was selected as the species, 
and ‘miR-429’ was entered.

Dual luciferase reporter assays. A QuikChange Site‑Directed 
Mutagenesis kit (Agilent Technologies, Inc., Santa Clara, CA, 
USA) was used to generate a mutant type (MUT) 3'‑UTR 
of DLC‑1, according to the manufacturer's protocol. The 
wild‑type (WT) or MUT of DLC‑1 3'‑UTR was inserted into 
the psiCHECK™2 vector (catalog no. C8021; Promega Corpo-
ration, Madison, WI, USA), generating psiCHECK™2‑DLC‑1 
or psiCHECK™2‑MUT DLC‑1, respectively. H1229  cells 
were cultured to approximately 70% confluence, and 
subsequently transfected with psiCHECK™2‑DLC‑1 or 
psiCHECK™2‑MUT DLC‑1, with or without 100 nM miR‑429 
mimic. Following transfection at 37˚C for 48 h, the lucif-
erase activities were determined on an LD400 luminometer 
(Beckman Coulter, Inc., Brea, CA, USA). Renilla luciferase 
activity was normalized to firefly luciferase activity. 

Statistical methods. The results are expressed as the 
mean  ±  standard deviation of at least three independent 
experiments. Statistical analysis was performed by one‑way 
analysis of variance. Statistical analysis was performed with 
Graph‑Pad Prism version 5 (GraphPad Software, Inc., La Jolla, 
CA, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑429 promotes the proliferation of NSCLC cells. 
Initially, the present study investigated the role of miR‑429 
in mediating the proliferation of NSCLC cells. H1229 cells 
were transfected with scramble miR mimic, miR‑429 mimic 
or miR‑429 inhibitor, respectively. Following transfection, 
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RT‑qPCR was performed to examine the expression level of 
miR‑429 in H1229 cells in each group. As shown in Fig. 1A, 
transfection with miR‑429 mimic enhanced the expres-
sion of miR‑429 in H1229 cells compared to the control 
group (P<0.01), while transfection with miR‑429 inhibitor 
reduced the miR‑429 expression in H1229 cells compared 
to the control group (P<0.01). Subsequently, an MTT assay 
was performed to investigate the cell proliferation in each 
group. As shown in Fig.  1B, overexpression of miR‑429 
markedly promoted H1229 cell proliferation (P<0.01), while 
knockdown of miR‑429 inhibited tumor cell proliferation, 
compared to the control group  (P<0.01). Therefore, the 
results of the present study suggest that miR‑429 may have an 
oncogenic role in the regulation of NSCLC cell proliferation.

DLC‑1 is a novel target of miR‑429 in NSCLC cells. Bioin-
formatic analysis was performed to predict the putative target 
genes of miR‑429. DLC‑1 was predicated to be a target gene of 
miR‑429 and the putative seed sequences for miR‑429 at the 
3'‑UTR of DLC‑1 were evolutionarily conserved (Fig. 2A). WT 
or MUT DLC‑1 3'‑UTR was inserted into the psiCHECK™2 
vector, generating Luc‑DLC‑1 3'‑UTR or Luc‑MUT DLC‑1 
3'‑UTR, respectively (Fig. 2B). Subsequently, a luciferase 
reporter assay was performed to clarify whether DLC‑1 was 
a target gene of miR‑429, and the results of the present study 
demonstrated that the luciferase activity was reduced only 
in H1229 cells co‑transfected with Luc‑DLC‑1 3'‑UTR and 
miR‑429 mimic (P<0.01), and was not altered in other groups 
(P>0.05) (Fig. 2C). These data indicate that miR‑429 may 

Figure 1. (A) Reverse transcription‑quantitative polymerase chain reaction was used to determine the miR‑429 level in H1229 cells transfected with miR‑429 
mimic, miR‑429 inhibitor or scramble miR mimic as a NC. (B)  An 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay was performed to 
examine cell proliferation in each group. Non‑transfected H1229 cells were used as a control. **P<0.01 vs. control. miR, microRNA; NC, negative control;  
OD, optical density.

  A   B

  A

  B   C

  D   E

Figure 2. (A) Bioinformatic analysis revealed that the targeting association between miR‑429 and DLC‑1 is evolutionarily conserved. (B) The seed sequences 
for miR‑429 at the wild type or mutant type 3'UTR of DLC‑1 are shown. (C) Luciferase reporter assay was performed to clarify whether DLC‑1 was a target 
gene of miR‑429. The luciferase activity was reduced only in non‑small cell lung cancer H1229 cells co‑transfected with miR‑429 mimic and wild type DLC‑1 
3'UTR, but unchanged in other groups. **P<0.01 vs. control. (D) Reverse transcription‑quantitative polymerase chain reaction and (E) western blotting were 
used to determine the mRNA and protein expression levels of DLC‑1 in H1229 cells transfected with miR‑429 mimic, miR‑429 inhibitor or scramble miR 
mimic as a NC. Glyceraldehyde‑3‑phosphate dehydrogenase was used as an internal reference. Non‑transfected H1229 cells were used as a control. **P<0.01 
vs. control. miR, microRNA; DLC‑1, deleted in liver cancer 1; UTR, untranslated region; NC, negative control.RETRACTED
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directly bind the 3'‑UTR of DLC‑1. As miRs generally nega-
tively regulate the expression of their target genes, it was also 
investigated whether the mRNA and protein levels of DLC‑1 
were negatively mediated by miR‑429 in H1229 cells. As 
shown in Fig. 2D and E, overexpression of miR‑429 decreased 
the protein (but not mRNA) levels of DLC‑1 (P<0.01), while 
knockdown of miR‑429 increased the protein (but not 
mRNA) levels of DLC‑1 in H1229 cells (P<0.01). Therefore, 
the present study demonstrates that miR‑429 negatively medi-
ates the protein expression of DLC‑1 via directly binding the 
3'‑UTR of DLC‑1 mRNA in NSCLC H1229 cells.

DLC‑1 inhibits the proliferation of NSCLC H1229 cells. The 
present study also transfected H1229 cells with DLC‑1 plasmid 
or blank vector as a negative control. Following transfection, the 
protein level of DLC‑1 was determined in H1229 cells in each 
group. As shown in Fig. 3A and B, transfection with DLC‑1 
plasmid significantly upregulated the protein level of DLC‑1 

compared to the control group (P<0.01), while transfection 
with blank vector exerted no effect on the protein expression of 
DLC‑1 in H1229 cells (P>0.05). Subsequently, an MTT assay 
was performed, which identified that overexpression of DLC‑1 
significantly suppressed H1229 cell proliferation compared to 
the control group (P<0.01) (Fig. 3C), indicating that DLC‑1 
may act as a tumor suppressor in NSCLC.

DLC‑1 is involved in miR‑429‑mediated proliferation in 
NSCLC H1229  cells. The present study also determined 
whether DLC‑1 was a downstream effector of miR‑429 
in H1229  cells. DLC‑1 plasmid was introduced into the 
H1229 cells overexpressing miR‑429. As shown in Fig. 4A, 
transfection with DLC‑1 plasmid significantly upregulated 
the protein level of DLC‑1 when compared with that in 
H1229 cells transfected with miR‑429 mimic (P<0.01). Subse-
quently, an MTT assay was performed, which identified that 
overexpression of DLC‑1 significantly reversed the promoting 

Figure 4. (A) Western blotting was performed to examine the protein level of DLC‑1 in H1229 cells transfected with miR‑429 mimic, or co‑transfected with 
miR‑429 mimic and DLC‑1 plasmid, respectively. (B) Cell proliferation was subsequently examined by conducting a 3-(4,5-dimethylthiazol‑2-yl)‑2,5-diphe-
nyltetrazolium bromide assay in each group. Non‑transfected H1229 cells were used as a control. **P<0.01 vs. control. DLC‑1, deleted in liver cancer 1; miR, 
micro RNA; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; OD, optical density.
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  C

Figure 3. (A) Reverse transcription‑quantitative polymerase chain reaction and (B) western blotting assays were performed to examine the mRNA and 
protein levels of DLC‑1 in H1229 cells transfected with DLC‑1 plasmid or blank vector, respectively. (C) Cell proliferation was subsequently examined by 
3-(4,5-dimethylthiazol‑2-yl)‑2,5-diphenyltetrazolium bromide assay in each group. Non‑transfected H1229 cells were used as a control. **P<0.01 vs. control. 
DLC‑1, deleted in liver cancer 1; NC, negative control; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; OD, optical density.
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effect of miR‑429 upregulation on H1229 cell proliferation 
(P<0.01) (Fig. 4B). These data suggest that DLC‑1 is involved 
in miR‑429‑mediated proliferation in NSCLC H1229 cells, 
and that the promoting role of miR‑429 in the regulation of 
NSCLC cell proliferation is potentially due to inhibition of 
DLC‑1 expression.

Discussion

In the present study, it was observed that overexpression 
of miR‑429 led to a significant increase in NSCLC cell 
proliferation, while knockdown of miR‑429 enhanced the 
proliferation of NSCLC H1229 cells. The present study addi-
tionally confirmed that DLC‑1 is a target gene of miR‑429, 
and the protein expression of DLC‑1 was negatively regulated 
by miR‑429 in NSCLC H1229 cells. Furthermore, overexpres-
sion of DLC‑1 not only inhibited H1229 cell proliferation, but 
also reversed the promoting effect of miR‑429 overexpression 
on H1229 cell proliferation. Therefore, the promoting role 
of miR‑429 in the regulation of NSCLC cell proliferation is 
potentially due to inhibition of DLC‑1 expression.

Dual roles of miR‑429 have been suggested in a variety of 
types of human cancer, including ovarian (12), colorectal (13‑15), 
esophageal (16) and gastric cancer (17,18), as well as osteosar-
coma (19). Yoneyama et al (20) demonstrated that the expression 
level of miR‑429, accompanied with miR‑200a/b, was signifi-
cantly increased in endometrioid endometrial carcinoma (ECC) 
compared to adjacent normal endometrial tissues. Furthermore, 
miRs‑429, ‑200a and ‑200b may directly target tumor suppressor 
PTEN, and therefore act as onco‑miRs in ECC (20). Knock-
down of miR‑429 was also observed to inhibit proliferation by 
targeting p27Kip1 in human prostate cancer cells (21). By contrast, 
miR‑429 may act as a tumor suppressor in certain cancer types. 
Song et al (22) reported that miR‑429 was frequently down-
regulated in pancreatic ductal adenocarcinoma (PDAC) tissues 
and cell lines, and lower miR‑429 expression in PDAC tissues 
significantly correlated with shorter survival of PDAC patients. 
In addition, overexpression of miR‑429 inhibited PDAC cell 
growth via targeting TANK‑binding kinase 1 (22). Ye et al (23) 
reported that miR‑429 inhibited the migration and invasion of 
breast cancer cells via inhibition of zinc finger E‑box binding 
homeobox 1 and Crk‑like expression.

Deregulation of miR‑429 has been demonstrated in lung 
cancer. Zhu et al (24) reported that the serum and tissue levels of 
miR‑429 were frequently downregulated in early stage NSCLC, 
and the levels of miR‑429 were associated with poor overall 
survival of NSCLC patients. By contrast, Lang et al (6) reported 
that the expression of miR‑429 was frequently upregulated in 
NSCLC compared with normal lung tissues, and its expression 
level was also increased in NSCLC cell lines compared with 
normal lung cells. Accordingly, the expression of miR‑429 in 
NSCLC may be specific dependent on the stage. It was also 
observed that overexpression of miR‑429 in A549 NSCLC 
cells significantly promoted cell proliferation, migration and 
invasion, whereas inhibition of miR‑429 inhibits these effects, 
potentially via targeting PTEN, RASSF8 and TIMP2 (6). In 
the present study, it was also demonstrated that miR‑429 had 
a promoting effect on the proliferation of NSCLC H1229 cells.

The present study also identified DLC‑1 as a novel target 
of miR‑429 in NSCLC H1229  cells. DLC‑1 serves as a 

GTPase‑activating protein (GAP) for members of the Rho 
family of GTPases, particularly Rho A‑C and cell division 
cycle 42 (7). DLC‑1 has been demonstrated to act as a tumor 
suppressor in various types of human cancer, where it relies on 
the RhoGAP activity and steroidogenic acute regulatory‑related 
lipid transfer domain of DLC‑1, as well as its focal adhesion 
localization (9). Furthermore, the suppressive role of DLC‑1 in 
lung cancer has been reported by several studies. Yuan et al (10) 
reported that DLC‑1 was frequently downregulated in NSCLC 
tissues compared to normal lung tissues, potentially due to 
the aberrant DNA methylation in the promoter of the DLC‑1 
gene. Furthermore, it was observed that overexpression of 
DLC‑1 inhibited the growth of NSCLC in vitro and in vivo (10). 
Healy et al (25) also reported that DLC‑1 suppressed NSCLC 
growth and invasion by RhoGAP‑dependent and independent 
mechanisms. In the present study, it was demonstrated that over-
expression of DLC‑1 significantly inhibited NSCLC H1229 cell 
proliferation. Furthermore, it was observed that DLC‑1 acted as 
a downstream effecter in miR‑429‑mediated H1229 cell prolif-
eration, suggesting a novel mechanism through which miR‑429 
may regulate NSCLC growth.

In conclusion, the present study demonstrates that miR‑429 
has inhibitory effects on NSCLC cell proliferation via inhibi-
tion of DLC‑1 expression. Therefore, miR‑429 may become a 
putative therapeutic target for the treatment of NSCLC growth. 
Future research should investigate the regulatory mechanism 
of the miR-492/DLC-1 axis in NSCLC growth in vivo.
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