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Abstract. MicroRNAs (miRNAs) can influence non‑small 
cell lung cancer (NSCLC) in a tumor‑suppressive and onco‑
genic manner. The present study aimed to investigate the 
effects and underlying mechanisms of miR‑29a‑3p in NSCLC. 
NSCLC cell lines (A549, H1299, and H460) and a normal 
lung epithelial cell line (BEAS‑2B) were used. Additionally, 
a mouse lung tumor xenograft model was established using 
A549 cells and used to determine the effects of miR‑29a‑3p 
on NSCLC in  vivo. Tumor volumes were measured every 
week. The expression of miR‑29a‑3p in cells and lung tissues 
were detected by RT‑qPCR. Cell proliferation was detected 
using Cell Counting Kit‑8 and EdU assays. Migration and 
invasion were assessed using wound healing and Transwell 
invasion assays, respectively. Ki‑67 expression was detected 
using immunohistochemical staining. The expression levels of 
Wnt3a and β‑catenin were determined using western blotting. 
miR‑29a‑3p expression was significantly downregulated in 
NSCLC cells and mice. In contrast to miR‑29a‑3p knockdown, 
miR‑29a‑3p overexpression decreased NSCLC cell prolifera‑
tion, migration, and invasion as well as tumor growth in in the 
NSCLC mouse model. Moreover, miR‑29a‑3p overexpression 
decreased the protein expression levels of Wnt3a and β‑catenin. 
The inhibitory effects of miR‑29a‑3p on NSCLC cells were 
reversed by LiCl (an activator of the Wnt signaling pathway). 
In conclusion, miR‑29a‑3p prevented NSCLC tumor growth 
and cell proliferation, migration, and invasion by inhibiting 

the Wnt/β‑catenin signaling pathway. This finding offers novel 
insights into the prognosis and treatment of NSCLC.

Introduction

Lung cancer is one of the primary causes of cancer‑related 
deaths worldwide (1). Lung cancer can be divided into two major 
sub‑types: Non‑small cell lung cancer (NSCLC) and small cell 
lung cancer (SCLC). Among all lung cancer patients, NSCLC 
accounts for ~85% of cases (2), far higher than the prevalence 
of SCLC. Despite the abundance of research on NSCLC, its 
pathogenesis has remained insufficiently understood and the 
five‑year survival rate remains <20% (3,4). Therefore, further 
research is required to explore the pathogenesis of NSCLC, to 
identify early diagnostic biomarkers, and for development of 
novel treatment strategies.

The possibility of gene‑based therapies for disease 
treatment has sparked widespread interest, ~97% of the 
human genome encodes ‘noncoding RNAs’ that regulate 
DNA‑RNA‑protein interactions (5). MicroRNAs (miRNAs) 
are a class of small non‑coding single‑stranded RNA 
molecules that consist of 19‑25 nucleotides; they inhibit 
target gene expression by directly binding to the 3'‑UTR (6,7). 
Increasing evidence indicates that miRNAs participate in 
multiple biological processes, such as cell cycle regulation, 
differentiation, proliferation, and migration  (8), thereby 
implicating them in the initiation and development of various 
diseases, particularly tumorigenesis  (9). Various miRNAs 
have been considered potential NSCLC biomarker candi‑
dates, such as miR‑19b‑3a, miR‑133a, and miR‑148a (10‑12). 
Previous research has revealed that miR‑29a‑3p suppresses 
tumor growth in a variety of malignancies. In endometrial 
cancer, miR‑29a‑3p inhibits cells' malignant properties by 
regulating the VEGFA/CDC42/PAK1 signaling pathway (13). 
miR‑29a‑3p expression is lower in colorectal carcinoma cells 
compared with normal colon epithelial cells and inhibits cell 
function by targeting RPS15A (14). Moreover, miR‑29a‑3p 
inhibited the proliferation, migration, and invasion of liver 
cancer cells by specifically targeting COL4A1 (15). However, 
the role of miR‑29a‑3p in NSCLC has yet to be determined.

The Wnt/β‑catenin signaling pathway is an evolutionary 
cell‑to‑cell coordination mechanism that is essential for 
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a wide range of physiological processes, such as stem 
cell regeneration, proliferation, and migration. Hypo or 
hyper‑activation of various signaling pathways is linked to 
the progression of various human disorders, most notably 
cancers  (16). Alterations in the Wnt/β‑catenin pathway 
contribute to the development/progression of several types 
of cancer, including NSCLC  (17). Numerous studies have 
demonstrated the dysregulation of miRNAs in several types 
of cancer (18‑20), and that aberrantly expressed miRNAs are 
related to dysregulation of the Wnt/β‑catenin signaling (6). 
Numerous miRNAs inactivate the Wnt/β‑catenin signaling 
pathway to affect the progression of NSCLC. miR‑590 has been 
found to suppress the progression of NSCLC via inhibition of 
the Wnt/β‑catenin signaling pathway (21). miR‑433 inhibits 
tumorigenesis through inactivation of the Wnt/β‑catenin 
signaling pathway (22). miR‑19b‑3p inhibits the progression 
of NSCLC by inhibiting the activation of Wnt/β‑catenin 
signaling (23). A previous study revealed that miR‑29a‑3p 
inactivated the Wnt/β‑catenin pathway to suppress gastric 
cancer (GC) progression (8). However, it remains unknown 
whether miR‑29a‑3p affects NSCLC progression by regulating 
the Wnt/β‑catenin signaling pathway.

The present study aimed to investigate the role of 
miR‑29a‑3p in NSCLC cells by assessing proliferation, migra‑
tion, and invasion. Furthermore, whether miR‑29a‑3p affected 
NSCLC progression via regulation of the Wnt/β‑catenin 
signaling pathway was identified. The data provided a theoret‑
ical basis for investigating the protective effects of miR‑29a‑3p 
on NSCLC and its mechanism.

Materials and methods

Cell culture and transfection. The human NSCLC cell lines 
(A549, H1299, and H460 cells) and human normal lung epithe‑
lial cells (BEAS‑2B) were purchased from Beijing Dingguo 
Changsheng Biotechnology Co., Ltd. All cells were cultured 
in RPMI1640 medium (Gibco; Thermo Fisher Scientific, Inc.). 
Media was supplemented with 10% FBS (HyClone, Cytiva), 
100 U/ml penicillin, and 100 µg/ml streptomycin. All cells 
were cultured at 37˚C in a humidified incubator with 5% CO2.

For cell transfection, 5x104 A549 cells were seeded into 
24‑well plates and grown to 30‑50% confluence. miR‑29a‑3p 
mimic, miR‑29a‑3p inhibitor and corresponding negative 
controls (NCs; 5 µl 20 µM; Guangzhou RiboBio Co., Ltd.) 
were diluted with 30 µl riboFECT™ CP buffer (Guangzhou 
RiboBio Co., Ltd.) before incubating with 3 µl riboFECT™ 
CP reagent (Guangzhou RiboBio Co., Ltd.) for 15 min at room 
temperature. Then, the mixture was added to the complete 
medium to a final volume of 500 µl/well. Cells were cultured 
for 24 h at 37˚C for subsequent experiments. The transfected 
miRNA sequences were: miR‑29a‑3p mimic forward, 5'‑UAG​
CAG​GAU​CUG​AAA​UCG​GUU​A‑3' and reverse, 5'‑ACC​GAU​
UUC​AUA​UCC​UGC​UAU​U‑3'; miR‑29a‑3p inhibitor, 5'‑UAA​
CCG​AUU​UCA​UAU​CCU​GCU​A‑3'; and miR NC, 5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3'. All transfections were 
performed strictly in line with the instructions included with 
the riboFECT™ CP Reagent (Guangzhou RiboBio Co., Ltd.). 
In addition, a subset of A549 cells transfected with miR‑29a‑3p 
mimic were treated with 20 mM LiCl, an activator of the Wnt 
signaling pathway (24), for 24 h.

Animal model. A total of 15 female BALB/C nude mice 
(4‑6  weeks old, weighing 16‑20  g) were purchased from 
Shanghai Laboratory Animal Company and stored in a 
specific pathogen‑free environment (21˚C, 60% humidity), 
with a 12 h light/dark cycle with free access to water and 
food. All mice were randomly divided into 3 groups (n=5 
per group): control, NC, and miR‑29a‑3p groups. A549 cells 
(1x107 cells/mouse) transfected with miR‑29a‑3p mimic or 
NC‑mimic were subcutaneously injected into the right flank of 
mice to establish murine xenograft models. Tumor length and 
width were measured using a caliper every week, and tumor 
size was determined using the following formula: π/6 x length 
x width2 at the end of the experiments. After 4 weeks, all 
mice were deeply anesthetized with 2% isoflurane and sacri‑
ficed by cervical dislocation. After confirming that the mice 
had stopped breathing, tumors were removed, weighed and 
collected for subsequent analyses. This animal experiments 
were performed in accordance with the protocols approved by 
the Ethics Committee of the Experimental Animal Center of 
The Affiliated Hospital of Shaoxing University.

Immunohistochemical staining. NSCLC tumor tissue 
samples taken from the model mice were fixed in 4% neutral 
formalin, embedded in paraffin, and cut into 4‑µm thick 
sections for immunohistochemical staining. Tissue sections 
were incubated with an anti‑Ki‑67 primary antibody (1:200; 
cat. no. ab16667, Abcam) overnight at 4˚C. Then, secondary 
antibody goat anti‑rabbit IgG H&L (1:1,000; cat. no. ab6721, 
Abcam) was added for 20 min 3'‑Diaminobenzidine was used 
as a chromogen substrate.

Cell Counting Kit‑8 (CCK‑8) assay. Stably transfected 
A549 cells were plated in a 96‑well plate (1x104 cells/well) 
for 24 h. Subsequently, 10 µl CCK‑8 (Beyotime Institute of 
Biotechnology) solution was added to each well, and cells were 
further incubated for 2 h. Then, the absorbance was measured 
on a microplate reader at 450 nm (Bio‑Rad Laboratories, Inc.).

EdU assay. A BeyoClick™ EdU kit (Beyotime Institute of 
Biotechnology) was used to detect cell proliferation. Cells were 
incubated with 50 µM EdU solution for 2 h at 37˚C. After fixing 
with 4% paraformaldehyde for 15 min at room temperature 
and permeabilizing with 0.2% Triton X‑100 for 10 min, cells 
were stained with click reaction solution in the dark for 30 min 
and counterstained with Hoechst 33342 for 30 min at room 
temperature. EdU positive cells were counted using a fluores‑
cence microscope (x20 magnification; Olympus Corporation).

Wound healing assays. A549 cells were digested with 0.25% 
trypsin (Beijing Solarbio Science & Technology Co., Ltd.) 
and seeded in six‑well plates (2x105 cells/well). When cells 
had proliferated to 100% confluence, cell monolayers were 
scratched using a sterile pipette tip. Cells were then washed with 
serum‑free medium three times. The healing of the wound was 
imaged using a light microscope (Olympus Corporation) after 
0 and 24 h, respectively. The wound healing rate was quantified 
using Image‑Pro Plus version 6.0 (Media Cybernetics, Inc.).

Transwell invasion assay. Transwell invasion assays were 
performed to assess the invasive ability of A549 cells. The 
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upper chamber of the Transwell insert (8 µM pore; Corning, 
Inc.) was coated with Matrigel (Corning, Inc.) in advance 
of cell seeding. A549 cells were suspended in serum‑free 
PRMI‑1640 media to a density of 1x105 cells/ml. Then, 600 µl 
medium containing 20% FBS was added to the lower chamber 
in a 24‑well plate, 200 µl of the cell suspension was placed in 
the upper chamber of the insert. After incubating for 24 h at 
37˚C, cells in the upper chamber were removed, and those in 
the lower chamber were fixed with 4% anhydrous methanol 
for 30 min at room temperature, and stained with 0.1% crystal 
violet for 20 min at room temperature (22±2˚C). Cells that 
had invaded were counted under a light microscope (x100 
magnification; Olympus Corporation) in 6 randomly selected 
non‑overlapping fields.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
from cells was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). The cDNA template was 
obtained using a TIANGEN Kit (cat. no. KR118; Tiangen 
Biotech Co., Ltd.) using 10  µl of the total RNA extract 
according to the manufacturer's protocol. qPCR was 
performed using SYBR‑Green reagent (Lifeint) on an 
Mx3000P fast real‑time PCR System (Agilent Technologies, 
Inc.). The thermocycling conditions used were: 95˚C for 3 min; 
followed by 40 cycles of 95˚C for 12 sec, and 62˚C for 40 sec. 
The sequences of the primers used were: miR‑29a‑3p forward, 
5'‑UAA​CCG​AUU​UCA​AAU​GGU​GCU​A‑3' and reverse, 
5'‑CAG​TGC​GTG​TCG​TGG​AGT‑3'; and U6 forward, 5'‑CTC​
GCT​TCG​GCA​GCA​CA‑3', and reverse 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3'. The relative expression was determined using 
the 2‑ΔΔCq method (25). U6 was used as the internal control. 
The raw data is available from the corresponding author.

Western blotting. A549 cells were lysed using RIPA lysis 
buffer (Beyotime Institute of Biotechnology) and collected by 
centrifugation (14,500 x g for 10 min at 4˚C) to extract the total 
protein. A BCA protein concentration kit (Beyotime Institute 
of Biotechnology) was used to quantify protein concentration. 
A total of 10 µg total protein sample was loaded per a lane 
on 10% SDS‑gels, resolved using SDS‑PAGE, and transferred 
to PVDF membranes (Beyotime Institute of Biotechnology) 
for 2 h at 65 V. Then, 5% skimmed milk was added to block 
membranes for 1 h at room temperature. Subsequently, the 
membranes were treated with primary antibodies overnight 
at 4˚C. The primary antibodies used in this study were as 
follows: Wnt3a (1:1,000; cat. no. ab219412; Abcam), β‑catenin 
(1:5,000; cat. no. ab32572; Abcam), and GAPDH (1:2,500; 
cat. no. ab9485; Abcam). The PVDF membranes were treated 
with a horseradish peroxidase‑conjugated goat anti‑rabbit 
Immunoglobulin G H&L antibody (1:2,000; cat. no. ab6721; 
Abcam) for 1  h at room temperature. The signals were 
visualized using an enhanced chemiluminescence system 
(Nano‑Drop 8000, Thermo Fisher Scientific, Inc.). Images 
of the signals were obtained using a ChemiDoc™ imaging 
system (Bio‑Rad Laboratories, Inc.).

Statistical analysis. All experiments were independently 
performed at least 3  times. Data are presented as the 
mean ± standard deviation and compared using GraphPad 
Prism version 7.0 (GraphPad Software, Inc.). Comparisons 

between multiple groups of parametric data were performed 
using a one‑way ANOVA followed by a post hoc Tukey's test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑29a‑3p expression is reduced in NSCLC cells. The expres‑
sion of miR‑29a‑3p was evaluated in NSCLC cell lines (A549, 
H1299, and H460) and in a normal lung epithelial cell line 
(BEAS‑2B). Compared with the BEAS‑2B cells, the expres‑
sion of miR‑29a‑3p was downregulated in A549, H1299, and 
H460 cells, and the most significant difference was observed 
between A549 cells and BEAS‑2B cells (P<0.05; Fig. 1). Thus, 
A549 cells were selected for all subsequent experiments.

miR‑29a‑3p inhibits the proliferation, migration, and invasion 
of NSCLC cells. To further explore the effects of miR‑29a‑3p 
on NSCLC cells, miR‑29a‑3p mimics or inhibitor were 
transfected into A549 cells. Compared with the control cells, 
miR‑29a‑3p mimic successfully promoted miR‑29a‑3p expres‑
sion in A549 cells, and the miR‑29a‑3p inhibitor exerted the 
opposite effect (P<0.05; Fig. 2A). Compared with the control 
cells, A549 cell proliferation, migration, and invasion was 
significantly increased after transfection with miR‑29a‑3p 
inhibitor, but markedly decreased in cells transfected with 
miR‑29a‑3p mimic (P<0.05; Fig. 2B‑E).

miR‑29a‑3p inhibits the activity of the Wnt/β‑catenin signaling 
pathway. The Wnt/β‑catenin signaling pathway is involved 
in the occurrence and development of NSCLC (26), which 
is associated with aberrantly expressed miRNAs (27). Thus, 
whether miR‑29a‑3p inhibited NSCLC via regulation of the 
Wnt/β‑catenin signaling pathway was next assessed. miR‑29a‑3p 
overexpression inhibited the Wnt/β‑catenin pathway in A549 
cells by reducing the protein expression levels of Wnt3a and 
β‑catenin compared with the control cells, whereas miR‑29a‑3p 
inhibition had the opposite effect (P<0.05; Fig. 3).

Figure 1. miR‑29a‑3p expression is downregulated in NSCLC cells. The 
expression of miR‑29a‑3p in NSCLC cell lines (A549, H1299, and H460) 
and a normal cell line (BEAS‑2B) was determined. *P<0.05, **P<0.01 vs. 
BEAS‑2B cells; #P<0.05, ##P<0.01 vs. A549 cells. NSCLC, non‑small cell 
lung cancer; miR, microRNA.



ZHANG et al:  miR‑29a‑3p INHIBITS NSCLC MALIGNANCY4

miR‑29a‑3p suppresses NSCLC cell proliferation, migration, 
and invasion by inhibiting the activity of the Wnt/β‑catenin 
signaling pathway. To investigate whether miR‑29a‑3p 
suppressed NSCLC cell progression via inhibiting the activity 

of the Wnt/β‑catenin pathway, A549 cells transfected with 
miR‑29a‑3p mimic were treated with LiCl (an activator of the 
Wnt signaling pathway). miR‑29a‑3p mimic upregulated the 
expression of miR‑29a‑3p in A549 cells compared with the 

Figure 2. miR‑29a‑3p inhibits NSCLC cell proliferation, migration, and invasion. (A) Reverse transcription‑quantitative PCR was used to measure the expres‑
sion of miR‑29a‑3p in A549 cells. (B) A Cell‑Counting Kit‑8 assay was used to measure cell proliferation after 24, 48, and 72 h. (C) An EdU assay was used to 
assess proliferation in the transfected cells (scale bar, 50 µm). (D) A wound healing assay was used to assess cell migration (scale bar, 50 µm). (E) Transwell 
assays were used to assess cell invasion (scale bar, 50 µm). A549 cells were transfected with NC, miR‑29a‑3p mimic or inhibitor. *P<0.05, **P<0.01 vs. control 
group. NC, negative control; NSCLC, non‑small cell lung cancer; miR, microRNA.
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control cells; however, the addition of LiCl did not change 
this effect (P<0.01; Fig.  4A). Compared with the control 
group, miR‑29a‑3p overexpression reduced the proliferation, 
migration, and invasion of A549 cells, and this reduction was 
reversed by addition of LiCl (P<0.05; Fig. 4B‑E). Based on the 
western blotting data, the ability of miR‑29a‑3p to decrease the 
expression of Wnt3a and β‑catenin protein was significantly 
reversed by LiCl (P<0.01; Fig. 4F).

miR‑29a‑3p suppresses tumor growth in vivo by inhibiting the 
Wnt/β‑catenin signaling pathway. A mouse lung tumor xeno‑
graft model was established to explore the effects of miR‑29a‑3p 
on NSCLC in vivo. BALB/c nude mice were injected with cells 
transfected with miR‑29a‑3p mimic or miRNA‑NC. RT‑qPCR 
analysis showed that miR‑29a‑3p expression was success‑
fully upregulated in mice (P<0.01; Fig. 5A). Tumor volume 
and weight were smaller after miR‑29a‑3p overexpression 
(Fig. 5B‑D). Ki67 (a marker of cell proliferation) expression 
was significantly reduced when miR‑29a‑3p was overexpressed 
(Fig. 5E) Additionally, miR‑29a‑3p overexpression reduced 
the expression of Wnt3a and β‑catenin in the tumors (P<0.01; 
Fig. 5F).

Discussion

NSCLC is a subtype of lung cancer associated with a poor 
prognosis and high morbidity and mortality rates  (4). The 
potential value of miR‑29a‑3p as a diagnostic and/or prognostic 
marker in several types of cancer has been shown, including 
NSCLC (28‑30). The present study revealed that miR‑29a‑3p 
expression was significantly reduced in the NSCLC cells and 
mouse model miR‑29a‑3p overexpression inhibited lung tumor 
growth and NSCLC cell proliferation, migration, and invasion. 
Further experiments demonstrated that miR‑29a‑3p inhibited 
the malignant characteristics of NSCLC by targeting the 
activity of the Wnt/β‑catenin signaling pathway.

miRNAs play important roles in tumor progression through 
tumor suppressor inactivation or regulation of pertinent path‑
ways (31). miR‑29a‑3p has been recognized as a critical miRNA 
in various types of cancer, and typically functions as a tumor 

suppressor by directly targeting oncogenic genes (29,32‑34). 
miR‑29a‑3p expression was shown to be downregulated in 
some cancer types, such as cervical (35), endometrial (13), and 
gastric (36) cancer, and this downregulation was associated 
with worse outcomes. Studies have reported that miR‑29a‑3p 
suppresses cell proliferation and migration in various types of 
cancer. In hepatocellular carcinoma, miR‑29a‑3p suppresses 
cell proliferation and migration by downregulating IGF1R 
expression (37). Overexpression of miR‑29a‑3p reduced HeLa 
cell migration and proliferation in cervical cancer (38). In 
this study, the expression of miR‑29a‑3p in NSCLC cells and 
normal lung epithelial cells was first examined. The results 
showed that miR‑29a‑3p expression was markedly reduced 
in NSCLC cells compared with normal lung epithelial cells. 
This result indicated that miR‑29a‑3p may also serve as a 
tumor suppressor in NSCLC. To further analyze the effects 
of miR‑29a‑3p on NSCLC, miR‑29a‑3p was overexpressed 
in NSCLC cells, and the acquisition of malignant properties 
was determined. The results showed that miR‑29a‑3p overex‑
pression suppressed proliferation, migration, and invasion of 
NSCLC cells and inhibited tumor growth in NSCLC mice, 
whereas miR‑29a‑3p inhibition reversed this effect. These 
results further imply that miR‑29a‑3p functions as a tumor 
suppressor in NSCLC.

miR‑29a‑3p directly targets the Wnt/β‑catenin signaling 
pathway in several types of cancer including ameloblas‑
toma (39) and gastric cancer (8). To further investigate the 
underlying mechanisms involved, the association between 
miR‑29a‑3p and Wnt/β‑catenin signaling pathway in NSCLC 
was further examined next. The Wnt/β‑catenin signaling 
pathway is required for numerous core biological processes, 
whilst also driving tumor initiation and progression (40). Wnt3a 
and β‑catenin are Wnt signaling pathway‑related proteins, 
that can enter the nucleus to regulate gene transcription. The 
invasive and metastatic process of several types of cancer, 
such as colorectal cancer, can be promoted via activation of 
the Wnt/β‑catenin signaling pathway (41). A previous study 
reported that the Wnt/β‑catenin pathway was associated with 
tumor progression in NSCLC (17). miRNAs could stimulate 
early‑stage NSCLC progression by simultaneously stimulating 

Figure 3. miR‑29a‑3p inhibits the Wnt/β‑catenin pathway in NSCLC cells. Western blotting was used to measure the expression of Wnt3a and β‑catenin 
in A549 cells. A549 cells were transfected with NC, miR‑29a‑3p mimic or miR‑29a‑3p inhibitor. *P<0.05, **P<0.01 vs. control group. NC, negative control; 
NSCLC, non‑small cell lung cancer; miR, microRNA.
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Figure 4. miR‑29a‑3p inhibits the malignant characteristics of A549 NSCLC cells by decreasing the activity of the Wnt/β‑catenin signaling pathway. 
(A) Reverse transcription quantitative‑PCR was used to measure the expression of miR‑29a‑3p in A549 cells. (B) A Cell Counting Kit‑8 assay was used to 
assess A549 cell proliferation 48 h after transfection. (C) Fluorescence staining using an EdU assay on A549 cells (scale bar, 50 µm). (D) A wound healing 
assay was used to assess the migratory ability of the transfected A549 cells (scale bar, 50 µm). (E) A Transwell invasion assay was to assess the invasive ability 
of A549 cells (scale bar, 50 µm). (F) Western blotting was used to measure the expression of Wnt3a and β‑catenin in A549 cells. A549 cells were transfected 
with NC, or miR‑29a‑3p mimic, and subsequently treated with LiCl. *P<0.05, **P<0.01 vs. control group; &P<0.05, &&P<0.01 vs. miR‑29a‑3p mimic group. NC, 
negative control; NSCLC, non‑small cell lung cancer; miR, microRNA.
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Wnt/β‑catenin signaling (6). Moreover, it has been reported that 
miR‑29a‑3p regulates the migration and invasion in ameloblas‑
toma via the Wnt/β‑catenin pathway (39). The Wnt/β‑catenin 
pathway was inactivated in a miR‑29a‑3p‑dependent manner 

in GC cells (8). Therefore, it was speculated that miR‑29a‑3p 
may play a profound role in NSCLC cells by regulating the 
Wnt/β‑catenin signaling pathway. The results of the present 
study demonstrated that overexpressing miR‑29a‑3p reduced 

Figure. 5 miR‑29a‑3p suppresses tumor growth via inhibition of the Wnt/β‑catenin signaling pathway. (A) Reverse transcription quantitative‑PCR was used 
to measure the expression of miR‑29a‑3p in mice. (B) Tumor volume was measured weekly. (C and D) Tumor weight was determined at the end of the 
experiments. (E) Ki67 expression was detected using immunohistochemical staining (scale bar, 20 µm). (F) Western blotting was to measure the expression of 
Wnt3a and β‑catenin in the tumors. BALB/c nude mice were injected with miR‑29a‑3p mimic or NC‑mimic. **P<0.01 vs. control group. NC, negative control; 
NSCLC, non‑small cell lung cancer; miR, microRNA.
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the expression of Wnt3a and β‑catenin, meanwhile, and the 
malignant characteristics were inhibited. Subsequently, rescue 
assays were performed using LiCl, which is an activator of the 
Wnt signaling pathway. LiCl partially reversed the decrease 
in cell proliferation, invasion, and migration induced by 
miR‑29a‑3p overexpression. This results is in agreement with 
previous studies which showed that activation of Wnt/β‑catenin 
signaling facilitates tumor growth in lung cancer (40). The 
results showed that miR‑29a‑3p had a tumor suppressive role 
in NSCLC by restraining Wnt/β‑catenin signaling.

In conclusion, miR‑29a‑3p inhibits NSCLC tumor growth 
and cell proliferation, migration, and invasion by retarding the 
Wnt/β‑catenin signaling pathway. The results of the present study 
provide a potential avenue for developing targeted therapeutics 
in the management of NSCLC. However, the present study has 
some limitations. First, the effects of miR‑29a‑3p on NSCLC 
were explored in A549 cells, future studies should use a wider 
array of NSCLC cell lines to confirm or disprove the generaliz‑
ability of the results. Second, clinical information is still required 
to verify whether miR‑29a‑3p affects the prognosis of NSCLC 
patients. Finally, additional experiments are required to explore 
how miR‑29a‑3p targets the Wnt/β‑catenin signaling pathway.
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