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Abstract. Dysregulated microRNAs (miRNAs/miRs) 
directly modulate the biological functions of non‑small cell 
lung cancer (NSCLC) cells and contribute to the initiation 
and progression of NSCLC; however, the specific roles 
and underlying mechanisms of the dysregulated miRNAs 
in NSCLC require further investigation. The present study 
reported that miRNA‑629‑5p (miR‑629) was upregulated 
in NSCLC tissues and cell lines. High miR‑629 expres-
sion levels were significantly associated with tumour size, 
clinical stage and lymph node metastasis in patients with 
NSCLC. Functional experiments indicated that miR‑629 
inhibition suppressed the viability and invasion NSCLC cells 
in vitro. Furthermore, bioinformatics prediction, luciferase 
reporter assay, reverse transcription‑quantitative polymerase 
chain reaction and western blot analysis demonstrated that 
runt‑related transcription factor 3 (RUNX3) was a direct 
target gene of miR‑629 in NSCLC. Restoration of RUNX3 
expression suppressed the effects of miR‑629 inhibition in 
NSCLC cells. Rescue experiments revealed that RUNX3 
knockdown partially abrogated the effects of miR‑629 inhibi-
tion on NSCLC cells. In summary, miR‑629 directly targeted 
RUNX3 to inhibit the progression of NSCLC, suggesting 
that this miRNA may be considered as a diagnostic and 
therapeutic target for patients with NSCLC.

Introduction

Lung cancer is the leading cause of cancer‑associated mortality 
in males and females worldwide  (1). Lung cancer can be 
pathologically subdivided into two principal types: Small 
cell lung cancer and non‑small cell lung cancer (NSCLC) (2). 

NSCLC is the most common type of lung cancer and accounts 
for ~80% of all lung cancer cases (3). Numerous risk factors 
of NSCLC have been identified, including long‑term tobacco 
smoking, specific gene mutations and exposure to radon gas, 
asbestos and other types of environmental pollutants (4‑6). 
Notable developments in the diagnosis and therapy of NSCLC 
have been made; however, the overall survival of patients with 
NSCLC remains unsatisfactory (7). The 5‑year survival rate 
of patients diagnosed with NSCLC at stages I and IV is 67 
and 1%, respectively (8). Tumour recurrence and metastasis 
are mainly responsible for the poor therapeutic outcomes of 
patients with NSCLC (9,10). Therefore, further identification 
of the mechanisms underlying NSCLC occurrence and devel-
opment is important for the development of novel therapeutic 
strategies.

m ic roR NAs (m i R NAs/m i Rs)  a re  a  g roup of 
single‑stranded, highly conserved and small non‑coding 
RNA molecules that serve important roles in the oncogen-
esis of NSCLC (11). miRNAs can negatively regulate target 
gene expression by directly binding to the 3'‑untranslated 
regions (UTRs) of target genes, which lead to the degrada-
tion or translational suppression of targeted messenger 
RNAs (mRNAs)  (12). At present, >1,000 miRNAs have 
been validated, and these miRNAs can regulate ~60% of 
all human genes (13). Therefore, miRNAs are involved in 
the regulation of various biological activities, including cell 
proliferation, cycle, apoptosis, differentiation, metabolism 
and metastasis (14‑16). Numerous miRNAs are dysregulated 
in NSCLC; their dysregulation has been associated with the 
pathogenesis and development of NSCLC (17‑19); aberrantly 
expressed miRNAs may serve as tumour suppressors or 
oncogenes, depending on the biological roles of their target 
genes (20). miRNAs may be developed as novel therapeutic 
targets in the diagnosis and treatment of patients with 
NSCLC.

miR‑629‑5p (miR‑629) is upregulated in various types 
of human cancers  (21‑23) and serves oncogenic roles in 
carcinogenesis and the progression of cancer; however, the 
expression profile, biological roles and associated mechanisms 
of miR‑629 in NSCLC remain unclear. In the present study, 
miR‑629 expression was detected in NSCLC tissues and cell 
lines, the effects of miR‑629 in NSCLC cells were also inves-
tigated. The mechanisms underlying the oncogenic roles of 
miR‑629 in NSCLC cells were also determined.
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Materials and methods

Patients and tissue specimens. A total of 51 pairs of NSCLC 
and adjacent normal tissues were obtained from patients with 
NSCLC (32 males, 19 females; age range, 43‑69 years) who 
underwent surgical resection at the Shanghai Ninth People's 
Hospital (Shanghai, China) between June 2014 and January 
2017. Patients with NSCLC did not receive preoperative radio-
therapy and chemotherapy. All patients with NSCLC were 
divided into miR‑629 high or low expression groups based on 
the median value of miR‑629 expression. TNM staging system 
was used for the staging of NSCC (24). Following resection, all 
tissue specimens were immediately frozen in liquid nitrogen 
and stored at ‑80˚C until further RNA isolation. The present 
study was approved by the Ethics Committee of the Shanghai 
Ninth People's Hospital. Written informed consent was also 
obtained from the patients enrolled.

Cell culture and transfection. The non‑tumorigenic bronchial 
epithelium cell line BEAS‑2B was obtained from the American 
Type Culture Collection (Manassas, VA, USA) and cultured 
in LHC‑9 medium with 10% fetal bovine serum (FBS; both 
obtained from Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). A total of four human NSCLC cell lines, including 
SK‑MES‑1, A549, H460 and SPC‑A1 were purchased from 
the Institute of Biochemistry and Cell Biology of the Chinese 
Academy of Sciences (Shanghai, China) and were cultured in 
Dulbecco's Modified Eagle's medium (DMEM) containing 
10% FBS, 100 IU/mm penicillin and 100 µg/mm streptomycin 
(all from Gibco; Thermo Fisher Scientific, Inc.). Cells were 
cultured at 37˚C in a humidified atmosphere with 5% CO2.

miR‑629 inhibitor and control miRNA (NC inhibitor) were 
obtained from Shanghai GenePharma Co., Ltd. (Shanghai, 
China). The miR‑629 inhibitor sequence was 5'‑ACC​CAA​AUG​
CAA​CCC​UCU​UGA‑3' and the NC inhibitor sequence was 
5'‑ACU​ACU​GAG​UGA​CAG​UAG​A‑3'. To restore the expres-
sion of RUNX3, a pCMV‑RUNX3 plasmid was obtained from 
RiboBio (Guangzhou, China); empty pCMV plasmids served 
as the control. To knock down the expression of endogenous 
RUNX3, small interfering RNA (siRNA) against the expression 
of RUNX3 (RUNX3 siRNA) and a negative control siRNA 
(NC siRNA) were purchased from OriGene Technologies, Inc. 
(Beijing, China). The RUNX3 siRNA sequence was 5'‑TGA​
CGA​GAA​CTA​CTC​CGC​T‑3' and the NC siRNA sequence was 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'. Cells were seeded 
into 6‑well plates one day prior to transfection. Transient trans-
fection was conducted using Lipofectamine® 2000 (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's proto-
cols. The concentration of plasmids, miRNAs and siRNAs used 
was 4 µg, 100 pmol, and 100 pmol, respectively. Following 8 h 
of transfection, cell culture medium was replenished with fresh 
DMEM containing 10% FBS.

Reverse transcription quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from tissue specimens 
or cells using TRIzol® reagent (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocols and was subjected 
to complementary DNA (cDNA) synthesis using a TaqMan® 
MicroRNA Reverse Transcription kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The temperature protocol for 

reverse transcription was: 16˚C for 30 min, 42˚C for 30 min 
and 85˚C for 5 min. The expression levels of miR‑629 were 
determined using a TaqMan MicroRNA Assay kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) and was normal-
ized by U6. The temperature protocol for the reaction was: 
50˚C for 2 min, 95˚C for 10 min; 40 cycles of denaturation at 
95˚C for 15 sec; and annealing/extension at 60˚C for 60 sec. 
To measure the mRNA expression levels of RUNX3, RT was 
conducted using a PrimeScript™ RT Reagent kit, followed 
by qPCR with a SYBR Green qPCR Master Mix (both from 
Takara Biotechnology Co., Ltd., Dalian, China) by using 
an ABI 7500 thermocycler (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The temperature protocol for reverse 
transcription was: 37˚C for 15 min and 85˚C for 5 sec. The 
cycling conditions for qPCR were: 5 min at 95˚C, followed 
by 40 cycles of 95˚C for 30 sec and 65˚C for 45 sec. GAPDH 
served as an internal control for the mRNA expression of 
RUNX3. The relative expression levels of miR‑629 and 
RUNX3 were calculated using the 2‑∆ΔCq method (25). The 
primers were designed as follows: miR‑629, 5'‑ACT​TGT​CCT​
ATA​GAA​GCA​CAA​C‑3' (forward) and 5'‑ACT​TGT​CCT​ATA​
GAA​GCA​CAA​C‑3' (reverse); U6, 5'‑GCT​TCG​GCA​GCA​
CAT​ATA​CTA​AAA​T‑3' (forward) and 5'‑CGC​TTC​ACG​AAT​
TTG​CGT​GTC​AT‑3' (reverse); RUNX3, 5'‑GAT​GGC​AGG​
CAA​TGA​CGA‑3' (forward) and 5'‑TGC​TGA​AGT​GGC​TTG​
TGG​T‑3' (reverse); and GAPDH, 5'‑AGC​CTT​CTC​CAT​GGT​
GGT​GAA‑3' (forward) and 5'‑ATC​ACC​ATC​TTC​CAG​GAG​
CGA‑3' (reverse). Each assay was repeated three times.

MTT assay. The viability of NSCLC cells was determined 
using an MTT assay. For this assay, transfected cells were 
harvested and seeded into 96‑well plates with an initial density 
of 3,000 cells in each well. At 0, 24, 48 and 72 h post‑inocula-
tion, a total of 20 µl MTT solution (5 mg/ml; Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) was added into each 
well. Following incubation for another 4  h at 37˚C, the 
culture medium was discarded, and 200 µl dimethyl sulfoxide 
(Sigma‑Aldrich; Merck KGaA) was used to dissolve the purple 
formazan. The optical density of each well was measured at a 
wavelength of 490 nm using an automatic multi‑well spectro-
photometer (BioTek Instruments, Inc., Winooski, VT, USA).

In  vitro invasion assay. Transfected cells were collected, 
washed with PBS and suspended into FBS‑free DMEM. A 
total of 1x105 cells in 200 µl FBS‑free DMEM was added into 
the upper compartment of the 24‑well Transwell chambers 
that were precoated with Matrigel (BD Biosciences, Franklin 
Lakes, NJ, USA); 600 µl DMEM supplemented with 10% FBS 
was used as a chemoattractant in the lower compartments. 
After 24 h of incubation at 37˚C, the non‑invaded cells were 
carefully removed using a cotton swab. The invaded cells 
were then fixed with 100% methanol at 37˚C for 30 min, 
stained with 0.5% crystal violet at 37˚C for 30 min, washed 
with PBS and air‑dried. The invaded cells were imaged with 
an IX71 inverted microscope (magnification, 200x; Olympus 
Corporation, Tokyo, Japan) and quantified by counting the 
number of invaded cells in five randomly selected fields.

Bioinformatic prediction and luciferase reporter assay. To inves-
tigate the mechanisms underlying the roles of miR‑629 in NSCLC, 
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bioinformatic analysis was performed to predict the putative 
targets of miR‑629 using TargetScan (release 7.2; March 2018; 
http://www.targetscan.org/) and microRNA.org (http://www.
microrna.org/). The 3'‑UTR of RUNX3 containing the wild‑type 
(Wt) or mutant (Mut) binding sequences for miR‑629 was gener-
ated by Shanghai GenePharma Co., Ltd., and cloned into the 
pGL3 luciferase vector (XbaI and HpaI; Promega Corporation, 
Madison, WI, USA). The Wt and Mut luciferase plasmids were 
defined as Wt‑RUNX3‑3'‑UTR and Mut‑RUNX3‑3'‑UTR, 
respectively. For this assay, miR‑629 inhibitor or NC inhibitor, 

together with Wt‑RUNX3‑3'‑UTR or Mut‑RUNX3‑3'‑UTR, 
was transfected into cells using Lipofectamine 2000, according 
to the manufacturer's protocols. After 48 h of post‑transfection, 
luciferase activities were determined using a Dual‑Luciferase 
Reporter Assay System (Promega Corporation) in accordance 
with the manufacturer's protocols. Firefly luciferase activity was 
normalized to that of Renilla luciferase activity.

Protein extraction and western blot analysis. Total protein 
was isolated from the tissue specimens or cells using 

Figure 1. miR‑629 expression is upregulated in NSCLC tissues and NSCLC cell lines. (A) miR‑629 expression was examined in 51 pairs of NSCLC and 
adjacent normal tissues via RT‑qPCR. *P<0.05 vs. adjacent normal tissues. (B) miR‑629 expression in four NSCLC cell lines (SK‑MES‑1, A549, H460 and 
SPC‑A1) and the non‑tumorigenic bronchial epithelium BEAS‑2B cell line was detected using RT‑qPCR analysis. *P<0.05 vs. BEAS‑2B. miR, microRNA; 
NSCLC, non‑small cell lung cancer; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.

Table I. Association between miR‑629 and the clinicopathologic characteristics of non‑small cell lung cancer.

Clinicopathological	
characteristics	 High miR‑629 expression	 Low miR‑629 expression	 P‑value

Sex			   0.329
  Male	 18	 14	
  Female	 8	 11	
Age (years)			   0.475
  <50	 6	 8	
  ≥50	 20	 17	
Tumor size (cm)			   0.015
  <3	 11	 19	
  ≥3	 15	 6	
Differentiation			   0.322
  Moderate‑well	 12	 15	
  Poor	 14	 10	
Clinical stage			   0.007
  I‑II	 9	 18	
  III‑IV	 17	 7	
Lymph node metastasis			   0.003
  Negative	 10	 20	
  Positive	 16	 5	

miR, microRNA.
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radioimmunoprecipitation assay buffer, and the protein 
concentration was determined using a bicinchoninic acid assay 
kit (both from Nanjing KeyGen Biotech Co., Ltd., Nanjing, 
China). Equal amounts of protein per lane (30 µg) were loaded 
and separated using 10% SDS‑PAGE. The PVDF membranes 
were then blocked in 5% fat‑free dry milk in Tris‑buffered 
saline containing 0.1% Tween‑20 (TBST) at room temperature 
for 2 h and incubated overnight at 4˚C with primary anti-
bodies. The primary antibodies included: Mouse anti‑human 
monoclonal RUNX3 antibody (1:1,000; ab135248; Abcam, 
Cambridge, UK) and mouse anti‑human monoclonal GAPDH 
antibody (1:1,000; ab9482; Abcam). After washing four 
times with TBST, the membranes were incubated with goat 
anti‑mouse IgG horseradish peroxidase‑conjugated secondary 
antibody (1:5,000; ab6789; Abcam) at room temperature for 
2 h. Protein signals were visualised using Pierce® ECL Plus 
Western Blotting Substrate (Pierce; Thermo Fisher Scientific, 
Inc.). GAPDH served as an endogenous control for the normal-
isation of expression. Protein expression was quantified using 
Quantity One software version 4.62 (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA). Each assay was repeated three times.

Statistical analysis. SPSS version 13.0 software (SPSS, Inc., 
Chicago, IL, USA) was applied for all statistical analysis. 
All data are presented as the mean  ±  standard deviation 
from at least three independent experiments. The association 
between miR‑629 and the clinicopathological characteris-
tics of NSCLC patients was determined using a χ2 test. The 
differences between groups were analyzed with a Student's 
t‑test or one‑way analysis of variance (ANOVA) plus multiple 
comparisons. Student‑Newman‑Keuls test was applied as the 
post‑hoc test following ANOVA. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑629 expression is upregulated in NSCLC tissues and 
cells. RT‑qPCR analysis was performed to detect miR‑629 
expression in 51 pairs of NSCLC and adjacent normal tissues. 
The results revealed that miR‑629 expression was significantly 
upregulated in NSCLC tissues compared with in adjacent 
normal tissues (P<0.05; Fig. 1A). In addition, the association 
between miR‑629 expression and the clinicopathological 
characteristics of patients with NSCLC was investigated. All 
patients with NSCLC were divided into miR‑629 high or low 
expression groups based on the median value of miR‑629 
expression. As presented in Table I, high miR‑629 expression 
levels were associated with tumour size (P=0.015), clinical 
stage (P=0.007) and lymph node metastasis (P=0.003). 
Furthermore, miR‑629 expression was determined in NSCLC 
cell lines. The data of RT‑qPCR analysis revealed that the 
expression levels of miR‑629 were higher in all four tested 
NSCLC cell lines, including SK‑MES‑1, A549, H460 and 
SPC‑A1, compared with the BEAS‑2B cell line (P<0.05; 
Fig. 1B). These findings suggested that miR‑629 upregulation 
may be associated with NSCLC progression.

miR‑629 downregulation suppresses A549 and H460 cell 
viability and invasion. To explore the detailed roles of 
miR‑629 in NSCLC, A549 and H460 cell lines were selected 
in the subsequent experiments as these two cell lines exhibited 
higher miR‑629 expression levels compared with SK‑MES‑1 
and SPC‑A1. miR‑629 inhibitor was used to knock down 
miR‑629 expression in A549 and H460 cells (P<0.05; Fig. 2A). 
An MTT assay was performed to investigate the effects of 
miR‑629 on NSCLC cell viability. The data revealed that 
miR‑629 inhibition suppressed the viability of A549 and 
H460 cells at 48 and 72 h compared with the control (P<0.05; 
Fig. 2B). The effects of miR‑629 knockdown on the invasive 
ability of NSCLC cells were analysed in vitro via an inva-
sion assay. As presented in Fig. 2C, the invasive potential of 
A549 and H460 cells was significantly decreased by miR‑629 
inhibitor compared with in the NC inhibitor groups (P<0.05). 
These results suggested that miR‑629 may serve an oncogenic 
role in the development of NSCLC.

miR‑629 directly targets RUNX3 in NSCLC cells. To 
understand the molecular mechanisms underlying the 
oncogenic roles of miR‑629 in the progression of NSCLC, 
bioinformatic analysis was conducted to predict the puta-
tive targets of miR‑629. RUNX3, a tumour suppressor in 
NSCLC  (26‑30), was determined to contain a potential 

Figure 2. Effects of miR‑629 inhibition on A549 and H460 cell viability 
and invasion in vitro. (A) miR‑629 expression was detected in A549 and 
H460 cells transfected with NC inhibitor or miR‑629 inhibitor. *P<0.05 vs. 
NC inhibitor. (B) MTT assay was performed to assess A549 and H460 cell 
viability following transfection with NC inhibitor or miR‑629 inhibitor. 
*P<0.05 vs. NC inhibitor. (C)  Invasive abilities of A549 and H460 cells 
transfected with NC inhibitor or miR‑629 inhibitor were evaluated using an 
in vitro invasion assay. *P<0.05 vs. NC inhibitor. miR, microRNA; NC, nega-
tive control; OD, optical density.
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binding site for miR‑629 in its 3'‑UTR (Fig. 3A). Luciferase 
reporter assays were performed to examine the association 

between miR‑629 and RUNX3 in NSCLC. miR‑629 down-
regulation significantly increased the luciferase activity of 

Figure 4. RUNX3 upregulation suppresses A549 and H460 cell viability and invasion in vitro. (A) Following transfection with pCMV‑RUNX3 or pCMV, 
RUNX3 protein expression was detected in A549 and H460 cells via western blot analysis. *P<0.05 vs. pCMV. (B‑D) Viability and invasion of A549 and H460 
cells transfected with pCMV‑RUNX3 or pCMV was determined via MTT and invasion assays in vitro, respectively. *P<0.05 vs. pCMV. OD, optical density; 
pCMV, empty plasmid; RUNX3, runt‑related transcription factor 3.

Figure 3. miR‑629 directly targets RUNX3 in NSCLC cells. (A) Putative miR‑629 binding site in the 3'‑UTR of RUNX3. A mutation was generated in the 
binding sequence of miR‑629 in the 3'‑UTR of RUNX3. (B) Luciferase activities in A549 and H460 cells were measured following co‑transfection with 
Wt‑RUNX3‑3'‑UTR or Mut‑RUNX3‑3'‑UTR and NC inhibitor or miR‑629 inhibitor. *P<0.05 vs. NC inhibitor. (C and D) RUNX3 mRNA and protein expres-
sion levels were significantly upregulated in A549 and H460 cells following transfection with miR‑629 inhibitor. *P<0.05 vs. NC inhibitor. miR, microRNA; 
mut, mutant; NC, negative control; RUNX3, runt‑related transcription factor 3; 3'UTR, 3'‑untranslated region; Wt, wild type.
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the plasmid with wild‑type 3'‑UTR in A549 and H460 cells 
compared with the control (P<0.05); however, the luciferase 
activities were notably unaffected in the plasmid carrying 
mutant 3'‑UTR of RUNX3 (Fig. 3B). To further investigate 
the interaction between miR‑629 and RUNX3 in NSCLC, 
RT‑qPCR and western blot analyses were employed to 
respectively measure the expression levels of RUNX3 
mRNA and protein in A549 and H460 cells transfected 
with miR‑629 inhibitor or NC inhibitor. Transfection with 
miR‑629 inhibitor significantly upregulated the expression 
of RUNX3 mRNA (P<0.05; Fig. 3C) and protein (P<0.05; 
Fig. 3D) in A549 and H460 cells compared with the control. 
These results suggested that RUNX3 is a direct target of 
miR‑629 in NSCLC cells.

RUNX3 upregulation suppresses A549 and H460 cell viability 
and invasion. The roles of RUNX3 in NSCLC cells were 
investigated in the present study. A549 and H460 cells were 

transfected with pCMV‑RUNX3 or pCMV; RUNX3 protein 
expression was significantly upregulated in A549 and H460 
cells following transfection with pCMV‑RUNX3 compared 
with the control (P<0.05; Fig.  4A). Subsequent MTT and 
invasion assays revealed that, similar to miR‑629 knockdown, 
RUNX3 upregulation significantly suppressed the viability at 
48 and 72 h, (P<0.05; Fig. 4B and C) and invasion (P<0.05; 
Fig. 4D) of A549 and H460 cells compared with the control. 
These results further demonstrated that RUNX3 is a functional 
downstream target of miR‑629 in NSCLC.

RUNX3 knockdown reverses the phenotypes induced by 
miR‑629 inhibition in A549 and H460 cells. Considering that 
RUNX3 was validated as a direct target of miR‑629 in NSCLC 
cells, whether RUNX3 upregulation is required for the onco-
genic roles of the miR‑629 on NSCLC cells was investigated 
in the present study. Rescue experiments were performed by 
co‑transfecting A549 and H460 cells with miR‑629 inhibitor 

Figure 5. RUNX3 knockdown reversed the effects of miR‑629 downregulation on A549 and H460 cell viability and invasion. A549 and H460 cells were 
co‑transfected with miR‑629 inhibitor and RUNX3 siRNA, or NC siRNA, and were used in subsequent experiments. (A) Following 72 h of transfection, western 
blot analysis was conducted to measure RUNX3 protein expression. *P<0.05 vs. NC inhibitor. #P<0.05 vs. miR‑629 inhibitor + NC siRNA. (B‑D) Viability and 
invasion of indicated cells were analysed using MTT and invasion assays in vitro, respectively. *P<0.05 vs. NC inhibitor. #P<0.05 vs. miR‑629 inhibitor + NC 
siRNA. miR, microRNA; NC, negative control; RUNX3, runt‑related transcription factor 3; siRNA, small interfering RNA.RETRACTED
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and RUNX3 siRNA or NC siRNA. Western blot analysis 
demonstrated that co‑transfection with RUNX3 siRNA signif-
icantly downregulated the expression of RUNX3 in A549 and 
H460 cells transfected with miR‑629 inhibitor compared with 
cells exhibiting miR‑629 downregulation (P<0.05; Fig. 5A). 
MTT and in  vitro invasion assays revealed that RUNX3 
knockdown rescued the effects of the miR‑629 inhibitor on 
A549 and H460 cell viability (P<0.05; Fig. 5B and C) and 
invasion (P<0.05; Fig. 5D). In summary, our results suggested 
that miR‑629 exerts oncogenic activity in NSCLC cells by 
regulating RUNX3 expression.

Discussion

Dysregulated miRNAs directly modulate the biological func-
tions of NSCLC cells and contribute to the initiation and 
progression of NSCLC (31‑33); however, the specific roles 
and underlying mechanisms of the dysregulated miRNAs in 
NSCLC require further investigation. In the present study, 
it was reported that miR‑629 expression was significantly 
upregulated in NSCLC tissues and cell lines. High miR‑629 
expression levels were highly associated with the tumour size, 
clinical stage and lymph node metastasis of patients with 
NSCLC. miR‑629 inhibition suppressed the viability and inva-
sive ability of NSCLC cells. RUNX3 was confirmed as a direct 
target gene of miR‑629 in NSCLC cells. In addition, RUNX3 
overexpression exhibited similar effects of miR‑629 inhibi-
tion in NSCLC cells. The rescue experiments demonstrated 
that RUNX3 knockdown abrogated the effects of miR‑629 
downregulation in NSCLC cells. In summary, miR‑629 may 
exhibit oncogenic activity in NSCLC by directly targeting 
RUNX3. Therefore, miR‑629 serves a pivotal role in NSCLC 
and may be an effective target for the therapy of patients with 
this disease.

miR‑629 dysregulation has been observed in numerous 
types of human cancer (21‑23). For example, miR‑629 expres-
sion is upregulated in breast cancer. Patients with breast cancer 
and levels of high miR‑629 exhibit poorer overall survival and 
disease‑free survival than those with low miR‑629 expres-
sion (21). In addition, miR‑629 was identified as an independent 
risk factor for lung metastasis of breast cancer (21). miR‑629 
is also highly expressed in clear cell renal cell carcinoma (22), 
and cervical (23), ovarian (34) and pancreatic cancers (35). 
These findings indicate that miR‑629 is frequently upregulated 
in human cancers and suggest that miR‑629 may be identified 
as a novel diagnostic and prognostic biomarker for patients 
with these types of cancer.

miR‑629 dysregulation is closely associated with the 
malignant phenotype of cancers. For instance, miR‑629 down-
regulation attenuates cell viability and migration of breast 
cancer in vitro and decreases lung metastasis in vivo  (21). 
Jingushi et al  (22) reported that miR‑629 downregulation 
inhibits cell migration and invasion of clear cell renal cell 
carcinoma. Phuah et al  (23) revealed that miR‑629 knock-
down prohibits cell proliferation and promotes apoptosis, 
and thus increases the sensitivity of cervical cancer cells to 
1'S‑1'‑acetoxychavicol acetate. Shao et al (34) demonstrated 
that inhibiting miR‑suppressed inhibited cell metastasis and 
induced apoptosis in ovarian cancer. Yan et al (35) reported 
that miR‑629 inhibition supresses proliferation, while 

increasing the apoptosis of pancreatic cancer cells. These find-
ings suggest that miR‑629 may be considered as a therapeutic 
target in the treatment of patients with these specific types of 
cancer.

Numerous targets of miR‑629 have been reported, 
including leukaemia inhibitory factor receptor (21) in breast 
cancer, tripartite motif‑containing 33 (22) in clear cell renal 
cell carcinoma, ras suppressor protein 1  (23) in cervical 
cancer, testis‑specific Y‑like protein 5  (34) in ovarian 
cancer and forkhead box O3  (35) in pancreatic cancer. 
Identifying the targets of miR‑629 in NSCLC may improve 
understanding of the mechanisms underlying the initia-
tion and progression of NSCLC, which may facilitate the 
identification of valuable therapeutic targets of patients with 
NSCLC. RUNX3, which is located on chromosome 1p36, 
was identified as a direct target gene of miR‑629 in NSCLC 
in the present study. RUNX3 was notably downregulated in 
NSCLC, which was reported in patients with poorly differ-
entiated NSCLC. Additionally, patients with NSCLC and 
low RUNX3 expression levels demonstrated lower five‑year 
survival rates than those with high expression (26). RUNX3 
serves crucial roles in the oncogenesis and development of 
NSCLC by regulating cell proliferation (27), invasion (28), 
epithelial‑mesenchymal transition  (29) and tumorigen-
esis  (30). In the present study, it was demonstrated that 
miR‑629 directly targeted RUNX3 to inhibit the progression 
of NSCLC. Therefore, miR‑629‑based inhibition of RUNX3 
may be a promising therapeutic method to treat patients with 
NSCLC.

In conclusion, miR‑629 was overexpressed in NSCLC 
tissues and cell lines. High miR‑629 expression levels were 
closely associated with tumour size, clinical stage and lymph 
node metastasis in patients with NSCLC. miR‑629 served 
oncogenic roles in NSCLC by directly targeting RUNX3. The 
findings of the present study may provide novel evidence for 
the potential of miR‑629 as a therapeutic target for NSCLC; 
however, the association between miR‑629 and the prognosis 
of patients with NSCLC was not investigated. This limitation 
of our study may be resolved in future experiments.
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