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Abstract. Non‑small cell lung cancer (NSCLC) is one of 
the most important causes of cancer‑related death. miR‑1181 
has been reported to have roles in various cancer types and 
its function in the progression of NSCLC was investigated in 
the present study. A total of 118 patients with NSCLC were 
recruited and their tumor tissues were collected. The expres‑
sion of miR‑1181 in NSCLC tissues and cells was detected by 
reverse transcription‑quantitative PCR. The prognostic value 
of miR‑1181 was evaluated by Kaplan‑Meier and Cox regres‑
sion analysis and the roles of miR‑1181 in cell proliferation, 
migration and invasion of NSCLC were analyzed by Cell 
Counting Kit‑8 and Transwell assays. miR‑1181 was indicated 
to be upregulated in NSCLC tissues and cell lines, and to be 
associated with lymph node metastasis and the TNM stage of 
patients. Patients with high miR‑1181 expression had a poorer 
prognosis than those with low miR‑1181 expression. miR‑1181 
levels and TNM stage were determined to be two independent 
prognostic factors for NSCLC. In addition, overexpression 
of miR‑1181 exerted enhancing effects on cell proliferation, 
migration and invasion of NSCLC, while its knockdown 
inhibited these cellular processes. In conclusion, upregula‑
tion of miR‑1181 in NSCLC was associated with lymph node 
metastasis and TNM stage of patients and was indicative of 
poor prognosis. miR‑1181 was indicated to exert promoting 
effects on cell proliferation, migration and invasion of NSCLC 

cells and to be involved in tumor progression, providing novel 
insight for the development of biomarkers and therapies for 
NSCLC.

Introduction

Lung cancer is one of the most frequent causes of cancer‑related 
death, with an incidence rate of 1.3 million cases per year 
and a 5‑year survival rate of <15% (1‑3). Among the various 
subtypes of lung cancer, non‑small cell lung cancer (NSCLC) 
is the most common type, which is mostly detected at an 
advanced stage (4). The low survival rate of NSCLC results 
from the limited efficacy of treatment and difficulties in the 
early detection of advanced disease  (5). Targeted therapy 
and early detection are the most effective approaches to 
significantly reduce the mortality of patients with NSCLC. 
Therefore, it is urgently required to identify novel biomarkers 
that participate in the progression of NSCLC.

MicroRNAs (miRNAs/miRs) are short, noncoding 
RNAs with vital roles in the post‑transcriptional regula‑
tion of gene expression and various biological processes (6). 
Dysregulated miRNAs have attracted special attention and 
have roles in tumorigenesis and cancer progression. For 
instance, miR‑654‑3p suppresses hepatocellular carcinoma 
progression (7). miR‑188‑5p promotes the proliferation and 
migration of gastric cancer cells (8). Accumulating evidence 
has indicated that certain miRNAs, such as miR‑650, 
miR‑195‑5p and miR‑30, regulate cell proliferation, migration, 
invasion and apoptosis in NSCLC (9‑11). The deregulation of 
specific miRNAs may serve as a biomarker for the progression 
and prognosis of NSCLC.

miR‑1181 was reported to be abnormally expressed in 
several cancer types, including ovarian cancer, pancreatic 
cancer, hepatocellular carcinoma and NSCLC, and 
was reported to be related to the development of these 
cancers (12‑15). It was hypothesized that miR‑1181 may have 
a vital role in the development and prognosis of NSCLC, but 
data on the function of miR‑1181 in NSCLC have remained 
limited. In the present study, the expression of miR‑1181 
in NSCLC and adjacent tissues, as well as the association 
between miR‑1181 expression and the clinical features and 
survival rate of patients were analyzed to evaluate the prog‑
nostic value of miR‑1181. The function of miR‑1181 in NSCLC 
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cell proliferation, migration and invasion was also investigated 
through Cell Counting Kit‑8 (CCK8) and Transwell assays.

Materials and methods

Specimens. Paired NSCLC and adjacent non‑tumor tissues 
confirmed by at least three pathological experts were 
collected from 118 patients with NSCLC treated at Nanjing 
Chest Hospital (Nanjing, China) between January 2012 and 
December  2014. All patients provided written informed 
consent for participating in the present study and did not 
received any chemotherapy or radiotherapy prior to the 
surgery. The survival information of the patients with NSCLC 
was obtained in a 5‑year follow‑up survey. All tissues were 
frozen in liquid nitrogen immediately after collection and 
stored at ‑80˚C. The present study was approved by the Ethics 
Committee of Nanjing Chest Hospital (Nanjing, China).

Cell culture and transfection. The human NSCLC cell lines 
A549, H1299, H2009 and NE18, as well as the normal human 
lung epithelial cell line BEAS‑2B, were purchased from the 
American Type Culture Collection. Cells were cultured in 
RPMI‑1640 medium (Invitrogen; Thermo Fisher Scientific, 
Inc.) containing 10% FBS (Invitrogen; Thermo Fisher 
Scientific, Inc.), with maintenance at 37˚C in a humidified 
atmosphere with 5% CO2.

miR‑1181 mimics (50 nM; 5'‑CCG​UCG​CCG​CCA​CCC​
GAG​CCG‑3'), miR‑1181 inhibitor (50 nM; 5'‑CGG​CUC​GGG​
UGG​CGG​CGA​CGG‑3') and corresponding negative control 
[mimics NC (5'‑GGA​CCA​AAT​CTC​GAG​ATT​TGG‑3') and 
inhibitor NC (5'‑UCU​ACU​CUU​UCU​AGG​AGG​UUG​UGA‑3'); 
Guangzhou RiboBio Co., Ltd.] were transfected into cells 
using the Lipofectamine® 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) at room temperature for 24 h according 
to the manufacturer's protocol to regulate the expression of 
miR‑1181. After 24 h of transfection, the cells were ready for 
use in the subsequent experiments.

RNA isolation and reverse transcription‑quantitative (RT‑q) 
PCR. Total RNA was isolated from collected tissues and 
cell lines using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol and 
reverse‑transcribed into complementary DNA at  42˚C for 
15 min and at 85˚C for 2 min using a TaqMan MicroRNA 
Reverse Transcription Kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). qPCR was performed with a SYBR‑Green I 
Master Mix kit (Invitrogen; Thermo Fisher Scientific, Inc.) 
in the 7300 Real‑Time PCR System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The primer sequences were 
as follows: 5'‑ GTG​CAG​GGT​CCG​AGG​TCA​GAG​CCA​CCT​
GGG​CAA​TTT​TTT​TTT​TTC​GGC​TC‑3' for reverse‑tran‑
scription, the forward primer was 5'‑CCG​GGC​CGT​CGC​
CGC​CAC​CC‑3', and the reverse primer was 5'‑GTG​CAG​GGT​
CCG​AGG​TCA‑3' for miR‑1181 qPCR. U6 (forward, 5'‑CTC​
GCT​TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3') was used as an internal control and the 2‑ΔΔCq 
method was used to quantify the expression of miR‑1181 (16). 
The thermocycling conditions were set as 94˚C for 5 min and 
then 35 cycles of denaturation for 30 sec at 94˚C, annealing for 
30 sec at 50˚C and extension for 45 sec at 72˚C.

CCK8 assay. According to the protocol for the CCK‑8 Assay 
kit (Dojindo Molecular Technologies Inc.), the CCK8 assay 
was performed to analyze the proliferation of NSCLC cells. 
In brief, NSCLC cells at a density of 5x103 cells per well were 
seeded into 96‑well plates in triplicates. After incubating 
for 0, 24, 48 and 72 h at 37˚C, CCK8 reagent was added to 
each well, followed by further incubation for 4 h at 37˚C. 
The absorbance of each well at 450 nm was detected using a 
microplate reader (Thermo Fisher Scientific, Inc.) to evaluate 
the proliferation of NSCLC cells.

Transwell assay. NSCLC cells in serum‑free medium were 
seeded into the upper wells of a 24‑well Transwell chamber 
with 8‑µm pore size (Corning, Inc.) at 2x105 cells per well. 
Fresh culture medium with 10% FBS was added to the 
bottom chamber as the chemoattractant. After 48 h of incu‑
bation at 37˚C, cells on the upper surface of the membrane 
were removed and those that had transgressed to the bottom 
chamber were fixed with 4% paraformaldehyde for 20 min 
at room temperature and stained with 0.1% crystal violet for 
10 min at room temperature. To assess cell invasion, the upper 
chamber was precoated with 0.5% Matrigel (BD Biosciences) 
at 37˚C overnight. Migrated and invaded cells were counted 
by a light microscope (magnification, x400). The images were 
captured randomly from at least 5 fields and analyzed by 
ImageJ software (version 1.49; National Institutes of Health).

Luciferase reporter assays. Potential targets of miR‑1181 
were first predicted in silico using targetscan (http://www.
targetscan.org/vert_72/) and then confirmed using a luciferase 
reporter assay. A fragment of the 3' untranslated region (3'UTR) 
of axin 1 (AXIN1) containing a prospective binding site for 
miR‑1181 was amplified with the genomic DNA extracted 
from A549 cells using the same reverse transcription protocol 
as aforementioned used as a template and the AmpFlSTR 
Identifiler PCR Amplification Kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) according to the protocol. The 
amplification conditions were: Initial denaturation for 10 min 
at 95˚C, followed by 45 cycles of denaturation at 95˚C for 
10 sec, annealing for 20 sec at 60˚C and extension at 72˚C 
for 20 sec. The amplified fragment was then inserted into the 
reporter vector pmirGLO (Promega Corporation) to construct 
the luciferase reporter plasmid AXIN1 wild‑type  (WT) 
according to previous studies (17,18). Furthermore, its mutant 
(MT) sequence was also synthesized with mutations in the 
binding sites introduced using the QuikChange Site‑Directed 
Mutagenesis kit (Stratagene; Agilent Technologies, Inc.) to 
construct the luciferase reporter plasmid AXIN1 MT. A549 
cells were co‑transfected with pGL3‑AXIN1‑WT (10 nM) 
or pGL‑AXIN1‑MT (10 nM) and miR‑1181 mimics (50 nM), 
miR‑1181 inhibitor (50 nM) or negative controls (50 nM) using 
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). The luciferase activity levels were analyzed 
by the Dual‑Luciferase Reporter Assay Kit (Promega 
Corporation) with Renilla as the normalization control 
according to the manufacturer's protocol.

Statistical analysis. Statistical analyses were performed with 
GraphPad Prism 5.0 software (GraphPad Software, Inc.) and 
SPSS 20.0 software (IBM, Corp.). All values are expressed as 
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the mean ± standard deviation obtained from ≥ 3 experiments. 
Significant differences between groups were determined by a 
paired Student's t‑test or one‑way ANOVA followed by Tukey's 
post hoc test. The χ2 test was used to evaluate the association 
between miR‑1181 expression and the clinical features of 
patients. The prognostic value of miR‑1181 expression was 
assessed by Kaplan‑Meier followed by long‑rank test and Cox 
regression analysis. P<0.05 was considered to indicate statis‑
tical significance.

Results

miR‑1181 is significantly upregulated in NSCLC and 
associated with lymph node metastasis and TNM stage. The 
recruited patients were consisted of 69 males and 49 females 
with an average age of 56.3±9.33 years. The expression of 
miR‑1181 was significantly increased in NSCLC tissues 
compared with that in adjacent normal tissues (P<0.001, 
Fig. 1A). This upregulation of miR‑1181 was also observed 
in NSCLC cells compared with that in the normal BEAS‑2B 
cells (P<0.001, Fig. 1B).

Using the mean relative miR‑1181 expression levels in 
NSCLC tissues (0.939) as the cut‑off, patients with NSCLC 
were divided into the low and high miR‑1181 expression 
groups. The expression level of miR‑1181 was significantly 
associated with lymph node metastasis (P=0.025) and TNM 
stage of patients (P=0.013), but no significant relationship 
with any of the other clinical features was identified (P>0.05, 
Table I).

High expression of miR‑1181 is associated with poor 
prognosis. The survival information of patients with NSCLC 
was obtained and data were plotted as Kaplan‑Meier curves 
(Fig. 2). The patients with high miR‑1181 expression had a 
poorer prognosis than those with low miR‑1181 expression 
(log‑rank P=0.015). To further assess the prognostic value 
of miR‑1181, Cox regression analysis was used to determine 
the influence of miR‑1181 expression on the survival proba‑
bility of the patients. miR‑1181 was significantly associated 
with the survival of patients with NSCLC, with a hazard 
ratio (HR) of 2.169 (95% CI=1.101‑4.272, P=0.025). In addi‑
tion to the TNM stage (HR=2.014, 95% CI=1.060‑3.828, 
P=0.033), miR‑1181 expression in tumor tissues may be 
considered as an independent prognostic indicator for 
NSCLC (Table II).

Overexpression of miR‑1181 promotes NSCLC cell 
proliferation. miR‑1181 mimics, miR‑1181 inhibitor or the 
corresponding NC were transfected into A549 and H1299 
cells to regulate the expression level of miR‑1181. The expres‑
sion of miR‑1181 in A549 and H1299 cells was confirmed to 
be significantly increased after transfection with miR‑1181 
mimics and to be reduced in the miR‑1181 inhibitor‑transfected 
cells (P<0.001, Fig. 3A). To assess the proliferation of the 
transfected cells, the CCK8 assay was applied, revealing that 
the proliferation of NSCLC cells with knockdown of miR‑1181 
was significantly reduced compared with that of the cells with 
overexpression of miR‑1181 (P<0.05, Fig. 3B).

Overexpression of miR‑1181 promotes migration and invasion 
of NSCLC cells. To evaluate the role of miR‑1181 in NSCLC 
cell migration and invasion, Transwell assays were performed 
on A549 and H1299 cells transfected with miR‑1181 mimics 
or inhibitor. The results suggested that the number of migrated 
cells in the group of NSCLC cells with miR‑1181 overexpres‑
sion was significantly elevated, while that of the NSCLC cells 
with knockdown of miR‑1181 was significantly decreased in 
comparison with the respective controls (P<0.001, Fig. 4A). 
Similarly, the invasion of NSCLC cells was inhibited by 
knockdown of miR‑1181 and promoted by overexpression of 
miR‑1181 (P<0.001, Fig. 4B). Hence, these results indicated the 
regulatory function of miR‑1181 in the migration and invasion 
of NSCLC cells.

AXIN1 is a direct target of miR‑1181. The binding sites between 
miR‑1181 and the 3'UTR of AXIN1 were predicted in silico 
and are presented in Fig. 5A. This predicted binding interac‑
tion was then confirmed with a luciferase reporter assay. The 
relative luciferase activity of the AXIN1 WT reporter plasmid 
was inhibited by overexpression of miR‑1181 in the miR‑1181 
mimics group and enhanced by the silencing of miR‑1181 in 
the miR‑1181 inhibitor group (P<0.001, Fig. 5B). However, 
the relative luciferase activity of the AXIN1 MT was not 
significantly affected by the changes in miR‑1181 expression 
(P>0.05, Fig. 5B).

Discussion

NSCLC remains the leading cause of cancer‑related death 
with a low 5‑year survival rate due to the lack of effective 
diagnostic methods and therapeutic targets (19). miRNAs have 

Figure 1. miR‑1181 expression in NSCLC tissues and cell lines. (A) miR‑1181 was significantly upregulated in NSCLC tissues relative to adjacent non‑tumor 
tissues. (B) miR‑1181 was significantly upregulated in NSCLC cell lines (A549, H1299, H2009 and NE18) relative to a normal cell line (BEAS‑2B). 
***P<0.001 vs. normal. miR, microRNA; NSCLC, non‑small cell lung cancer.
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been indicated to be critical regulators in the pathogenesis of 
cancer, as certain miRNAs have critical roles in the tumori‑
genesis and development of various cancer types (20,21). For 
instance, the expression of miR‑21 was significantly associated 

with the progression of hepatocellular carcinoma (22). In addi‑
tion, miR‑182 promotes the progression of prostate cancer 
by activating the Wnt/β‑catenin signaling pathway  (23). 
In NSCLC, miR‑675 was reported to enhance the disease 
progression by activating the NF‑κB signaling pathway (24) 
and miR‑125a‑5p suppressed NSCLC progression by targeting 
suppressor of variegation 3‑9 homolog 1, as the overexpression 
of miR‑125a‑5p inhibited cell proliferation, migration and 
invasion and activated cell apoptosis in NSCLC (25).

A previous study focusing on the miRNA expression 
profiling of NSCLC indicated that miR‑1181 was differen‑
tially expressed in NSCLC (12), and thus, it was speculated in 
the present study that miR‑1181 participates in the progression 
of NSCLC. In the present study, data derived from tissues of 
patients with NSCLC and NSCLC cell lines suggested signifi‑
cant upregulation of miR‑1181, consistent with the previous 
study. Furthermore, the upregulation of miR‑1181 exhibited a 
significant association with lymph node metastasis and TNM 
stage in patients with NSCLC. miR‑1181 was considered to 
be able to predict the prognosis of NSCLC, as its upregula‑
tion was associated with a poorer survival rate of patients 
with NSCLC. Accumulating evidence has demonstrated the 
prognostic value of miRNAs in several cancer types (26‑28), 
and a variety of miRNAs, such as miR‑519a, miR‑378 and 
miR‑1246, have been considered as prognostic biomarkers 
for NSCLC (29‑31). In the present study, the results of the 
Cox regression analysis indicated that miR‑1181 and the TNM 
stage were independent prognostic indicators for NSCLC. 
These results indicated that miR‑1181 may be involved in the 

Table I. Association between miR‑1181 expression and clinical features of patients with non‑small cell lung cancer.

	 Expression of miR‑1181
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Total patients (n=118)	 High (n=67)	 Low (n=51)	 P‑value

Age (years)				    0.509
  <60	 63	 35	 28	
  ≥60	 55	 32	 23	
Sex				    0.492
  Male	 69	 39	 30	
  Female	 49	 28	 21	
Tumor size (cm)				    0.172
  <4	 64	 33	 31	
  ≥4	 54	 34	 20	
Differentiation				    0.102
  Well+moderate	 71	 30	 41	
  Poor	 47	 37	 10	
Lymph node metastasis				    0.025
  Negative	 67	 38	 29	
  Positive	 51	 29	 22	
TNM stage				    0.013
  I/II	 68	 42	 26	
  III/IV	 50	 25	 25	

miR, microRNA.

Figure 2. Kaplan‑Meier survival curves depicting the association of miR‑1181 
expression with survival of patients with non‑small cell lung cancer. Patients 
with high miR‑1181 expression had a poorer prognosis than those with low 
miR‑1181 expression. Log‑rank P=0.015. miR, microRNA.
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progression of NSCLC and predict poor prognosis of affected 
patients.

miR‑1181 has been reported to be differentially expressed 
in various cancer types. In hepatocellular carcinoma, miR‑1181 
was indicated to be upregulated and serve as an oncogene 
due to its positive effect on the progression of hepatocellular 
carcinoma by repressing AXIN1 (15). miR‑1181 inhibited the 
migration, invasion and proliferation of pancreatic cancer 

by targeting STAT3 and inhibited stem cell‑like pheno‑
types by downregulating SOX2 and STAT3 in pancreatic 
cancer (13,32). A previous study also reported that miR‑1181 
promoted mesenchymal‑epithelial transition in ovarian cancer 
cells, which is closely associated with the migration and inva‑
sion of cancer cells (14). The present results indicated that the 
miR‑1181 mimics increased the expression of miR‑1181, which 
promoted cell proliferation, migration and invasion of NSCLC 

Table II. Multivariate Cox regression analysis between miR‑1181 expression and survival rate of patients with non‑small cell 
lung cancer after adjusting for the cofounding factors.

Factor	 Hazards ratio	 95% confidence interval	 P‑value

miR‑1181 (high vs. low)	 2.169	 1.101‑4.272	 0.025
Age (≥60 vs. <60)	 1.134	 0.640‑2.010	 0.665
Sex (male vs. female)	 1.185	 0.657‑2.136	 0.572
Tumor size (≥4 cm vs. <4 cm)	 1.572	 0.827‑2.989	 0.167
Differentiation (poor vs. well+moderate)	 1.660	 0.875‑3.151	 0.121
Lymph node metastasis (positive vs. negative)	 1.670	 0.884‑3.156	 0.114
TNM stage (III‑IV vs. I‑II)	 2.014	 1.060‑3.828	 0.033

HR, hazard ratio; miR, microRNA.

Figure 3. Cell transfection efficiency and effect of miR‑1181 expression regulated by cell transfection on the proliferation of A549 and H1299 cells evaluated 
by the Cell Counting Kit‑8 assay. (A) Transfection of miR‑1181 mimics significantly increased the expression of miR‑1181, while transfection of miR‑1181 
inhibitor significantly reduced the expression of miR‑1181. ***P<0.001 vs. Control. (B) Overexpression of miR‑1181 significantly promoted the proliferation 
of A549 and H1299 cells, while knockdown of miR‑1181 significantly inhibited the proliferation of the non‑small cell lung cancer cells. *P<0.05 vs. Control. 
miR, microRNA; OD, optical density; NC, negative control.
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cells, while miR‑1181 inhibitor reduced miR‑1181 expression 
and decreased cell proliferation, migration and invasion. These 
results demonstrated that miR‑1181 may serve as a biomarker 
for the progression and prognosis of NSCLC.

Previously, AXIN1 was reported to be a specific target of 
miR‑1181 during the regulation of miR‑1181 in hepatocellular 
carcinoma (15). It was speculated that the tumor promoter role 
of miR‑1181 was a result of targeting AXIN1. The results of 
the luciferase reporter assay of the present study suggested that 
overexpression of miR‑1181 significantly inhibited the relative 
luciferase activity of the AXIN1 WT reporter plasmid, while 
it was enhanced by knockdown of miR‑1181. These results 

indicated that AXIN1 is a direct target of miR‑1181 with 
involvement in the progression of NSCLC.

However, more work is still required in future studies. 
In vivo experiments are important parts in the investigation 
of tumor development (33,34). The results of the present study 
revealed the tumor promoter role of miR‑1181 in NSCLC 
in vitro, while in vivo experiments, such as in vivo migration 
and invasion assays and tumor growth assays, are also needed 
to verify the function of miR‑1181 in the progression of 
NSCLC.

In conclusion, the present study indicated that the upregula‑
tion of miR‑1181 in NSCLC tissues was associated with lymph 
node metastasis and TNM stage of patients and predicted 
poor prognosis. miR‑1181 may be involved in the progres‑
sion of NSCLC due to enhancing the proliferation, migration 
and invasion of NSCLC cells. These results indicated that 
miR‑1181 may serve as a potential novel therapeutic target for 
the treatment of NSCLC.
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