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Abstract
Since the discovery of microRNAs (miRNAs) as a class of important regulatory molecules, miRNAs are involved in the 
occurrence and development of tumors. In this paper, we aimed to identify the role of miR-1274a in non-small cell lung 
cancer (NSCLC). The miR-1274a expression levels in four NSCLC cells and tissues from 125 patients were determined by 
qRT-PCR assays. Kaplan–Meier survival curves and Cox regression analysis were used to examine the prognostic signifi-
cance of miR-1274a in NSCLC patients. The CCK-8 and Transwell assays were performed to evaluate the cell proliferation, 
invasion, and migration ability of NSCLC cells. The miR-1274a expression levels were significantly higher in NSCLC tis-
sues than in adjacent normal tissues, and overexpression of miR-1274a had a poor prognosis in NSCLC patients. Functional 
studies in two NSCLC cell lines have shown that overexpression of miR-1274a could promote cell proliferation, migration, 
and invasion. miR-1274a expression levels are upregulated in NSCLC tissues, and a high expression is associated with a 
poor prognosis in patients with NSCLC. Moreover, miR-1274a promotes cell proliferation, migration, and invasion. Based 
on our findings, miR-1274a may act as a tumor miRNA in the occurrence and development of NSCLC.
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Introduction

Lung cancer has become the most common type of cancer 
in China, ranking first in cancer incidence and mortality for 
many years. The mortality of lung cancer is much higher 
than that of other malignant tumors worldwide [1]. Due to 
the lack of specific biomarkers for early screening and diag-
nosis, most lung cancer patients are in an advanced stage. 
Many scientists are committed to the application of imaging 
and sputum cytology for early screening of lung cancer at 
present, but the situation has not improved and the five-year 
overall survival rate of lung cancer is still less than 15% 

[2, 3]. Lung cancer is divided into small cell lung cancer 
(SCLC) and non-small cell lung cancer (NSCLC), among 
which NSCLC accounts for 80%–85% of the total lung can-
cer. The research in molecular and cellular biology allowed 
the development of specific drugs against some molecular 
targets in the process of oncology resulting in targeted thera-
pies, which is the second fundamental breakthrough in the 
field of medical oncology [4]. At present, targeted therapies 
and immunotherapies have proved to be of great clinical 
significance to many patients with different types of cancers, 
including patients with NSCLC [5, 6]. Therefore, effective 
prognostic markers and combination therapies have become 
the focus of tumor research [7].

MicroRNAs (miRNAs) are a series of single-stranded 
RNA molecules with 20–25 nucleotides in length that are 
evolutionarily conserved and belong to endogenous non-
coding RNA [8, 9]. miRNAs inhibit the process of protein 
translation or promote the degradation of mRNA through, 
respectively, the incomplete or complete complementary 
pairing with target gene mRNA [10]. It is now generally 
believed that the abnormal expression of miRNAs is closely 
related to the occurrence, development, diagnosis, treat-
ment, and prognosis of tumors. At present, many studies 
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have shown the relationship between abnormal expression 
of miRNAs and lung cancer, such as miR-155 [11], miR-
203 [2], miR-451a [12], and miR-7-5p [13]. The significant 
changes in miRNAs expression in normal lung tissues and 
lung cancer tissues make miRNAs a promising new bio-
marker for lung cancer. This not only is helpful for the early 
diagnosis of lung cancer but also may be used as a new drug 
and target for the treatment of lung cancer and will cer-
tainly open up a new horizon for us to deeply understand the 
occurrence and development of lung cancer at the molecular 
level [14, 15]. A previous study by Lu C used the method 
of cluster analysis to prove that there are many miRNAs 
expression differences between NSCLC tissues and adjacent 
normal tissues, including miR-1274a [16]. The above study 
focused on the important role of miR-92a in NSCLC, while 
the role of abnormally expressed miR-1274a in lung cancer 
remains unclear.

In this paper, the expression levels of miR-1274a in 
NSCLC cells and tissues were firstly assessed and then the 
role of miR-1274a in the proliferation, migration, and inva-
sion of NSCLC was explored. This study aimed to investi-
gate the feasibility of miR-1274a as an effective target and 
prognostic factor for the treatment of NSCLC.

Materials and Methods

Patients and Tissue Samples

A total of 125 pairs of NSCLC tissues and para-cancerous 
tissue samples were collected from NSCLC patients (range 
from 28 to 72 with mean ± SD of 49.655 ± 10.087) under-
going surgical excision from March 2012 to March 2015 at 
the affiliated Tumor Hospital of Harbin Medical University. 
The obtained specimens were immediately placed in liquid 
nitrogen and stored at − 80 °C until use. The experiment and 
all specimens were treated anonymously. The sample inclu-
sion criteria were as follows: (1) NSCLC was confirmed by 
pathological examination after tumor resection; (2) There 
was no radiotherapy, chemotherapy, or other immunotherapy 
before operation; (3) There was no distant tumor metasta-
sis or other diseases that might seriously affect the survival 
time. A 5-year follow-up was conducted to estimate the 
prognostic outcomes of the patients.

Cell Culture and Transfection

Four NSCLC cell lines (A549, H1650, 95D, and H1299) 
and a normal human bronchial epithelial cell line (16HBE) 
were purchased from the Institute of Cell Research, Chinese 
Academy of Sciences (Shanghai, China). Cells were cultured 
in Dulbecco’s modified Eagle’s medium (DMEM; Thermo 
Fisher Scientific, Waltham, USA) supplemented with 10% 

FBS (Thermo Fisher Scientific, Waltham, USA) in humidi-
fied air at 37 °C with 5%  CO2.

A549 and H1299 cells (2 ×  105) were selected for cell 
transfection because both cells exhibited relatively higher 
miR-1274a expression levels among the four cell lines. 
Both cells were cultured overnight in a 6-well plate for 
transfection. Then A549 and H1299 cells were transfected 
with miR-1274a mimic, mimic negative control (mimic 
NC), miR-1274a inhibitor, or inhibitor NC using the Lipo-
fectamine 3000 transfection reagent (Thermo Fisher Scien-
tific, Waltham, MA, USA). The mimics, inhibitors, and NCs 
for transfection were purchased from GenePharma (Shang-
hai, China). Non-transfected cells served as a blank control 
group.

Primer sequences are as follows: 5′-GUC CCU GUU CAG 
GCG CCA -3′ (miR-1274a mimic), 5′-UGG CGC CUG AAC 
AGG GAC -3′ (miR-1274a inhibitor), 5′-UCA CAA CCU CCU 
AGA AAG AGU AGA -3′ (mimic NC), and 5′-ACG UGA CAC 
GUU CGG AGA ATT-3′ (inhibitor NC).

RNA Extraction and Quantitative Real‑Time PCR

Total RNA from NSCLC tissues or cells was isolated using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) following 
the manufacturer’s protocol, and the RNA quality and quan-
tity were verified with a NanoDrop 2000 (Thermo Fisher 
Scientific). Reverse transcription was carried out to obtain 
cDNA using the TaqMan miRNA reverse transcription kit 
(Thermo Fisher Scientific). Real-time PCR was performed 
using a TaqMan miRNA quantitative PCR kit (Thermo 
Fisher Scientific) on an ABI7500 real-time PCR detection 
system. The thermocycling conditions for PCR consisted 
of an initial denaturation at 95 °C for 3 min, followed by 35 
cycles of amplification (94 °C for 30 s, 55 °C for 30 s, 72 °C 
for 30 s), and a final extension at 72 °C for 10 min. The 
forward primer sequence of miR-1274a was 5′-TCG GCA 
GGG TCC CTG TTC AGG-3′. The reverse primer sequence 
was 5′-CTC AAC TGG TGT CGT GGA -3′. U6 was used as 
an internal reference for miRNA quantification, forward 
primer: 5′-CTC GCT TCG GCA GCACA-3′, and reverse 
primer: 5′-AAC GCT TCA CGA ATT TGC GT-3′. The rela-
tive expression levels of miR-1274a were calculated using 
the  2−ΔΔCT method.

Cell Proliferation Assay

Cell proliferation was determined by Cell Counting Kit-8 
(CCK-8; Dojindo, Kumamoto, Japan) assay. Briefly, after 
transfection, 5 ×  103 cells were plated in 96-well plates, 10 
μL of CCK-8 solution was added to each well, and the cells 
were incubated for another 2 h at 37 °C in 5%  CO2. The 
absorbance (OD) of each well at 450 nm was detected, and 
the experiment was repeated 3 times.
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Cell Migration and Invasion Assays

Cell migration and invasion were assessed by Transwell 
assay using 24-well Transwell plates (8 μm; BD Biosciences, 
San Jose, CA). For the migration assay, A549 and H1299 
cells were suspended in serum-free DMEM medium and the 
cells (1 ×  105 cells/well) were placed in the upper chamber 
and were incubated at 37 °C. The invasion assay was similar 
to that of the migration assay except that the upper cham-
bers were first covered with 1 mg/mL Matrigel. A normal 
cell culture medium containing 10% FBS was added to the 
lower layer of the chamber. Following a 24 h of incuba-
tion, the migrating and invading cells were fixed and stained 
with 0.1% crystal violet. Five random fields were randomly 
selected for counting and statistical analysis in each well.

Statistical Analysis

Statistical analyses were carried out using Statistical Product 
and Service Solutions (SPSS) 19.0 software (IBM, Armonk, 
NY, USA) and GraphPad 5.0 (GraphPad Software, Inc., La 
Jolla, CA, USA). Data are expressed as the mean ± standard 
deviation (SD). The χ2 test was carried out to analyze the 
relationship between miR-1274a expression and the clinical 
characteristics of the patients. A two-tailed paired Student’s t 
test was used to compare the means between two sets, and a 
one-way analysis of variance (ANOVA) followed by Tukey’s 
post hoc test was used to compare the means among three 
groups. Patient overall survival curves were estimated by the 
Kaplan–Meier method. The joint effect of the covariables 
was determined by Cox regression. The significance level 
was set at P < 0.05.

Results

Expression of miR‑1274a in NSCLC Tissues and Cell 
Lines

In the present study, the expression levels of miR-1274a in 
NSCLC tissues and para-carcinoma tissues were assessed 
by qRT-PCR. As shown in Fig. 1A, the results showed 
that the expression levels of miR-1274a were signifi-
cantly higher in NSCLC tissues than that in adjacent tis-
sues (P < 0.001). Moreover, the expression of miR-1274a 
in four NSCLC cell lines (A549, H1650, 95D, H1299) 
was also higher than that in the normal cell line (16HBE, 
P < 0.001, Fig. 1B). Among the four NSCLC cell lines, 
A549 and H1299 showed higher miR-1274a expression 
levels.

Correlation Between miR‑1274a Expression 
and Clinical Factors in NSCLC Patients

To assess the relationship between clinicopathological 
characteristics and miR-1274a expression in patients with 
NSCLC, 125 patients with NSCLC were divided into a 
high expression group (n = 63) and a low expression group 
(n = 62) according to the median expression of miR-1274a 
in tissues. As shown in Table 1, the expression of miR-
1274a in NSCLC tissues was related to TNM staging 
(P = 0.001) and lymph node metastasis (P = 0.001), While 
the expression of miR-1274a is not statistically significant 
with age, gender, tumor size, or tumor number (P > 0.05).

Fig. 1  The expression of miR-1274a was increased in NSCLC tissues and cell lines. A Expression levels of miR-1274a were analyzed in 
NSCLC tissue samples. B Expression levels of miR-1274a were examined in 4 NSCLC cell lines. ***P < 0.001
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Upregulation of miR‑1274a is Associated with Poor 
Prognosis in NSCLC Patients

We further evaluated whether miR-1274a expression was 
associated with the prognosis of patients with NSCLC. 
Using the Kaplan–Meier method and log-rank test, we found 
that the overall survival of patients in the high expression 
group was higher than that of the low expression group 
(P = 0.028, Fig. 2). In addition, multivariate Cox regression 
analysis assessing the abovementioned significant parame-
ters revealed that miR-1274a (HR = 2.803, P = 0.001), TNM 
stage (HR = 0.515, P = 0.032), and lymph node metastasis 
(HR = 0.488, P = 0.024) were independent prognostic factors 
for overall survival (shown in Table 2).

Upregulation of miR‑1274a Promotes NSCLC Cell 
Proliferation, Migration, and Invasion

Additionally, the biological role of miR-1274a in NSCLC 
cell lines was detected. The miR-1274a mimic, mimic NC, 
miR-1274a inhibitor, or inhibitor NC were transfected into 
A549 and H1299 cells. As shown in Fig. 3A, the expres-
sion levels of miR-1274a in miR-1274a mimic transfected 
cells were significantly higher than that in NC-transfected 
cells, while the miR-1274a inhibitor downregulated miR-
1274a expression, compared with control (P < 0.001). 

CCK-8 assay showed that cell proliferation was signifi-
cantly increased after miR-1274a mimics transfection, 
compared with the control group, while downregulation 
of miR-1274a decreased cell growth (P < 0.05, Fig. 3B).

Transwell invasion and migration assays were per-
formed to detect the migration and invasion of A549 and 
H1299 cells. The results showed that upregulation of 
miR-1274a promoted the invasion and migration ability 
of NSCLC cells compared with the blank control group 
and NC group (P < 0.01, Fig. 4A, B).

Table 1  Correlation between miR-1274a expression and clinical char-
acteristics of non-small cell lung cancer patients

Clinical character-
istics

Cases Tissue miR-1274a expres-
sion

P value

(n = 125) Low (n = 62) High (n = 63)

Gender 0.777
 Male 71 36 35
 Female 54 26 28

Age (years) 0.786
 < 50 60 29 31
 ≥ 50 65 33 32

Tumor size (cm) 0.940
 < 5 52 26 26
 ≥ 5 73 36 37

TNM stage 0.001
 I–II 76 47 29
 III–IV 49 15 34

Lymph node 
metastasis

0.001

 Negative 73 45 28
 Positive 52 17 35

Tumor number 0.323
 Solitary 65 35 30
 Multiple 60 27 33

Fig. 2  Kaplan–Meier curve of survival time in patients with NSCLC 
(log-rank test P = 0.028)

Table 2  Multivariate Cox analysis of factors for survival of non-small 
cell lung cancer patients

Variables Multivariate Cox analysis

HR 95% CI P value

miR-1274a 2.803 1.500–5.236 0.001
Gender 1.255 0.717–2.196 0.426
Age 0.936 0.530–1.652 0.818
Tumor size 0.881 0.488–1.589 0.673
TNM stage 0.515 0.281–0.944 0.032
Lymph node metastasis 0.488 0.261–0.911 0.024
Tumor number 1.334 0.771–2.309 0.303
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Discussion

With increasing morbidity and mortality, lung cancer has 
become the leading cause of death caused by tumors world-
wide [17]. Although the occurrence of molecular networks 
in lung cancer at the gene and protein levels has been par-
tially clarified, personalized treatment based on genetic 
changes in the past few years has also made certain progress, 
but the high lung cancer case fatality rate over five years has 
not improved [18–20].

miRNAs can act as tumor suppressors and carcinogenic 
promoters to regulate cell proliferation, apoptosis, invasion, 
metastasis, and angiogenesis [21, 22]. The same miRNA 
can affect multiple protein-coding genes, while the same 
gene can be affected by multiple miRNAs. Understanding 
the role of miRNAs in the development of tumors and their 
use as tumor diagnostic markers, prognostic markers, and 

therapeutic targets is still in the early stages [23, 24]. In 
studies of lung cancer and miRNAs, it was found that the 
expression pattern of miRNAs in the lung changed from fetal 
to adult and from normal to lung cancer, which revealed spe-
cific miRNAs may play multiple functions in the formation 
of the lung, while the abnormal expression of miRNAs may 
also induce the occurrence of lung cancer [25, 26].

miR-1274a exerts regulatory functions in a number of 
human cancers. In the present study, the clinical signifi-
cance and biological function of miR-1274a in lung can-
cer were investigated. A high expression of miR-1274a 
tended to be associated with positive lymph node metasta-
sis and advanced TNM stage of NSCLC patients. In addi-
tion, Kaplan–Meier and multivariate Cox analyses results 
showed that patients with a high expression of miR-1274a 
might have a poor prognosis. These results suggest that the 
high expression of miR-1274 may be closely related to the 

Fig. 3  Effects of miR-1274a expression levels on proliferation in 
A549 and H1299 cells. A The expression level of miR-1274a was 
studied by qRT-PCR after transient transfection with miR-1274a 

mimic/inhibitor (or mimic/inhibitor NC). B The CCK-8 assay was 
performed to examine cell proliferation. *P < 0.05, ***P < 0.001
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development and progression of NSCLC. The above results 
were in line with previous studies in which the significance 
of miR-1274a overexpression in prostate cancer and the role 
of miR-1274a combined with PSA as a potential diagnostic 
biomarker in prostate cancer were studied [27]. In another 
study, upregulation of miR-1274a was also observed in clini-
cal specimens and cell lines in clear cell renal cell carcinoma 
[28].

Then, we investigated the biological function of miR-
1274a in NSCLC. Cell transfection experiments were con-
ducted with miR-1274a using A549 and H1299 cells. The 
results showed that overexpression of miR-1274a could 
significantly promote cell proliferation, migration, and 
invasion, while the low expression of miR-1274a inhib-
its these cellular behaviors of NSCLC, compared with 
untreated cells. These results indicate that miR-1274a may 
play an oncogenic role in the pathological progression of 
NSCLC. Actually, the role of miR-1274a as an oncogene in 
tumorigenesis has recently been described in various types 
of cancer, such as colon cancer, and increased expression 
of miR-1274a promoted cell growth, migration, and inva-
sion, while inhibition of miR-1274a suppressed these 
cellular activities by targeting forkhead box protein O4 
(FOXO4) [29]. In a study in the tumorigenesis of gastric 
cancer, miR-1274a was confirmed to accelerate the prolif-
eration and migration of gastric cancer cells by targeting 
FOXO4 directly [30]. miR-1274a was found to negatively 
regulate several target genes, such as bone morphogenetic 
protein receptor type 1B (BMPR1B) [28], a disintegrin 
and metalloproteinase 9 (ADAM9) [31, 32], and FOXQ4 
[30]. When we studied the important role of miR-1274a 
in other cancers, we were surprised to find that the target 
gene of miR-1274a was FOXO4 when it was abnormally 

overexpressed and the corresponding FOXO4 showed low 
expression in tumors. The FOXO protein family mainly 
includes FOXO1, FOXO3a, FOXO4, and FOXO6. FOXO 
protein family is a key regulator of a variety of cellular 
processes, particularly in cancer and disease [33]. FOXO4 
has been suggested to be a tumor metastasis suppressor 
[34]. In NSCLC, FOXO4 is involved in miR-150-induced 
metastasis of NSCLC cells, with downregulated FOXO4 
expression promoting metastasis of NSCLC cells [35]. 
Here, miR-1274a can promote the proliferation, migra-
tion, and invasion of NSCLC in vitro. Therefore, we have 
reason to suspect that the target gene of miR-1274a for 
NSCLC is FOXO4.

This study has some limitations. For example, the lim-
ited sample size may lead to the deviation of the results, 
and miR-1274a was only extracted from the tissue sample, 
but not from the liquid. Liquid biopsy is a new analyti-
cal approach based on the analysis of a peripheral blood 
sample for the identification of tumor-specific alterations 
directly in the bloodstream [36]. We will continue to col-
lect sample sizes and extract miR-1274a from liquid to 
enrich the study in future work.

In summary, this study showed that miR-1274a was 
significantly upregulated in NSCLC cell lines and tissues, 
and overexpression of miR-1274a was related to the poor 
prognosis and shorter survival time for NSCLC patients. 
In addition, miR-1274a was associated with cell prolifera-
tion, migration, and invasion of NSCLC. These data sug-
gest that miR-1274a may serve as a prognostic molecular 
marker and may provide a novel therapeutic strategy for 
combating NSCLC.

Fig. 4  Effects of miR-1274a on cell migration and invasion abilities in A549 and H1299 cells. A Cell migration and B invasion abilities were 
assessed with Transwell assay. Magnification, ×100. **P < 0.01; ***P < 0.001
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