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Background: Lung cancer remains the most frequent malignancy worldwide with increasing

morbidity and mortality. This study aimed to assess the expression of microRNA-374b-5p (miR-

374b-5p) in tissues and cell lines of non-small cell lung cancer (NSCLC) and to evaluate the

prognostic value of miR-374b-5p as well as its biological function in tumor progression.

Materials and Methods: Expression of miR-374b-5p in NSCLC patients and cells was estimated

using quantitative real-time PCR. The prognostic value of miR-374b-5p was evaluated using Kaplan–

Meier method and Cox regression analysis. Gain-of-function and loss-of-function cell experiments were

performed to examine the effects of miR-374b-5p on NSCLC cell proliferation, migration and invasion.

A luciferase activity assay was used to confirm the target gene of miR-374b-5p.

Results: miR-374b-5p expression levels were decreased in tumorous tissues and cell lines

compared with the normal tissues or cells (P < 0.05). The expression of miR-374b-5p was

associated with the patients’ tumor size, lymph node metastasis and TNM stage (all P <

0.05). Patients with low miR-374b-5p expression have a shorter survival time (log-rank P =

0.001), and the downregulated expression of miR-374b-5p was determined to be an inde-

pendent prognostic indicator of NSCLC. In NSCLC cells, the overexpression of miR-374b-

5p could inhibit NSCLC cell proliferation, migration and invasion and could directly target

FOXP1.

Conclusion: This study found that the decreased miR-374b-5p predicts poor prognosis of

NSCLC, and the upregulation of miR-374b-5p can inhibit NSCLC cell proliferation, migra-

tion and invasion. The data obtained from this study provide a novel candidate prognostic

biomarker and a potential therapeutic target for NSCLC.

Keywords: non-small cell lung cancer, microRNA-374b-5p, prognosis, proliferation,

migration, invasion

Introduction
Lung cancer remains the most frequent malignancy and the leading cause of cancer-

related mortality worldwide.1 Non-small cell lung cancer (NSCLC) is the most

common subtype of lung cancer, accounting for approximately 85% of all lung cancer

cases.2 Although advances in diagnostic approaches, most of NSCLC patients are

initially diagnosed with advanced tumors due to the lack of significant clinical

manifestations.3 With the development in medical science and technology, a series

of therapeutic strategies, including surgery, chemotherapy and radiotherapy, have been
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developed, but the clinical outcomes in patients suffering

from NSCLC remain dismal.4 Therefore, novel efficient

therapeutic methods are urgently needed to improve the

treatment of NSCLC.

MicroRNAs (miRNAs) are a group of small non-coding

RNAs with no capacity for protein coding.5 They have impor-

tant regulatory effects on the expression of genes by directly

binding to the 3ʹ-untranslated regions (3ʹ-UTR) of target mes-

senger RNAs.6 In addition, the regulatory function ofmiRNAs

has been uncovered in various cellular processes, such as cell

proliferation, migration, differentiation and invasion.7,8 The

role of miRNAs in human cancers has attracted increasing

attention for their clinical significance and biological

function.9 Emerging studies have reported that functional

miRNAs could directly inhibit the expression of oncogenes

or tumor suppressors, leading to the regulation in tumor

progression.10,11 In NSCLC, some aberrant expressions of

miRNAs have been identified and indicated to be functional

molecules that involving in tumor pathogenesis, such as miR-

130512 and miR-133b.13 miR-374b-5p has been investigated

in some human cancers, such as bladder cancer,14 pancreatic

cancer15 and gastric cancer.16 A study by Xu et al has reported

that miR-374b-5p expression was decreased in NSCLC cases

by in silico analysis.17 However, the clinical significance and

functional role of miR-374b-5p in NSCLC remain unclear.

To improve the treatment of NSCLC, this study sought

to investigate the predictive value of miR-374b-5p in the

prognosis of NSCLC patients by analyzing its expression

patterns. The functional role of miR-374b-5p in NSCLC

progression was assessed by assessing the effects of miR-

374b-5p on tumor cell proliferation, migration and inva-

sion. The results of this study might provide a novel

candidate biomarker for NSCLC prognosis and

a potential therapeutic target for NSCLC treatment.

Materials and Methods
Patients and Tissue Collection
One hundred and twenty-two paired tumorous and adjacent

normal tissues were collected from 122 NSCLC patients, who

underwent surgery at the Central Hospital of Zibo from 2011

to 2013. All the patients were histopathologically diagnosed

with NSCLC. The patients received major resection of lung

parenchyma (lobectomy, pneumonectomy) or sublobar resec-

tion (segmentectomy, wedge resection) due to impaired lung

function, and the tumor tissues and noncancerous tissues were

collected during the surgery and immediately stored in liquid

nitrogen for RNA extraction. None of the patients received

any anti-tumor therapy before sampling, and the clinicopatho-

logical characteristics of the patients were complete and

recorded for subsequent analysis. The Tumor-Node-

Metastasis (TNM) stage of the patients was determined by

the criteria published by the American Joint Committee on

Cancer Classification.18 All the patients were followed up for

5 years to obtain their survival information. The protocols of

this study were approved by the Ethics Committee of Central

Hospital of Zibo (approval No. HM-LC-2011-012), and each

patient wrote the informed consent for the clinical sample and

information use and analysis.

Cell Culture and Transfection
NSCLC cell lines A549, H460, H1299 and H2106 and

a human normal bronchial epithelium cell line BEAS-2B

were obtained from the Shanghai Cell Bank of Chinese

Academy of Science (Shanghai, China). Cells were culture

in the DMEM medium supplemented with 10% FBS

(Gibco, Thermo Fisher Scientific, Waltham, MA, USA)

at 37°C in a humidified incubator with 5% CO2.

To achieve the in vitro regulation of miR-374b-5p,

miR-374b-5p mimic, miR-374b-5p inhibitor and their cor-

responding negative controls (mimic NC and inhibitor

NC) were separately transfected into NSCLC cells using

Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) fol-

lowing the manufacturers’ protocols.

RNA Extraction and Quantitative

Real-Time PCR (qRT-PCR)
Total RNA, including miRNAs, was extracted from tissues and

cells by TRIzol reagent (Invitrogen, Carlsbad, CA, USA).

Single-stranded cDNA was synthesized from RNA using

a PrimeScript RT reagent kit (TaKaRa, Shiga, Japan) following

the instruction of the manufacturer. The SYBR green I Master

Mix kit (Invitrogen, Carlsbad, CA, USA) on the 7500 Real-

Time PCR System (Applied Biosystems, USA) was used to

perform qRT-PCR, with U6 and GAPDH as the internal con-

trols. The relative expression ofmiR-374b-5p and forkhead box

1 (FOXP1) mRNAwas calculated using the 2−ΔΔCt method.

Cell Counting Kit (CCK)-8 Assay
The cells obtained at 48 h post-transfection were seeded into

96-well plates (cell density of 5 × 103), and the cell prolif-

eration was analyzed using a CCK-8 assay. In brief, the cells

were cultured for 3 days, and 10 μL CCK-8 solution was

added at the time points of 0, 24, 48 and 72 h followed by 4
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h of incubation. The absorbance of each well at 450 nm was

measured using a microplate reader (Bio-Rad, USA).

Transwell Assay
NSCLC cell migration and invasion were analyzed using

a Transwell assay. After 48 h of cell transfection, the cells

(cell density of 5 × 104) with serum-free medium were added

into the upper transwell chambers (Corning, USA). The

lower chambers included cell culture medium added with

10% FBS (Gibco, Thermo Fisher Scientific, Waltham, MA,

USA). The chambers for migration assay had no Matrigel

coating, but those for invasion assay were pre-coated with

Matrigel (Corning, USA). After 24 h of incubation at 37°C,

the cells in lower chambers were stained and counted using

a light microscope (Olympus Corporation, Tokyo, Japan).

Luciferase Activity Assay
The target genes of miR-374b-5p were predicted using

TargetScan (http://www.targetscan.org/vert_72/), and FOXP1

was presumed as a potential target since it contained

a complete sequence of miR-374b-5p at its 3ʹ-UTR. The wile

type (WT) and the mutant type (MUT) 3ʹ-UTR of FOXP1

were, respectively, cloned into the luciferase reporter vectors

andwere then co-transfected into A549 cells withmiR-374b-5p

mimic, miR-374b-5p inhibitor or the NCs by Lipofectamine

2000 (Invitrogen, Carlsbad, CA, USA) following the manufac-

turers’ protocols. After 24 h of transfection, the luciferase

activity in the cells was measured using a dual-luciferase repor-

ter assay system (Promega, Madison, WI, USA).

Statistical Analysis
The statistical analyses were analyzed using SPSS 21.0 soft-

ware (SPSS Inc., Chicago, IL) and GraphPad Prism 7.0 soft-

ware (GraphPad Software, Inc., USA). All data were expressed

as mean ± SD. Comparisons between groups were analyzed

using Student’s t-test or one-wayANOVA followed by Tukey’s

test. The relationship between miR-374b-5p and patients’ clin-

ical data was assessed using Chi-square test. Kaplan-Meier

survival and Cox regression analyses were used to evaluate

the prognostic value of miR-374b-5p in NSCLC patients.

Pearson correlation analysis was used to assess the correlation

of miR-374b-5p expression and FOXP1 mRNA levels in

NSCLC patients. A result with a P < 0.05 was indicated as

statistically significant.

Results
Expression of miR-374b-5p in NSCLC
The expression of miR-374b-5p measured by qRT-PCR

was found to be decreased in NSCLC tumor tissues

compared with the adjacent normal tissues (P < 0.001,

Figure 1A). Similar results were found in NSCLC cells,

which showed the downregulated expression of miR-

374b-5p in the four NSCLC cell lines when compared

to the normal cells (all P < 0.01, Figure 1B).

Association of miR-374b-5p with

Clinicopathological Characteristics of

NSCLC Patients
The clinical features of NSCLC patients, including age,

gender, tumor size, smoking history, differentiation,

lymph node metastasis and TNM stage, are summarized in

Table 1. To facilitate the subsequent analyses, NSCLC

patients were divided into low and high miR-374b-5p

expression groups based on the median miR-374b-5p

expression value. By Chi-square test, the relationship

between miR-374b-5p and the clinical features was

assessed. The results indicated that the expression of miR-

374b-5p was associated with tumor size (P = 0.018), lymph

node metastasis (P = 0.001) and TNM stage (P = 0.002). No

significant association was found between miR-374b-5p

Normal tissues Tumor tissues
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e
ex

pr
es

si
on

of
m

iR
-3

74
b-

5p

***

BEAS-2B A549 H460 H1299 H2106
0.0

0.5

1.0

1.5

R
el

at
iv

e
ex

pr
es

si
on

of
m

iR
-3

74
b-

5p

*** ***
*** ***

A B

Figure 1 Expression of miR-374b-5p in NSCLC. (A) Expression of miR-374b-5p in the tissue samples collected from NSCLC patients. (B) Different expression levels of

miR-374b-5p in four NSCLC cell lines. ***P < 0.001.
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and age, gender, smoking history, histological type and

differentiation (all P > 0.05).

Clinical Significance of miR-374b-3p in

Prognosis of NSCLC
This study recorded the survival information of NSCLC

patients from a 5-year follow-up survey, and a survival curve

was constructed using the Kaplan–Meier method. As shown in

Figure 2, the median survival of NSCLC patients was 54

months, and this data was 45 months for patients with low

miR-374b-5p expression. The survival curve data indicated that

patients with low levels of miR-374b-5p had a shorter survival

time compared with those with high levels of miR-374b-5p

(log-rank P = 0.001). The Cox regression analysis was subse-

quently performed, and the results listed in Table 2 indicated

that miR-374b-5p (HR = 3.113, 95% CI = 1.727–5.611,

P < 0.001) was an independent prognostic indicator for the

survival of NSCLC patients.

Inhibitory Effect of miR-374b-5p on

NSCLC Cell Proliferation, Migration and

Invasion
To further understand the functional role of miR-374b-5p in

the progression of NSCLC, the functional gain and loss

experiments were performed in A549 and H460 cells. As

shown in Figure 3A, the expression of miR-374b-5p was

promoted by the miR-374b-5p mimic (P < 0.001), but was

inhibited by the miR-374b-5p inhibitor (P < 0.001) in both

the two NSCLC cell lines. The NSCLC cell proliferation was

Table 1 Association of miR-374b-5p and the Clinical Characteristics

of the NSCLC Patients

Features Total No.

n = 122

miR-374b-5p Expression P values

Low

(n = 64)

High

(n = 58)

Age (years) 0.729

≤ 60 44 24 20

> 60 78 40 38

Sex 0.933

Female 50 26 24

Male 72 38 34

Tumor Size (cm) 0.018

≤3 62 26 36

>3 60 38 22

Smoking History 0.898

Never 47 25 22

Ever 75 39 36

Histological Type 0.296

Adenocarcinoma 48 25 23

Squamous cell

carcinoma

60 29 31

Others 14 10 4

Differentiation 0.016

Well/Moderate 66 28 38

Poor 56 36 20

Lymph Node

Metastasis

0.001

Negative 65 25 40

Positive 57 39 18

TNM Stage 0.002

I–II 58 22 36

III–IV 64 42 22

Figure 2 Kaplan-Meier survival curves for NSCLC patients based on different miR-

374b-5p expressions. Log-rank P =0.001.

Table 2 Cox Regression Analysis in the Patients with NSCLC

Variables Multivariate Analysis

HR 95% CI P value

miR-374b-5p 3.113 1.727–5.611 < 0.001

Age 1.133 0.673–1.907 0.638

Gender 1.042 0.627–1.731 0.874

Tumor size 1.592 0.963–2.633 0.070

Smoking history 1.094 0.633–1.893 0.748

Histological type 1.131 0.823–1.845 0.241

Differentiation 1.602 0.950–2.701 0.077

Lymph node metastasis 1.621 0.937–2.805 0.084

TNM stage 1.675 1.018–2.623 0.049
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Figure 3 Effects of miR-374b-5p on cell proliferation, migration and invasion of A549 and H460 cells. (A) Cell transfection efficiency examination results. (B) Inhibiting effect
of miR-374b-5p on NSCLC cell proliferation. (C and D) miR-374b-5p suppressed NSCLC cell migration (C) and invasion (D). *P < 0.05, **P < 0.01, ***P < 0.001.
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significantly suppressed by the overexpression of miR-374b-

5p, while was enhanced by the knockdown of miR-374b-5p

(all P < 0.05, Figure 3B). The Transwell assay results showed

that the upregulation of miR-374b-5p in NSCLC cells could

inhibit, whereas the downregulation of miR-374b-5p could

promote the cell migration and invasion (all P < 0.05,

Figure 3C and D).

FOXP1 Serves a Target Gene of

miR-374b-5p
According to the bioinformatics prediction, the 3ʹ-UTR of

FOXP1 was found containing the complementary sequence

of miR-374b-5p (Figure 4A). The following luciferase activ-

ity assay data shown in Figure 4B revealed that the luciferase

activity of WT group was blocked by the overexpression of

miR-374b-5p, but was enhanced by the reduction of miR-

374b-5p (both P < 0.05). In the MUT group, no significant

changes in luciferase activity were observed (all P > 0.05).

Furthermore, the mRNA expression of FOXP1 was as

expected to be upregulated in NSCLC tissues (P < 0.001,

Figure 4C). A negative correlation was found between miR-

374b-5p expression and mRNA expression of FOXP1 in

patients with NSCLC (r = −0.841, P < 0.001, Figure 4D).

Discussion
Lung cancer is one of the most serious malignancies that

threatens human life and health. Despite progresses in ther-

apeutic strategies, the prognosis of NSCLC patients is still not

ideal. Numerous miRNAs have been investigated in human

malignancies with aberrant expression patterns during tumor

progression.19,20 In NSCLC patients, expression of miR-141

was found to be increased in tumor tissues and cells, and the

overexpression of miR-141 could promote tumor cell prolif-

eration and invasion by targeting KLF9.21 miR-7-5p expres-

sion was reported to be downregulated in NSCLC tissues and

suppressed tumor cell proliferation, migration and invasion

through regulating NOVA2 expression.22 The decreased

expression of miR-338 was also reported in NSCLC tissues

and cell lines, and it could directly target NFATc1 to inhibit

A
B

DC

WT 3’-UTR of FOXP1

MUT 3’-UTR of FOXP1

has-miR-374b-5p

5’…GUUAAUAGGUGUUUUUAUUAUAC…

3’       GUGAAUCGUCCAACAUAAUAUA

5’…GUUAAUAGGUGUUUUAUAAUAUC…

Figure 4 The prediction and confirmation of a target gene FOXP1 of miR-374b-5p. (A) The complementary sequence of miR-374b-5p in the 3ʹ-UTR of FOXP1. (B)
Luciferase activity assay to verify the interaction between miR-374b-5p and FOXP1 (*P < 0.05). (C) Relative mRNA expression of FOXP1 in tissues collected from NSCLC

patients (***P < 0.001). (D) Correlation between miR-374b-5p expression and FOXP1 mRNA expression in NSCLC patients.
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cell proliferation of NSCLC cells.23 These published studies

implied that miRNAs with aberrant expression patterns have

important roles in the pathogenesis of human cancers. In the

present study, we investigated the expression of miR-374b-5p

in NSCLC tissues and cell lines. Xu et al have reported the

decreased miR-374b-5p expression in NSCLC by in silico

analysis,17 but no information was found in this study regard-

ing the precise role of miR-374b-5p in NSCLC. According to

the expression data obtained from our study, the expression of

miR-374b-5p in NSCLC tissues and cell lines was downregu-

lated relative to the normal tissues and cells, which is consis-

tent with the published expression results. In addition, the

association of miR-374b-5p with patients’ tumor size, lymph

node metastasis and TNM stage was further demonstrated.

These results remind us to conclude that miR-374b-5p might

be involved in the development of NSCLC.

The clinical outcomes of NSCLC patients remain dismal,

especially in patients with advanced tumors. To improve the

management of NSCLC patients, some deregulated miRNAs

have been identified to be prognostic indicators to help to

predict the clinical outcomes. For example, the increased

expression of miR-421 in NSCLC tissues and serum samples

has been indicated as an independent prognostic biomarker for

NSCLC patients.24 The downregulated miR-133a in NSCLC

patients was associated with prognosis of NSCLC.25 A recent

study by Du et al also demonstrated that the decreased expres-

sion of miR-1298 served as a biomarker in NSCLC

prognosis.26 Given the abnormal expression of miR-374b-5p

in NSCLC tissues, the relationship between miR-374b-5p and

the 5-year survival information was analyzed in NSCLC

patients. The survival curves indicated that patients with low

miR-374b-5p expression had a shorter survival time, and the

Cox regression analysis revealed that miR-374b-5p was an

independent prognostic indicator for patients with NSCLC.

These data provided evidence for miR-374b-5p as a novel

prognostic biomarker for NSCLC.

In recent decades, targeted cancer therapy has improved the

clinical outcomes of patients with various human

malignancies.27 The ability of miRNAs to regulate oncogenes

or tumor suppressors leads them to be promising candidates for

targeted therapy inNSCLC.Xie et al provided evidence for the

important functional role of miR-29b, as indicated by the

inhibiting effect of miR-29b on NSCLC cell proliferation,

migration and invasion by targeting STRN4, which serves as

an oncogene of NSCLC.28 Li et al reported that the over-

expression of miR-129 in NSCLC cells could inhibit cell

proliferation, invasion and migration by directly regulating

ZEB2, and might be a useful biomarker and therapeutic target

of NSCLC.29 To further uncover the functional role of miR-

374b-5p inNSCLC progression, we regulated its expression in

NSCLC cells and checked its effects on cell biological func-

tion. The overexpression of miR-374b-5p was found to inhibit

NSCLC cell proliferation, migration and invasion, while the

reduction of miR-374b-5p led to the opposite results, indicat-

ing that miR-374b-5p might serve as a tumor suppressive

miRNA and a potential therapeutic target of NSCLC.

FOXP1 has been recognized as an oncogene in some

human cancers, including ovarian cancer30 and glioma.31

Of note, FOXP1 has been reported to mediate the promot-

ing effects of some molecules in the progression of

NSCLC. For example, LEF1-AS1 facilitated lung cancer

cell proliferation and invasion by upregulating FOXP1.32

LINC01614 contributed to lung adenocarcinoma cell pro-

gression by increasing FOXP1.33 In the present study,

a complementary sequence of miR-374b-5p has been

found in the 3ʹ-UTR of FOXP1, and we demonstrated

the interaction of miR-374b-5p with FOXP1 using

a luciferase activity assay. In addition, a negative correla-

tion was obtained between the expression of miR-374b-5p

and FOXP1 mRNA expression in patients with NSCLC.

The previously reported studies regarding the functional

role of FOXP1 in lung cancer combined with our data

inspired us to deduce that miR-374b-5p might be involved

in the regulation of NSCLC progression by targeting

FOXP1. The precise molecular mechanisms underlying

miR-374b-5p in NSCLC progression were not deeply

explored, which may be a limitation of this study, and

warrant further investigations.

Taken together, all the data in this study indicated that

the decreased miR-374b-5p in NSCLC patients is asso-

ciated with poor prognosis, and the overexpression of

miR-374b-5p can inhibit tumor cell proliferation, migra-

tion and invasion, indicating that miR-374b-5p may serve

as a potential prognostic biomarker and a promising ther-

apeutic target of NSCLC. This study provides a novel

insight into the prognosis and treatment of NSCLC, and

the methods to increase miR-374b-5p may be novel ther-

apeutic strategies for NSCLC treatment.
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