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Objective: To explore relevant mechanisms of miR-139-5p in alleviating the metastasis of 
non-small cell lung cancer cells (NSCLC) and their resistance against cisplatin.
Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot 
(WB) assays were carried out to determine the protein levels of miR-139-5p and YAF2, and 
cisplatin (DDP)-resistant NSCLC cell strains were established. Subsequently, an MTT assay 
was employed to evaluate the viability of the cell strains, a Transwell assay to evaluate cell 
invasion activity, and flow cytometry to analyze cell apoptosis rate. Finally, a Western blot 
assay was carried out to determine the protein levels of P-PI3K and p-p38.
Results: NSCLC tissues showed lower miR-139-5p expression and higher YAF2 expression 
than paracancerous tissues and human normal lung epithelial cells, and miR-139-5p was 
related to the prognosis of NSCLC patients. Overexpression of miR-139-5p or knock-down 
of YAF2 inhibited the proliferation and invasion of NSCLC cells and induced their apoptosis. 
Additionally, the dual-luciferase reporter assay verified a targeting relationship between miR- 
139-5p and YAF2. Overexpression of miR-139-5p and knockdown of YAF2 reversed the 
resistance of A549/DDP cells against DDP, inactivated p38 and Akt proteins, and inhibited 
the AKT/p38 MAPK signaling pathway. Furthermore, inhibiting the AKT/p38 MAPK 
signaling pathway with MK2206 resisted the effects of knock-down of miR-139-5p on 
DDP resistance in NSCLC cells.
Conclusion: MiR-139-5p targetedly regulates YAF2 and mediates the AKT/p38 MAPK 
signaling pathway to alleviate the metastasis of NSCLC cells and their resistance against 
cisplatin, which may be a novel target for improving the therapeutic effect on NSCLC.
Keywords: miR-139-5p, YAF2, AKT/p38 MAPK, non-small cell lung cancer, cisplatin

Introduction
Lung cancer, as a malignant tumor with high incidence in the world, is the primary 
cause of tumor-related death.1,2 Non-small cell lung cancer (NSCLC) is the main 
pathological category of lung carcinoma, accounting for about eighty percent of all 
lung carcinoma cases.3 At present, lung cancer is mostly treated by traditional 
surgery plus radiotherapy and chemotherapy. Although the therapeutic effect on 
lung cancer patients has improved as the progress of medical technology, there are 
still many patients with poor prognosis, and the overall 5-year survival rate of 
patients is not more than 20%.4 The occurrence of lung cancer is a very 

Correspondence: Shidong Xu  
Department of Thoracic Surgery, Harbin 
Medical University Tumer Hospital, No. 
150, Haping Road, Nangang District, 
Harbin, Heilongjiang Province, 150000, 
People’s Republic of China  
Tel +86-13903611962  
Email shidongxushi@sina.com

Cancer Management and Research 2021:13 3639–3650                                                   3639
© 2021 Yan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 20 March 2020
Accepted: 3 July 2020
Published: 5 May 2021

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:shidongxushi@sina.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


complicated multi-step process, which is mainly identified 
through genetic and epigenetic changes, so many lung 
cancers are relatively insensitive to radiotherapy and 
chemotherapy.5 Thus, it is pivotal to excavate the precise 
molecular biological mechanism of lung cancer and 
further clarify the possible targets for preventing the devel-
opment of lung cancer to develop effective treatment 
methods.

In the past dozen years, microRNAs (miRNAs) have 
been widely studied as a suppressor or oncogene in tumors, 
which mainly regulate the expression of target genes by 
binding to the 3ʹUTR of target mRNA.6,7 Reportedly, 
miRNAs abnormally expressed in many human cancers 
may be important for the occurrence and metastasis of 
human tumors, such as NSCLC.8 MiR-139-5p, a miRNA 
in the 11q13.4 region of human chromosome, has been 
confirmed to play a crucial part in various tumors.9 For 
example, one research has revealed that miR-139-5p can 
inhibit the growth of cervical cancer cells by targeting 

TCF4,10 and one other study has revealed the strong link 
between abnormality of miR-139-5p in colon cancer cells 
and cell invasion and migration.11 In addition, one study has 
pointed out that miR-139-5p is strongly linked to the resis-
tance of ovarian cancer against cisplatin (DDP).12 However, 
there has been no research and discussion on the mechan-
ism of miR-139-5p in NSCLC and its relationship with 
cisplatin resistance. YY1 associated factor 2 (YAF2) protein 
is a YY1-related factor encoded by YAF2 gene, which has 
been found to be significantly up-regulated in the process of 
muscle cell generation and is believed to be closely related 
to cell apoptosis.13 We found binding sites between miR- 
139-5p and YAF2 through biological information predic-
tion, so we speculated that miR-139-5p might affect the 
function of NSCLC cells by regulating YAF2.

In this study, we explored the influences of miR-139- 
5p on cell proliferation, invasion, and chemical resistance 
to DDP in NSCLC and related mechanisms, with the goal 
of providing a new target direction for improving the 
therapeutic effect on NSCLC.

Materials and Methods
Clinical Data
A total of 95 NSCLC patients (average age of (62.26 
±4.21) years) admitted to Harbin Medical University 
Tumer Hospital from March 2015 to January 2017 were 
enrolled as research objects, and 95 NSCLC tissue speci-
mens and 95 paracancerous tissue specimens were 
sampled from them during surgery with their permission 
(Table 1). The inclusion criteria of the participants: 
Patients confirmed with NSCLC according to pathological 
diagnosis and those with estimated survival time longer 
than3 months. The exclusion criteria of them: Patients 
with severe hepatic or renal dysfunction, patients with 
other comorbid malignant tumors, patients who had 
received any related treatment before the experiment, and 
those with immune system disorder. All patients signed 
informed consent forms, and this study was performed 
with permission from the Ethics Committee of Harbin 
Medical University Tumer Hospital.

Cell Culturing and Transfection
H1975, A549, PC-9, and SPCA-1, and human normal lung 
epithelial cell strains (BEAS-2B) (Cell lines were purchased 
from ATCC) were subjected to 37°C incubation in dulbec-
co’s modified eagle medium (DMEM; Invitrogen Company, 
USA) containing 10% phosphate buffer saline (PBS), 

Table 1 Baseline Data [n (%)]

Factors NSCLC Patients (n=94)

Sex
Male 55 (58.51)

Female 39 (41.49)

Age (year)

≤62 44 (46.81)
>62 50 (53.19)

BMI (kg/m2)
≤23 46 (48.94)

>23 48 (51.06)

Smoking history

Yes 51 (54.26)

No 43 (45.74)

Tumor size

≥3cm 31 (32.98)
<3cm 63 (67.02)

TNM staging
Stage I–II 64 (68.09)

stage III 30 (31.91)

Differentiation

Low differentiation 56 (59.57)

Medium + high differentiation 38 (40.43)

Lymphatic metastasis

Yes 37 (36.17)
No 57 (60.64)
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streptomycin (100 U/mL), and penicillin (100 U/mL) 
(Invitrogen, Carlsbad, CA, USA) under 5% CO2. Upon 
reaching 85% confluency in adherent growing, the cells 
were digested through 25% trypsin, and then incubated in 
the medium for passage. Subsequently, H1975 and A549 
cells were transfected with targetedly inhibited sequence of 
miR-139-5p (miR-139-5p-inhibitor), miR-139-5p mimic 
sequence (miR-139-5p-mimics), miR negative control (miR- 
NC), sequence for knock-down of YAF2 (Si-YAF2), and 
control sequence (Si-NC) through a Lipofectamine™ 2000 
Kit (Invitrogen, CA, USA), separately.

Construction of Drug-Resistant Cell 
Strains
Drug-resistant cell strains were constructed by increasing 
the DDP (Sigma) concentration. A549 cells at the loga-
rithmic phase were transferred to a culture solution con-
taining DDP with an initial concentration of 0.5μm. After 
48 hours, the solution was replaced with fresh solution, 
and the cells were digested. After digestion, 1 μm DDP 
was added to treat the cells for 48 hours. Finally, cell 
strains tolerant to 10 μm DDP were acquired by changing 
the solution with gradually increased DDP concentration 
and named A549/DDP.

RT-PCR
Total RNA was extracted from tissues and cells using the 
Trizol kit (Invitrogen Company, USA), and then 5 μg total 
RNA (5 μg) was sampled from the extracted total RNAs, 
respectively, and reversely transcribed into cDNA under 
the kit instructions (TaKaRa company, Dalian, China). 
Subsequently, 1 μL synthetic cDNA was taken for ampli-
fication after reverse transcription. The amplification sys-
tem consisted of 20 μL total volume containing 1 μL 
cDNA, 0.4 μL upstream primers, 0.4 μL downstream 
primers (the primer concentration was 0.5uM), 10 μL 2X 
TransScript® Tip Green qPCR SuperMix, 0.4 μL Passive 
Reference Dye (50X), and Nuclease-free water added to 

adjust the volume under 95°C for 60s, followed by 40 
cycles 95°C for 40s, and 60°C for 40s. 2-ΔΔcq was 
employed to analyze data of this experiment with U6 and 
GAPD as internal references for miR-139-5p and YAF2, 
respectively. Primer sequences are shown in Table 2.

MTT Assay
The cells transfected for 24 h were collected according to 
the MTT kit instructions (Beyotime Biotechnology Co., 
Ltd., Shanghai, China), and seeded into a 96-well plate at 
4*103 cells/well. Then, the plate was put with 20μL MTT 
solution (5 μ mg/mL) at 0, 24, 48, and 72 h after 37°C 
incubation, separately, and then the cells were incubated at 
the same temperature for 4 h. Each well was added with 
200 μL dimethyl sulfoxide, and the optical density of cells 
from different groups at 570 nm was measured via 
a spectrophotometer.

Evaluation of Drug Resistance of Cells
Transfected cells were transferred to 96 well plates at 
1x105 per well, and the plates were added with 2 mL 0 
μmol/L DDP, 2 mL 1 μmol/L DDP, 2 mL 2 μmol/L DDP, 
2 mL 4 μmol/L DDP, 2 mL 8 μmol/L DDP, and 2 mL 12 
μmol/L DDP, respectively, followed by 48 h incubation. 
After incubation, the medium was replaced with fresh 
medium, and 10 μL MTT solution was added into each 
well, followed by incubation for 2 h. Subsequently, the OD 
of each well at 570 mm was detected using a SpectraMax 
M5 microplate reader for cell proliferation determination, 
and the assay was repeated three times. Finally, 50% 
inhibitive concentration (IC50) of the cells was calculated 
based on the cell survival.

Transwell Assay
After 24 hours of transfection, the cells were transferred to 
a 24-well plate at 3*104 cells/well, trypsinized, and then 
moved to the upper compartment, followed by the addition 
of 200 μ l RPMI 1640. The bottom compartment was 

Table 2 Primer Sequences

Factors Upstream Primer (5ʹ-3ʹ) Downstream Primer (5ʹ-3ʹ)

MiR-139-5p GCCTCTACAGTGCACGTGTCTC CGCTGTTCTCATCTGTCTCGCGC

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

YAF2 GTTACTGGGACTGTAGCGTCT TTCCGCACATCGCACATCAT

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
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added with 600 mL RPMI1640 containing 10% FBS. 
Afterwards, the chamber was cultured at 37°C for48 
hours, and the substrates and cells that did not penetrate 
the membrane were wiped off. The membrane was washed 
with PBS three times, immobilized through paraformalde-
hyde for 10 minutes, and rinsed through double distilled 
water three times again, and it was then stained with 0.5% 
crystal violet after being dried out naturally. Finally, cell 
migration was analyzed using a microscope.

Apoptosis Assay
The cells were trypsinized through 0.25% trypsin, and then 
washed with PBS twice, and added with binding buffer 
(100μL) to prepare 1*106 cells/mL suspension. The sus-
pension was added with AnnexinV-FITC and PI in order, 
followed by 5 min incubation with the dark surrounding at 
indoor temperature, and finally determined using the 
FC500MCL flow cytometer system. The above assay 
steps were repeated three times, and the obtained data 
were averaged.

Western Blot (WB) Assay
Total protein was extracted from collected cells in each 
group through the radio Immunoprecipitation Assay 
(RIPA) lysis method (Thermo Scientific, USA), and its 
concentration was measured using the bicinchoninic acid 
method (Thermo Scientific, USA), and adjusted to 4μg/μL. 
After being isolated using 12% sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE), the total 
protein was transferred to a polyvinylidene fluoride mem-
brane, stained with Ponceau’s stain liquid, soaked in phos-
phate buffer saline with Tween (PBST) for 5 min for 
washing. Then, the total protein was immersed in 5% non- 
fat milk for 2 hours, and added with Caspase-3 (1: 500), 
Bax (1: 500), Bcl-2 (1: 500), p-AKT (1: 500), p-p38 (1: 
500), and β-Actin (1: 500) (Cell Signaling Technology), 
and blocked at 4°Covernight. The membrane was washed 
to remove the primary antibody, added with secondary 
antibody (1: 1000) (Abcam Company, USA), cultured at 
37°C for 1 hour, rinsed with PBS three times, 5 min each 
time. A filter paper was used for the membrane to remove 
excess liquid on it, and then the membrane was made to be 
luminescent with ECL and developed. The gray value was 
analyzed.

Dual-Luciferase Reporter (DLR) Assay
The targeted genes of miR-139-5p were predicted using 
the TargetScan website, and 3ʹ-UTR of YAF2 with miR- 

139-5p putative binding loci was subcloned into pGL3 
luciferase promoter vector after amplification. The vector 
and miR-139-5p mimics were co-transfected into lung 
cells, and 48 h later, the cells were acquired and their 
relative luciferase activity was analyzed through a DLR 
assay kit (Promega Corporation) under the kit instructions. 
All experiments were repeated 3 times.

Statistical Analyses
In this study, the obtained data were processed using 
SPSS20.0 and visualized into required figures using 
GraphPad 7. Data were compared between groups 
using the independent t test, and compared among multiple 
groups using the one-way ANOVA. Post hoc pairwise 
comparison was conducted using the LSD-t test, and 
expression comparison at different time points was con-
ducted using the repeated measures analysis of variance, 
and Bonferroni post hoc test was adopted. P< 0.05 implies 
a significant difference.

Results
Low miR-139-5p Level in NSCLC
The qRT-PCR assay revealed that NSCLC tissues showed 
significantly lower miR-139-5p expression and significantly 
higher YAF2 mRNA expression than paracancerous tissues 
(both P<0.05), and NSCLC cell strains also showed lower 
miR-139-5p expression and higher YAF2 expression than 
normal lung epithelial cells (both P<0.05). Additionally, the 
analysis on correlation uncovered a negative correlation of 
miR-139-5p with YAF2 in NSCLC tissues (P<0.05). The 
patients were assigned to high and low expression groups 
(n=43 and n=51, respectively) based on the mean miR-139- 
5p expression (1.83), and the high expression group pre-
sented a significantly higher 3-year survival rate than the low 
expression group (P< 0.05) (Figure 1).

Influences of miR-139-5p on the 
Proliferation, Invasion, and Apoptosis of 
NSCLC Cells
Compared with H1975 and A549 cells transfected with 
miR-139-5p-mimics, those transfected with miR-NC 
presented a remarkable up-regulation in miR-139-5p, 
and those transfected with miR-139-5p-inhibitor showed 
a remarkable decrease in it (both P<0.05). Additionally, 
in contrast to the miR-NC group, cells transfected with 
miR-139-5p-mimics presented significantly decreased 
proliferation and invasion abilities and significantly 
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increased apoptosis rate, significantly down-regulated 
Bcl-2, and significantly up-regulated Caspase-3and Bax 
(all P<0.05), and those transfected with miR-139-5p- 
inhibitor showed opposite results (all P<0.05) 
(Figure 2).

Effects of miR-139-5p on Resistance of 
NSCLC Cells Against DDP
We carried out DDP chemical treatment on H1975, A549, 
and A549/DDP cells. It came out that DDP strongly 
suppressed the proliferation of H1975 and A549 cells 
(both P<0.05), in a dose-dependent way, and the IC50 
of DDP against A549/DDP cells was thicker than that 
against H1975 and A549 cells (P<0.05). Additionally, 
transfection of miR-139-5p mimics strongly enhanced 
the sensitivity of H1975 and A549 cells to DDP, reversed 
the DDP resistance of A549/DDP cells, and reduced the 
IC50 of DDP against cells (all P<0.05), and transfecting 
miR-139-5p-inhibitor exerted opposite effects (all 
P<0.05) (Figure 3).

Targeting of miR-139-5p to YAF2
For the purpose of exploring the potential mechanism of 
miR-139-5p in NSCLC, a bioinformatics analysis was con-
ducted for prediction of the target genes of miR-139-5p. 
YAF2 was confirmed to be the target gene of miR-139-5p. 
To verify whether 3ʹUTR of YAF2 can be directly targeted 
by miR-139-5p, we carried out a DLR assay. It came out that 
overexpressing miR-139-5p lowered the luciferase activity 
of YAF23ʹ UTR Wt (P<0.05), but did not exert influence on 
YAF23ʹ UTR Mut. Moreover, the WB assay uncovered that 
H1975 and A549 cells transfected with miR-139-5p mimics 
presented down-regulated YAF2 protein, p-AKT, and p-p38, 
but NSCLC cells with miR-139-5p-inhibitor presented an 
up-regulation in them (all P <0.05) (Figure 4).

Influences of Down-Regulating YAF2 on 
the Growth and DDP Resistance of 
NSCLC Cells
H1975 and A549 cells transfected with Si-YAF2 presented 
significantly higher YAF2 expression than those with Si- 

Figure 1 The expression of miR-139-5p and YAF2mRNA in NSCLC. (A), The expression of miR-139-5p in NSCLC tissues. (B), The expression of YAF2 mRNA in NSCLC 
tissues. (C), The expression of miR-139-5p in NSCLC cells. (D), The expression of YAF2mRNA in NSCLC cells. (E), Correlation analysis between miR-139-5p and YAF2 in 
NSCLC. (F), Effects of miR-139-5p on the prognosis of NSCLC patients. *Indicates P<0.05.
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NC (P<0.05). In contrast to the Si-NC group, cells with Si- 
YAF2 showed significantly weakened cell proliferation 
and invasion, significantly enhanced apoptosis, signifi-
cantly down-regulated Bcl-2, p-AKT, and p-p38, and sig-
nificantly up-regulated Caspase-3 and Bax proteins (all 
P<0.05), and transfection of Si-YAF2 strongly enhanced 
the sensitivity of H1975 and A549 cells to DDP, reversed 
the DDP resistance of A549/DDP cells, and lowered the 
IC50 of DDP against cells (all P<0.05) (Figure 5).

Effects of Inhibiting the AKT/P38 MAPK 
Signaling Pathway on NSCLC Cells
H1975 and A549 cells were treated with 5μL MK2206 
(inhibitor of AKT/p38 MAPK signaling pathway), and it 
was found that compared with H1975 and A549 cells 
untreated with MK2206, those treated with MK2206 
showed significantly down-regulated p-Akt and p-PI3K 

(both P<0.05). Then, cells transfected with miR-139-5p- 
inhibitor were exposed to 0.5 μmol/L DDP and then 
exposed to 5μL MK2206 for 48 h. It came out that miR- 
139-5p-inhibitor restored the inhibiting influence of DDP 
on the proliferation and invasion of H1975 and A549 cells, 
and inhibited apoptosis of the cells induced by DDP, but 
the inhibition was reversed after the addition of MK2206 
(Figure 6).

Discussion
miRNA has been confirmed to be strongly linked to the 
development and progression of many malignant tumors, 
and the important role of miRNA in tumors promotes the 
exploration of miRNA-based targeted therapy programs in 
turn.14,15 Some NSCLC patients still have unfavorable prog-
nosis due to metastasis and recurrence of NSCLC even after 
surgery, and chemotherapy based on DDP is usually adopted 

Figure 2 Effects of miR-139-5p on proliferation, invasion, and apoptosis of NSCLC cells. (A), The expression of miR-139-5p in transfected NSCLC cells. (B), Effects of miR- 
139-5p on proliferation of NSCLC cells. (C), Effects of miR-139-5p on invasion of NSCLC cells. (D), Effects of miR-139-5p on apoptosis of NSCLC cells. (E), Effects of miR- 
139-5p on apoptosis-related proteins in NSCLC cells. *Indicates P<0.05.
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to further consolidate the curative effect after surgery.16,17 

However, the occurrence of resistance to chemotherapy is 
one of the main causes of treatment failure,18 so how to solve 
the resistance to chemotherapy is of great clinical value for 
more effective therapy of patients.

In our research, we firstly quantified miR-139-5p in 
NSCLC tissues and cells and found its down-regulation in 
the tissues, which indicated that downregulating miR-139-5p 
may take an crucial part in the development of NSCLC. One 
previous study has also revealed the down-regulation of miR- 
139-5p in NSCLC,19 which is similar to our results. One 
other previous study has pointed out that miR-139-5p plays 
the role of anti-oncogene in NSCLC and can regulate the 
invasion and migration of NSCLC cells by regulating 
MMP2.20 In addition, miR-139-5p has also been reported 
to be able to inhibit the viability, migration, and invasion of 
NSCLC cells by targeting the Hepatoma Derived Growth 
Factor (HDGF) of the cells.21 All these studies have 

discussed the possible mechanism of miR-139-5p in 
NSCLC, but there is no much explanation about its role in 
chemotherapy resistance of NSCLC and whether there are 
other targets. Therefore, we further regulated miR-139-5p in 
NSCLC cells, and it was turned out that up-regulation of 
miR-139-5p significantly inhibited the proliferation and 
invasion of NSCLC cells and accelerated their apoptosis, 
while its down-regulation caused opposite cell phenotypes, 
which suggested that miR-139-5p was a tumor suppressor 
gene in NSCLC. One previous study has pointed out that 
miR-139-5p can suppress the development and progression 
of esophageal carcinoma through regulating VEGFR and 
downstream signaling pathways.22 There is also one study 
showing that miR-139-5p targets HOXA10 transcript and 
inhibits the growth and migration of endometrial carcinoma 
cells,23 which also verifies that miR-139-5p acts as a tumor 
suppressor in tumors. The role of miRNA in chemotherapy 
resistance has been extensively explored in the past, and 

Figure 3 Effects of miR-139-5p on the resistance against DDP. (A), IC50 of DDP against H1975, A549, and A549/DDP cells. (B), IC50 of DDP against H1975 cells after 
regulation of miR-139-5p. (C), IC50 of DDP againstA549 cells after regulation of miR-139-5p. (D), IC50 of DDP against A549/DDP cells after regulation of miR-139-5p.
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miR-139-5p has also been verified to be related to the che-
motherapy resistance in various tumors. For example, one 
study has revealed that miR-139-5p can reverse CD44 
+/CD133+-related multidrug resistance by downregulating 
NOTCH1 in colorectal cancer cells.24 Therefore, we 
explored the correlation of miR-139-5p with DDP resistance 
of NSCLC cells by establishing a DDP-resistant NSCLC cell 
model. It came out that overexpressing miR-139-5p could 
strongly enhance the sensitivity of NSCLC cells to DDP, and 
could also reverse the DDP resistance of NSCLC drug- 
resistant cell strains. The above results implied that miR- 

139-5p might be a promising target for improving DDP- 
based chemotherapy for NSCLC.

YAF2 is a protein that interacts with transcription factor 
yin and yang 1 (YY1) during muscle differentiation and 
development, which can play a pivotal role in regulating p53- 
mediated apoptosis by interacting with key protein pro-
grammed cell death 5 (PDCD5).25,26 Moreover, we found 
that the expression of YAF2 in NSCLC was abnormally high. 
Subsequently, we found a targeting relationship between 
miR-139-5p and YAF2 through website prediction and ver-
ified the targeting relationship with a DLR assay. Therefore, 

Figure 4 Targeting of miR-139-5p to YAF2. (A), DLR assay. (B), Effects of miR-139-5p on the YAF2 protein and AKT/p38 MAPK signaling pathway in NSCLC cells. *Indicates 
P<0.05.
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we suspected that miR-139-5p might take a part in NSCLC 
cells. Our results implied that inhibiting the YAF2 expression 
in NSCLC significantly inhibited the proliferation and inva-
sion of NSCLC cells, intensified their apoptosis, enhanced 
their sensitivity to DDP, and reversed the resistance of 
NSCLC drug-resistant cell strains against DDP. One previous 
study has uncovered that downregulating YAF2 could sup-
press the development and progression of NSCLC,27 which 
is similar to our conclusion, but this is the first time that we 
have found the correlation between YAF2 and NSCLC. 
Moreover, interestingly, we also acquired that upregulating 
miR-139-5p or downregulating YAF2 could suppress the 
activation of the AKT/p38 MAPK signaling pathway. 

AKT/p38 MAPK signaling pathway, as a classical signaling 
pathway in tumors, has been recognized to be related to the 
early cycle arrest and apoptosis of tumor cells.28 One pre-
vious study has pointed out that the AKT/p38 MAPK signal-
ing pathway takes part in the development of sensitivity and 
resistance of NSCLC cells to DDP,29 and our study results 
also showed that after inhibition on the AKT/p38 MAPK 
signaling pathway, the sensitivity of NSCLC cells to DDP 
was enhanced, and the DDP resistance of NSCLC drug- 
resistant cell strains was also reversed. According to these 
findings, miR-139-5p hinders the NSCLC cell proliferation 
and invasion and accelerates cell apoptosis by targetedly 
affecting the YAF2/AKT/p38 MAPK axis, and can also 

Figure 5 Effects of down-regulating YAF2 on proliferation, invasion, apoptosis and DDP resistance of NSCLC cells. (A), The expression of YAF2 in transfected NSCLC cells. 
(B), Effects of YAF2on the proliferation of NSCLC cells. (C), Effects of YAF2on the invasion of NSCLC cells. (D), Effects of YAF2on the apoptosis of NSCLC cells. (E), Effects 
of YAF2on the apoptosis-related proteins of NSCLC cells. (F), Effects of YAF2 on the DDP resistance of H1975, A549, and A549/DDP cells. *Indicates P<0.05.
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improve NSCLC cell sensitivity to DDP. However, the 
downstream mechanisms of miR-139-5p need further 
exploration.

Conclusion
MiR-139-5p is under-expressed in NSCLC tissues and cells, 
and YAF2 is up-regulated in them, and miR-139-5p inhibits 

Figure 6 Effects of inhibiting the AKT/p38 MAPK signaling pathway on NSCLC cells. (A), Effects of MK2206 on the AKT/p38 MAPK signaling pathway in NSCLC cells. (B), 
Comparison of cell survival rate. (C), Comparison of cell invasion ability. (D), Comparison of cell apoptosis rate. (E), The expression of apoptosis-related proteins in NSCLC 
cells. *Indicates P<0.05; #indicates P<0.05.
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the progression of NSCLC through targetedly regulating the 
YAF2/AKT/p38 MAPK axis and alleviates the chemother-
apy resistance of it. Therefore, miR-139-5p might become 
a treatment target of NSCLC. However, there are still some 
deficiencies in this study. For example, we have not carried 
out in vivo tumor-forming experiments to verify whether 
miR-139-5p can regulate the sensitivity of solid tumors to 
chemotherapy, and we are also not clear about whether miR- 
139-5p has other targets. We will carry out further basic 
experiments for the above deficiencies in subsequent studies.
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