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Lung cancer is one of the most deadly tumor disease in the world and most lung cancer is non-small cell 
lung cancer. MicroRNAs are considered as a variety of endogenous non-coding RNA, acting as interference 
during the process after transcription of gene. Recently, microRNA-142-5p, one of the microRNAs, 
was reported to enhance anti-tumor immune response of non-small cell lung cancer cells by targeting 
programmed cell death receptor ligand 1. Programmed cell death receptor ligand 1 was also believed to be 
a regulator of cell proliferation and migration. However, the effect of microRNA-142-5p on proliferation 
and invasion of non-small cell lung cancer cells via regulating programmed cell death receptor ligand 1 
was still unknown. Thus, this study demonstrated that there was low expression level of microRNA-142-
5p in different non-small cell lung cancer cell lines. Programmed cell death receptor ligand 1 was proved 
to be the target gene of microRNA-142-5p and microRNA-142-5p also had negative correlation with 
programmed cell death receptor ligand 1. The high expression of microRNA-142-5p lead to suppression of 
proliferation and invasion in non-small cell lung cancer cells by down regulation of programmed cell death 
receptor ligand 1. The mechanism of microRNA-142-5p affecting proliferation and invasion of non-small 
cell lung cancer cells via targeting programmed cell death receptor ligand 1 might give a new thought of 
tumor therapy.
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Lung cancer is of the highest mortality rate in all tumor 
related disease and nearly 80 %~85 % lung cancer is 
non-small cell lung cancer (NSCLC), one type of lung 
cancer, with delayed accurate diagnosis, high degree 
of malignity and high rate of death, so early diagnosis 
and effective therapy need to be developed[1-4]. In recent 
years, microRNAs (miRNAs) become a new research 
focus of tumor targeted therapy[5]. Many studies 
have showed that miRNAs, such as miRNA-221, 
miRNA-223, miRNA-615-3p and etc., have the 
potential to be used in NSCLC therapy, for working as 
biomarkers or therapeutic targets[6-8]. The application 
of miRNAs in NSCLC is involved with expression of 
multiple genes, because miRNAs are a type of small 
non-coding RNA working as interference of the gene 
expression process after transcription, according to 
the strict complementary nature of the base pairs[9-11]. 
Programmed cell death receptor ligand 1 (PD-L1) 
is target gene of many miRNAs, which reduces the 

immune response induced by T cell and regulates 
biological behavior of tumor cell to affect genesis and 
development of NSCLC[12,13]. Jia et al.[14] have found that 
miR-142-5p regulated expression of PD-L1 enhancing 
the antitumor immunity of NSCLC cell. However, 
there is no research about the effect of miR-142-5p 
on proliferation and invasion of NSCLC cell through 
targeting PD-L1. Thus, our study aims to investigate 
the effect of miR-142-5p on proliferation and invasion 
of NSCLC cell through targeting PD-L1, in the hope of 
providing a new biological marker and a novel therapy 
for clinical diagnosis and treatment of NSCLC.
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MATERIAL AND METHODS

Cell culture: 

Human normal bronchial epithelium cell line BEAS-2B 
and human NSCLC cell lines A549, NCI-H1299 and 
NCI-H1650, were purchased from KeyGEN BioTECH 
(Nanjing, China) and cultured in Dulbecco's modified 
eagle medium (DMEM) added with 10 % fetal bovine 
serum (FBS) at 37° in a humidified 5 % CO2 incubator.

Quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) for objective cell for 
transfection selection:

Total RNA of BEAS-2B, A549, NCI-H1299 and 
NCI-H1650 cells was extracted with TRIzol reagent 
(Invitrogen, USA). To execute qRT-PCR, total RNA was 
reverse transcribed to complementary DNAs (cDNA) 
by using PrimeScript™ RT reagent Kit (Takara, Japen). 
qRT-PCR analyses were conducted with TB Green® 
Premix Ex Taq™ kit (Takara, Japen). The prime 
sequence is shown in Table 1. The PCR system was  
20 μl in total as follows: 2X TB Green Premix Ex Taq 
10 μl, PCR forward primer 0.4 μl, PCR reverse primer 
0.4 μl, 6-carboxy-X-rhodamine (ROX) reference dye 
0.4 μl, cDNA 2 μl, double distilled water (ddH2O)  
6.8 μl. PCR reaction conditions: pre-denaturation at 
95° for 30 s, denaturation at 95° for 5 s, annealing at 
60° for 30 s, totaling 40 cycles. All the protocols were 
carried out according to the instruction of manufacture. 
U6 was set as the internal reference for miR-142-5p 
and BEAS-2B cell was as control group. Comparative 
threshold cycle (Ct) values were analyzed by 2-ΔΔct. 
Each detection was performed in triplicate and the 
results were averaged.

Transfection of cells:

According to the qRT-PCR result, A549 cell was 
selected for transfection. MiR-negative control (miR-
NC), miR-142-5p mimic and miR-142-5p inhibitor 
were purchased from Applied Biosystems, USA. A549 
cells were seeded in 24-well plates which added with 

DMEM containing 10 % FBS. When the cells reached to 
80 % confluence, A549 was transfected with miR-NC, 
miR-142-5p mimic and miR-142-5p inhibitor by using 
Lipofectamine 2000 (Invitrogen, USA), respectively. 
After transfection for 6 h, the original medium was 
replaced with fresh medium.

Dual luciferase assay:

A biological prediction of miRNA targets website, 
TargetScan (http://www.targetscan.org/vert_72/), was 
used to predict the target sites of miR-142-5p on PD-
L1 (fig. 2A) and Luciferase Reporter Gene Detection 
Kit (Sigma, USA) was used to verify whether miR-142-
5p targeted PD-L1. As shown in fig. 2B, the wild type  
PD-L1 (WT-PD-L1) 3’-UTR luciferase reporter vector 
was constructed, accompanied with the mutated type 
of the putative miR-142-5p-binding site in the 3’-UTR 
region of PD-L1 designed. WT-PD-L1 3’-UTR plasmid 
was co-transfected with miR-NC or miR-142-5p mimic 
into A549 cell, while mutant type PD-L1 (MUT-
PD-L1) 3’-UTR plasmid was co-transfected with 
miR-NC or miR-142-5p mimic into A549 cell. After 
transfection for 6 h, the original medium was replaced 
with fresh medium. After transfection for 24 h, the cells 
were lysed for dual luciferase reporter gene detection. 
The fluorescence value of renilla plasmid was used as 
the internal reference. Relative luciferase activity was 
obtained from the ratio of firefly to renilla luciferase. 
Each detection was performed in triplicate and the 
results were averaged.

qRT-PCR of miR-142-5p expression in transfected 
cells:

Total RNA of transfected cells was extracted with 
TRIzol reagent (Invitrogen, USA). To execute  
qRT-PCR, total RNA was reverse transcribed to cDNA 
by using PrimeScript™ RT reagent Kit (Takara, Japen). 
qRT-PCR analyses were conducted with TB Green® 
Premix Ex Taq™ kit (Takara, Japen). The prime 
sequence is shown in Table 1. All the protocols were 
carried out according to the instruction of manufacture. 
U6 was set as the internal reference for miR-142-5p and 
miR-NC was as control group. Comparative Ct values 
were analyzed by 2-ΔΔct. Each detection was performed 
in triplicate and the results were averaged. 

Western blotting of PD-L1 expression in transfected 
cells:

After transfection for 48 h, the transfected A549 
cells were lysed and total proteins were collected by 
using radioimmunoprecipitation assay (RIPA) lysis 

Primer sequence

miR-142-5p

Forward primer 
(5′-3′):CAUAAAGUAGAAAGCACUACU

Reverse primer 
(5′-3′):UAGUGCUUUCUACUUUAUGUU

U6
Forward primer(5′-3′):CTCGCTTCGGCAGAC
Reverse primer(5′-3′):AACGCTTACGAATTT

TABLE 1: PRIMER SEQUENCES OF miR-142-5P 
AND U6 PCR
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buffer (Beyotime, China). Sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
was used to separate proteins and then transferred the  
proteins to a polyvinylidene fluoride (PVDF) membrane. 
After the membrane was incubated with 5 % non-fat 
dried milk block for 90 min, PD-L1 (1:600, Abcam, UK)
and beta (β)-Actin (1:2000, Abcam, UK) antibodies were 
used to incubate with PVDF membrane at 4° overnight. 
The next day added with anti-rabbit Immunoglobulin 
G (IgG) secondary antibody conjugated to horseradish 
peroxidase (1:1000, Abcam, UK). After incubation for 
1 h, the electrochemiluminescence (ECL) detection 
system (Thermo fisher scientific, USA) was used for 
detection. β-Actin was probed as a loading control 
and Image-Pro plus 6.0 (Media Cyber-netics, USA) 
was used to analyze the gray value of the bands. Each 
detection was performed in triplicate and the results 
were averaged.

3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium 
bromide (MTT) assay:

The transfected A549 cells were seeded in 96-well 
plates at 5×103/well and placed in an incubator at 
37° and 5 % CO2. 20 μl MTT solution (5 g/l) was 
added to each well, after cells were cultured for 12 h, 
24 h, 36 h and 48 h, respectively. For each time for 
addition of MTT solution, with further incubation 
for 4 h, the supernatant was carefully discarded and  
150 μl dimethyl sulfoxide (DMSO) solution was added 
to each hole and then used for detection. The 96-well 
plate was placed on a shaker shaking for 15 min in the 
dark and then absorbance values of each well were 
detected at the wavelength of 490 nm using PR 4100 
microplate reader (Bio-Rad, USA). Each detection was 
performed in triplicate and the results were averaged.

Cell invasion assay:

The transfected A549 cells after transfection for 48 h 
were collected, adjusted to 5×104/well and inoculated 
on 6-well plates. Rinse with phosphate buffered 
saline (PBS) twice, cells were inoculated in the upper 
chamber where 200 μl DMEM culture medium was 
added and 500 ml DMEM containing 10 % FBS was 
added to the lower chamber. After incubation at 37° for 
48 h, the substrates and cells that did not pass through 
the membrane surface in the upper chamber were 
wiped, washed with PBS for 3 times, fixed with 4 % 
paraformaldehyde for 20 min and washed with ddH2O 
for 3 times. After the process of drying the cells were 
stained with 0.5 % crystal violet and the cell invasion 
was observed. 5 sights under the microscope were 

randomly selected. Each detection was performed in 
triplicate and the results were averaged.

Statistical analysis:

Statistical package for the social sciences (SPSS) 
v22.0 (IBM, USA) was used to perform statistics and 
analysis of experimental data. Data were expressed as 
the mean±standard deviation (SD) (x̄±s). Statistical 
significance of the means between two independent 
groups was analyzed by Student’s t-test (two-tailed) 
or one-way analysis of variance (ANOVA), while two-
way ANOVA was used for comparisons among multiple 
groups, with p<0.05 considered statistically significant.

RESULTS AND DISCUSSION

The results of qRT-PCR showed that there was lower 
expression of miR-142-5p in all the NSCLC cells 
(p<0.05), compared with BEAS-2B cell, the human 
normal bronchial epithelium cell line. It indicated that 
NSCLC was connected with abnormality expression of 
miR-142-5p. Moreover, expression of miR-142-5p in 
A549 cell line was lower than other NSCLC cells, as 
shown in fig. 1. A549 cell was selected as object for 
the following experiment, for its lowest expression of 
miR-142-5p.

According to TargetScan, a biological prediction of 
miRNA targets website, there is a possible target site 
of miR-142-5p on the PD-L1 3’UTR, as shown in  
fig. 2A. A luciferase reporter assay was carried out to 
prove that PD-L1 was the target gene of miR-142-5p. 
The result of luciferase reporter assay demonstrated 

 
Fig. 1: Expression of miR-142-5p in different NSCLC cell lines, 
normal bronchial epithelium cell line as control
Note: *p<0.05, compared with BEAS-2B
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that the luciferase activity in cells co-transfected with 
miR-142-5p mimic and WT-PD-L1 was significantly 
reduced (p<0.05), in comparison with cells co-
transfected with miR-NC and WT-PD-L1, whereas 
no significant difference was identified in cells  
co-transfected with miR-142-5p mimic and MUT-
PD-L1 (p>0.05) (fig. 2C). These results showed that 
PD-L1 was a target gene of miR-142-5p, because miR-
142-5p mimic directly regulate the expression of WT-
PD-L1 differing from other groups. 

As shown in the fig. 3, expression of miR-142-5p in 
miR-142-5p mimic group was higher than miR-NC 
group, while expression of miR-142-5p in miR-142-5p 
inhibitor group was lower than miR-NC group (p<0.05). 
The results of western blotting manifested that PD-
L1 highly expressed in miR-142-5p inhibitor group 
compared with miR-NC group, but in the miR-142-
5p mimic group, expression of PD-L1 was obviously 
suppressed in comparison with miR-NC group (fig. 4A 
and fig. 4B). The findings suggested that miR-142-5p 
had a negative correlation with PD-L1, as higher the 
expression of miR-142-5p, the lower the expression of 
PD-L1.

MTT assay showed that cell proliferation was promoted 
in miR-142-5p inhibitor group, which had statistically 
significant differences with miR-NC group and miR-
142-5p mimic after culture for 24 h (p<0.05) and 
cell proliferation of miR-142-5p mimic group was 
highly suppressed, as there was statistically significant 
differences between miR-142-5p mimic group and miR-
NC group after incubation for 36 h (p<0.05), as shown 
in the fig. 5. Therefore, miR-142-5p could restrain cell 
proliferation of NSCLC by suppressing PD-L1.

The invasive cell counts of miR-NC group, miR-
142-5p mimic group and miR-142-5p inhibitor group 
were respectively 516.61±72.87, 283.52±38.99 and 
613.41±100.48. As shown in the fig. 6A and fig. 6B, 
the cell invasion was inhibited in miR-142-5p mimic 
group, whereas the invasive cell counts increased in 
miR-142-5p inhibitor group, compared with miR-
NC group (p<0.05). The result proved that miR-142-
5p had the ability to inhibit NSCLC cell invasion by 
suppression of PD-L1.

Lung cancer is the most deadly cancer in the 
worldwide and NSCLC is the main type of different 

Fig. 2: Targeted regulation of miR-142-5p on PD-L1, (A) The possible targeted site of miR-142-5p on PD-L1; (B) Wild type of 
PD-L1 3’UTR and mutation type of 1PD-L1 3’UTR are designed for dual luciferase assays, referring to the possible targeted site; 
(C) Relative luciferase activity of cells transfected with miR-NC and WT-PD-L1, miR-NC and MUT-PD-L1, miR-142-5p and WT-
PD-L1 and miR-142-5p and MUT-PD-L1
Note: *p<0.05, compared with cells co-transfected with miR-NC and WT-PD-L1
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lung cancers[15]. Increasing researches of NSCLC 
help with the understanding of the molecular changes 
affecting the occurrence and development of NSCLC, 
which has revolutionized the medicine and therapy 
applied to treating NSCLC[16-18]. As we all know, 
gene is related to genesis and progression of multiple 
diseases, which especially plays an important role in 
a variety of cancers[19,20]. The mechanisms of cancer 
affected by gene is different, as genes are divided 
into oncogenes and antioncogenes which promote or 

suppress the cancer, respectively[21-23]. These genes 
always connected with expressions of cytokines 
and receptors that regulate diverse cell activities, 
such as proliferation, differentiation, migration and 
apotosis[24,25]. What’s more, some cytokines and its 
receptors affect various types of cancers, according to 
the similar mechanism, so it’s crucial for tumor therapy 
to figure out the mechanism between gene and cancer. 
For a instance, PD-1 and PD-L1 are now the most eye-
catching targets of cancer therapy which have been 
used in treatment of lung cancer, gastric cancer, breast 
cancer and etc., and many blockades of PD-1 and PD-
L1 are already developed or during experiment and all 
of them aim to inhibit PD-1/PD-L1 pathway, to activate 
the immune system to eliminate tumor cells[26-29]. To 
regulate the cytokines and receptors needs to affect 
the expression of gene in transcription or translation. 
In these years, researchers suggest that miRNAs are a 
bunch of non-coding RNAs (ncRNA) and considered 
as crucial regulators of mRNA after transcription[30,31]. 
MiRNAs result in the interference of mRNA translation 
by binding with mRNA, according to the principle of 
complementary base pairing and miR-142-5p is one 
of those miRNAs, which is reported to be related to 
several cancers[32-34]. Besides, Wan et al.[35] found that 
miR-142-5p could enhance the anti-tumor immunity of 
NSCLC by regulating PD-L1. Thus, we hypothesized 
that miR-142-5p might have effects on proliferation 
and invasion of NSCLC cell via targeting PD-L1 and 
designed miR-NC, miR-142-5p mimic and miR-142-
5p inhibitor for following experiments.

As different NSCLC cell lines usually have different 
gene expression levels, the comparison of miR-142-5p 

Fig. 3: Expression of miR-142-5p in miR-NC group, miR-142-
5p mimic group and miR-142-5p inhibitor group
Note: *p<0.05, compared with miR-NC group; #p<0.05, 
compared with miR-142-5p mimic group

 
Fig. 4: Western blotting results of miR-NC group, miR-142-5p mimic group and miR-142-5p inhibitor group, (A) The protein 
levels of miR-NC group, miR-142-5p mimic group and miR-142-5p inhibitor group; (B) The regulation effect of miR-142-5p on 
PD-L1
Note: *p<0.05, compared with miR-NC group; #p<0.05, compared with miR-142-5p mimic group
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expression in different NSCLC cells is used to select 
the suitable NSCLC cell for following experiments and 
human normal bronchial epithelium cell as control to 
see whether the expression level of PD-L1changes and 
how much it has changed. All the NSCLC cells show 

lower expression of miR-142-5p than normal bronchial 
epithelium cell which means that there is down-
regulation of miR-142-5p in NSCLC cells. A549 cell 
is selected for transfection, because it has the lowest 
miR-142-50 level in NSCLC cells.

By using the miRNA targets website, TargetScan, a 
possible target site of miR-142-5p on the PD-L1 3’ 
UTR was determined and dual luciferase assays were 
executed to identify the targeting relation between miR-
142-5p and PD-L1. The results of assays proved the 
target site was reliable, which also identified that PD-
L1 was the target gene of miR-142-5p. Next, western 
blotting shows that inhibition of miR-142-5p causes 
higher expression of PD-L1, while up-regulation of 
miR-142-5p suppresses PD-L1 expression. The results 
manifest that miR-142-5p has a negative correlation 
with PD-L1 in NSCLC cell, which probably is the 
mechanism of miR-142-5p affects NSCLC cells, 
because the higher expression of miR-142-5p will 
cause lower expression level of PD-L1.

In this study, the results of MTT assays and transwell 
assays indicate that miR-142-5p suppresses the 
proliferation and invasion of NSCLC cells. NSCLC 
cells with high expression of miR-142-5p lose partial 
capability of proliferation and high expression of miR-

 
Fig. 5: MTT assay results of miR-NC group, miR-142-5p mimic 
group and miR-142-5p inhibitor group
Note: *p<0.05, compared with miR-NC group; #p<0.05, 
compared with miR-142-5p mimic group

 
Fig. 6: Transwell assay result of miR-NC group, miR-142-5p mimic group and miR-142-5p inhibitor group, (A) the representative 
photos of transwell assay result of miR-NC group, miR-142-5p mimic group and miR-142-5p inhibitor group, Bar=50 μm; (B) 
Invasive cell counts of miR-NC group, miR-142-5p mimic group and miR-142-5p inhibitor group
Note: *p<0.05, compared with miR-NC group; #p<0.05, compared with miR-142-5p mimic group
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142-5p also makes the ability of migration weakened 
in transwell assays. As miR-142-5p could regulate 
expression of PD-L1 and Xie et al.[36] has found that 
PD-L1 expression induces cell proliferation in NSCLC 
cells. Therefore, we could conclude that miR-142-5p 
suppresses proliferation of NSCLC cells via targeting 
PD-L1. A previous study demonstrated that PD-L1 
might drive the invasion and metastasis of NSCLC 
cells in vivo[37]. Combining this study result and our 
experiment results, the findings suggest that miR-
142-5p down-regulates invasion and migration of 
NSCLC cells via targeting PD-L1. PD-1 and PD-L1 
are believed to be important targets of immunotherapy 
and PD-L1 is the main ligand of PD-1 which express 
on many types of cells, especially on tumor cells such 
as lung cancer[38]. PD-L1 plays an important role in 
escaping of tumor cells from the immune response, 
because its suppressing effect on the maturation of 
tumor-infiltrating dendritic cells[39,40]. Thus, blockade of 
interaction between PD-1 and PD-L1 is considered as 
a promising immunotherapy, which has been applied 
in clinic. In our study, miR-142-5p has the potential 
to be one of the PD-1/PD-L1 inhibitors for immune 
therapy, which needs further investigation to prove its 
availability for diagnosis or treatment.

In conclusion, PD-L1 is the target gene of miR-142-5p 
and there might be a negative correlation between them. 
Overexpression of miR-142-5p suppresses proliferation 
and invasion of NSCLC cell via targeting PD-L1. 
The findings of this study might provide promising 
novel targets of clinical treatment and pharmaceutical 
development, which could help with enhance the 
therapeutic effect and reduce the side effect of cancer 
treatment.
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