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Introduction

Lung cancer is one of the most common and deadly 
cancers worldwide, with an average of 228,150 new 
diagnoses and 147,510 deaths per year.1,2 Non-small 
cell lung cancer (NSCLC) accounts for about 85% 
of all cases of lung cancer.1,2 Many patients with 
NSCLC were diagnosed at the advanced stage.3 At 
present, the treatment methods are limited for 
patients with advanced and metastatic NSCLC. 
Obviously, it is urgent to discover indicators for 
early diagnosis and new therapeutic targets.
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Abstract
This study was to investigate the expression correlation between long non-coding RNA metastasis-associated lung 
adenocarcinoma transcript 1 (lncRNA MALAT1), miR-200a-3p and programmed death-ligand 1 (PD-L1) in non-small 
cell lung cancer (NSCLC), and their roles in NSCLC. Real-time polymerase chain reaction (PCR) was performed to 
detect the expressions of MALAT1, miR-200a-3p and PD-L1 in NSCLC tissues and cells for the correlation analysis. The 
starBase and Targetscan databases were used to predict the binding sites between MALAT1 and miR-200a-3p, and miR-
200a-3p and PD-L1, respectively. The targeting relationship between MALAT1 and miR-200a-3p, and miR-200a-3p and 
PD-L1 were further verified by real-time PCR and dual luciferase reporter gene assay. Cell proliferation was monitored 
by CCK8 and colony formation assays. The apoptosis was detected using flow cytometry. Wound healing assay and 
transwell assay were conducted to determine cell migration and invasion. In this study, we demonstrated that in NSCLC 
tissues, the expression level of MALAT1 was negatively correlated with that of miR-200a-3p, while positively correlated 
with PD-L1. Besides, MALAT1 promoted proliferation, mobility, migration, and invasion of NSCLC cells via sponging 
miR-200a-3p. PD-L1 was validated as a target of miR-200a-3p, and indirectly modulated by MALAT1. In conclusion, 
LncRNA MALAT1 facilitates the progression of NSCLC by modulating miR-200a-3p/PDL1 axis.
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Long non-coding RNA (lncRNA) is a class of 
RNA with over 200 nucleotides in length. It is 
well known that lncRNA can regulate the expres-
sion of various genes, thus participating in the 
occurrence and development of tumors.4–7 For 
example, lncRNA metastasis-associated lung ade-
nocarcinoma transcript 1 (MALAT1) promotes the 
progression of NSCLC by modulating miR-124 
and miR-206.8,9 However, the mechanism of 
action of MALAT1 in NSCLC has not been fully 
elucidated.

In the tumorigenesis and progression of NSCLC, 
miRNA also plays an important regulatory role. 
For example, miR-433 inhibits the proliferation 
and invasion of NSCLC cells by directly targeting 
E2F3.10 And miR-182 promotes NSCLC cells by 
suppressing tumor suppressors FBXW7 and 
FBXW11.11 Mounting studies suggest that miR-
200a-3p plays a tumor repressive role in multiple 
tumors, such as liver cancer and esophagus can-
cer.12–14 However, the detailed relationship between 
miR-200a-3p and NSCLC remains unclear.

Programmed death-ligand 1 (PD-L1, also called 
CD274, B7-H1), a 40-kDa transmembrane protein, 
is expressed on the surface of various cell types, 
including macrophages, dendritic cells, and 
endothelial cells.15 PD-L1 is also abundantly 
expressed in various cancer cells such as lung can-
cer, colon cancer, melanoma, and leukemia, and it 
participates in immune escape of tumor cells 
through the interaction with programmed cell death 
protein 1 (PD-1).16 PD-L1 is a critical “don’t find 
me” signal to the adaptive immune system.17 
Tumor cells interact with receptors on the surface 
of antigen-presenting cells via PD-L1, to help can-
cer cells escape T-cell-mediated death and resist 
anti-tumor immune responses.18 Numerous studies 
have confirmed that PD-1/PD-L1 targeted drugs, 
like Opdivo and Keytruda, can help improve prog-
nosis of patients with NSCLC.19–24 However, the 
upstream regulatory mechanism of PD-L1 has not 
been fully clarified.

Since the role of MALAT1, miR-200a-3p, and 
PD-L1 in NSCLC and the regulatory relationship 
have not been clarified clearly, this study aimed to 
explore the role of MALAT1/miR-200a-3p/PD-L1 
axis in regulating the proliferation, apoptosis, and 
metastasis of NSCLC cells, providing theoretical 
basis for elucidating the molecular mechanism of 
NSCLC and discovery of new targets for NSCLC 
therapy.

Materials and methods

Clinical samples

Our study was approved by the Ethics Review 
Board of the Second Affiliated Hospital of South 
China University of Technology. And all patients 
signed written informed consents. Cancer samples 
were selected from 113 patients with NSCLC. The 
average age of patients was 58.77 ± 8.16 years. All 
patients had complete clinical and pathological 
data, and the pathological results of paraffin speci-
mens were confirmed by professional pathologists. 
No patients received any radiotherapy or chemo-
therapy before surgery.

Cell lines and antibodies

Human NSCLC cell lines (A549 and CAL-12T) 
were purchased from Shanghai Sur Biotech Co., 
Ltd. All cells were cultured in RPMI-1640 medium 
(Gibco, Grand Island, NY, USA), containing 10% 
fetal bovine serum (FBS; Gibco, Grand Island, 
NY, USA) and 1% double antibody (penicillin/
streptomycin, Gibco, Thermo Fisher Scientific, 
USA) at 5% CO2 and 37°C. Overexpressed 
MALAT1 plasmid, MALAT1 shRNA, control 
plasmid, and control shRNA were designed and 
constructed by Shanghai Genechem Co., Ltd. 
Anti-PD-L1 antibody (Abcam, Cat. No. ab205921) 
was purchased from Abcam (Shanghai, China). 
Goat anti-rabbit secondary antibody (Santa, 
F030412) was purchased from Santa Cruz (CA, 
USA). The mouse anti-human β-actin monoclonal 
antibody was purchased from Kingsray (Beijing, 
China); the goat anti-mouse secondary antibody 
(colloidal gold label) was purchased from Santa 
Cruz (CA, USA).

Immunohistochemical stain

The wax block containing the cervical cancer and 
the adjacent tissues was sliced, and the xylene 
was used for dewaxing and hydrating. They were 
incubated for 30 min at room temperature with a 
0.3% H2O2 solution, overnight at 4°C with pri-
mary antibody (Anti-PD-L1 antibody, Abcam, 
ab205921, 1:100), for 1 h at 37°C with secondary 
antibody (goat anti-rabbit IgG). The sections were 
then rinsed with PBS buffer. DAB (Hubei Baiaosi 
Bioscience Co., Ltd.) was then used to stop the 
reaction after color development. The scoring 
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criteria for immunohistochemical stain (IHC) 
results were completed by the pathologists from 
our hospital.

Quantitative reverse transcription polymerase 
chain reaction

Total RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA) according to the 
instructions. And then the reverse transcription and 
amplification were conducted. Polymerase chain 
reaction (PCR) primers were purchased from 
Suzhou Genewiz Biotechnology Co., Ltd. The 
detection result was calculated by 2-ΔΔCt method. 
The primers used in this study were listed in the 
supplementary materials.

Cell transfection

We transfected A549 cells with the MALAT1 plas-
mid to successfully establish the MALAT1 overex-
pression models with LipofectamineTM 2000 
(Invitrogen, USA), and CAL-12T cells with the 
MALAT1 shRNA to successfully construct MALAT1 
knockdown models. The shRNA sequences used in 
this study were listed in the supplementary materials. 
MicroRNAs were also transfected into cells with 
LipofectamineTM 2000 (Invitrogen, USA).

Dual luciferase reporter assay

The target sequence of MALAT1 3’-UTR was pre-
dicted by StarBase. Wild type (WT) or mutant type 
(MUT) MALAT1 was subcloned into the pGL3 
basic vector (Promega, Madison, WI, USA), and 
then transfected into A549 and CAL-12T cells. 
Afterward, cells were seeded in 24-well plates at 
5000 cells/well. Luciferase activity was determined 
using dual luciferase system (Promega, Madison, 
WI, USA). MiR-200a-3p mimics or negative con-
trol (NC) microRNA were used to co-transfect A549 
and CAL-12T cells with WT or mutant reporter vec-
tor. After 48 h of transfection, the luciferase activity 
was measured. Three duplicate holes were set in 
each group and the assay was repeated three times.

RNA-binding protein immunoprecipitation assay

The RNA-binding protein immunoprecipitation 
(RIP) assay was conducted to explore the interac-
tion between MALAT1 and miR-200a-3p by 
using EZ-Magna RIP RNA-binding protein 

immunoprecipitation kit (Millipore, USA). Cells 
expressing ectogenic MALAT1 were lysed, and 
next the cell lysis was incubated with anti-Ago2 
antibodies (Millipore, USA) coated on magnetic 
beads in RIP buffer. The precipitated RNAs were 
then isolated and reversely transcribed to cDNA. 
Then, quantitative reverse transcription PCR 
(qRT-PCR) was used to analyze miR-200a-3p 
level.

CCK-8 assay

A549 and CAL-12T cells in logarithmic growth 
phase were selected and seeded in 96-well plates at 
1000 cells/well. A volume of 10 μL CCK8 solution 
(Hubei Biossci Biotechnology Co., Ltd.) was 
added to measure the absorbance at 450 nm (opti-
cal density (OD) value) using a microplate reader 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
Thereafter, the absorbance of cells was measured 
at 24 h, 48 h, 72 h, and 96 h.

Colony formation assay

Lung cancer cells A549 and CAL-12T were planted 
in six-well plates containing 1000 cells in each 
well. After 2 weeks of culture, the culture solution 
was discarded and carefully rinsed twice with PBS. 
Cells were then fixed using 4% paraformaldehyde 
for 10 min. A volume of 1 mL of crystal violet was 
added to each well, and the number of colony was 
recorded after staining.

Apoptosis assay

A549 and CAL-12T cells were collected, washed 
twice with PBS and resuspended in binding 
buffer. The cells were then stained with FITC 
Annexin V Apoptosis Detection Kit (Ruibo, 
Guangzhou, China) for 30 min at room tempera-
ture in the dark. Cell apoptosis was determined 
using flow cytometry (Becton Dickinson, 
Mountain View, USA).

Wound healing assay

The cells in each group were inoculated to 12-well 
plate with 2 × 105 per well. Subsequently, cells 
were cultured for 48 h. Once cells were paved, the 
water dropper of the pipette was used to make 
scratches along the bottom of the culture plate on 
the monolayer cultured cells. After that, the cells 
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continued to be cultured for 24 h with serum-free 
medium. Ultimately, the scratches were observed.

Transwell assay

The migration experiment was carried out in cul-
ture chamber by using polycarbonate filter mem-
brane with a specification of 8 μm. The cells of 
each group were made to be cell suspension with a 
density of 1 × 105/mL in a serum-free medium, 
and 200 μL cell suspension was inoculated into the 
upper chamber of the transwell chamber, 500 μL 
medium with 10% FBS was added to the lower 
chamber, and three compound wells were set in 
each group. After 24 h of culture, cells in the upper 
layer were gently wiped off by a cotton swab. 
Furthermore, 4% polyformaldehyde was used to 
fix cells for 10 min, and 0.1% crystal violet was 
added to stain cells for 10 min. The number of cells 
was then counted under the microscope. The small 
chamber covering invasive experiment was 
Matrigel, and the other steps were the same as the 
migration experiment.

Western blot

The cells were lysed with radioimmunoprecipita-
tion assay (RIPA) lysis buffer containing protease 
inhibitor. The supernatant was collected after high-
speed centrifugation, and heated in water bath to 
denature the protein. After quantifying the protein 
by bicinchoninic acid (BCA) method, proteins 
were separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) gel 
electrophoresis, and incubated with Anti-PD-L1 
antibody (Abcam, 1:500) at 4°C for 12 h. The pol-
yvinylidene difluoride (PVDF) membrane was 
rinsed with the TBST solution, and then incubated 
with the secondary antibody (Hubei Biossci 
Biotechnology Co., Ltd., 1:2000) for 1 h at room 
temperature. Following that, the chemilumines-
cence was developed using a hypersensitive ECL 
(Hubei Biossci Biotechnology Co., Ltd.). β-actin 
was used as an internal reference.

Statistical analysis

GraphPad Prism 8 was used as the statistical pro-
cessing software in this study. The t test was used 
to compare the data between the two groups.  
P < 0.05 was considered statistically different.

Results

MALAT1 expression in NSCLC was correlated 
with that of miR-200a-3p and PD-L1

First, we detected the expression levels of MALAT1, 
miR-200a-3p, and PD-L1 in 113 NSCLC samples by 
qRT-PCR. Then, we conducted correlation analysis. 
The results showed that expression levels of 
MALAT1 and miR-200a-3p were inversely corre-
lated (Figure 1(a), R = –0.8625, P < 0.001). 
Expression levels of miR-200a-3p and PD-L1 
mRNA were also inversely correlated (Figure 1(b), 
R = –0.6334, P < 0.001), while expression levels of 
MALAT1 and PD-L1 mRNA were positively corre-
lated (Figure 1(c), R = 0.4761, P < .001). In addi-
tion, higher PD-L1 immunohistochemical staining 
scores were negatively correlated with the expres-
sion level of miR-200a-3p, while positively corre-
lated with the expression level of MALAT1 (Figure 
1(a)–(f), chi-square test, P < 0.05). These data 
implied that there were potential regulatory relation-
ships among MALAT1, miR-200a-3p, and PD-L1.

MALAT1 sponges miR-200a-3p

Then the target microRNAs of MALAT1 were pre-
dicted by starBase (http://starbase.sysu.edu.cn), 
and miR-200a-3p was found to be a candidate tar-
get of MALAT1 (Figure 2(a)). qRT-PCR demon-
strated that overexpressed MALAT1 significantly 
decreased the expression level of miR-200a-3p in 
A549 cells, while knockdown of MALAT1 
increased miR-200a-3p expression in CAL-12T 
cells (Figure 2(b)). In addition, luciferase reporter 
gene assay and RIP assay verified that MALAT1 
had binding sites for miR-200a-3p, and could play 
a “sponge” role (Figure 2(c) and (d)).

MALAT1 promotes NSCLC cells via modulating 
miR-200a-3p

To further clarify the effect of MALAT1 and miR-
200a-3p on the proliferation of NSCLC cells, we 
transfected MALAT1 plasmid into A549 cells to suc-
cessfully establish MALAT1 overexpression mod-
els; MALAT1 shRNA was transfected into CAL-12T 
cells to successfully establish MALAT1 low expres-
sion models (Figure 3(a)). miR-200a-3p mimics or 
inhibitors were also transefected into NSCLC cells, 
but they did not change the expression level of 
MALAT1 (Figure 3(b) and (c)). Subsequently, CCK8 

http://starbase.sysu.edu.cn
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assay were conducted. The proliferation rate of CAL-
12T cells with low-expressed MALAT1 significantly 
decreased than that of the control group, and the pro-
liferation of CAL-12T cells with lowly expressed 
MALAT1 significantly increased after transfection 

of miR-200a-3p inhibitors (Figure 3(d)). Plate col-
ony formation assays was performed to detect the 
proliferation of A549 and CAL-12T cells. The num-
ber of colony of A549 cells with overexpressed 
MALAT1 significantly increased than that of the 

Figure 1. Correlation among the expression levels of MALAT1, miR-200a-3p, and PD-L1: (a) The expression level of MALAT1 was 
negatively correlated with the expression level of miR-200a-3p in 113 NSCLC samples. (b) The expression level of miR-300a-3p was 
negatively correlated with the expression level of PD-L1 in 113 NSCLC samples. (c) The expression level of MALAT1 was positively 
correlated with the expression level of PD-L1 in 113 NSCLC samples. (d) IHC was used to detect the expression of PD-L1, and 
images of a pair of NSCLC tissues (left, ++) and adjacent tissues (right, –) were shown. (e) Correlation between IHC staining 
score of PD-L1 and MALAT1 in 31 NSCLC samples. (f) Correlation between IHC staining score of PD-L1 and miR-200a-3p in 31 
NSCLC samples.
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control group, and it significantly decreased after 
transfection of miR-200a-3p mimics. The number of 
colony of CAL-12T cells with lowly expressed 
MALAT1 was significantly lower than that in the 
control group, and it significantly increased after 
transfection of miR-200a-3p inhibitors (Figure 3(e)).

MALAT1 inhibits apoptosis and promotes 
metastasis of NSCLC cells via modulating miR-
200a-3p

Next, we examined the effects of MALAT1 and 
miR-200a-3p on apoptosis and metastasis of NSCLC 
cells. Apoptosis experiments confirmed that the 
apoptotic rate of A549 cells with overexpressed 
MALAT1 was lower than that of control cells, and it 
was significantly increased after transfection of miR-
200a-3p mimics; the apoptotic rate of CAL-12T cells 
with MALAT1 knockdown was higher than that of 
control group, and it is significantly decreased after 
transfection of miR-200a-3p inhibitors (Figure 4(a)). 
The wound healing assay indicated that the motility 
of A549 cells with overexpressed MALAT1 signifi-
cantly increased compared with the control group, 
and it is significantly decreased after transfection of 
miR-200a-3p mimics; the motility of CAL-12T cells 

with MALAT1 knockdown was significantly inhib-
ited, and transfection of miR-200a-3p inhibitors 
partly reversed this effect (Figure 4(b)). Subsequently, 
by transwell migration and invasion assays, we vali-
dated that the metastatic ability of A549 cells with 
overexpressed MALAT1 was significantly higher 
than that of the control group, and transfection of 
miR-200a-3p mimics partly neutralized the function 
of MALAT1; compared with that of the control 
group, the metastatic ability of CAL-12T cells with 
MALAT1 knockdown was blocked, but was 
increased after transfection of miR-200a-3p inhibi-
tors (Figure 4(a) and (d)).

MiR-200a-3p directly targets 3’-UTR of PD-L1

Next, the target gene of miR-200a-3p was predicted 
by TargetScan (www.targetscan.org), and PD-L1 was 
found to be a candidate target gene of miR-200a-3p 
(Figure 5(a)). qRT-PCR and Western blot results 
showed that there was a significant decrease in PD-L1 
mRNA and protein after the transfection of miR-
200a-3p into both A549 and CAL-12T cells (Figure 
5(b) and (c)). Subsequently, luciferase reporter gene 
assay revealed that miR-200a-3p could specifically 
bind to 3’-UTR of PD-L1 (Figure 5(d)). Western blot 

Figure 2. MALAT1 sponged miR-200a-3p and down-regulated its expression in NSCLC: (a) miR-200a-3p binding sequence of 
MALAT1 indicated that MALAT1 was a potential sponge of miR-200a-3p. (b) MALAT1 modulated the expression levels of miR-
200a-3p in both A549 and CAL-12T cells. (c) miR-200a-3p significantly repressed the luciferase activity of wild type MALAT1 
reporter, but did not change the luciferase activity of mutated MALAT1 reporter in A549 cells. (d) MALAT1 and miR-200a-3p 
simultaneously existed in the production precipitated by anti-AGO2.
**P < 0.01. ***P < 0.001.

www.targetscan.org
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also showed that PD-L1 expression was significantly 
up-regulated after MALAT1 plasmid transfection 
(Figure 5(e)). These results indicated that PD-L1 was 
a downstream gene of miR-200a-3p, and MALAT1 
might indirectly regulate its expression.

Discussion

NSCLC is one of the most common malignant 
tumors. However, the current diagnosis and treat-
ment methods for NSCLC are limited, and the thera-
peutic effect is still far from satisfactory.25–28 

MALAT1 and PD-L1 promote NSCLC progression, 
while multiple miR-200 family members play a role 
in fighting it.29–36 Consistent with previous reports, 
we found that MALAT1 and PD-L1 were highly 
expressed in NSCLC, while miR-200a-3p was sig-
nificantly downregulated. The starBase and 
TargetScan suggested that miR-200a-3p has possi-
ble binding sites of MALAT1, and PD-L1 was also 
one of the downstream targets of miR-200a-3p. 
These findings prompted us to further investigate 
the role of MALAT1/miR-200a-3p/PD-L1 axis in 
the tumorigenesis and progression of NSCLC.

Figure 3. MALAT1 promotes proliferation of NSCLC cells via modulating miR-200a-3p. (a) Successful transfection of MALAT1 
overexpression plasmid and shRNA into NSCLC cells was validated by qRT-PCR. (b) qRT-PCR showed that transfection of 
miR-200a-3p mimics or inhibitors did not change the expression level of MALAT1 in NSCLC cells. (c) qRT-PCR showed that 
transfection of miR-200a-3p mimics or inhibitors modulated the expression level of miR-200a-3p in NSCLC cells. (d) MALAT1 
overexpression promoted proliferation of A549 cells and miR-200a-3p transfection partly reversed its function (left); knockdown 
of MALAT1 inhibited proliferation of CAL-12T cells and miR-200a-3p inhibitors neutralized its function (right). (e) MALAT1 
overexpression promoted colony formation ability of A549 cells and miR-200a-3p transfection partly reversed its function (left); 
knockdown of MALAT1 inhibited colony formation of CAL-12T cells and miR-200a-3p inhibitors neutralized its function (right).
*P < 0.05. **P < 0.01. ***P < 0.001.
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Figure 4. MALAT1 inhibits apoptosis and promotes metastasis of NSCLC cells via modulating miR-200a-3p: (a) MALAT1 
overexpression inhibited apoptosis of A549 cells and miR-200a-3p transfection induced apoptosis (left); knockdown of MALAT1 
induced apoptosis of CAL-12T cells and miR-200a-3p inhibitors partly reversed it (right). (b) Wound healing assay showed 
that MALAT1 overexpression promoted motility of A549 cells and miR-200a-3p transfection partly reversed its function (left); 
knockdown of MALAT1 inhibited motility of CAL-12T cells and miR-200a-3p inhibitors neutralized its function (right). (c) Transwell 
assay showed MALAT1 overexpression promoted migration of A549 cells and miR-200a-3p transfection partly reversed its function 
(left); knockdown of MALAT1 inhibited migration of CAL-12T cells and miR-200a-3p inhibitors neutralized its function (right). (d) 
Transwell assay showed MALAT1 overexpression promoted invasion of A549 cells and miR-200a-3p transfection partly reversed its 
function (left); knockdown of MALAT1 inhibited invasion of CAL-12T cells and miR-200a-3p inhibitors neutralized its function (right).
*P < 0.05. **P < 0.01. ***P < 0.001.
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MALAT1 is a unfavorable biomarker in a vari-
ety of tumors, such as prostate cancer, breast can-
cer, oral squamous cell carcinoma, NSCLC, and 
other cancers.37–41 But interestingly, MALAT1 has 
tumor suppressive function by reducing the expres-
sion of matrix metalloproteinase 2 in glioma.42 
This suggested that the function of MALAT1 may 
differ depending on the type of tumor cell and its 
specific molecular interaction. In recent years, 
competing endogenous RNA (ceRNA) hypothesis 
has come into prominence in cancer researches. 
LncRNAs can act as miRNA sponges by sequester-
ing their target miRNAs and affect gene expression 
indirectly.43–45 In this study, we demonstrated that 
the up-regulation of MALAT1 in NSCLC cells 
caused a significant decrease in the expression of 
miR-200a-3p. Furthermore, after transfecting miR-
200a-3p mimics into the above NSCLC cells with 
overexpressed MALAT1, the cancer-promoting 
effect of MALAT1 was reversed. Knockdown of 
MALAT1 caused the up-regulation of miR-
200a-3p, and the malignant phenotypes of cancer 
cells were promoted by transfecting miR-200a-3p 
inhibitors into NSCLC cells with low-expressed 
MALAT1. The direct binding sites of miR-200a-3p 
to MALAT1 were also confirmed by the dual lucif-
erase reporter gene assay. Our study showed that 

lncRNA MALAT1 elicited its biological effects 
partly by acting as a sponge for miR-200a-3p, 
which affected the ability of miR-200a-3p to bind 
to its targets.

In recent years, several studies have indicated 
that the miR-200 family played a tumor suppressive 
role in a variety of tumors.46–49 For example, miR-
200c inhibits the growth of breast cancer cells by 
modulating the HIPK1/β-Catenin axis;47 miR-
200a-3p impedes the proliferation of renal cell car-
cinoma and induces apoptosis by targeting 
sperm-associated antigen 9.49 In this study, we dem-
onstrated that transfection of miR-200a-3p into 
NSCLC cells caused a significant decrease in the 
expression of PD-L1 and arrested the proliferation 
and metastasis of NSCLC cells. The direct binding 
of miR-200a-3p to PD-L1 was confirmed by the 
dual luciferase reporter gene assay. Thus, we con-
firmed that in NSCLC cells, miR-200a-3p can nega-
tively regulate the expression of PD-L1, thereby 
inhibiting the immune escape of tumor cells.

Recently, PD-L1 is a hot topic in cancer research, 
and drugs targeting PD-L1 have been shown to help 
patients improve their prognosis. For example, in 
pancreatic cancer, interferon-γ promotes epithelial 
mesenchymal transition and expression of PD-L1, 
whereas targeting PD-1/PD-L1 immunotherapy 

Figure 5. PD-L1 was a target gene of miR-200a-3p and could be indirectly up-regulated by MALAT1: (a) miR-200a-3p binding 
sequence of PD-L1 3’-UTR indicated that PD-L1 was a potential target of miR-200a-3p. (b) qRT-PCR showed that transfection of 
miR-200a-3p mimics significantly attenuated the mRNA levels of endogenous PD-L1 in both A549 and CAL-12T cells. (c) Western 
blot showed that transfection of miR-200a-3p mimics significantly attenuated the protein levels of endogenous PD-L1 in both 
A549 and CAL-12T cells. (d) miR-200a-3p significantly repressed the luciferase activity of wide type 3’-UTR of PD-L1, but did not 
change the luciferase activity of mutated 3’-UTR of PD-L1 in A549 cells. (e) Western blot showed that overexpression of MALAT1 
significantly increased the protein levels of endogenous PD-L1 in both A549 and CAL-12T cells.
**P < 0.01. ***P < 0.001.
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improves prognosis.50 Studies have found that in 
patients with NSCLC, survival time after treatment 
with anti-PD-1 therapy is significantly prolonged.51 
In this experiment, we up-regulated the expression 
of PD-L1 in NSCLC and promoted the mobility, 
proliferation, migration, and invasion of NSCLC 
cells. While knocking down the expression of 
PD-L1, the above biological behaviors were inhib-
ited. Our findings are consistent with current reports.

In summary, we found that LncRNA MALAT1 
accelerated the progression of NSCLC by modu-
lating the miR-200a-3p/PDL1 axis, and had a posi-
tive significance for the selection of new targeted 
drugs and enrichment of therapeutic methods in the 
future. However, we need to further confirm that 
LncRNA MALAT/miR-200a-3p/PDL1 can regu-
late the biological behavior of NSCLC cells via 
animal experiments.
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