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Wu et al.: Metastasis Associated Lung Adenocarcinoma Transcript 1 Participates in the Progression of Glaucoma

The present study was designed to the effect of metastasis associated lung adenocarcinoma transcript 1 on 
apoptosis of 661W cells and to explore its role in glaucoma. A stable and metastasis associated lung adenocarcinoma 
transcript 1-inhibition vector and microRNA-200a-3p overexpression vector were established and transfected 
into 661W cells. Cell counting kit 8 and flow cytometry were employed to evaluate the proliferation and apoptosis 
of transfected cells and western blot was applied to measure the changes of apoptosis markers represented 
by B-cell lymphoma 2 associated X-protein, caspase 3 and B-cell lymphoma 2. The metastasis associated lung 
adenocarcinoma transcript 1 target gene was predicted and its relationship with the target gene was determined 
using dual luciferase reporter assay. Inhibited metastasis associated lung adenocarcinoma transcript 1 or 
overexpressed microRNA-200a-3p brought inhibited proliferation, increased apoptosis rate, enhanced B-cell 
lymphoma 2 associated X-protein and caspase-3 protein and declined B-cell lymphoma 2 protein of 661W cells. 
Dual luciferase reporter assay revealed the targeted binding of metastasis associated lung adenocarcinoma 
transcript 1 and microRNA-205. The rescue experiment found that inhibited microRNA-200a-3p expression 
prevented cell proliferation, apoptosis and changes in apoptosis markers caused by the inhibition of metastasis 
associated lung adenocarcinoma transcript 1. Metastasis associated lung adenocarcinoma transcript 1 inhibits 
the apoptosis of 661W cells by targeting microRNA-200a-3p, thereby preventing the progression of glaucoma. 
Metastasis associated lung adenocarcinoma transcript 1 is expected to be the treatment direction of this disease.
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Glaucoma is a neurodegenerative disease that causes 
irreversible vision loss[1]. It is estimated that more than 
60 million people worldwide suffer from glaucoma and 
this number is expected to rise to 80 million by 2020[2]. 
Excessive death of retinal ganglion cells (RGC) is a 
major cause of vision loss in glaucoma patients[3]. As 
is known to all, the loss or decline of vision causes the 
patients' independence and quality of life to plummet[4]. 
Therefore, preventing excessive RGC death is critical 
to improve the outcome of glaucoma.

Long non-coding RNA (LncRNA) with a length of 

200 nucleotide (nt) beyond, which plays an important 
role in various life activities such as embryonic 
development, cell growth and disease occurrence[5,6]. 
Among various LncRNAs, Metastasis Associated 
Lung Adenocarcinoma Transcript 1 (MALAT1) is 
one that located on the human 11q13 chromosome, 
which is highly conserved among species and 
is widely expressed in human tissue[7]. Previous 
research on MALAT1 has extensively focused on its 
involvement in the development of various cancers, 
such as breast cancer[8], ovarian cancer[9] and non-
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small cell lung cancer (NSCLS)[10], while rarely have 
done on the role of MALAT1 in eye diseases. Recent 
studies have found that MALAT1 is lowly expressed 
in glaucoma and its knocking down can lead to more 
severe retinal neurodegeneration[11], which is indicative 
of the promising value of MALAT1 in treating 
glaucoma. Whereas, there are few reports about its 
role and mechanism in glaucoma at present. In order 
to further explore the mechanism of MALAT1 in the 
development of glaucoma, we predicted the presence of 
target binding sites between MALAT1 and microRNA-
200a-3p (miR-200a-3p) through starBase v2.0. As to 
the miR-200a-3p, it belongs to miR-200 family, which 
has been indicated in some studies that it increases with 
the rise of glaucoma injury degree and is considered 
to be an important regulatory factor implicated in the 
development of glaucoma[12].

From the above research, we hypothesized that 
MALAT1 promoted the development of glaucoma by 
targeting miR-200a-3p. Based on this hypothesis, the 
following studies were conducted.

MATERIALS AND METHODS

Cell source and treatment:

P661W, which was a RGC precursor-like cell line with 
the characteristics of retinal ganglia and photoreceptor 
cells[13], was purchased from American Type Culture 
Collection (ATCC) and used as the cell material in this 
study. The repurchased cells were placed in Roswell 
Park Memorial Institute (RPMI) 1640 medium (Gibco, 
USA) containing 10 % fetal bovine serum (FBS, Gibco, 
USA) and 1 % penicillin-streptomycin (100X, Solarbio, 
USA) in advance and then cultured at 37° and 5 % 
CO2 before transfection. Cell transfection: miR-200a-
3p overexpression plasmid (miR-200a-3p-mimics), 
MALAT1 inhibitory plasmid (si-MALAT1) and blank 
controls (si-NC, miR-NC) were established and the 
established cell lines were transferred to 24-well plates. 
After 48 h, the cell plasmid was transfected into cells 
with lipofectamine 2000 (Invitrogen, USA) kit in strict 
accordance with the kit instructions.

Real-time quantitative reverse transcription 
polymerase chain reaction (RT-qPCR):

The total RNA was extracted from the target cells by 
TRIzol reagent (Invitrogen, USA). The total RNA 
was extracted by ultraviolet (UV) spectrophotometer 
(Shanghai yuangue instrument co., LTD.) and agarose 
gel electrophoresis to detect the purity, concentration 
and integrity of the extracted total RNA. (Metash 
Instruments Co., Ltd., Shanghai, China) and agarose 

gel electrophoresis. Then, 5 μg of total RNA was 
processed for reverse transcription with the help of 
TaqMan™ reverse transcription reagents (Invitrogen, 
USA) in strict accordance with the given instructions. 
Then the amplification, where SYBR Premix ExTaq II 
(Takara, Dalian, China) and Applied Biosystems® 7500 
PCR instrument (Applied Biosystems, USA) were 
employed in this part. The amplification system: SYBR 
Premix Ex Taq II (2X):10 μl, complementary DNA 
(cDNA) 2 μl, upstream and downstream primers. 0.8 
μl each and sterile purified water was completed to 20 
μl. PCR reaction conditions: pre-denaturation at 95° for 
30 s, denaturation at 95° for 5 s, annealing extension at 
60° for 30 s, totaling for 40 cycles. Beta-actin was set 
as the internal reference of MALAT1 and U6 as that of 
miR-200a-3p. Shanghai GenePharma Co., Ltd. was in 
charge of the design and synthesis of all primers. The 
data were analyzed by 2-△△ct[14]. 

Western blot (WB):

After culture, the total protein of cells was extracted 
by Radioimmunoprecipitation assay (RIPA) lysis 
(Thermo Scientific, USA) and the protein concentration 
was measured by Bicinchoninic acid (BCA) (Thermo 
Scientific, USA). Then, the protein concentration was 
arranged to 4 μg/μl and then 12 % SDS-PAGE (sodium 
dodecyl sulphate–polyacrylamide gel electrophoresis) 
was applied for separation before it was transferred to 
oolyvinylidene fluoride (PVDF) membrane. Next, the 
membrane was soaked in phosphate-buffered saline 
(PBS) for 5 min and blocked with skim milk powder 
(5 %) for 2 h. Followed by the addition of B-cell 
lymphoma 2 associated X-protein (BAX) (1:1000), 
B-cell lymphoma 2 (Bcl-2) (1:1000), Caspase 3 (1:1000) 
and β-catenin primary antibody (1:1000) (Abcam, 
USA) and sealing for one night at the temperature of 
4°. After that, the membrane was rinsed to discard the 
primary antibody, added with horseradish peroxidase-
labeled goat anti-rabbit secondary antibody (1:2000), 
incubated at 37° for 1 h and then rinsed 3 times with 
PBS, 5 min each. Through blotting the excess liquid 
on the membrane with a filter paper first and then 
illuminated by Electrochemiluminescence (ECL) to 
develop, the development was finally carried out in a 
dark room. The protein bands were scanned to calculate 
the relative expression level of the target protein.

Cell counting kit 8 (CCK-8) assay for cell 
proliferation: 

The transfected cells were gathered and digested with 
0.25 % trypsin and the cell concentration was adjusted 
by routine inoculation of 100 μl/ml in 96-well plates. 
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At the set time points, which were 24, 48, 72 and 96 
h respectively, 200 μl CCK8 (Beyotime Biotechnology 
Co., Ltd., Beijing, China) mixture (10:1) was added and 
the culture was resumed for 3 h. Then the absorbance 
of each well was measured with a microplate at 490 nm 
and the corresponding growth curve was drawn.

Apoptosis detection:

The transfected cells were collected and digested 
with 0.25 % trypsin. After digestion, they were 
configured into 1×106/ml suspension. Followed by the 
successive addition of AnnexinV-FITC and PI (Yeasen 
Biotechnology, Co., Ltd., Shanghai, China) and then 
incubated at room temperature for 5 min shielded from 
light. Finally, apoptosis was measured by CytoFLEX 
flow cytometer (Beckman, USA).

Double luciferase reporter assay:

MALAT1 was cloned into pmirGLO double luciferase 
target expression vector using Lipofectamine™ 2000 
kit and the established MALAT1-3'UTR wild type 
(Wt), MALAT1-3'UTR mutant (Mut), miR-200a-3p-
inhibition and miR-NC were successfully transfected 
into 661W cells. The change of luciferase activity was 
detected 48 h after culture.

Statistical analysis:

In this study, the collected data was statistically 
analyzed using statistical package for the social 
sciences (SPSS) 18.0 and the required pictures were 

plotted by GraphPad 7. The Kolmogorov–Smirnov (K-
S) test was employed to analyze the distribution of the 
dose data, among which the data of normal distribution 
was expressed in the form of mean±standard deviation 
(mean±SD). An independent sample t-test was adopted 
for inter-group comparison and one-way analysis of 
variance (ANOVA) was employed for multi-group 
comparison. The post hoc pairwise comparison was 
performed by least significant difference (LSD)-t test, 
the multi-time expressions were analyzed by repeated 
measurement analysis of variance and the post hoc 
test was conducted by Bonferroni. p<0.05 indicated a 
statistically significant difference.

RESULTS AND DISCUSSION

In order to determine the role of MALAT1 in glaucoma, 
we established a model of low expression of MALAT1 
in 661W cells by transfection with si-MALAT1 and si-
NC. QPC detection showed that the transfection of si-
MALAT1 successfully down-regulated the MALAT1 in 
661W cells, indicating that the model was established 
successfully. Subsequently, we employed CCK-8 
and flow cytometry to evaluate cell proliferation and 
apoptosis after transfection. It was found that 661W 
was inhibited from proliferating after transfection 
with si-MALAT1 and the apoptosis rate increased. 
WB detection of apoptotic markers revealed that Bax, 
Caspase3 protein increased and Bcl-2 protein decreased 
in 661W cells after transfection with si-MALAT1 (fig. 1).

Fig. 1: Effects of MALAT1 on proliferation and apoptosis of 661W cells: (A) Transfection of si-MALAT1 down-reg-
ulated MALAT1 in 661W; (B) The proliferation of 661W cells was inhibited after transfection with si-MALAT1; (C) 
The apoptosis rate of 661W cells increased after transfection with si-MALAT1; (D) The Bax and Caspase3 protein 
elevated and Bcl-2 protein declined in 661W cells after transfection with si-MALAT1; (E) WB diagram; (F) Flow 
cytometry. *p<0.05, (       ) si-MALAT1; (       ) si-NC;  (      ) si-NC; (     ) si-MALAT1
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For the sake of understanding the molecular mechanism 
through which MALAT1 promoted 661W apoptosis, 
we predicted through starBase2.0 website that miR-
200a-3p could be used as a downstream target gene of 
MALAT1. Therefore, a dual luciferase activity test was 
performed to prove the connection between them. It 
was observed that transfection of miR-200a-3p-mimics 
inhibited the luciferase activity of MALAT1-3'UT Wt 
in 661W, but had no effect on the luciferase activity 
of MALAT1- 3'UTR Mut. Subsequently, miR-200a-3p 
was noticed to be increased in 661W after transfection 
with si-MALAT1 by PCR-qRT. All these indicated that 
miR-200a-3p was indeed the downstream target gene 
of MALAT1 (fig. 2).

Results from finding downstream target genes of 
MALAT1, had confirmed that was the downstream 
target gene of MALAT1, but it was not clear whether 
MALAT1 could promote the apoptosis of 661W 
through miR-200a-3p. Therefore, we observed the 
changes in proliferation and apoptosis of 661W cells 
after transfection with miR-200a-3p-mimics. The 
results displayed that after miR-200a-3p overexpression 
treatment, miR-200a-3p was up-regulated in 661W 
cells, the proliferation ability was inhibited and the 
apoptosis rate was increased. WB detection of apoptosis 
markers revealed that after transfecting miR-200a-3p-
mimics, Bax and Caspase3 protein increased while Bcl-
2 protein declined in 661W cells (fig. 3).

Fig. 2: Exploring the association between MALAT1 and miR-200a-3p: (A) There were targeted binding sites between 
MALAT1 and miR-200a-3p; (B) Transfection of miR-200a-3p-mimics inhibited the luciferase activity of MALAT1-3 
'UT Wt in 661W, but did not affect the luciferase activity of MALAT1-3' UTR Mut; (C) MiR-200a-3p increased after 
transfection with si-MALAT1 in 661W cells. *p<0.05, (      ) miR-NC; (     ) miR-200a-3p-mimics

Fig. 3: Effects of miR-200a-3p on proliferation and apoptosis of 661W cells: (A) MiR-200a-3p was up-regulated in 661W after 
overexpression of miR-200a-3p; (B) The proliferation of 661W was inhibited after transfection with miR-200a-3p-mimics; (C) The 
apoptosis rate of 661W elevated after transfection with miR-200a-3p-mimics; (D) After transfection with miR-200a-3p-mimics in 
661W cells, Bax and Caspase3 protein increased while bcl-2 protein decreased; (E) WB diagram; (F) Flow cytometry. *p<0.05,
(      ) miR-NC; (      ) miR-200a-3p-mimics; (      ) miR-200a-3p-mimics; (      ) miR-NC



www.ijpsonline.com

Special Issue 4, 2021 Indian Journal of Pharmaceutical Sciences 112

From Result miR-200a-3p promoted apoptosis of 
661W cells, it was known that MALAT1 could bind 
to miR-200a-3p in a targeted manner. Subsequently, 
to further understand the relationship between the 
two, we simultaneously performed MALAT1 and 
miR-200a-3p inhibition treatment on 661W and then 
observed their biological function changes. The results 
showed that the proliferation and apoptosis of 661W 
cells after transfecting si-MALAT1+miR-200a-3p-
inhibitor were not statistically different from those 
transfected with miR-NC, but the proliferation ability 
increased and the apoptosis rate decreased compared 
with those transfected with si-MALAT1. WB detection 
of apoptosis markers exhibited that after transfection of 
si-MALAT1+miR-200a-3p-inhibitor with 661W cells, 
there was no statistical changes in Bax, Caspase3 or 
Bcl-2 compared with those transfected with miR-NC, 
while compared with the cells transfected with si-
MALAT1, Bax and Caspase 3 protein were decreased, 
while Bcl-2 protein was increased (fig. 4)

Glaucoma is the second leading cause of blindness, 
which can be divided into the open-angle and angle-
closure[15]. Although glaucoma patients can be treated by 
surgery and drugs at present, there is often a progressive 
vision loss[16]. Therefore, it is high time to elucidate the 
mechanisms of the onset and progression of glaucoma 
to improve patient outcomes. With the exploration of 
LncRNA in medicine, it has been found that LncRNA 
is closely related to the occurrence and progression 
of various neurodegenerative diseases including 
glaucoma[17-19]. In this paper, we found through CCK-
8 and flow cytometry that 661W cells were inhibited 
from proliferating after transfection with si-MALAT1, 
accompanied by elevated apoptosis, increased Bax and 
Caspase3 and reduced Bcl-2 protein, indicating that 
MALAT1 could slow the progression of glaucoma by 
preventing apoptosis of 661W cells. However, it is still 
unclear how MALAT1 prevents the apoptosis of 661W 
cells.

Fig. 4: Effects of simultaneous inhibition of MALAT1 and miR-200a-3p on proliferation and apoptosis of 661W cells: (A) the pro-
liferation and apoptosis of 661W cells after transfection with si-MALAT1+miR-200a-3p-inhibitor; (B) The apoptosis of 661W cells 
transfected with si-MALAT1+miR-200a-3p-inhibitor; (C) After transfecting with si-MALAT1+miR-200a-3p-inhibitor in 661W 
cells; (D) WB diagram; (E) Flow cytometry. *p<0.05, (       ) si-MALAT1+miR-2000a-3p inhibitor; (       ) si-MALAT1; (      ) si-NC; 
(      ) si-NC; (      ) si-MALAT1; (        ) si-MALAT1+miR-2000a-3p inhibitor
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LcnRNA regulates the downstream target of miRNA 
through sponge action on miRNA[20]. In order to 
understand how MALAT1 prevents the apoptosis 
of 661W cells, this paper predicted the downstream 
target gene of MALAT1 through starBase2.0 website. 
It turned out that there were target binding sites 
between MALAT1 and miR-200a-3p. miR is a class 
of single-stranded non-coding RNA, containing 20-
24 nucleotides, which can promote the degradation 
of transcripts by binding to the 3'UTR of its target 
gene mRNA sequence, thus participating in biological 
events[21]. Misexpression or mutation of miR has 
been identified as the cause of the occurrence and 
development of many human diseases[22]. Previous 
studies have found that multiple miRs can affect the 
development of glaucoma, such as miR-93-59, miR-
187, and miR-17-5p[23-25], showing potential therapeutic 
value. Like the transfection of si-MALAT1, we found 
that transfection of miR-200a-3p-mimics shared the 
same function in this study, that is, the transfection 
could inhibit the proliferation of 661W cells, increase 
the apoptosis rate, enhance Bax and Caspase 3 protein 
and decrease Bcl-2 protein, indicating that miR-200a-
3p could induce the apoptosis of 661W cells, thereby 
accelerating the progress of glaucoma. There is 
evidence showing that miR-200a-3p can be regulated 
by a variety of lcnRNA, thus affecting the development 
of the disease. For example, it is regulated by lcnRNA 
SNHG16 to promote the development of colorectal 
cancer[26] and in liver cancer, it can be regulated by 
lncRNA highly upregulated in liver cancer (HULC) 
to facilitate the occurrence and development of the 
disease[27]. A recent study demonstrates that miR-200a-
3p can also be regulated by MALAT1 to promote the 
development of non-small cell lung cancer (NSCLC)
[28]. These results indicate that lcnRNA can participate 
in tumor development by regulating miR-200a-3p. The 
findings in present study indicated that transfection of 
miR-200a-3p-mimics could inhibit MALAT1-3'UT 
Wt luciferase activity in 661W, but it did not affect 
MALAT1-3'UTR Mut luciferase activity and that miR-
200a-3p increased after transfection of si-MALAT1 in 
661W cells, indicating that MALAT1 could be targeted 
and regulated by miR-200a-3p. At the end of the paper, 
rescue experiments were carried out to further explore 
the correlation between MALAT1 and miR-200a-3p. 
The results demonstrated that the transfection of si-
MALAT1+miR-200a-3p-inhibitor with 661W reversed 
the changes in proliferation, apoptosis and apoptosis-
related proteins induced by the transfection of si-
MALAT1. According to the above results, MALAT1 

can at least partially prevent the apoptosis of 661w cells 
by regulating miR-200a-3p.

This paper discusses the mechanism of MALAT1 
in glaucoma at the molecular level and proves that 
MALAT1 can prevent the apoptosis of 661W cells by 
regulating miR-200a-3p, thus slowing the development 
of glaucoma, reflecting the potential therapeutic value 
of MALAT1/miR-200a-3p in glaucoma. Studies have 
found that miR-200a-3p can contribute to β-amyloid-
induced neuronal death through Sirtuin 1 (SIRT1) in 
Alzheimer's disease[29]. Therefore, it is speculated that 
MALAT1 may influence the development of glaucoma 
through the miR-200a-3p/SIRT1 axis, which will be 
discussed in future experimental designs. In addition, 
this paper only discussed the cytological effects of 
MALAT1/miR-200a-3p axis, but failed to explore the 
clinical value of the two. In follow-up studies, relevant 
clinical trials can be regulated to supplement the value 
of both.

Taken together, MALAT1 can prevent the apoptosis 
of 661W cells by regulating miR-200a-3p, thereby 
slowing the progression of glaucoma.
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