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Abstract: Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1), as a long chain non-coding RNA (ln-
cRNA), has been reported to be upregulated in Parkinson’s disease (PD). However, the mechanisms underlying this 
process remain unknown. Hence, to investigate the role of MALAT1 in PD, N-methyl-4-phenylpyridinium (MPP+) was 
used to induce PD in vitro in the MN9D dopaminergic neuronal cell line and 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP) was used to induce PD in vivo in C57BL/6 mice. Quantitative Real-Time PCR (qRT-PCR) and western 
blot assay showed that the expression levels of MALAT1 and leucine-rich repeat kinase (LRRK2) were increased, 
and that of miR-205-5p was decreased in the midbrains of mice in which PD was induced by MPTP. MALAT1 sup-
pressed the expression of miR-205-5p in MN9D cells. The results of luciferase reporter assay indicated that LRRK2 
was a direct target of miR-205-5p. Transfection with the miR-205-5p mimics decreased, whereas transfection with 
miR-205-5p inhibitor increased the expression levels of LRRK2 mRNA and protein. The cell counting kit-8 (CCK-8) 
and flow cytometry assays showed that overexpression of LRRK2 reduced the viability and promoted apoptosis in 
MN9D cells treated with MPP+. MALAT1 knockdown exerted a protective effect on the viability and apoptosis of 
MN9D cells treated with MPP+, which was abrogated by LRRK2 overexpression and miR-205-5p inhibition. Our study 
demonstrates that the MALAT1/miR-205-5p axis regulates MPP+-induced apoptosis in MN9D cells by targeting 
LRRK2, thereby improving our understanding of the molecular pathogenesis of PD.
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Introduction

Parkinson’s disease (PD) is the second-most 
common neurodegenerative disease, after Al- 
zheimer’s disease. Epidemiological studies ha- 
ve shown that the prevalence of PD in Chi- 
nese populations over 65 years old is about 
1.7%, showing an increasing trend year by ye- 
ar, which brings a heavy burden to patients’ 
families and society, in general [1]. The clinical 
symptoms of PD are static tremors, myotonia, 
bradykinesia, anxiety, depression, cognitive dy- 
sfunction, among others [2]. Previous studies 
have shown that genetic, environmental, and 
age-related factors are closely associated with 
the onset of PD [3]. The degeneration and loss 
of substantia nigra dopaminergic neurons, and 
the decreased level of dopamine in the brain 

tissue are considered to be the main causes  
of PD, and are also the focus of recent studies 
on the pathological mechanism of PD [4].

Long non-coding RNA (lncRNA) is a class of  
non-protein coding RNA longer than 200 nucle-
otides. Studies have shown that lncRNAs play 
important roles in a wide range of biological 
processes, such as transcriptional regulation, 
tumor progression, and cell apoptosis [5]. Me- 
tastasis-associated lung adenocarcinoma tran-
script 1 (lncRNA MALAT1) is abnormally expre- 
ssed in many cancers. MALAT1 interacts with 
the serine/arginine splicing factor to regulate 
its distribution in splice sites and the phosphor-
ylation levels, thereby modulating the alterna-
tive splicing patterns of mRNA precursors [6]. In 
breast cancer, MALAT1 promotes the migration 
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and invasion of human breast cancer cells by 
competitively binding with miR-1 to upregulate 
the expression of cell division cycle 42 (cdc42) 
[7]. Several studies have shown that MALAT1 
plays an important role in the occurrence and 
progression of cancer [8], but its function in PD 
remains unknown.

Kraus et al. revealed that the expression levels 
of lincRNA-p21, MALAT1, SNHG1, and TncRNA 
were significantly upregulated in 30 brain spec-
imens derived from 20 patients with PD [9]. 
Microarray analysis showed that approximately 
756 lncRNAs were aberrantly expressed in the 
substantia nigra pars compacta of pre-symp-
tomatic mice over-expressing human A30P* 
A53T α-synuclein [10]. Bernard et al. found  
that MALAT1 can interact with the serine/argi-
nine splicing factor to regulate the expression 
of synaptic-related genes in cultured hippo-
campal neurons, thus affecting the synaptic 
density [11]. Liu et al. found that MALAT1 
expression levels were increased, and miR-124 
was decreased in 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)-induced PD mice 
and MPP+-treated SH-SY5Y cells. MALAT1 pro-
motes apoptosis by sponging miR-124 in a 
MPTP-induced PD mouse model and in MPP+-
treated SH-SY5Y cells [12]. However, further 
research should be conducted to elucidate the 
role of MALAT1 and its underlying mechanism 
in the progression of PD.

In this study, we explored the role of MALAT1  
in N-methyl-4-phenylpyridinium (MPP+)-induc- 
ed cell injury in MN9D cells, which may aid a 
further understanding about the pathogenesis 
of PD, and may provide a theoretical basis for 
the development of novel targeted drugs aga- 
inst PD.

Materials and methods

Animals and reagents

Male C57BL/6 mice (aged 8-10 weeks) were 
purchased from Beijing Vital River Laboratory 
Animal Technology Co., Ltd. (Beijing, China). 
Mice were randomly divided into two groups 
with 8 mice in each group: the control group 
and the MPTP group. MPTP hydrochloride (Sig- 
ma, St. Louis, MO, USA) was intraperitoneally 
injected four times at 2 h intervals, at a dose  
of 20 mg/kg body weight. The vehicle control 
was injected with an equivalent volume of ster-
ile saline solution. All mice were sacrificed 7 

days after the last MPTP injection, and their 
brains were harvested for tissue analysis, with-
out perfusing the mice. All experimental proce-
dures were performed in compliance with the 
Guide for Care and Use of Laboratory Animals 
and were approved by the institutional animal 
care and use committee of Tongji Hospital, 
Tongji Medical College of Huazhong University 
of Science and Technology.

The Lipofectamine 2000 transfection reagent 
was purchased from Invitrogen (Life Techno- 
logies, Carlsbad, CA, USA). The anti-LRRK2  
and anti-β-actin antibody were purchased fr- 
om Abcam (Cambridge, MA, USA). The horse-
radish peroxidase-conjugated secondary anti-
bodies were purchased from Santa Cruz (San- 
ta Cruz Biotechnology, CA, USA). The primers 
for qRT-PCR were synthesized by Shanghai 
Sangon Biotech Co., Ltd (Shanghai, China). The 
miR-205-5p mimics, MALAT1 and LRRK2 spe-
cific siRNAs (si-MALAT1/si-LRRK2), were syn-
thesized by Shanghai GenePharma Co., Ltd 
(Shanghai, China). The luciferase reporter plas-
mid fused with the 3’UTR of human LRRK2, 
pcDNA-MALAT1 and pcDNA-MUT-MALAT1 pla- 
smids were constructed professionally and  
purchased from Wuhan Viraltherapy Technolo- 
gies Co., Ltd (Wuhan, China).

Cell culture and treatment

The MN9D dopaminergic neuronal cell line 
(American Type Culture Collection, Manassas, 
Va., USA) was cultured in DMEM high glucose 
medium (Gibco, Carlsbad, CA, USA) containing 
10% fetal bovine serum (Zhejiang Tianhang 
Biotechnology Co., Ltd., Hangzhou, China) and 
100 U/mL of penicillin (Invitrogen) and 100  
μg/mL of streptomycin (Invitrogen). The cells 
were incubated at 37°C in an incubator with  
a humidified atmosphere of 95% air and 5% 
CO2. MN9D cells were pretreated with 100 μM 
MPP+ (Sigma) for 24 h to establish the in vitro 
PD model.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Cells were collected and the total RNA was 
extracted using the Trizol kit (Invitrogen). The 
first strand of cDNA was synthesized by using 
One Step PrimeScript cDNA synthesis kit (Ta- 
kara, Dalian, China), according to the manufac-
turer’s instructions. qRT-PCR was performed 
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using the SYBR®Premix Ex TaqTM II (Takaba)  
in an ABI 7500 real time PCR system (Applied 
Biosystems). The gene-specific primers were  
as follows: MALAT1 (forward: 5’-AGCGGAAGA- 
ACGAATGTAAC-3’; reverse: 5’-GAACAGAAGGAA- 
GAGCCAAG-3’); miR-205-5p (forward: 5’-GCG- 
GCGGTGTAGTGTTTCCTA-3’; reverse: 5’-GTGCA- 
GGGTCCGAGGT-3’); U6 (forward: 5’-TGCTTCGG- 
CAGCACATATAC-3’; reverse: 5’-ATGGAACGCTTC- 
ACGAATTT-3’); β-actin (forward: 5’-TGAGCGC- 
GGCTACAGCTT-3’; reverse 5’-TCCTTAATGTCAC- 
GCACGATTT-3’). For the detection of LRRK2 
mRNA and MALAT1 mRNA, β-actin was used  
as an internal reference gene. The internal ref-
erence gene of miR-205-5p was U6. The ex- 
pression of miR-205-5p was normalized using 

U6-snRNA as internal control. The expression 
level was analyzed by using the 2-ΔΔCt method.

Western blot

An equal amount of total protein (10 μg) was 
separated on a 12% gel using the sodium 
dodecyl sulfate polyacrylamide gel electroph- 
oresis (SDS-PAGE) system, and the protein 
bands were transferred onto a polyvinylidine-
fluoride (PVDF) membrane using transfer buf-
fer. The membrane was blocked with 5% milk  
in Tris-buffered saline with 0.05% Tween 20 
(TBST), to prevent the non-specific binding of 
the primary antibody. Membranes were incu-
bated with the primary antibody overnight at 
4°C and then washed three times with TBST  

Figure 1. Changes in MALAT1, miR-205-5p and LRRK2 expression in both in vivo and in vitro models of PD. Seven 
days after the last MPTP injection, mice were sacrificed and brain tissues were harvested. MN9D cells were treated 
with 100 μM MPP+ for 24 h. A-C. qRT-PCR was performed to determine the expression of MALAT1, miR-205-5p, and 
LRRK2 mRNA in mice in which PD was induced by MPTP, and in cells treated with MPP+. D. The result of western blot 
showed that the LRRK2 protein was overexpressed in the midbrains of MPTP-induced PD mice and in cells treated 
with MPP+. Data are expressed as the mean ± SD (n = 3). **P < 0.01, ***P < 0.001.
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at room temperature. The blots were labeled 
with the corresponding HRP-conjugated sec-
ondary antibodies for 1 h at room tempera- 
ture, followed by three washes with 1 × TBST. 
An enhanced chemilumniscent substrate (The- 
rmo Scientific) was used for detection of the 
HRP, and the chemiluminescent western blots 
were exposed onto an X-ray film in the dark. The 
optical density values were measured with the 
Image J software (NIH Image, Bethesda, MD, 
USA).

Dual-luciferase activity assay

MN9D cells were seeded onto a 24-well pla- 
te, such that the cell density was 1 × 105 cells/
mL, 24 h before transfection. MN9D cells were 
transfected with 0.4 µg of wild type pGL3-
LRRK2-3’UTR or mutant pGL3-LRRK2-3’UTR 
plasmid, along with 50 nM miR-205-5p mimic 
or scramble mimic using Lipofectamine 2000 
transfection regent (Invitrogen). At 48 h after 
transfection, cells were harvested and the lu- 
ciferase activity was determined using the 
dual-luciferase kit (Promega, Madison, WI,  

USA) in accordance with the manufacturer’s 
instruction.

Cell viability assays

The cell viability was assessed with a Cell 
Counting Kit-8 (CCK-8; Dojindo, Kumamoto, 
Japan). MN9D cells, at the concentration of 2  
× 105 cells/mL, were seeded onto a 96-well 
plate. A total of 10 μL of CCK-8 reagent was 
added to each well, and then incubated at  
37°C for 2 h. The absorbance in different we- 
lls was measured at 450 nm using a micro- 
plate reader, according to the manufacturer’s 
instructions.

Flow cytometry

The apoptotic cells were examined using an 
Annexin V-FITC/propidium iodide apoptosis 
detection kit (Invitrogen), according to the man-
ufacturer’s instructions. The MN9D cells in the 
six-well plate were harvested, and then rinsed 
twice with PBS at 4°C. Cells (5 × 105) were 
resuspended with 500 µL of 1 × binding buf- 

Figure 2. MALAT1 inhibits miR-205-5p expression. A. Bioinformatics analysis showed the combination of MALAT1 
and miR-205-5p. WT-MALAT1-1 and WT-MALAT1-2 were the two target locations. B. pcDNA-MALAT1: WT-MALAT1-1 
+ WT-MALAT1-2. pcDNA-MUT-MALAT1-1: MUT-MALAT1-1 + WT-MALAT1-2. pcDNA-MUT-MALAT1-2: WT-MALAT1-1 + 
MUT-MALAT1-2. After transfection with different molecules, MN9D cells were cultured for 48 h. The regulatory 
effects of si-MALAT1, pcDNA-MALAT1, pcDNA-MUT-MALAT1-1, pcDNA-MUT-MALAT1-2 or pcDNA-MUT-MALAT1 were 
validated by qRT-PCR. C. The effects of MALAT1 knockdown and overexpression on the expression of miR-205-5p 
were assessed in MN9D cells. Data are expressed as the mean ± SD (n = 3). **P < 0.01, ***P < 0.001.
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fer, and then incubated with 5 µL Annexin 
V-FITC and 5 µL propidium iodide (PI) for 15  
min at room temperature in the dark. Stained 
cells were identified by a Fluorescence-acti- 
vated cell sorter (FACS; Becton Dickinson, CA, 
USA), and the cell apoptotic rate was analyzed 
by the FACStation software (Becton Dickinson).

Statistical analysis

The experimental data were presented as the 
means ± standard deviation and processed  
by SPSS 17.0 software (SPSS Inc., Chicago, IL, 
USA). The difference between the two groups 
(Figure 1) was analyzed by Student’s t-test. The 
difference among more than two groups (Figu- 
res 2-5) was analyzed by one-way ANOVA fol-
lowed by a post hoc Tukey’s test. The difference 
was considered to be statistically significant 
when *P < 0.05.

Results

Expression of MALAT1, miR-205-5p, and 
LRRK2 in both in vivo and in vitro models of 
PD

Compared to those in the control group, the 
expression levels of MALAT1, LRRK2 mRNA 
and protein in the MPTP group were increased 

in both the in vivo and in vitro models of PD 
(Figure 1A, 1C and 1D). The expression level  
of miR-205-5p was decreased in the midbrains 
of mice in which PD was induced by MPTP, and 
in MN9D cells treated with MPP+ (Figure 1B).

MALAT1 suppressed the expression of miR-
205-5p

As shown in Figure 2A, the prediction of bio- 
informatics analysis showed that MALAT1 co- 
uld bind to miR-205-5p. MUT-MALAT1-1 and 
MUT-MALAT1-2 were the mutant sequences of 
pcDNA-MUT-MALAT1. MALAT1 expression was 
downregulated or upregulated by transfection 
with si-MALAT1, pcDNA-MALAT1 or pcDNA-
MUT-MALAT1 (Figure 2B). The expression level 
of miR-205-5p in MN9D cells transfected with 
si-MALAT1 was markedly higher than that in  
the si-NC group. Transfection with pcDNA-MA- 
LAT1, MUT-MALAT1-1 or MUT-MALAT1-2 plas-
mid decreased the expression of miR-205-5p. 
Most importantly, no changes were found in 
miR-205-5p expression in MN9D cells trans-
fected with pcDNA-MUT-MALAT1 (Figure 2C).

LRRK2 was a target gene of miR-205-5p

By using the online software TargetScan (www.
targetscan.org), we found that LRRK2 was a 

Figure 3. LRRK2 was a target gene of miR-205-5p. A. The putative miR-205-5p binding sites on LRRK2 WT 3’UTR 
and alignment of the seed sequence with MUT LRRK2 3’UTR. B. MN9D cells were co-transfected with a miR-205-5p 
mimic or inhibitor and WT-LRRK2 or MUT-LRRK2 luciferase reporter plasmids. 48 h after transfection, MN9D cells 
were harvested, and the luciferase activity was determined. The results showed that miR-205-5p suppressed the 
luciferase activity of WT LRRK2 3’UTR. C, D. At 24 h after transfection with a miR-205-5p mimic or inhibitor, MN9D 
cells were harvested and then subjected to qRT-PCR and a western blot analysis. Transient transfection with a 
miR-205-5p mimic in MN9D cells attenuated LRRK2 mRNA and protein expression, and transient transfection with 
miR-205-5p inhibitor increased LRRK2 mRNA and protein expression. Data are expressed as the mean ± SD (n = 
3). **P < 0.01, ***P < 0.001.
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putative target gene of miR-205-5p. The miR-
205-5p binding sites in the LRRK2 3’UTR and 
the modified sequence in the MUT LRRK2 
3’UTR are shown in Figure 3A. In order to con-
firm the prediction that LRRK2 was a target 
gene of miR-205-5p, MN9D cells were trans-
fected with luciferase reporter plasmids con-
taining the WT or mutant LRRK2 3’UTR, toge- 

ther with a miR-205-5p mimic or inhibitor. We 
found that transfection with miR-205-5p decre- 
ased the luciferase activity, whereas transfec-
tion with miR-205-5p inhibitor increased the 
luciferase activity. However, no changes were 
observed in the MUT-LRRK2 group (Figure 3B). 
To further confirm the regulation of LRRK2 by 
miR-205-5p, the expression levels of LRRK2 

Figure 4. LRRK2 promoted MPP+-induced apoptosis of MN9D cells. After transfection with si-LRRK2, pcDNA-LRRK2, 
or their corresponding controls, MN9D cells were treated with 100 μM MPP+ for 24 h. A. LRRK2 protein expression 
in MN9D cells was downregulated and upregulated by transfection with si-LRRK2 and pcDNA-LRRK2, respectively. 
B, D. The effects of LRRK2 overexpression and knockdown on the cell viability and apoptosis in MN9D cells, in the 
presence of MPP+. C. The representative images of Flow cytometry were shown. Data are expressed as the mean ± 
SD (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001.
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mRNA and protein in MN9D cells transfected 
with the miR-205-5p mimic or inhibitor were 
detected. The results showed that the expres-
sion levels of LRRK2 mRNA and protein in the 
miR-205-5p mimic group were lower than those 
in the miR-NC group, while the LRRK2 mRNA 
and protein levels in miR-205-5p inhibitor group 
were higher than those in the miR-NC group 
(Figure 3C and 3D). These results suggested 
that LRRK2 was a target gene of miR205-5p.

LRRK2 promoted MPP+-induced apoptosis in 
MN9D cells

To investigate the effect of LRRK2 on MPP+-
induced apoptosis, we regulated LRRK2 expre- 

ssion by using si-LRRK2 and pcDNA-LRRK2. 
The expression level of LRRK2 protein was 
decreased in MN9D cells transfected with si-
LRRK2, and increased in MN9D cells trans- 
fected with pcDNA-LRRK2 (Figure 4A). The sca 
xtter plots of Flow cytometry were shown in 
Figure 4C. Compared with the blank in the con-
trol group, the cell viability in the MPP+ group 
was decreased, and the apoptosis rate was 
increased. Overexpression of LRRK2 reduced 
cell viability and promoted apoptosis in MN9D 
cells treated with MPP+. On the other hand, 
MPP+-induced apoptosis and reduction of cell 
viability were attenuated in MN9D cells trans-
fected with si-LRRK2, suggesting that LRRK2  

Figure 5. The effects of LRRK2 overexpression and miR-205-5p downregulation on the cell viability and apoptosis 
induced by si-MALAT1. MN9D cells were transfected with the indicated molecules and then treated with 100 μM 
MPP+ for 24 h. A, B. qRT-PCR analysis of MALAT1 and miR-205-5p expression in MN9D cells with different treat-
ments. C. CCK-8 assay was performed to assess the viability of MN9D cells transfected with indicated molecules. D. 
Flow cytometry assay was conducted to evaluate the apoptosis of MN9D cells transfected with indicated molecules. 
Data are expressed as the mean ± SD (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001.
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is a critical mediator in MPP+-induced cytotoxic-
ity (Figure 4B and 4D).

MALAT1/miR-205-5p axis is involved in the 
regulation of MPP+-induced apoptosis in MN9D 
cells

To further study the mechanism of MALAT1 
involved in PD, the expression of MALAT1 was 
downregulated and upregulated by transfection 
of si-MALAT1 and pcDNA-MALAT1, respectively. 
Compared with the blank in the control group, 
the expression of MALAT1 was upregulated in 
MN9D cells treated with MPP+. Transfection of 
si-MALAT1 could effectively downregulate MA- 
LAT1 expression in MN9D cells (Figure 5A).  
The expression of miR-205-5p was downregu-
lated in MN9D cells treated with MPP+, but 
upregulated when MALAT1 was knocked down 
(Figure 5B). As shown in Figure 5C, the cell  
viability was decreased in the MPP+ group  
compared with the blank in the control group. 
In addition, the effect of si-MALAT1 on the  
cell viability was reversed by LRRK2 overex-
pression, as well as the miR-205-5p inhibitor 
(Figure 5C). Inhibition of miR-205-5p comple- 
tely abrogated the inhibitory effects of si-MA- 
LAT1 on MPP+-induced apoptosis in MN9D 
cells, suggesting that the pro-apoptotic role  
of MALAT1 was dependent on the activity of 
miR-205-5p (Figure 5D).

Discussion

With recent advancements in the knowledge  
of lncRNAs, it has been demonstrated that 
some lncRNAs participate in the regulation of 
gene expression via multiple ways that are not 
yet fully understood [13]. lncRNAs were found 
to act as mediators of mRNA degradation, ho- 
st genes of miRNAs, and regulatory factors in 
protein function and chromatin remodeling 
[14]. MPTP is a kind of neurotoxin, and has 
been used to establish PD animal models in a 
large number of researches. MPP+ is a toxic 
metabolite of MPTP and is used to construct  
an in vitro PD cell model [15]. Consistent wi- 
th the report by Zhang and colleagues [16], in 
this study, our results showed that the expr- 
ession level of MALAT1 was increased in MP- 
TP-induced PD mice and MN9D cells treated 
with MPP+, suggesting that MALAT1 might play 
an important role in the apoptosis of neurons  
in PD.

miRNA is a kind of non-coding single-stranded 
RNA with a length of about 22 nucleotides. 
After transcription, mature miRNAs target the 
3’UTR of mRNA to degrade mRNA or inhibit  
the following translation process, thereby inhib-
iting the expression of the target gene [17]. In 
recent years, many researches have shown 
that miRNAs play a vital role in the pathogene-
sis of PD. The miRNA-based molecular drug, 
which targets neuronal loss, may be a novel 
therapeutic strategy for the treatment of PD 
[18]. miR-205-5p was involved in the regula- 
tion of multiple biological processes in SH-SY- 
5Y cells [19]. with MPP+. Furthermore, MA- 
expression was downregulated, and LRRK2 
expression was abnormally upregulated in the 
brains of patients with sporadic PD [20]. In 
order to further study the mechanism by whi- 
ch MALAT1 is involved in neuronal apoptosis, 
we identified miR-205-5p as an inhibitory tar-
get of MALAT1 by sequence complementarity 
analysis, using bioinformatics software. The 
results showed that MALAT1 was upregulat- 
ed, and miR-205-5p was downregulated in 
MN9D cells treated with MPP+. Furthermore, 
MALAT1 could negatively regulate the expres-
sion of miR-205-5p in MN9D cell lines. The- 
refore, we speculated that MALAT1 may be 
involved in the neuronal degeneration asso- 
ciated with PD, by regulating the expression of 
its downstream target gene, miR-205-5p.

LRRK2, also known as PARK8, is located on 
chromosome 12q12, and has a total length of 
144 kb. Consisting of 2527 amino acids, the 
LRRK2 protein is a serine-threonine kinase, 
which can catalyze the phosphorylation of cel-
lular proteins involved in the MAPK signaling 
pathway [21]. Numerous studies have shown 
that the LRRK2 gene is associated with auto- 
somal dominant PD [22]. In vivo and in vitro 
experiments demonstrated that LRRK2 modu-
lates the eIF4E/4E-BP signaling pathway to 
stimulate eIF4E-mediated protein translation. 
In Drosophila, the overexpression of LRRK2 
aggravated oxidative stress damage and in- 
duced the apoptosis of dopaminergic neurons 
[23]. LRRK2 facilitates the efficient endocy- 
tosis of the synaptic membrane, and modu-
lates EndoA-dependent membrane deforma-
tion by phosphorylating EndoA at S75 [24]. In 
the mammalian brain, LRRK2 maintains the 
complexity of neurites through an interaction 
with p21-activated kinase (PAK6) [25]. Lee et 
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al. have found that LRRK2 kinase inhibitors 
have a neuroprotective effect, and can prevent 
neuronal degeneration in LRRK2 cells and 
mouse models of PD [26]. In this study, we 
found that the mRNA and protein expressions 
of LRRK2 were increased in MPP+-treated 
MN9D cells, and that the overexpression of 
LRRK2 protein decreased the viability of MN- 
9D cells. In addition, we demonstrated that 
miR-205-5p downregulated LRRK2 mRNA and 
protein levels by targeting its 3’UTR, and MA- 
LAT1 upregulated LRRK2 expression by com-
petitively binding to miR-205-5p. Knockdown  
of MALAT1 was shown to upregulate miR-205-
5p expression, which improved cell viability and 
decreased the rate of apoptosis after MPP+ 
treatment. However, the simultaneous overex-
pression of LRRK2 could abrogate this benefit, 
corroborating the assertion that LRRK2 func-
tions downstream of miR-205-5p and MALAT1. 
We clarified the mechanism by which MALAT1 
contributed to the progression of PD.

In summary, our study demonstrated that 
MALAT1 promoted the apoptosis of MN9D ce- 
lls induced by MPP+ via the downregulation of 
miR-205-5p, thereby upregulating the expres-
sion level of the LRRK2 protein, suggesting th- 
at MALAT1 might serve as a therapeutic target 
for PD.
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