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Abstract: Objective: Parkinson’s disease (PD) is a neurodegenerative disease caused by the loss of dopaminergic 
neurons. Here, we aimed to explore the function of LncRNA PART1 in PD and its underlying mechanisms. Methods: 
An in vivo MPTP-induced mouse model of PD was generated and the SH-SY5Y cells were treated with MPP+ to induce 
neuronal damage in vitro. The expressions of LncRNA PART1 and microRNA-106b-5p were assessed by RT-qPCR. 
The level of caspase 3 protein was detected by western blot. CCK8 assay and Annexin V/PI staining were used for 
detecting cell viability and survival rate, respectively. The interactions between microRNA-106b-5p and LncRNA 
PART1 or MCL1 were determined by RNA pull-down assay, RIP assay and DLR assay. The levels of inflammatory 
cytokines were assessed by ELISA, and the levels of LDH, ROS or SOD were verified using the appropriate assay kits. 
Results: The expression of LncRNA PART1 was decreased in PD model in vivo and in vitro (all P<0.05). In SH-SY5Y 
cells treated with MPP+, the overexpression of LncRNA PART1 increased cell viability and reduced cell apoptosis, 
the secretion of inflammatory cytokines and oxidative stress reaction (all P<0.05). Furthermore, LncRNA PART1 
sponged microRNA-106b-5p which directly targeted MCL1 and thus regulated the expression of MCL1. LncRNA 
PART1 attenuated the injury of SH-SY5Y cells induced by MPP+ via targeting microRNA-106b-5p and enhancing 
MCL1 expression. Conclusion: LncRNA PART1 could alleviate the damage effects of MPP+ on SH-SY5Y cells by regu-
lating microRNA-106b-5p/MCL1 axis, suggesting the potential therapeutic value of LncRNA PART1 as a target in PD.
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Introduction

Parkinson’s disease (PD), a chronic neurode-
generative disease in the central nervous sys-
tem, affects 1-2% of individuals over the age of 
60. The main pathological feature of PD is the 
degeneration and death of dopaminergic neu-
rons in the substantia nigra [1]. PD has a slow 
progression and difficult diagnosis in early 
stage. With the prolongation of the onset time 
and gradual deterioration, the therapeutic effi-
cacy of traditional PD drugs, such as levodopa, 
is unsatisfactory in recent years [2, 3]. Thus, it 
is of great importance to explore the pathogen-
esis and therapeutic targets of PD, so as to 
develop more effective treatments. With the 
progress of bioinformatics and further resear- 
ches on non-coding RNAs, the functions of non-
coding RNAs in the regulation of PD progres-
sion have been proved [4].

Long non-coding RNAs (lncRNAs) are endoge-
nous non-coding RNAs with a length of about 
200 nucleotides. LncRNAs regulate microRNAs 
(miRNAs) expression through chromatin modifi-
cation or acting as endogenous sponges to 
silence miRNAs transcription [5]. MiRNAs, as 
evolutionary conserved non-coding RNAs, can 
inhibit protein expression by targeting their 
encoding mRNAs [6]. LncRNAs can compete 
with miRNAs for interacting with target mRNAs, 
thus antagonizing the function of miRNAs [7]. 
The roles of the LncRNAs-miRNAs-mRNA axis in 
PD have been demonstrated in several studies 
[8, 9]. Whether LncRNAs promote or inhibit PD 
progression depends on the role of their down-
stream target genes. To date, many proteins 
have been verified as potential targets for PD 
therapy. MCL1, a member of the BCL2 family, 
has been found to delay or block cell death in 
PD [10]. In addition, BCL2 and MCL1 also pro-
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mote the survival of midbrain dopamine neu-
rons [11]. Therefore, the mechanisms involved 
in regulating MCL1 expression in PD need to be 
further studied.

LncRNA PART1 (herein after referred to as 
PART1) is an identified lncRNA that has been 
reported to be a regulator in a number of dis-
eases. Previous studies show that PART1 can 
impact the development of many kinds of 
tumors, such as glioma, and colorectal cancer 
[12, 13]. Also, the expression of PART1 was 
downregulated in patients with PD [14]. 
However, the roles of PART1 in PD and its 
underlying mechanisms were rarely investigat-
ed. In the present work, we aimed to study the 
effects and potential mechanism of PART1 in 
PD, in order to determine whether PART1 can 
serve as a candidate target for PD therapy.

Materials and methods

Cell culture and transfection

Human SH-SY5Y neuroblastoma cells collected 
from American Type Culture Collection (ATCC) 
were incubated with DMEM medium (Gibco, 
Grand Island, USA) containing 12% fetal bovine 
serum (FBS) (Gibco). The cells were cultured 
under conditions of 37°C with 5% CO2. For 
PART1 overexpression, lentiviral vectors con-
taining PART1 pcDNA3.1 were transfected into 
SH-SY5Y cells, and the pcDNA3.1 NC was used 
in the control group. For overexpression or 
knockdown of miRNAs, microRNA-106b-5p 
mimics, microRNA-106b-5p inhibitor, mimics 
NC, and inhibitor NC were used. For dual-lucif-
erase report (DLR) assay, the sequence of 
PART1 or MCL1 containing the binding sites 
(including wide type and mutation type) to 

database (https://circinteractome.nia.nih.gov/
index.html).

Establishment of PD model in vitro and in vivo

For in vitro PD model, SH-SY5Y cells were treat-
ed with 1 μM 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine (MPP+) (Sigma-Aldrich, St Louis, 
USA) for 48 h. For in vivo PD model, the C57BL/6 
mice (male, 6-8 weeks, 20-22 g, n=10/per 
group) (Shanghai Laboratory Animal Center of 
Chinese Academy of Sciences, Shanghai, 
China) were used. The mice received injection 
of 30 mg/kg 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine-hydrochloride (MPTP) (Sigma-
Aldrich) intraperitoneally for 7 days. As for con-
trol group, the mice received injection of saline 
solution. Mice were sacrificed after the intra-
peritoneal injection of 1% pentobarbital sodium 
(50 mg/kg) and the brains were removed for 
RT-qPCR and western blot. Animal protocols in 
this study were performed in compliance with 
the Guide for Care and Use of Laboratory 
Animals of National Institutes of Health with 
approval of the ethics committee of our 
hospital.

Western blot

The protein extraction (RIPA buffer, Thermo 
Fisher Scientific, Waltham, MA, USA), concen-
tration determination (BCA protein assay kit, 
Thermo Fisher Scientific), separation and trans-
ferring to nitrocellulose filter membrane 
(Millipore, Boston, USA), incubation with BSA 
and antibodies were performed as described 
previously. The primary antibodies for tyrosine 
hydroxylase (TH), α-synuclein, MCL1, caspase 
3 (Cell Signaling Technology, USA; all of them 
were diluted by 1:1,500) and β-actin (Santac- 

Table 1. The sequence of reagents used in cell trans-
fection

Sequence
miR-106b-5p mimics 5’-UAAAGUGCUGACAGUGCAGAU-3’
mimics NC 5’-UCGCUUGGUGCAGGUCGGGAA-3’
miR-106b-5p-inhibitor 5’-ATCTGCACTGTCAGCACTTTA-3’
inhibitor NC 5’-UUCUCCGAACGUGUCACGUTT-3’
si-MCL 5’-GGAAACUGGACAUCAAAAACG-3’
si-NC 5’-CAGUACUUUUGUGUAGUACAA-3’
PART1-WT 5’-gcCUGUAAUCCCAGCACUUUg-3’
PART1-MUT 5’-gcCUGUAAUCCCCUGACCCCg-3’
MCL1-WT 5’-uaaggacCUAAAAGCACUUUa-3’
MCL1-MUT 5’-uaaggacCUAAAUUUACGGGa-3’

microRNA-106b-5p were established. The 
above sequences are shown in Table 1. 
For RNA pull down assay, cell lysates we- 
re incubated with Bio-microRNA-106b-5p 
and Bio-NC. All the materials used for 
transfection were purchased form GE- 
NEPHARM (Suzhou, China). The transfec-
tions were diluted by serum-free medium 
and mixed with Lipofectamine 2,000 
reagent (Invitrogen, Carlsbad, CA, USA) 
carefully.

Bioinformatics analysis

The binding site of PART1 to microRNA-
106b-5p was predicted by Starbase 2.0 
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ruz, USA) were incubated at 4°C overnight. The  
secondary antibodies were obtained from 
Proteintech (USA). Protein expression was 
detected by ECL system (Amersham Pharmacia, 
Piscataway, NJ, USA).

Quantitative reverse transcription PCR (RT-
qPCR)

Total RNA was extracted, reversely transcribed 
into cDNA, and amplified. This approach has 
been elaborated in past studies. The primers 
used in this study are shown in Table 2.

CCK8 assay

The cell proliferation was detected by CCK8 
assay. Cells (50,000/mL) were seeded and 
incubated in 96 well plates for indicated time. 
15 μL CCK8 solution (Dojindo, Shanghai, China) 
was added and then reacted for 2 h. The optical 
density (OD) value was assessed by a microtitre 
plate reader (BioTek, Winooski, VT, USA) at 450 
nm.

Apoptosis detection

Annexin V-FITC/PI-PerCP staining assay kit 
(Vazyme Biotech Co., Ltd, Nanjing, China) was 
used to determine the apoptosis rates. Cells 
were diluted in binding buffer (100 μL) and  
then incubated with probes (5 μL Annexin V and 
5 μL PI) for 10 min. After resuspending with 
300 μL of binding buffer, the fluorescence was 
detected by flow cytometry (FACS Calibur, BD, 
San Jose, CA, USA). The data were analyzed by 
FlowJo software (version 8.8.6; Tree Star).

Caspase 3 activity detection

Caspase 3 Activity Assay Kit (Beyotime 
Biotechnology, Shanghai, China) was used for 
caspase 3 activity detection. First, cells after 
indicated treatment were collected and washed 
by PBS. After making standard curve from stan-
dard product, cells were lysed and incubated 
with the reaction solution (including Ac-DEVD-

pNA) at 37°C for 60 min. The OD value was 
assessed by a microtitre plate reader at 450 
nm.

Enzyme-linked immunosorbent assay (ELISA)

The levels of inflammatory cytokines including 
TNF-α, IL-6 and IL-1β in SH-SY5Y cells with 
PART1 overexpression were determined by 
ELISA assay kits (Cayman Pharma, Czech 
Republic, Cayman Europe, Estonia). Operation 
was performed according to the instruction 
[15]. After washing, cells were lysed and then 
incubated with specific reacting solution. The 
OD value was assessed by a microtitre plate 
reader at 450 nm.

Reactive oxygen (ROS) detection

The production of ROS was detected by 
Reactive Oxygen Species Assay Kit (Beyotime 
Biotechnology). The cells were collected and 
washed by PBS twice. Then, the probes were 
diluted by PBS (1:1,000) and incubated with 
cells for 20 min in dark at 37°C. After reaction, 
the cells were washed and resuspended in 
PBS. The fluorescence was detected by flow 
cytometry.

Lactate dehydrogenase (LDH) detection

The production of LDH was detected by LDH 
Cytotoxicity Assay Kit (Beyotime Biotechnology). 
The cells were seeded in 96 well plates. After 
treatment, the culture medium was removed 
and the diluted LDH released reagent was 
added. After 1 h incubation at 37°C, the super-
natants were collected and transferred to a 
new 96 well plate for detection. The absor-
bance value was then measured at 490 nm.

Superoxide dismutase (SOD) detection

Total Superoxide Dismutase Assay Kit with 
WST-8 (Shanghai Enzyme-linked Biotechnology 
Co., Shanghai, China) was used in our experi-
ments. In brief, cells were mixed with the SOD 

Table 2. The sequence of primers
Forward Reverse

GAPDH 5’-TCCGTGGTCCACGAGAACT-3’ 5’-GAAGCATTTGCGGTGGACGAT-3’
PART1 5’-AAGGCCGTGTCAGAACTCAA-3’ 5’-GTTTTCCATCTCAGCCTGGA-3’
microRNA-106b-5p 5’-TGCGGCAACACCAGTCGATGG-3’ 5’-CCAGTGCAGGGTCCGAGG T-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’
MCL1 5’-GGACATCAAAAACGAAGACG-3’ 5’-GCAGCTTTCTTGGTTTATGG-3’
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working solution and then incubated at 37°C 
for 30 min. After that, the absorbance of each 
sample was measured at 450 nm.

Dual-luciferase report (DLR) assay

To examine whether microRNA-106b-5p target-
ed PART1 or MCL1 directly, PART1-WT, PART1-
MUT, MCL1-WT and MCL1-MUT reporter vec-
tors were purchased from Promega (Madison, 
WI, USA). The assays were described previously 
[16]. Cells were culture in 96-well plates until 
the confluence reached 50-70%. Using Lipo- 
fectamine 2000 (Invitrogen), cells were co-
transfected with reporter vectors and microR-
NA-106b-5p-NC or microRNA-106b-5p mimic. 
Following 48 h of post-transfection, the lucifer-
ase activity was estimated by Dual-Luciferase 
Reporter Assay System (Promega).

RNA binding protein immunoprecipitation (RIP) 
assay

The RIP experiments were carried out using an 
EZ-Magna RIP kit (Millipore, USA). After lysis, 
magnetic beads with antibody targeting Ago2 
or IgG as well as RIP buffer were added. Then, 
proteinase K was employed to culture with 
these magnetic beads, and the precipitated 
RNA was subsequently eluted and verified 
using PCR.

RNA pull-down assays

MicroRNA-106b-5p was biotinylated, and oligo 
probe was used as control. The indicated cells 
were collected and lysed. The microRNA-
106b-5p probe (Tsingke, Wuhan, China) and 
streptavidin magnetic beads (Life Technologies, 
USA) were co-incubated at room temperature 
for 2 h, which was then incubated with cell 
lysate at 4°C overnight. The beads were washed 
twice. The Trizol reagent was used for collection 
(TRIzol reagent, Takara, Otsu, Japan) and the 
production was analyzed by RT-qPCR assay.

Statistical analysis

SPSS 18.0 software was used for statistical 
analyses, and data are presented as the mean 
± SD from at least three independent experi-
ments. Statistical analysis was performed with 
analysis of variance (ANOVA). The significance 
was determined through the Newman-Keuls 
post hoc test. Significant differences were 
determined at P<0.05.

Results 

The expression of PART1 was decreased in PD

First, we investigated the expression of PART1 
in a mouse PD model. As shown in Figure 1A, 
the expression of tyrosine hydroxylase (TH) was 
decreased, while the expression of α-synuclein 
was upregulated in MPTP group, confirming the 
successful establishment of PD model. The 
PART1 expression was also downregulated in 
MPTP group (Figure 1B). Then in vitro PD model 
was constructed by treating SH-SY5Y cells with 
0, 0.5, 1 and 2 μM of MPP+ and the expression 
of PART1 was decreased in a concentration-
dependent manner (Figure 1C). After treatment 
with 1 μM of MPP+ for 0, 12, 24 and 48 h, the 
expression of PART1 was reduced in a time-
dependent manner (Figure 1C). Thus, the 
expression of PART1 was downregulated in PD.

Overexpression of PART1 alleviated neuronal 
injury

Various indicators can be used to evaluate neu-
ronal abnormalities in PD, including the cell sur-
vival and viability, the secretion of inflammatory 
cytokines and the production of oxidative stress 
factors [17]. After transfecting with PART1 
pcDNA3.1, the expression of PART1 was signifi-
cantly increased (Figure 2A). MPP+ treatment 
reduced cell viability and increased the apopto-
sis rates, which could be blocked by PART1 
overexpression (Figure 2B, 2C). MPP+ promot-
ed the expression and activity of cleaved cas-
pase 3, reflecting the initiation of apoptosis 
signaling (Figure 2D, 2E). The effects of MPP+ 
on caspase 3 cleavage was suppressed by 
PART1 (Figure 2D, 2E). In addition, MPP+ pro-
moted the secretion of inflammatory cytokines 
such as TNF-α, IL-6 and IL-1β (Figure 2F-H). 
MPP+ also increased the level of oxidative 
stress factors, including LDH, ROS, and 
decreased the level of SOD (Figure 2I-K). 
However, after overexpression of PART1, inflam-
mation and oxidative stress were weakened. 
Therefore, it was indicated that overexpression 
of PART1 alleviated the injury of SH-SY5Y cells 
treated with MPP+.

PART1 targets microRNA-106b-5p directly

Through bioinformatics analysis using Star- 
base 2.0, we found that PART1 had the bin- 
ding site for microRNA-106b-5p (Figure 3A). 
Overexpression of PART1 could suppress the 
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Figure 1. The expression of PART1 
in PD. A: The protein expressions of 
TH and α-synuclein were examined 
by western blot in the mouse model 
of PD. β-actin was used as lading 
control; B: The expression of PART1 
in brain tissues was examined in the 
mouse model of PD by RT-qPCR; C: 
The expression of PART1 in SH-SY5Y 
cells treated with MPP+ was exam-
ined by RT-qPCR. **P<0.01. PD: Par-
kinson’s disease; MPP+: 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine.

expression of miR-106b-5p (Figure 3B). Incre- 
ased expression of microRNA-106b-5p was 
observed in SH-SY5Y cells transfected with 
microRNA-106b-5p mimics (Figure 3C). In order 
to further validate the interaction between 
microRNA-106b-5p and PART1, luciferase re- 
porter assay was performed. As shown in 
Figure 3D, microRNA-106b-5p mimics decre- 
ased the activity of luciferase in SH-SY5Y cells 
transfected with PART1-WT plasmid but not 
those transfected with PART1-MUT plasmid. 
RNA pull-down assay and RIP assay also con-
firmed that microRNA-106b-5p could bind to 
PART1 (Figure 3E, 3F). Moreover, the enhanced 
expression of microRNA-106b-5p could be 
detected in the PD model in vitro (Figure 3G) 
and in vivo (Figure 3H), showing the aberrant 
increase of microRNA-106b-5p in PD. Furthe- 
rmore, there was a negative correlation be- 
tween PART1 and microRNA-106b-5p in mouse 
model of PD (Figure 3I). These data suggested 
that PART1 targeted microRNA-106b-5p and 
regulated its expression negatively.

MCL1 is the direct target of microRNA-106b-
5p

MiRNAs play the regulatory roles in the expres-
sion of mRNAs by binding to their 3’-UTR and 
promoting the post-transcriptional modification 

[18]. The bioinformatics tools (Starbase 2.0) 
predicted that microRNA-106b-5p could inter-
act with MCL1, which was also confirmed by 
DLR assay (Figure 4A). In SH-SY5Y cells trans-
fected with MCL1-MUT plasmid, the decreased 
luciferase activity was blocked compared with 
those transfected with MCL1-WT. Moreover, 
microRNA-106b-5p mimics inhibited the 
expression of MCL1 mRNA, while microRNA-
106b-5p inhibitor increased the expression of 
MCL1 mRNA (Figure 4B), indicating the nega-
tive regulation of microRNA-106b-5p on MCL1. 
The results of western blot also proved the 
same trend at protein levels (Figure 4C). Next, 
the expression of MCL1 was assessed in PD 
model in vitro and in vivo. As shown in Figure 
4D, 4E, the expression of MCL1 was decreased 
transcriptionally and translationally. Similarly, 
in MPTP-induced mouse model, MCL1 expres-
sion was also reduced (Figure 4F, 4G). The 
results suggested that the expression of MCL1 
was downregulated in PD, which was negatively 
regulated by microRNA-106b-5p.

PART1 attenuated the injury of SH-SY5Y cells 
induced by MPP+ via microRNA-106b-5p/
MCL1 axis

Finally, we explored whether miR-106b-5p/
MCL1 contributed to the regulatory function of 
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Figure 2. Overexpression of PART1 alleviated neuronal injury. SH-SY5Y cells transfected with pcDNA3.1-NC or PART1 
pcDNA3.1 were treated with 1 μM MPP+ for 48 h. A: The expression of PART1 was examined by RT-qPCR; B: The cell 
viability was assessed by CCK8 assay; C: The cell apoptosis rate was detected by Annexin V-FITC/PI assay; D: The 
expression of cleaved caspase 3 was detected by western blot; E: The activity of cleaved caspase 3 was detected; 
F-H: The levels of inflammatory cytokines were examined by ELISA; I-K: The levels of LDH, ROS and SOD were exam-
ined. *P<0.05, **P<0.01. MPP+: 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; LDH: Lactate dehydrogenase; ROS: 
Reactive oxygen; SOD: Superoxide dismutase.

PART1. As shown in Figure 5A, the expression 
of MCL1 was decreased after MPP+ treatment, 
which could be reversed by PART1 overexpres-
sion. However, after co-treatment with MPP+, 

PART1 pcDNA3.1 and microRNA-106b-5p mim-
ics, the expression of MCL1 was decreased. 
We observed the similar regulatory effect of 
microRNA-106b-5p/MCL1 on PART1 by assess-

Figure 3. PART1 targets microRNA-106b-5p directly. (A) The predictive binding site of PART1 was predicted by Star-
base 2.0; (B) The expression of microRNA-106b-5p was examined by RT-qPCR in SH-SY5Y cells transfected with 
PART1 pcDNA3.1; (C) The expression of microRNA-106b-5p was examined by RT-qPCR in the SH-SY5Y cells trans-
fected with mimics NC and microRNA-106b-5p mimics; (D) The DLR assay was used to detect the binding relation-
ship between microRNA-106b-5p and PART1 in SH-SY5Y cells co-transfected with PART1-WT or PART1-MUT and 
mimics NC or microRNA-106b-5p mimics; (E, F) The RIP assay (E) and RNA pull down assay (F) were used to examine 
the interaction between PART1 and microRNA-106b-5p in SH-SY5Y cells; (G, H) The expressions of microRNA-106b-
5p in SH-SY5Y cells (G) and PD mouse model (H) were examined by RT-qPCR; (I) The correlation analysis of PART1 
and microRNA-106b-5p in PD mouse model. **P<0.01. DLR: Dual-luciferase report; PD: Parkinson’s disease.
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Figure 4. microRNA-106b-5p targets MCL1 directly. (A) The predictive binding site of microRNA-106b-5p was pre-
dicted by Starbase 2.0. The DLR assay was used to detect the interaction between microRNA-106b-5p and MCL1 
in SH-SY5Y cells co-transfected with MCL1-WT or MCL1-MUT and mimics NC or microRNA-106b-5p mimics; (B, C) 
The expression of MCL1 was detected by RT-qPCR (B) and western blot (C) in SH-SY5Y cells transfected with microR-
NA-106b-5p mimics or microRNA-106b-5p inhibitor; (D, E) The expression of MCL1 was detected by RT-qPCR (D) 
and western blot (E) in in vitro PD model constructed by treating SH-SY5Y cells with MPP+; (F, G) The expression of 
MCL1 was detected by RT-qPCR (F) and western blot (G) in in vivo PD model constructed by treating mice with MPTP. 
*P<0.05, **P<0.01. miRNAs: microRNAs; DLR: Dual-luciferase report; PD: Parkinson’s disease; MPP+: 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine; MPTP: 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-hydrochloride.

ing cell viability (Figure 5B), cell apoptosis 
(Figure 5C), the function of cleaved-caspase 3 
(Figure 5D, 5E), the secretion of inflammatory 
cytokines (Figure 5F-H) including TNF-α, IL-6 

and IL-1β, and the production of oxidative 
stress factors (Figure 5I-K) including LDH, ROS 
and SOD. The results showed that the injury of 
SH-SY5Y cells was inhibited by PART1 overex-
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Figure 5. PART1 attenuated the injury of SH-SY5Y cells induced by MPP+ via microRNA-106b-5p/MCL1 axis. After 
transfection with PART1 pcDNA3.1, microRNA-106b-5p mimics, and MCL1 siRNA, SH-SY5Y cells were treated with 
1 μM MPP+ for 48 h. A: The expression of MCL1 was examined by western blot; B: The cell viability was assessed 
by CCK8 assay; C: The cell apoptosis rate was detected by Annexin V-FITC/PI assay; D: The expression of cleaved 
caspase 3 was detected by western blot; E: The activity of cleaved caspase 3 was detected; F-H: The levels of inflam-
matory cytokines were examined by ELISA; I-K: The levels of LDH, ROS and SOD were examined. *P<0.05, **P<0.01. 
MPP+: 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine.
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Figure 6. The schematic diagram of PART1/microRNA-106b-5p/MCL1 axis.

pression as demonstrated by the above as- 
says. However, after transfection with microR-
NA-106b-5p mimics or knockdown of MCL1, 
the protective effects of PART1 on SH-SY5Y 
cells were abrogated. The schematic diagram 
of our research is summarized in Figure 6. 
PART1 could negatively target microRNA-
106b-5p which negatively target MCL1. In sum-
mary, these results proved that PART1 attenu-
ated neuronal injury in vitro by modulating 
microRNA-106b-5p/MCL1 axis.

Discussion

PD is a common degenerative neurological dis-
ease that occurs most often in older patients 
[19]. More and more studies have revealed the 
important roles of LncRNAs in neurodegenera-
tive diseases [20]. In the present work, we 
demonstrated that PART1 overexpression alle-
viated the neuronal injury, which was achieved 
by sponging microRNA-106b-5p and then 
upregulating MCL1 expression. Therefore, the 
overexpression of microRNA-106b-5p or knock-
down of MCL1 could block the effects of PART1 
on PD.

The functions of PART1 have been demonstrat-
ed in a variety of diseases, such as interverte-
bral disc degeneration and knee osteoarthritis 
[21, 22]. The most popular understanding of 
PART1 is its association with tumors. PART1 

exerts its role in various tumors via regulat- 
ing cell proliferation, suppression of cell apop-
tosis, or enhancement of cell migration [16,  
23, 24]. PART1 could promote tumor develop-
ment. In neurodegenerative diseases such as 
PD, whether PART1 may promote cell viability, 
thereby maintaining the survival of neuronal 
cells remains unknown. Previous study showed 
that PART1 was downregulated in PD as com-
pared with healthy control and may play an 
essential role in PD progression [14]. Therefore, 
promoting the expression of PART1 might be 
beneficial in the treatment of PD. Our research 
for the first time validated that PART1 overex-
pression could attenuate the injury of SH-SY5Y 
cells, increase cell viability and suppress the 
production of inflammatory cytokines and oxi-
dative stress factors. All these results indicated 
that PART1 contributed to cell survival, sug-
gesting the potential protective ability of PART1 
in neuron cells.

Mechanistically, we proved that PART1 targeted 
microRNA-106b-5p directly and regulated the 
expression of MCL1. Previous study showed 
that miR-106b-5p was a biomarker in PD diag-
nosis [25, 26]. Our data indicated that miR-
106b-5p was upregulated in PD model both in 
vivo and in vitro, suggesting that the expression 
of miR-106b-5p was associated with PD pro-
gression. Unfortunately, due to the lack of clini-
cal patient samples, the expression levels of 
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PART1 and microRNA-106b-5p were not veri-
fied. In human cancers, the effects of microR-
NA-106b-5p display a tumor type-specific man-
ner. For example, in hepatocellular carcinoma, 
microRNA-106b-5p promotes cancer progres-
sion, while in colorectal cancer, microRNA-
106b-5p inhibits the ability of cell migration 
and invasion [27, 28]. However, few studies 
have focused on the function of microRNA-
106b-5p in PD to date. In our research, miR-
106b-5p promoted neuronal injury, which was 
achieved by targeting MCL1 and thus inhibiting 
its expression. Overexpression of microRNA-
106b-5p blocked the neuronal protective 
effects of PART1. MCL1 belongs to BCL2 family 
and is regarded as an anti-apoptotic protein. 
The overexpression of MCL-1 is associated with 
the poor prognosis in cancer patients [29]. 
However, MCL1 promotes cell survival of mid-
brain dopamine neurons and is regarded as the 
therapeutical target of PD [10, 11]. It was also 
reported that MCL1 protected against cell 
apoptosis induced by MPP+ [30]. In MPTP-
treated mice, MCL1 expression was found to be 
decreased [31]. These evidences suggested 
the potential protective role of MCL1 in PD. 
Here, we verified the beneficial effect of MCL1 
on MPP+-induced neuronal injury and its asso-
ciated mechanism.

In conclusion, this study identified PART1 as a 
novel protective factor in PD by sponging 
microRNA-106b-5p, thus suggesting the poten-
tial therapeutic value of PART1 in PD.
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