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Long intergenic noncoding RNA-p21 (lincRNA-p21) has been reported to be increased in Parkinson’s disease (PD). However, the
function and underlying mechanisms of lincRNA-p21 remain not clear. In order to explore the role of lincRNA-p21 in PD, we
used 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) to induce in vivo PD model (C57BL/6 mice) and utilized N-methyl-4phenylpyridinium (MPP+ ) to create in vitro PD model (SH-SY5Y cells). Results showed that the expression level of lincRNA-p21
was increased significantly in PD models. High abundance of lincRNA-p21 inhibited viability and promoted apoptosis markedly
in SH-SY5Y cells treated with MPP+ . Mechanistically, further experiments demonstrated that upregulation of lincRNA-p21 could
sponge miR-1277-5p and indirectly increase the expression of 𝛼-synuclein to suppress viability and activate apoptosis in SH-SY5Y
cells. In short, our study illustrated that lincRNA-p21/miR-1277-5p axis regulated viability and apoptosis in SH-SY5Y cells treated
with MPP+ via targeting 𝛼-synuclein. LincRNA-p21 might be a novel target for PD.

1. Introduction
Parkinson’s disease (PD) is a neurodegenerative disease
owing to a reduction in dopaminergic neurons in the
substantia nigra [1, 2]. The progressive loss of dopamineproducing is the critical pathological hallmark of PD [3].
Myotonia, bradykinesia, depression, anxiety, static tremors,
and cognitive dysfunction are typical symptoms of PD [4].
Various factors such as heredity, environment, and life style
are closely related to the occurrence of PD, and the prevalence
of PD all over the world is 1-2% of populations among
populations over 65 years of age [5, 6]. Despite huge attempts
to investigate the molecular mechanisms of occurrence of PD,
novel targeted drugs are missing and now there is still a lack
of known cure for PD [7].

Long noncoding RNAs (lncRNAs) with length of more
than 200 nucleotides are involved in various biological
processes, such as tumor development, transcriptional regulation, and cell apoptosis [8]. Long intergenic noncoding
RNA-p21 (lincRNA-p21), 3100 nt, is located on chromosome
6, involved in cell proliferation, metabolism, and reprogramming, and regarded as a potential diagnostic marker
in various diseases [9]. LincRNA-p21, a p53-dependent
transcriptional target gene, functions as a transcriptional
repressor and triggers cell apoptosis [10]. A study has shown
that lincRNA-p21 promotes cell apoptosis in hepatocellular
carcinoma through inducing ER stress [11]. LincRNA-p21
plays a suppressive role in prostate cancer through modulating p53 [12]. LincRNA-p21 can activate hepatic stellate
cells through lincRNA-p21-miR-181b-PTEN pathway in liver
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fibrosis [13]. However, the function of this lncRNA in PD is
still unknown.
The expression levels of different lncRNAs were illustrated in 30 brain specimens derived from patients diagnosed with PD, and lincRNA-p21, SNHG1, MALAT1, and
TncRNA expression levels were increased significantly [14].
𝛼-Synuclein is natively unfolded protein associated with
Parkinson’s disease (PD) [15]. After overexpressing 𝛼synuclein in the substantia nigra pars compacta of presymptomatic mice, 756 lncRNAs were expressed differently via
microarray analysis [16]. Ye et al. reported that lincRNAp21 sponged miR-181 promoted microglial activation through
enhancing the expression of PKC-𝛿 in PD models [17].
However, more indepth researches are needed to investigate
the role of lincRNA-p21 and its pathogenic mechanism of PD.
In this study, we investigate the effect of lincRNA-p21
on cell viability and apoptosis in PD model cells (SHSY5Y) treated with N-methyl-4-phenylpyridinium (MPP+).
Besides, further mechanism of lincRNA-p21 on cell viability and apoptosis was manifested. Our work may provide
another theoretical basis that lincRNA-p21 might be a novel
target for PD.

2. Materials and Methods
2.1. Animals. Male C57BL/6 mice (5-10 weeks old) were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd., Beijing, China. 12 mice were randomly divided
into two groups equally: the negative control group and the 1Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) group.
Sterile saline solution was injected intraperitoneally with
a dose of 20 mg/kg body weight (four times/per day, two
hour intervals) in negative control group. MPTP (Sigma,
St. Louis, MO, USA) was injected intraperitoneally with an
equal volume of sterile saline solution in MPTP group. The
midbrains were isolated and harvested for the subsequent
analysis after sacrifice with the last MPTP injection in the
21st day. The experiments procedures were approved by
the Institutional Ethics Review Board of Peking University
Shenzhen Hospital and were carried out according to the
Guide for Care and Use of Laboratory Animals.
2.2. Cell Culture. SH-SY5Y cell line (human neuroblastoma
cells) was purchased from American Type Culture Collection
(ATCC) (Manassas, Va., USA). The SH-SY5Y cell line was
cultured according to the suggestions of ATCC. SH-SY5Y was
pretreated with 100 𝜇M 1-Methyl-4-phenylpyridine (MPP+ )
(Sigma) for 24 hours to get the in vitro PD model.
2.3. Plasmid Construction and Cell Transfection. The
sequence of lincRNA-p21 was synthesized by GenePharma
Co. Ltd. (Shanghai, China) and then cloned into pcDNA3.1
vector between the XhoI and BamHI sites to create
the pcDNA3.1-lincRNA-p21 plasmid, and then the CMV
promoter derived the expression of lincRNA-p21. The siRNAs
targeting lincRNA-p21 or 𝛼-synuclein were synthesized by
GenePharma Co. Ltd. (Shanghai, China). The miR-1277-5p
mimics and inhibitors were purchased from GeneCopoeia
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Co. Ltd. (Guangzhou, China). The sequence of 3 UTR
of 𝛼-synuclein or mutant 3 UTR of 𝛼-synuclein was
inserted into 3 UTR of renilla luciferase gene digested with
Xhol and Notl in the psiCHECKTM-2 luciferase reporter
plasmid purchased from Promega, Madison, WI, USA.
Plasmids, siRNAs, or miR-1277-5p mimics/inhibitors were
transfected into SH-SY5Y cells using Lipofectamine 3000
(Invitrogen, Thermo Fisher Scientific, Inc.) according to the
manufacturer’s protocols. All experiments were repeated at
least three times.
2.4. Quantitative Real-Time Polymerase Chain Reaction (qRTPCR). The TRIzol reagent (Invitrogen, Grand Island, NY,
USA) was used to extract total RNA from mice tissues or cells
after transfection according to the manufacturer’s protocol.
The first strand of cDNA for detection of lincRNA-p21 and
𝛼-synuclein was synthesized using PrimeScript RT Reagent
Kit with gDNA Eraser (Takara, Dalian, China). The qRT-PCR
for detection of lincRNA-p21 and 𝛼-synuclein was carried
out utilizing the SYBR Premix Ex Taq𝑇𝑀 II (Takara, Dalian,
China) in the Roche LightCycler 480 Real-Time PCR System.
GAPDH was used as the endogenous control to normalize
the data of lincRNA-p21 and 𝛼-synuclein. The cDNA for
detection of miR-1277-5p was synthesized using All-in-One
miRNA First-Strand cDNA Synthesis Kit (GeneCopoeia Co.
Ltd., Guangzhou, China), and qRT-PCR for it was performed using All-in-One miRNA qRT-PCR Detection Kit
(GeneCopoeia Co. Ltd., Guangzhou, China). The expression of miR-1277-5p was normalized using U6-snRNA as
internal control. The primers were lincRNA-p21-forward: 5 GAAAGCGAGTGGGACAGG -3 , lincRNA-p21-reverse: 5 CAGGGCAAGAACTTGTGGAC-3 ; 𝛼-synuclein-forward:
5 -AAGAGGGTGTTCTCTATGTAGGC-3 , 𝛼-synucleinreverse: 5’-GCTCCTCCAACATTTGTCACTT-3 ; GAPDHforward: 5 -CGCTCTCTGCTCCTCCTGTTC-3 , GAPDHreverse: 5 -ATCCGTTGACTCCGACCTTCAC-3 . Primers
of miR-1277-5p were purchased from GeneCopoeia Co. Ltd.,
Guangzhou, China. The 2-ΔΔCt method was used to analyze
the relative expression of lincRNA-p21, miR-1277-5p, and 𝛼synuclein. All experiments were performed in triplicate.
2.5. Cell Nucleus and Cytoplasm Fraction Isolation. NE-PER
Nuclear and Cytoplasmic Extraction Reagents (Thermo Scientific, Waltham, MA, USA) were used to prepare cytoplasmic and nuclear extracts from SH-SY5Y cells pretreated with
MPP+ . RNAs separated from each of the fractions were used
for qRT-PCR analysis to illustrate the levels of nuclear control
transcript (U6), cytoplasmic control transcript (GAPDH),
and lincRNA-p21.
2.6. Western Blot Analysis. The protein concentration was
measured by the bicinchoninic acid (BCA) quantification assay (Pierce Biotechnology, Rockford, IL, USA).
Equal amounts (20 𝜇g) of whole protein extract were electrophoresed on SDS-polyacrylamide gels and transferred
to polyvinylidene difluoride membranes using a semidry
transfer cell (Bio-Rad Laboratories, Hercules, CA, USA). The
membranes were incubated overnight at 4∘ C with specific
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primary antibodies against 𝛼-synuclein (1:1000; Abcam,
USA) and 𝛽-actin (1:1000; Abcam, USA) after being blocked
with 5% nonfat dry milk to prevent the nonspecific binding
of the primary antibody. Horseradish peroxidase (HRP) conjugated secondary antibody (1:10000; Amersham, Arlington
Heights, IL) was used to incubate the blot for one hour at
room temperature on a rocking platform. Besides, the blot
was washed with 1x TBST three times. Finally, super signal
chemiluminescence reagents (Thermo Fisher Scientific, Inc.,
Massachusetts, USA) were used to detect signal intensities.
2.7. RNA Immunoprecipitation (RIP) Assay. RIP assays were
carried out in SH-SY5Y cells pretreated with MPP+ , 48 hours
after transfection with miR-1277-5p or miR-NC, utilizing the
Magna RIP RNA-binding protein immunoprecipitation kit
(Millipore, Billerica, MA, USA). Cells (1 × 107 ) were lysed in
complete RNA lysis buffer, then cell lysates were incubated
with anti-Argonaute 2 (AGO2) antibody (Millipore, Billerica,
Ma, USA), negative control mouse IgG (Millipore, Billerica,
Ma, USA) or total RNAs (input controls) in accordance with
the manufacturer’s instructions. Coprecipitated RNA was
measured by qRT-PCR as previously described.
2.8. Dual-Luciferase Activity Assay. SH-SY5Y cells were
seeded in 24-well plates (1 × 105 per well). SH-SY5Y
cells were transfected with psi-𝛼-synuclein or mutant 𝛼synuclein psi-mut-𝛼-synuclein, along with miR-1277-5p
mimics or inhibitors utilizing transfection reagent (Invitrogen). After 48-hour transfection, luciferase activity was measured through the dual-luciferase assay system (Promega.
Madison, WI, USA) in accordance with the manufacturer’s
instructions. To calculate the activity of luciferase, the activity
of renilla luciferase was normalized to the activity of firefly
luciferase in psiCHECKTM-2 vector.
2.9. Cell Viability Assay. The cell viability was measured
using Cell Counting Kit-8 (CCK-8; Beyotime Institute of
Biotechnology, Shanghai, China). 5 × 103 SH-SY5Y cells per
well were seeded into 96-well plates. 10 𝜇l of CCK-8 reagent
was added to each well and then incubated at 37∘ C for 2
hours. Absorbance at a wavelength of 450 nm was detected by
a microplate reader (Bio-Rad, Hercules, CA, USA) following
the manufacturer’s protocols. Each test was performed at least
three times.
2.10. Cell Apoptosis Assay. Cells were seeded in 12-well
plates and transfected with plasmid, siRNAs or miRNAs.
The activity of caspase-3 represented the levels of apoptosis
and was detected employing the caspase-3 enzyme-linked
immunosorbent assay (ELISA) kit (Cusabio, Wuhan, China)
according to the manufacturer’s protocol. And this assay was
widely used to detect cell apoptosis [18]. All experiments were
carried out at least three times.
2.11. Statistical Analysis. All experimental data from three
independent experiments were presented as mean ± standard
deviation (SD) and processed by SPSS 19.0 software (SPSS
Inc., Chicago, IL, USA). Student’s t-test was used to analyze
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the difference of two groups. For more than two groups, the
difference was analyzed by one-way ANOVA followed by a
post hoc Tukey’s test. Difference was considered statistically
significant when a two-tailed value of P < 0.05 was exhibited.

3. Results
3.1. Overexpression of LincRNA-p21 Inhibited Cell Viability
and Induced Apoptosis. Compared with the corresponding
negative control, the expression levels of lincRNA-p21 were
increased significantly in PD mice and in vitro PD model
SH-SY5Y (Figures 1(a) and 1(b)). Then, knockdown and
overexpression of lincRNA-P21 were performed through
siRNAs and overexpression plasmid pcDNA3.1. As shown
in Figure 1(c), cell viability was decreased significantly in
only MPP+ group (P < 0.01) compared with the untreated
with MPP+ group. After knockdown of lincRNA-p21 in SHSY5Y cells treated with MPP+ , cell viability was increased
remarkably compared with the si-NC+ MPP+ group (P <
0.01). After overexpression of lincRNA-p21 in SH-SY5Y cells
treated with MPP+ , cell viability was reduced obviously
compared with the pcDNA3.1+ MPP+ (P < 0.01). Next, the
effects of lincRNA-p21 on cell apoptosis were also measured.
As presented in Figure 1(d), compared with the untreated SHSY5Y cells, the caspase-3 activity was improved significantly
in SH-SY5Y cells treated with MPP+ (P < 0.01). Compared
with si-NC+ MPP+ group, the activity of caspase-3 was inhibited dramatically in si-lincRNA-p21 group+ MPP+ group (P
< 0.01). However, after overexpression of lincRNA-p21, cell
apoptosis was increased significantly in cells treated with
MPP+ (P < 0.001). Thus, high abundance of lincRNA-p21
suppressed cell viability and promoted cell apoptosis in PD
models.
3.2. LincRNA-p21 Sponged miR-1277-5p. In order to investigate the mechanisms of lincRNA-p21 in PD, we firstly tested
the subcellular localization of lincRNA-p21. As shown in Figure 2(a), lincRNA-p21 was mainly located in cytoplasm. Thus,
lincRNA-p21 may inhibit cell viability and apoptosis at posttranscriptional level. Next, we speculated that lincRNA-p21
may sponge miRNAs. According to the miRDB, TargetScan,
and miRWalk database, miR-1277-5p can bind to lincRNAp21. Then, qRT-PCR data showed that the expression of miR1277-5p was decreased significantly in PD mice (Figure 2(b),
P < 0.01) and SH-SY5Y cells treated with MPP+ (Figure 2(c), P
< 0.001). To verify whether lincRNA-p21 sponged miR-12775p, we performed RIP and dual-luciferase assays. It has been
known that miRNAs degrade mRNA and inhibit translation
in an Argonaute 2 (AGO2)-dependent manner by binding to
their targets [19]. We conducted anti-AGO2 RIP in SH-SY5Y
cells transiently overexpressing miR-1277-5p to pull down
lincRNA-p21 using control IgG or AGO2 antibodies, followed
by PCR analysis for lincRNA-p21 levels. As presented in
Figure 2(d), compared with the anti-IgG control, lincRNAp21 pulled down with anti-AGO2 antibodies was enriched
obviously in SH-SY5Y cells transfected with miR-1277-5p
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Figure 1: The expression levels of lincRNA-p21 was detected in PD model mice and cells, and effects of lincRNA-p21 on cell viability and
apoptosis of PD cells were shown. (a, b) The expression levels of lincRNA-p21 were increased significantly in PD mice and MPP+ -induced
SH-SY5Y cells. (c) Knockdown or overexpression of lincRNA-p21 increased or suppressed cell viability obviously in SH-SY5Y cells treated
with MPP+ . (d) Knockdown or overexpression of lincRNA-p21 inhibited or increased the activity of caspase-3 (cell apoptosis) markedly in
SH-SY5Y cells treated with MPP+ . All data are shown as the mean ± SD (∗∗P < 0.01, ∗ ∗ ∗P < 0.001); bar, SD.

mimics. However, GAPDH was not pulled down with antiAGO2 antibodies. This result suggested that miR-1277-5p
could directly target lincRNA-p21 in AGO2 manner. Besides,
the wide-type lincRNA-p21 sequence (WT) or the sequence
with mutated binding sites of miR-1277-5p (Mut) was inserted
into the 3 UTR of the renilla luciferase in ps-CHECK2 vector
(Figure 2(e)). As shown in Figure 2(f), after overexpressing
of miR-1277-5p, the luciferase activities of WT reporter were

decreased significantly compared with the Mut reporter.
On the contrary, the luciferase activities of WT reporter
were increased remarkably compared with the Mut control
after inhibition of expression of miR-1277-5p. These results
demonstrated that lincRNA-p21 suppressed the activity of
miR-1277-5p via direct binding between them and lincRNAp21 might be regarded as a competing endogenous RNA
(ceRNA) for miR-1277-5p.
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Figure 2: The miR-1277-5p was sponged by lincRNA-p21. (a) LincRNA-p21 was mainly located in cytoplasm. (b, c) The expression of miR1277-5p was downregulated significantly in PD mice and PD model cells, SH-SY5Y. (d) RIP was performed and coprecipitated RNA was
utilized for PCR assay. IgG, negative control group; input, total RNA group; AGO2, AGO2 antibody group. (e) The sequence of wide-type
lincRNA-p21 or mutated lincRNA-p21 was inserted into the 3 UTR of renilla luciferase (hRluc). (f) The luciferase activity was decreased
significantly after transfection of miR-1277-5p mimics in lincRNA-p21 WT group. The luciferase activity was increased obviously after
transfection of miR-1277-5p inhibitor in lincRNA-p21 WT group. However, there was no difference in lincRNA-p21 Mut group. All data
are presented as the mean ± SD (∗∗P < 0.01, ∗ ∗ ∗P < 0.001); bar, SD.

3.3. 𝛼-Synuclein Was a Target Gene of miR-1277-5p. According to the online database TargetScan (http://www.targetscan
.org), 𝛼-synuclein is a target gene of miR-1277-5p. In order
to verify whether miR-1277-5p bound to 𝛼-synuclein, we
performed the luciferase assay. The wide-type 𝛼-synuclein
sequence (WT) or the sequence with mutated binding sites of
miR-1277-5p (Mut) was inserted into the 3 UTR of the renilla
luciferase in ps-CHECK2 vector (Figure 3(a)). As shown
in Figure 3(b), after cotransfecting with 𝛼-synuclein WT
luciferase reporter and miR-1277-5p mimics, the activity of
luciferase was decreased significantly compared with the NC
mimics group (P < 0.01). However, the luciferase activity was
increased remarkably after cotransfecting with 𝛼-synuclein
WT luciferase reporter and miR-1277-5p inhibitor (P < 0.001).
Besides, there was no difference in 𝛼-synuclein Mut group.

Next, we tested the effects of miR-1277-5p on the mRNA and
protein expression levels of 𝛼-synuclein. After transfection of
miR-1277-5p mimics, the 𝛼-synuclein mRNA expression level
was decreased significantly compared with the NC mimics
group (Figure 3(c), P < 0.01). However, 𝛼-synuclein mRNA
expression level was increased remarkably after transfection
of miR-1277-5p inhibitor in SH-SY5Y cells (Figure 3(c),
P < 0.001). Similarly, 𝛼-synuclein protein expression level
was suppressed obviously in miR-1277-5p mimics group
compared with the NC mimics group (Figure 3(d), P < 0.05).
Conversely, the 𝛼-synuclein was upregulated significantly
after inhibition of miR-1277-5p in SH-SY5Y cells treated
with MPP+ (Figure 3(e), P < 0.01). In a word, above results
indicated that 𝛼-synuclein was the target gene of miR-12775p in PD model.
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Figure 3: 𝛼-synuclein was the target gene of miR-1277-5p. (a) The sequence of wide-type 𝛼-synuclein or mutated 𝛼-synuclein was inserted
into the 3 UTR of renilla luciferase (hRluc). (B) The luciferase activity was suppressed significantly after transfection of miR-1277-5p mimics
in 𝛼-synuclein WT group. The luciferase activity was stimulated markedly after transfection of miR-1277-5p inhibitor in 𝛼-synuclein WT
group. However, there was no difference in 𝛼-synuclein Mut group. (c, d, e) The 𝛼-synuclein mRNA and protein expression levels were
measured after transfected with miR-1277-5p mimics or inhibitor. (f, g) The rescue effects of 𝛼-synuclein on cell viability and apoptosis after
overexpression of miR-1277-5p in SH-SY5Y cells treated with MPP+ were presented. All data are shown as the mean ± SD (∗P < 0.05, ∗∗P <
0.01, ∗ ∗ ∗P < 0.001); bar, SD.
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3.4. The High Expression of 𝛼-Synuclein Can Abrogate the Protective Eﬀects of miR-1277-5p in PD Model SH-SY5Y Cells. As
shown in Figure 3(f), after transfection of miR-1277-5p mimics in SH-SY5Y cells, cell viability was increased significantly
compared with NC mimics group (P < 0.05). However, cell
viability was decreased remarkably after cotransfection of
miR-1277-5p mimics and 𝛼-synuclein overexpression plasmid (pcDNA3.1-𝛼-synuclein) (P < 0.01). Overexpression of
miR-1277-5p could inhibited caspase-3 activity dramatically
(Figure 3(g), P < 0.01). But after cotransfection of miR1277-5p and pcDNA3.1-𝛼-synuclein in SH-SY5Y cells, the
activity of caspase-3 was promoted obviously compared with
the corresponding negative control (Figure 3(g), P < 0.01).
These results demonstrated that miR-1277-5p promoted cell
viability and inhibited cell apoptosis in PD model SHSY5Y cells. Nonetheless, overexpression of 𝛼-synuclein could
abolish the effects of miR-1277-5p in SH-SY5Y cells.
3.5. LincRNA-p21 Regulated 𝛼-Synuclein via miR-1277-5p.
In order to further investigate the molecular mechanisms
of lincRNA-p21, we transfected the luciferase reporter of
WT 𝛼-synuclein, and pcDNA3.1-lincRNA-p21 and miR-12775p mimics into SH-SY5Y cells. As shown in Figure 4(a),
results showed that the luciferase activity was increased significantly in pcDNA3.1-lincRNA-p21 group compared with
the pcDNA3.1 group (P < 0.01). When cells were cotransfected with pcDNA3.1-lincRNA-p21 and miR-1277-5p, the
luciferase activity was decreased remarkably compared with
the pcDNA3.1-lincRNA-p21 and NC mimics group (P < 0.01).
When cells were cotransfected with pcDNA3.1 and miR1277-5p mimics, the luciferase was inhibited significantly
compared with pcDNA3.1+NC mimics group (P < 0.05).
Conversely, as presented in Figure 4(b), the luciferase activity
was suppressed obviously after inhibition of lincRNA-p21 (P
< 0.05). After inhibition of lincRNA-p21 and miR-1277-5p, the
luciferase activity was increased significantly compared with
the corresponding negative group (P <0.01). After cotransfection of si-NC and miR-1277-5p inhibitor, the luciferase
activity was upregulated evidently (P < 0.05). These results
indicated that miR-1277-5p mimics could counteract the
luciferase activity. Besides, we verified the effects of lincRNAp21 and miR-1277-5p on the 𝛼-synuclein mRNA expression
level. Data showed that overexpression of lincRNA-p21 could
increase significantly the 𝛼-synuclein mRNA expression level
(Figure 4(c), P < 0.01). However, after overexpression of
lincRNA-p21 and miR-1277-5p at the same time, the 𝛼synuclein mRNA expression level was decreased evidently
compared with the pcDNA3.1-lincRNA-p21+NC mimics
group (Figure 4(c), P < 0.01). As presented in Figure 4(d),
inhibition of lincRNA-p21 restrained the expression of 𝛼synuclein (P < 0.01). When SH-SY5Y cells were transfected
with si-lincRNA-p21 and miR-1277-5p inhibitor concurrently,
the 𝛼-synuclein mRNA expression level was increased significantly compared with the si-lincRNA-p21+NC inhibitor
group (P < 0.01). Furthermore, overexpression of lincRNAp21 caused the inhibition of cell viability, but this effect
could be counteracted significantly by overexpression of
miR-1277-5p (Figure 4(e), P < 0.001). The ELISA assay
demonstrated that overexpression of lincRNA-p21 led to
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increased caspase-3 activity remarkably in SH-SY5Y cells
(Figure 4(f), P < 0.001). However, the effect of lincRNA-p21
on the caspase-3 activity was decreased notably by overexpression of miR-1277-5p (Figure 4(f), P < 0.01). These results
suggested that lincRNA-p21 could regulate the expression of
𝛼-synuclein via miR-1277-5p.

4. Discussion
Long noncoding RNAs (lncRNAs) participate in the
regulation of gene expression, affecting neural plasticity,
development, and aging [20, 21]. LncRNAs have been
illustrated to function as mediators in miRNAs, mRNA
degradation, and protein function [22]. 1-methyl-4-phenyl1,2,3,6-tetrahydropyridine (MPTP) has been utilized to
create PD animal models and 1-methyl-4-phenylpyridine
(MPP+ ) was used to establish in vitro PD cell model [23, 24].
LincRNA-p21 was one kind of lncRNAs and, in this study,
results indicated that the expression of lincRNA-p21 was
increased significantly in MPTP-induced PD mice and
SH-SY5Y cells treated with MPP+ , which was consistent with
the previous study [14]. This data suggested that lincRNA-p21
may play vital roles in the regulation of neurons cells in PD.
Results of cell viability and apoptosis assays showed that high
abundance of lincRNA-p21 inhibited viability and induced
apoptosis notably in SH-SY5Y cells treated with MPP+ .
Thus, the underlying mechanism of lincRNA-p21 was further
investigated in this study.
The miRNA degraded mRNA through binding to the
3 UTR of mRNA completely and inhibited translation
processes via incomplete complementarity between miRNA
and downstream mRNA [25]. Various studies demonstrated
that miRNAs played vital roles in the pathogenesis of PD [26].
High abundance of lncRNA SNHG1 promoted cytotoxicity
and ROS production via miR-15p/ GSK3𝛽 axis in SH-SY5Y
cells treated with MPP+ [27]. We suspected that lincRNAp21 may take effect in PD through miRNA. Our results
suggested that lincRNA-p21 was mainly located in cytoplasm,
and through bioinformatic analysis, we found that lincRNAp21 may bind to miR-1277-5p. RIP assay and dual-luciferase
assay results verified that lincRNA-p21 bound to miR-12775p and regulated the expression of miR-1277-5p. Further
experiments indicated that overexpression of miR-1277-5p
could abrogate the effects of lincRNA-p21 on cell viability and
apoptosis.
PD is one kind of “synucleinopathies” and neurodegenerative diseases [28]. The 𝛼-synuclein protein of 140 amino
acids with an incompletely defined function was involved in
synaptic vesicle trafficking [29]. The 𝛼-synuclein has been
verified as a hallmark and critical pathogenic protein in PD
[30]. High abundance of 𝛼-synuclein has developed the PDlike behavioral abnormalities [31]. In this study, we found
that 𝛼-synuclein was the target gene of miR-1277-5p through
bioinformatic analysis. Results of dual-luciferase assay, qRTPCR, and western blot assay proved that 𝛼-synuclein was
really the downstream gene of miR-1277-5p. Effects of miR1277-5p and 𝛼-synuclein on cell viability and apoptosis
were also measured, and data showed that effects of high
expression of miR-1277-5p on cell viability and apoptosis were
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Figure 4: LincRNA-p21 and miR-1277-5p regulated 𝛼-synuclein expression and effects of coexpressing lincRNA-p21 and miR-1277-5p
mimics on cell viability and apoptosis were detected in SH-SY5Y cells treated with MPP+ . (a, b) The luciferase activity was detected after
cotransfection of lincRNA-p21 and miR-1277-5p mimics/inhibitor in 𝛼-synuclein group. (c, d) The expression of 𝛼-synuclein was measured
after cotransfection of lincRNA-p21 and miR-1277-5p mimics/inhibitor. (e) Cell viability was measured after cotransfection of lincRNA-p21
and miR-1277-5p mimics in SH-SY5Y cells. (f) Cell apoptosis was observed after cotransfection of lincRNA-p21 and miR-1277-5p mimics in
SH-SY5Y cells. All data are shown as the mean ± SD (∗P < 0.05, ∗∗P < 0.01, ∗ ∗ ∗P < 0.001); bar, SD.
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counteracted by overexpression of 𝛼-synuclein. Besides, in
order to illustrate the relationship among lincRNA-p21, miR1277-5p, and 𝛼-synuclein, we also carried out dual-luciferase
assay and qRT-PCR to measure the effects on the expression
of 𝛼-synuclein between lincRNA-p21 and miR-1277-5p. Data
indicated that high expression of lincRNA-p21 promoted the
expression of 𝛼-synuclein. The expression level of 𝛼-synuclein
was inhibited and abrogated after cotransfection of lincRNAp21 and miR-1277-5p mimics. Cell viability was inhibited by
overexpression of lincRNA-p21. However, cell viability of SHSY5Y cells treated with MPP+ was increased after cotransfection of lincRNA-p21 and miR-1277-5p mimics. Similarly,
cell apoptosis was promoted by high expression of lincRNA
in SH-SY5Y cells. But after transfection of lincRNA-p21
and miR-1277-5p simultaneously, apoptosis was suppressed
significantly. These results demonstrated effects of lincRNAp21 on cell viability and apoptosis through regulating 𝛼synuclein.
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[4]

[5]

[6]

[7]

[8]

[9]

5. Conclusion
Our study illustrated that lincRNA-p21 inhibited viability
and promoted apoptosis of SH-SY5Y cells induced by MPP+
via downregulation of miR-1277-5p and upregulation of 𝛼synuclein protein. LincRNA-p21 might be regarded as a
promising target for PD.

Data Availability
The data used to support the findings of this study are
available from the corresponding author upon request.

[10]

[11]

[12]

[13]

Conflicts of Interest
The authors report no conflicts of interest.

[14]

Authors’ Contributions
Xiaonan Xu and Chengle Zhuang have contributed equally to
this work.

[15]

Acknowledgments

[16]

We thank all of the donors whose names were not included
in the author list, but who participated in this program. This
work was supported by the Shenzhen Science and Technology
Projects (JCYJ20150605103420338).

References
[1] D. T. Dextera and P. Jenner, “Parkinson disease: from pathology
to molecular disease mechanisms,” Free Radical Biology &
Medicine, vol. 62, pp. 132–144, 2013.
[2] F. N. Emamzadeh and A. Surguchov, “Parkinson’s disease:
biomarkers, treatment, and risk factors,” Frontiers in Neuroscience, vol. 12, p. 612, 2018.
[3] C.-L. Ma, L. Su, J.-J. Xie, J.-X. Long, P. Wu, and L. Gu, “The
prevalence and incidence of Parkinson’s disease in China: a

[17]

[18]

[19]

[20]

systematic review and meta-analysis,” Journal of Neural Transmission, vol. 121, no. 2, pp. 123–134, 2014.
P. Manza, S. Zhang, C.-S. R. Li, and H.-C. Leung, “Resting-state
functional connectivity of the striatum in early-stage Parkinson’s disease: Cognitive decline and motor symptomatology,”
Human Brain Mapping, vol. 37, no. 2, pp. 648–662, 2016.
S. Fahn, “Description of Parkinson’s disease as a clinical syndrome,” Annals of the New York Academy of Sciences, vol. 991,
pp. 1–14, 2003.
R. B. Postuma, D. Berg, M. Stern et al., “MDS clinical diagnostic
criteria for Parkinson’s disease,” Movement Disorders, vol. 30,
no. 12, pp. 1591–1601, 2015.
L. Soreq, A. Guffanti, N. Salomonis et al., “Long non-coding
RNA and alternative splicing modulations in Parkinson’s leukocytes identified by RNA sequencing,” PLoS Computational
Biology, vol. 10, no. 3, Article ID e1003517, 2014.
T. R. Mercer, M. E. Dinger, and J. S. Mattick, “Long non-coding
RNAs: insights into functions,” Nature Reviews Genetics, vol. 10,
no. 3, pp. 155–159, 2009.
S. Chen, H. Liang, H. Yang et al., “LincRNa-p21: function and
mechanism in cancer,” Medical Oncology, vol. 34, no. 5, p. 98,
2017.
M. Huarte, M. Guttman, D. Feldser et al., “A large intergenic
noncoding RNA induced by p53 mediates global gene repression in the p53 response,” Cell, vol. 142, no. 3, pp. 409–419, 2010.
Y. Ning, F. Yong, Z. Haibin, S. Hui, Z. Nan, and Y. Guangshun, “LincRNA-p21 activates endoplasmic reticulum stress
and inhibits hepatocellular carcinoma,” Oncotarget , vol. 6, no.
29, pp. 28151–28163, 2015.
T. Gutschner and S. Diederichs, “The hallmarks of cancer: a long
non-coding RNA point of view,” RNA Biology, vol. 9, no. 6, pp.
703–709, 2012.
F. Yu, Z. Lu, B. Chen, P. Dong, and J. Zheng, “Identification
of a novel lincRNA-p21-miR-181b-PTEN signaling cascade in
liver fibrosis,” Mediators of Inﬂammation, vol. 2016, Article ID
9856538, 10 pages, 2016.
T. F. J. Kraus, M. Haider, J. Spanner, M. Steinmaurer, V.
Dietinger, and H. A. Kretzschmar, “Altered long noncoding
RNA expression precedes the course of parkinson’s disease—a
preliminary report,” Molecular Neurobiology, vol. 54, no. 4, pp.
2869–2877, 2017.
A. Surguchov, “Intracellular dynamics of synucleins: “here,
there and everywhere”,” International Review of Cell and Molecular Biology, vol. 320, pp. 103–169, 2015.
F. Jiao, Q. Wang, P. Zhang, L. Bu, J. Yan, and B. Tian, “Expression signatures of long non-coding RNA in the substantia
nigra of pre-symptomatic mouse model of Parkinson’s disease,”
Behavioural Brain Research, vol. 331, pp. 123–130, 2017.
Y. Ye, X. He, F. Lu et al., “A lincRNA-p21/miR-181 family
feedback loop regulates microglial activation during systemic
LPS- and MPTP- induced neuroinflammation,” Cell Death and
Disease, vol. 9, p. 803, 2018.
Y. Liu, Y. Zeng, L. Liu et al., “Synthesizing AND gate genetic
circuits based on CRISPR-Cas9 for identification of bladder
cancer cells,” Nature Communications, vol. 5, article 5393, 2014.
A. K. L. Leung, A. G. Young, A. Bhutkar et al., “Genome-wide
identification of Ago2 binding sites from mouse embryonic
stem cells with and without mature microRNAs,” Nature Structural and Molecular Biology, vol. 18, pp. 237–244, 2011.
R. Gstir, S. Schafferer, M. Scheideler et al., “Generation of a
neuro-specific microarray reveals novel differentially expressed

10

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

BioMed Research International
noncoding RNAs in mouse models for neurodegenerative
diseases,” RNA, vol. 20, no. 12, pp. 1929–1943, 2014.
J. S. Mattick, “The central role of RNA in human development
and cognition,” FEBS Letters, vol. 585, no. 11, pp. 1600–1616, 2011.
T. Kawaguchi, A. Tanigawa, T. Naganuma et al., “SWI/SNF
chromatin-remodeling complexes function in noncoding RNAdependent assembly of nuclear bodies,” Proceedings of the
National Acadamy of Sciences of the United States of America,
vol. 112, no. 14, pp. 4304–4309, 2015.
Y. Jang, I. Kwon, W. Song, L. M. Cosio-Lima, S. Taylor,
and Y. Lee, “Modulation of mitochondrial phenotypes by
endurance exercise contributes to neuroprotection against a
MPTP-induced animal model of PD,” Life Sciences, vol. 209, pp.
455–465, 2018.
U. Yazdani, D. C. German, C.-L. Liang, L. Manzino, P. K.
Sonsalla, and G. D. Zeevalk, “Rat model of Parkinson’s disease: Chronic central delivery of 1-methyl-4-phenylpyridinium
(MPP+),” Experimental Neurology, vol. 200, no. 1, pp. 172–183,
2006.
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