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LncRNA-UCA1 promotes PD development

by upregulating SNCA
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Abstract. — OBJECTIVE: The study aims to
investigate whether Long non-coding RNA (Ln-
cRNA)-UCA1 can regulate the progression of
Parkinson’s disease (PD) by mediating a-synu-
clein (SNCA) expression.

MATERIALS AND METHODS: PD mouse
model was first constructed by intraperitone-
al injection of MPTP. SH-SY5Y cells were treat-
ed with MPP+ for inducing in vitro PD model. Ex-
pression levels of IncRNA-UCA1 and SNCA in
brain tissues extracted from PD mice and MP-
P+-induced SH-SY5Y cells were detected by
quantitative real-time polymerase chain reac-
tion (QRT-PCR). Protein expression of SNCA was
accessed by Western blot. After transfection of
pcDNA-NC+DMSO, pcDNA-UCA1+DMSO, pcD-
NA-NC+a-amantin or pcDNA-UCA1+a-amanitin
in SH-SY5Y cells, SNCA expression was detect-
ed. Cell viability and SNCA expression were de-
termined after UCA1 overexpression or knock-
down in SH-SY5Y cells. Neuronal apoptosis in
MPP+-induced SH-SY5Y cells was detected by
flow cytometry after the UCA1 knockdown.

RESULTS: UCA1 and SNCA were highly ex-
pressed in brain tissues extracted from PD mice
and MPP+-induced SH-SY5Y cells. UCA1 over-
expression remarkably upregulated mRNA and
protein expressions of SNCA in SH-SY5Y cells.
Higher viability was seen after the UCA1 knock-
down in MPP+-induced SH-SY5Y cells. UCA1
knockdown remarkably inhibited caspase-3 ac-
tivity and decreased MPP+-induced neuronal
apoptosis in SH-SY5Y cells.

CONCLUSIONS: LncRNA-UCA1 promotes the
occurrence and progression of PD by upregulat-
ing SNCA expression.
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Introduction

Parkinson’s disease (PD) is a common neuro-
degenerative disease, and its incidence is second
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only to Alzheimer’s disease (AD) in neurodege-
nerative diseases. It is reported that the prevalen-
ce of PD in all populations is about 0.3%, which
sharply increases to 1% in people over 60 years
old" 2. More seriously, the prevalence of PD is as
high as 4% in people over 80 years old>. It is con-
cluded that the prevalence of PD increases with
age. The main pathological lesions of PD are the
deletion of dopaminergic neurons in substantia
nigra condense and the deposition of Lewy bo-
dies. It is currently believed that the pathogenesis
of PD is mainly related to oxidative stress, mi-
tochondrial dysfunction and protein clearance®*®.
Oxidative stress and mitochondrial dysfunction
mainly cause neuronal apoptosis in the substan-
tia nigra of the midbrain’. In addition, gene
mutations are the main cause of familial PD. So
far, LRRK2, SNCA, VPS35, EIF4G1, PARK2,
PINKI1 and DJ-1 have been confirmed as patho-
genic factors in PD'". Among them, SNCA is the
second most common gene leading to PD, which
is located on chromosome 4q21-23 with certain
neurospecificity. SNCA is abundantly expressed
in the hippocampus, amygdala, corpus callosum,
and caudate nucleus''. SNCA encodes alpha-sy-
nuclein, and therefore, SNCA mutation leads to
Lewy body deposition'>4,

Long non-coding RNA (LncRNA) is a kind of
non-coding RNA with over 200 nucleotides in
length. LncRNA exerts important biological fun-
ctions by acting as a signaling regulator, protein
complex scaffold or gene transcription enhan-
cer’®. LncRNA is crucial in development and dif-
ferentiation, showing stronger cell and tissue spe-
cificities than the coding RNA'. A large number
of reports have confirmed that IncRNA is closely
related to the occurrence and progression of di-
seases, such as tumors', endocrine and metabo-
lic diseases'®, immune diseases', cardiovascular
diseases?’, and neurological diseases?'. Many In-
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cRNAs are dysregulated in neurodegenerative di-
seases, which may serve as potential therapeutic
targets for neurodegenerative diseases. Liu et al??
pointed out that IncRNA-HOTAIR induces PD
development by regulating LRRK?2 expression.
Kraus et al*® found upregulated IncRNA-H19,
as well as downregulated IncRNA-p21, Malatl,
SNHGI and TncRNA in PD, and their expression
levels are related to PD progression. These IncR-
NAs may be utilized as potential targets for moni-
toring and treating PD.

LncRNA UCAL1 was found to be abnormally
expressed in a variety of tumors. It could promo-
te tumor development and progression, including
bladder cancer, breast cancer, colorectal cancer,
esophageal squamous cell carcinoma, gastric
cancer, hepatocellular carcinoma, osteosarcoma,
ovarian cancer and squamous cell carcinoma of
tongue?**°. However, the biological function of
UCAL1 in PD remains to be further explored.

Materials and Methods

Construction of PD Mouse Model

Male C57BL/6 with 8 to 10 weeks old were
maintained in an environment with 19+2°C under
a 12 h/12 h dark/light cycle. Mice were given free
access to water and food. After habituation for
one week, mice were intraperitoneally injected
with 0.5 mL/100 g MPTP for four times with an
interval of 2 h. This study was approved by the
Animal Ethics Committee of Nanjing Medical
University Animal Center.

Cell Culture and Transfection

Cells were cultured in DMEM (Dulbecco’s
Modified Eagle Medium) containing 10% FBS
(fetal bovine serum), 100 U/mL penicillin and 100
ug/mL streptomycin (Hyclone, South Logan, UT,
USA). 24 hours later, cells were incubated with
500 uM MPP". Cell passage was performed every
other day. SH-SYS5Y cells were transfected with
pcDNA-NC+DMSO, pcDNA-UCA1+DMSO, pc-
DNA-NC+a-amantin or pcDNA-UCAl+a-aman-
itin, respectively using Lipofectamine 2000 (In-
vitrogen, Carlsbad, CA, USA).

Quantitative Real Time-Polymerase Chain
Reaction (RT-qPCR)

The TRIzol kit (Invitrogen, Carlsbad, CA,
USA) was used to extract the total RNA, which
was then reversely transcribed into complemen-
tary Deoxyribose Nucleic Acid (cDNA). After the

cDNA was amplified, qRT-PCR was performed
to detect the expressions of related genes. Primer
sequences of UCA1 were: forward, 5’-CTCTC-
CTATCTCCCTTCACTGA-3’; reverse, 5-CTT-
TGGGTTGAGGTTCGTGT-3".

Western Blot

Cells were lysed for protein extraction. The
concentration of each protein sample was deter-
mined by a BCA (bicinchoninic acid) kit (Abcam,
Cambridge, MA, USA). The protein sample was
separated by gel electrophoresis and transferred
to PVDF (polyvinylidene difluoride) membranes
(Millipore, Billerica, MA, USA). After incuba-
tion with primary and secondary antibody, im-
munoreactive bands were exposed by enhanced
chemiluminescence method.

MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-
Diphenyl Tetrazolium Bromide) Assay

Culture medium was replaced with 20 pL of
MTT solution (5 g/L) (Sigma-Aldrich, St. Louis,
MO, USA) and incubated at 37°C for 4 h. The
supernatant was discarded and 160 pL of DMSO
(dimethyl sulfoxide; Sigma-Aldrich, St. Louis,
MO, USA) was added into each well. The absor-
bance value was recorded at the wavelength of
490 nm with a microplate reader (Bio-Rad, Her-
cules, CA, USA).

Flow Cytometry

Cell density was first adjusted to 5x10°/mL,
followed by centrifugation at 4°C, 1000 r-min’
for 15 min. Cells were resuspended in 200 pL of
binding buffer, incubated with 10 pL of Annexin
V-FITC in the dark for 15 min. Finally, 300 pL
of binding buffer and 5 pL of Propidium lodide
(PI) were added, followed by apoptosis detection
using flow cytometry within 1 h.

Determination of Caspase-3 Activity

Transfected cells were lysed in an ice bath for
15 min. 10 pL of Ac-DEVD-pNA was added in
cells and incubated at 37°C for 60-120 min. The
absorbance value was recorded at the wavelen-
gth of 405 nm with a microplate reader. Protein
expression of each sample was quantified using
the Bradford method.

Statistical Analysis

We used Statistical Product and Service So-
lutions (SPSS) 19.0 software (IBM, Armonk,
NY, USA) for statistical analysis. The quantita-
tive data were represented as mean + standard

7909



M. Lu, W.-L. Sun, J. Shen, M. Wei, B. Chen, Y.-J. Qi, C.-S. Xu

deviation (X+s). Differences among groups were
analyzed by one-way ANOVA, followed by the
post-hoc test. p<0.05 was considered statistically
significant.

Results

Expressions of UCAT and SNCA in PD
Mouse

PD mouse model was established by intrape-
ritoneal injection of MPTP. We found that the
number of ipsilateral TH" cells in PD mice was
significantly higher than that of the controls,
suggesting the successful establishment of a PD
mouse model (p<0.001, Figure 1A). The qRT-
PCR assay showed that the mRNA levels of
UCALI and SNCA are significantly higher in PD
mice than that of the controls (Figure 1B and
1C). Moreover, the PD mice presented higher
protein expression of SNCA (Figure 1D). The
above results indicated that UCA1 and SNCA
are highly expressed in the PD mouse model.
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Expressions of UCAT and SNCA in
MPP*-Induced SH-SY5Y Cells

SH-SYSY cells were treated with MPP* for
inducing in vitro PD model. Expression levels of
UCAIl and SNCA in MPP*-induced SH-SYS5Y
cells were detected by qRT-PCR. The data showed
that UCA1 and SNCA are highly expressed in
MPP*-induced SH-SY5Y cells (Figure 2A and
2B). The protein expression of SNCA increased
in SH-SYSY cells treated with MPP* (Figure 2C).
It is suggested that MPP* induction could upregu-
late expressions of UCA1 and SNCA, indicating
their potential roles in PD development.

UCAT Overexpression in SH-SY5Y Cells
Regulated SNCA Expression

SH-SYSY cells were transfected with pcD-
NA-UCALI, followed by the determination of
its transfection efficacy. The qRT-PCR results
showed that the transfection of pcDNA-UCAI re-
markably increases the mRNA level of UCA1 (Fi-
gure 3A). Both mRNA and protein levels of SNCA
were upregulated by pcDNA-UCAI transfection
(Figure 3B and 3C). To examine whether UCA1
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Figure 1. Expressions of UCA1 and SNCA in PD mouse. 4, The number of ipsilateral TH" cells in PD mice was significantly
higher than that of the controls. B, C, QRT-PCR assay showed that the mRNA levels of UCA1 and SNCA were significantly
higher in PD mice than that of the controls. D, PD mice presented higher protein expression of SNCA.
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Figure 2. Expressions of UCA1 and SNCA in MPP*-induced SH-SYS5Y cells. 4, B, UCA1 and SNCA were highly expressed
in MPP*-induced SH-SYSY cells. C, Protein expression of SNCA increased in SH-SYSY cells treated with MPP*

A 8-
B
38
oC

o
&2
¢ X2
0_
C

o
3]
1

w ~
1 1
Es

Relative SNCA

expression level

—_
1

pcDNA-NC pcDNA-UCA1

-~ pcDNA-NC+DMSO

-+ pcDNA-NC+a-amanitin
-+ pcDNA-UCA1+DMSO
-+ pcDNA-UCA1+a-amanitin

pt
s B

(% of time 0)

SNCA transcri
S

0 6 12 18 24

Figure 3. UCA1 overexpression in SH-SY5Y cells regulated SNCA expression. A, QRT-PCR results showed that transfection
of pcDNA-UCALI remarkably increases mRNA level of UCA1. B, C, Both mRNA and protein levels of SNCA were upregu-
lated by pcDNA-UCAL transfection. D, UCA1 overexpression markedly inhibited mRNA degradation of SNCA induced by

o-amanitin.

could regulate SNCA expression, SH-SYSY cel-
Is were transfected with pcDNA-NC+DMSO,
pcDNA-UCA1+DMSO, pcDNA-NC+a-amantin
or pcDNA-UCA I+a-amanitin, respectively. The
UCALI overexpression markedly inhibited mRNA
degradation of SNCA induced by a-amanitin (Fi-
gure 3D). We concluded that UCALI could enhan-

ce the stability of SNCA mRNA and upregulate
its expression level.

UCAT Inhibited SNCA Expression and
Viability of SH-SY5Y Cells

To further explore the regulatory role of UCAL in
SNCA expression and cell viability, SH-SY5Y cells
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Figure 4. UCALI inhibited SNCA expression and viability of SH-SY5Y cells. 4, UCA1 knockdown in MPP*-induced SH-
SYSY cells partially reversed the increased SNCA expression. B, UCA1 knockdown in MPP*-induced SH-SYS5Y cells partial-

ly reversed the decreased cell viability.

were induced with MPP", followed by transfection
of si-NC or si-UCAl. SNCA expression in SH-
SYSY cells was remarkably upregulated by MPP*
induction, whereas cell viability greatly decreased.
UCA1 knockdown in MPP*-induced SH-SY5Y cel-
Is partially reversed the increased SNCA expression
and decreased cell viability (Figure 4A and 4B).

UCAT Knockdown Decreased MPP*-In-
duced Neuronal Apoptosis

We further investigated whether UCALI can re-
gulate neuronal survival by inducing cell apop-
tosis. The flow cytometry results showed that the
knockdown of UCAI reduces apoptosis of MP-
P-induced SH-SYSY cells (Figure 5A). Also,
the knockdown of UCALI reduced the increase in
caspase-3 activity caused by MPP* treatment (Fi-
gure 5B). The above results indicated that interfe-
rence with UCA1 expression can reduce neuronal
apoptosis induced by MPP".

Discussion

In recent years, there is increasing evidence
suggested that IncRNA exerts an important role
in the development of PD. LncRNA shows advan-
tages of easy synthesis, high bioavailability and
long half-life, which is expected to be potential
target for treating neurodegenerative diseases.
However, in-depth researches on the underlying
mechanism of IncRNAs in neurodegenerative di-
seases are still lacked.

UCA1 was first reported by Wang et al’*. It
is located on human chromosome 19p13.12, with
three exons and two introns. In recent years, the-
re have been many reports on the specific role of
UCAL1 in tumors. Wu et al* elucidated that UCA1
can regulate the proliferation of bladder cancer
cells through PI3K-AKT-mTOR signaling pa-
thway. Fang et al** reported that UCA1 is highly
expressed in tongue cancer and may be associated
with metastasis of tongue cancer cells. Han et al*
demonstrated that UCA1 is highly expressed in
colon cancer, affecting the proliferation, apopto-
sis, and cell cycle of colon cancer cells. The role
of UCAI in the occurrence and development of
PD has not been reported yet.

MPTP itself is not toxic, but it can pass throu-
gh the blood-brain barrier and metabolize to
I-methylpyridine-I-ium iodide (MPP*) by mono-
amine oxidase B, which is toxic. MPP" is highly
specific for dopaminergic neuron damage. It tran-
sits to the nerve endings by competing with dopa-
mine transporters, resulting in large production of
oxygen free radicals through directly inhibiting
mitochondrial complex I function. Subsequently,
changes in the expressions of Bcl family proteins
and release of cytochrome C eventually initiate
apoptotic signaling pathways?®.

This study first constructed PD mouse model
by MPTP injection. The number of TH* cells in
brain tissues was remarkably lower than those of
controls. UCA1 was highly expressed in brain tis-
sues extracted from PD mice and MPP*-induced
SH-SYSY cells, suggesting the significant role of



LncRNA-UCAT promotes PD development by upregulating SNCA

A
MPP+ - - + +
10 10" 10 10
10°% 10°% 10} 10y _
10°3 107y \ﬁr
0. _ ' 0
10 ) ™ 10 " ) ™
10° 10 _10°_10° 10" 10 LT R & 00 100 10' 10" 10 100 100 10
FL1 LOG FL1 LOG FL1 LOG FL1 LOG
si-NC si-UCA1 si-NC si-UCA1
B
o
@ 20- 600
> Kk
(=]
215 - 23
= o
S S 2 400/
*kk [}
[} [ N ot
2 10- e il e "
@ o sl
2 S 3 2001
(=J
S 5 8 ==
(o] — ] Q
2,

e T T 0 T T
MPP+ - - L MPP+ - - oo
si-NC + - + . si-NC + - + "

si-UCA1 - + - + si-UCA1 - + ” +

Figure 5. UCA1 knockdown decreased MPP*-induced neuronal apoptosis. 4, Flow cytometry results showed that knock-
down of UCAI reduces apoptosis of SH-SY5Y cells treated with MPP*. B, Knockdown of UCA1 reduced the increase in

caspase-3 activity caused by MPP* treatment.

UCAL1 in PD. Furthermore, the UCA1 overexpres-
sion remarkably upregulated SNCA expression.
On the contrary, the UCA1 knockdown decreased
SNCA expression and viability of SH-SYSY cells.
Our results also showed that UCA1 knockdown
could decrease caspase-3 activity. These results
indicated that UCA1 promotes the PD develop-
ment by upregulating the SNCA expression.

Conclusions
Our study found that UCA1 and SNCA are

highly expressed in brain tissue of PD mouse.
UCALI promotes the occurrence and progression

of PD by upregulating SNCA expression. Inhi-
bition of UCA] may be a potential strategy for
treating PD.
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