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MicroRNA-599 regulates the development
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LRRK2 expression
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Abstract. — OBJECTIVE: This study inves-
tigates whether microRNA-599 can inhibit the
progression of Parkinson’s disease (PD) by reg-
ulating the LRRK2 expression. We aim to search
for a new therapeutic target for PD.

MATERIALS AND METHODS: A mouse model
of PD was first established. A relative amount of
TH+ neurons in the mouse brain was quantified
by immunohistochemistry. The expression lev-
els of microRNA-599 and LRRK2 in mouse brain
tissues were determined by the quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR)
and Western blot. Cell model of PD was con-
structed by MPP+ treatment in SH-SY5Y cells.
The expression levels of microRNA-599 and LR-
RK2 in MPP+-induced SH-SY5Y cells were exam-
ined as well. We verified the binding condition
between microRNA-599 and LRRK2 through du-
al-luciferase reporter gene assay. The viability
and apoptosis in MPP+-induced SH-SY5Y cells
overexpressing microRNA-599 were determined
by cell counting kit-8 (CCK-8) assay and flow cy-
tometry, respectively.

RESULTS: Compared with normal mice, TH+
neurons were fewer in the brain tissue of PD
mice. MicroRNA-599 expression was lower,
while LRRK2 expression was higher in brain tis-
sues of PD mice relative to controls. Meanwhile,
in vitro expression of microRNA-599 was down-
regulated and LRRK2 expression was upregulat-
ed in MPP+-induced SH-SY5Y cells. Dual-lucif-
erase reporter gene assay verified the binding
condition between microRNA-599 and LRRK2.
The microRNA-599 overexpression downregu-
lated the LRRK2 expression in SH-SY5Y cells,
and conversely, the microRNA-599 knockdown
upregulated the LRRK2 expression. Of note, the
microRNA-599 overexpression protected MP-
P+-induced viability decrease and apoptosis ac-
celeration in SH-SY5Y cells.

CONCLUSIONS: MicroRNA-599 is lowly ex-
pressed in both in vivo and in vitro PD model.
MicroRNA-599 inhibits the development of PD
through regulating the LRRK2 expression.
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Introduction

As a neurodegenerative disease, Parkinson’s di-
sease (PD) slowly impairs substantia nigra and ni-
grostriatal pathway in middle-aged and elderly pe-
ople. Deficiency of melanin-containing dopamine
(DA) neurons is pronounced in the substantia nigra
pars compacta of PD patients?. Multiple factors
are involved in the pathogenesis of PD, including
environmental and genetic factors, and the latter
greatly increases the susceptibility of PD. Massive
degeneration of dopaminergic neurons induced by
oxidative stress, mitochondrial dysfunction, neu-
rotoxicity of excitatory amino acids, and neuronal
apoptosis finally leads to the onset of PD**.

MicroRNA is a single-strand, non-coding
RNA of about 18 to 22 nucleotides in length. It
regulates target gene expressions at the post-tran-
scriptional level by complementary pairing with
the target mRNA, thereby exerting its biological
effects®®. More than 2,000 microRNAs have been
discovered in humans, which are vital in the nor-
mal physiological activities and pathological de-
velopment of various diseases’*®.

PD is a common neurodegenerative disease. In
2004, two independent researches identified that
LRRK?2 is a causative gene of autosomal domi-
nant familial PD in multiracial families®!’. Risk
variability of LRRK2 is only 0.1-4% in sporadic
PD patients from Asia or Europe, but is strikingly
up to 23% in familial PD of Asian patients. The
LRRK?2 mutation leads to the DA neuron defi-
ciency in the substantia nigra pars compacta and
Lewy body deposition in neurons''?, Studies'*!*
have found that enhanced kinase activity caused
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by genetic mutations in the LRRK?2 domain is an
important mechanism leading to dopaminergic
neuronal damage.

This work aims to elucidate the role of microR-
NA-599 in the development of PD and its under-
lying mechanism.

Materials and Methods

Establishment of In vivo PD Model in Mice

Twelve C57BL/6 mice were habituated for 1
week prior to the experiments, and they were
given free access to drinking and food. Mice
were randomly assigned into model group (n=6)
and control group (n=6). After ether anesthesia,
mouse neck was held to upward the nostrils. 1
g/L lipopolysaccharide (LPS) dissolved in 0.9%
sodium chloride solution was slowly dropped
into each side of nostril using a pipette and
stand for 10 s to keep the drug solution fully
infiltrated. LPS administration was daily given
for consecutive 30 days. Mice in control group
were administrated with the same volume (0.9%
of sodium chloride solution) in the same way.
Statistically significant differences in the signs
of PD and behavioral scores in mice between
model group and control group were considered
as the successful construction of the PD model.
This study was approved by the Animal Ethics
Committee of Shanxi Provincial People’s Ho-
spital Animal Center.

Immunohistochemistry

After the injection with LPS or sodium chlori-
de solution, the mice were anesthetized with 8%
chloral hydrate. Next, the mice were perfused into
the heart with paraformaldehyde. The brain around
the coronary artery of the mice was subjected to
sectioning on ice with the thickness of Imm. And
at last, the sections were stained to point out the
TH-positive cells. Immunohistochemistry was
quantified using Image-Pro Plus software (Version
X; Media Cybernetics, Silver Springs, MD, USA).

Cell Culture

Human neuroblastoma cells SH-SY5Y were
purchased from Conservation Genetics CAS
Kunming Cell Bank (KCB2006107YJ) (Kun-
ming, China). SH-SY5Y cells were cultured in
Roswell Park Memorial Institute-1640 (RPMI-
1640) medium (HyClone, South Logan, UT, USA)
containing 10% fetal bovine serum (FBS; Gibco,
Rockville, MD, USA) and 1% streptomycin-peni-

cillin. Cells were incubated at 37°C, 5% CO,, and
the medium was regularly changed.

SH-SYSY cells in the exponential growth pha-
se were digested, inoculated, and cultured until
the cell density reached 60%. Cells were treated
with 50 ng/mL MPP* for 24 hours and harvested
for subsequent experiments.

Cell Transfection

SH-SYSY cells were inoculated in a 6-well pla-
te and cultured until cell density was up to 60%.
Cells were transfected with microRNA-599 mimi-
cs, anti-microRNA-599 or NC using Lipofectami-
ne 2000 (Invitrogen, Carlsbad, CA, USA). After
transfection for 6 h, fresh medium was replaced.

RNA Extraction and Quantitative Real
Time-Polymerase Chain Reaction (GQRT-PCR)
Total RNA was extracted by TRIzol method (In-
vitrogen, Carlsbad, CA, USA). The purity of RNA
sample was measured by an ultraviolet spectropho-
tometer and stored at -80°C until use. The comple-
mentary deoxyribose nucleic acid (cDNA) was re-
versely transcribed, and the SYBR Green method
was used for PCR detection. Primer sequences
were as follows: MicroRNA-599, F: 5-UUGUGU-
CAGUUUVUCAAAC-3’,R: 5-UUGAUAAACU-
GACACAA-3’; U6, F: 5-CTCGCTTCGGCAGCA-
CA-3, R: 5-AACGCTTCACGAATTTGCGT-3,
LRRK2, F: 5“TGGGTTGGTCACTTCTGC-3’, R:
5'-CATTGGCTGGAAATGAGTGC-3"; glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH), F:
5-ACCCACTCCTCCACCTTTGA-3, R: 5-CT-
GTTGCTGTAGCCAAATTCGT-3".

Western Blot

Total protein was extracted for determining
the protein expression. The protein sample was
quantified by bicinchoninic acid (BCA; Pierce,
Rockford, IL, USA), separated by sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE), and blocked with 5% skim milk.
Membranes were then incubated with the primary
antibody and corresponding secondary antibody.
Band exposure was developed by enhanced che-
miluminescence (ECL).

Dual-Luciferase Reporter Gene Assay
SH-SYSY cells were inoculated in 24-well
plates with 3x10° cells per well. Cells were
co-transfected with wild-type or mutant-type psi-
CHECK-2 LRRK2 vector with microRNA-599
mimics or miR-NC using Lipofectamine 2000.
At 24 h later, luciferase activity was determined
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using the dual-luciferase reporter assay system
(Promega, Madison, WI, USA).

Cell Proliferation Assay

SH-SYSY cells were cultured in a 96-well plate
at a density of 5x10*/mL, with 100 pL per well.
After cell culture for 24 h, 10 uL of cell coun-
ting kit-8 (CCK-8; Dojindo Molecular Technolo-
gies, Kumamoto, Japan) was added to each well.
Absorbance at 450 nm wavelength was recorded
after incubation for 1 h using a Microplate Reader
(Bio-Tech Company, Hercules, CA, USA).

Cell Apoptosis Assay

SH-SYS5Y cells were washed with PBS twice,
digested and fixed in pre-cold 70% ethanol at 4°C
for 30 min. Subsequently, cells were induced with
5 ml of Annexin V-FITC (fluorescein isothiocya-
nate) and 1 mL of Propidium Iodide (PI) (50 mg/
mL) for 5 min. Apoptosis was determined using
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flow cytometry (Becton-Dickinson, Mountain
View, CA, USA).

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 17.0 (SPSS Inc., Chicago, IL, USA) was
utilized for statistical analysis. Normally distribu-
ted measurement data were represented as mean
+ standard deviation (x*s). Differences between
the two groups were analyzed by the 7-test. p<0.05
was considered as statistically significant.

Results

MicroRNA-599 Was Lowly Expressed in
the in vivo PD Model

The number of TH* cells in the ipsilateral
brain tissues of PD mice was markedly redu-
ced compared to normal mice (Figure 1A). Me-
anwhile, we found that the expression level of
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Figure 1. MiR-599 was lowly expressed in the in vivo PD model. A4, The number of TH" cells in the ipsilateral brain tissues
of PD mice was markedly reduced compared to normal mice. B, Expression level of miR-599 was lower in brain tissues of PD
mice than controls. C, D, Both mRNA (C) and protein (D) expression levels of LRRK2 were significantly elevated in brain

tissue of PD mice relative to controls. *p<0.05.
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Figure 2. MiR-599 was lowly expressed in the in vitro PD model. 4, MPP* treatment in SH-SY5Y cells downregulated miR-
599 expression at mRNA level. B, MPP" treatment in SH-SYSY cells upregulated LRRK2 expression at mRNA level. C, MPP*
treatment in SH-SYS5Y cells upregulated LRRK2 expression at protein level. *p<0.05.

microRNA-599 was lower in brain tissues of PD
mice than controls (Figure 1B). Both mRNA
and protein expression levels of LRRK?2 were
significantly elevated in brain tissue of PD mice
relative to controls (Figure 1C-1D). The above
results indicated that microRNA-599 was lowly
expressed and LRRK?2 was highly expressed in
PD mice.

MicroRNA-599 Was Lowly Expressed in
the in vitro PD Model

After MPP' treatment in SH-SY5Y cells, mi-
croRNA-599 expression was markedly reduced,
while LRRK2 expression was elevated at the
mRNA level (Figure 2A-2B). Identically, the protein
level of LRRK?2 was upregulated in MPP*-induced
SH-SYS5Y cells (Figure 2C). We confirmed that mi-
croRNA-599 was lowly expressed and LRRK?2 was
highly expressed in the in vitro PD model.

MicroRNA-599 Targeted on LRRK2
Expression

To explore further the interaction between
microRNA-599 and LRRK?2 in the development
of PD, we predicted the binding site of microR-
NA-599 to LRRK2 (Figure 3A) and constructed
wild-type (LRRK2 WT) and mutant-type
(LRRK2 MT) LRRK2 luciferase reporter vec-
tors. Luciferase activity was quenched in SH-
SYSY cells co-transfected with LRRK2 WT
and microRNA-599 mimics, suggesting the bin-
ding of LRRK?2 to microRNA-599 (Figure 3B).
Subsequently, both mRNA and protein levels of

LRRK?2 were found to be upregulated by the mi-
croRNA-599 knockdown. Conversely, LRRK2
expression was downregulated by microRNA-599
overexpression (Figure 3C-3D). The above indi-
cated that microRNA-599 could target LRRK2
expression in human neuroblastoma cells.

MicroRNA-599 Protected MPP+-Induced
Viability Decrease Through Targeting
LRRKZ

Next, we focused on the roles of microR-
NA-599 and LRRK?2 in MPP*-induced neuronal
injury. It was found that the microRNA-599 ove-
rexpression downregulated the increased mRNA
and protein levels of LRRK2 in MPP*-induced
SH-SYSY cells (Figure 4A-4B). Furthermore,
CCK-8 results showed that the overexpression of
microRNA-599 reversed the decrease in neuronal
viability caused by MPP* treatment (Figure 4C).
It was demonstrated that microRNA-599 reversed
the decrease in cell viability caused by MPP* tre-
atment in SH-SYSY cells through inhibiting the
LRRK?2 expression.

MicroRNA-599 Protected MPP+-Induced
Neuronal Apoptosis

MPP* treatment greatly induced apoptosis in
SH-SYSY cells as flow cytometry indicated, whi-
le microRNA-599 overexpression partially pre-
vented against MPP*-induced neuronal apoptosis
(Figure 5A-5B). It was indicated that the microR-
NA-599 overexpression protected neuronal apop-
tosis in the in vitro PD model.
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Figure 3. MiR-599 targe-
ted on LRRK2 expression.
A, The predicted binding site
of miR-599 to LRRK2. B,
Dual-luciferase reporter gene
assay showed that luciferase
activity was quenched in SH-
SY5Y cells co-transfected with
LRRK2 WT and miR-599 mi-
mics. C-D, Both mRNA and
protein levels of LRRK2 were
found to be upregulated by
miR-599 knockdown. Conver-
sely, LRRK2 expression was
downregulated by miR-599
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Figure 4. MiR-599 protected MPP*-in-
duced viability decrease through targe-
ting LRRK2. 4-B, MiR-599 overexpres-
sion downregulated the increased mRNA
(A4) and protein (B) levels of LRRK2 in
MPP*-induced SH-SYS5Y cells. C, CCK-
8 results showed that overexpression of
miR-599 reversed the decrease in neuro-
nal viability caused by MPP' treatment.
*p<0.05.
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Figure 5. MiR-599 protected MPP*-induced neuronal apoptosis. A-B, Flow cytometry indicated that MPP* treatment gre-
atly induced apoptosis in SH-SYSY cells, while miR-599 overexpression partially prevented against MPP*-induced neuronal

apoptosis. *p<0.05.

Discussion

PD is a neurodegenerative disease characteri-
zed by massive degeneration and progressive loss
of dopaminergic neurons in the substantia nigra
pars compacta of the basal ganglia'>'®. It is be-
lieved that aging, mitochondrial dysfunction, in-
flammation, and oxidative stress are responsible
for the etiology of PD'"!%.,

MicroRNAs are ubiquitous in organisms. Fun-
ctionally, microRNAs regulate gene expressions
by inhibiting mRNA translation via binding to
3'UTR of target mRNA""?°, Differentially expres-
sed microRNAs have been identified in PD, whi-
ch participate in neuronal cell proliferation, diffe-
rentiation, apoptosis, and autophagy**'.

Apoptosis, also known as programmed cell

death, triggers the process of natural cell death
by activating endogenous DNA endonucleases.
Apoptosis helps to maintain the homeostasis of
tissues and cells?*?*. However, excessive apopto-
sis is a pathological phenomenon. Massive neuro-
nal apoptosis is found in neurodegenerative dise-
ases’*®, In mammals, LRRK?2 leads to apoptosis
by activating p38 MAPK and MKK?7 through the
JNK pathway?®?. LRRK2 deficiency exerts a
protective effect on DA neurons®.

In this study, we found that microRNA-599
protected neuronal cells by regulating LRRK?2
expression. MicroRNA-599 was lowly expres-
sed, while LRRK?2 was highly expressed in brain
tissues of PD mice. To demonstrate that mi-
croRNA-599 could target and regulate LRRK?2
expression, we co-transferred the LRRK?2 lucife-
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rase reporter vector and microRNA-599 mimics
in SH-SY5Y cells. The dual-luciferase reporter
gene assay verified our speculation that microR-
NA-599 directly bound to LRRK2. Moreover,
microRNA-599 was capable of negatively regula-
ting LRRK2 expression at both mRNA and pro-
tein levels. The overexpression of microRNA-599
protected the damage of SHP-SYSY cells by
MPP* treatment through downregulating LRRK?2
expression.

Conclusions

We found that microRNA-599 is lowly expres-
sed in both in vivo and in vitro PD model. Mi-
croRNA-599 inhibits the development of PD
through regulating LRRK?2 expression.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

1) Yao YF, Qu MW, Li GC, ZHanG FB, Rur HC. Circula-
ting exosomal miRNAs as diagnostic biomarkers
in Parkinson’s disease. Eur Rev Med Pharmacol
Sci 2018; 22: 5278-5283.

2) MonrTi DA, Zasrecky G, Kremens D, LIANG TW, WiNTE-
RING NA, Cal J, Wer X, Bazzan AJ, ZHONG L, Bowen
B, INTENzO CM, lacoviti L, Newserc AB. N-Acetyl
cysteine may support dopamine neurons in Par-
kinson’s disease: preliminary clinical and cell line
data. PLoS One 2016; 11: e157602.

3) CastiLLo-GonzaLez JA, Loera-Arias MJ, Saucepo-CAr-
DENAS O, MOoNTES-DE-OcA-LUNA R, GARCIA-GARCIA A,
RobriGuez-RocHA H. Phosphorylated alpha-synu-
clein-copper complex formation in the pathogene-
sis of Parkinson’s disease. Parkinsons Dis 2017;
2017: 9164754.

4) Basas S, Krismer F, PALMA JA, WENNING GK, KAUFMANN H,
Poewe W, Sepri K. Diffusion-weighted MRI distingui-
shes Parkinson disease from the parkinsonian va-
riant of multiple system atrophy: a systematic review
and meta-analysis. PLoS One 2017; 12: €189897.

5) DurresnE S, ResiLLARD A, MuTi P, FriEDENREICH CM,
Brenner DR. A review of physical activity and cir-
culating miRNA expression: implications in can-
cer risk and progression. Cancer Epidemiol Bio-
markers Prev 2018; 27: 11-24.

6) Kumar S, BaknsHi S. Diagnostic & prognostic role
of microRNAs in paediatric acute myeloid leukae-
mia. Indian J Med Res 2016; 144: 807-814.

7) Ni L, Cal SY, Sun J, CHen J. MicroRNA-155 pro-
motes pro-inflammatory functions and augmen-
ts apoptosis of monocytes/macrophages during

730

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

Vibrio anguillarum infection in ayu, Plecoglossus
altivelis. Fish Shellfish Immunol 2018; 86: 70-81.

Guo DL, Li Q, Lv WQ, ZHanG GH, Yu YH. MicroR-
NA profiling analysis of developing berries for
‘Kyoho’ and its early-ripening mutant during berry
ripening. BMC Plant Biol 2018; 18: 285.

Paisan-Ruiz C, JAIN' S, Evans EW, Gitks WP, SiMoN J, VAN
DER BruGg M, Lorez DMA, ArariCiO S, GiL AM, KHAN N,
JoHNsoN J, MARTINEZ JR, NicHoLL D, CARRerRA IM, PENA
AS, DE SiivA R, Lees A, MArRTI-Masso JF, Perez-Tur J,
Woop NW, SinaLeTon AB. Cloning of the gene con-
taining mutations that cause PARK8-linked Parkin-
son’s disease. Neuron 2004; 44: 595-600.

ZIMPRICH A, Biskup S, LEITNER P, LICHTNER P, FARRER M,
LincotN S, KacHerGgus J, HuuHan M, Uit RJ, CALNE
DB, Stoesst AJ, PreiFFer RF, PATENGE N, CarBAJAL IC,
VIEREGGE P, Asmus F, MuLLER-MyHsok B, DicksoNn DW,
MEemNGER T, STRom TM, WszoLek ZK, Gasser T. Muta-
tions in LRRK2 cause autosomal-dominant par-
kinsonism with pleomorphic pathology. Neuron
2004; 44: 601-607.

FrAser KB, RawLins AB, CLARK RG, ALcALAY RN, STAN-
pAerT DG, Liu N, West AB. Ser(P)-1292 LRRK2 in
urinary exosomes is elevated in idiopathic Parkin-
son’s disease. Mov Disord 2016; 31: 1543-1550.

BAe YH, Joo H, BaEe J, Hyeon SJ, Her S, Ko E, CHol
HG, Rvu H, Hur EM, Bu Y, Lee BD. Brain injury in-
duces HIF-1alpha-dependent transcriptional acti-
vation of LRRK2 that exacerbates brain damage.
Cell Death Dis 2018; 9: 1125.

Reep X, BANDREs-CiGA S, BLAUwWENDRAAT C, COOKSON
MR. The role of monogenic genes in idiopathic
Parkinson’s disease. Neurobiol Dis 2018; 124:
230-239.

DHekNE HS, Yanatorl |, Gomez RC, ToneLl F, Diez F,
ScHuLE B, SteGer M, ALessi DR, Prerrer SR. A pathway
for Parkinson’s disease LRRK2 kinase to block
primary cilia and Sonic hedgehog signaling in the
brain. eLife 2018; 7: e40202.

Youn J, Lee SB, Lee HS, Yang HO, Park J, Kim JS,
OH E, Park S, Jang W. Cerebrospinal fluid levels of
autophagy-related proteins represent potentially
novel biomarkers of early-stage Parkinson’s dise-
ase. Sci Rep 2018; 8: 16866.

VAN DER VELDEN R, BROEN M, KuuF ML, LEENTJENS A.
Frequency of mood and anxiety fluctuations in
Parkinson’s disease patients with motor fluctua-
tions: a systematic review. Mov Disord 2018; 33:
1521-1527.

GIANNOCCARO MP, LA MoraiA C, Rizzo G, CARELLI V.
Mitochondrial DNA and primary mitochondrial
dysfunction in Parkinson’s disease. Mov Disord
2017; 32: 346-363.

NIEwIAROWSKA-SENDO A, Kozik A, GUEVARA-LORA I. Ki-
nin peptides enhance inflammatory and oxidative
responses promoting apoptosis in a Parkinson’s
disease cellular model. Mediators Inflamm 2016;
2016: 4567343.

ZHENG R, Mao W, Du Z, ZHANG J, WANG M, Hu M.
Three differential expression profiles of miRNAs
as potential biomarkers for lung adenocarcino-



MicroRNA-599 regulates the development of Parkinson’s disease

20)

21)

22)

23)

24)

ma. Biochem Biophys Res Commun 2018; 507:
377-382.

ConNerTY P, AHaDI A, Hutvagner G. RNA binding
proteins in the miRNA pathway. Int J Mol Sci 2015;
17: 31.

DArpioTis E, ALoizou AM, Siokas V, PatriINos GP, DEe-
RETZI G, MiTsias P, AscHNER M, Tsatsakis A. The role
of microRNAs in patients with amyotrophic lateral
sclerosis. J Mol Neurosci 2018; 66: 617-628.

LI DY, Yu JC, Xiao L, Miao W, Ji K, WanG SC,
Geng YX. Autophagy attenuates the oxidative
stress-induced apoptosis of Mc3T3-E1 osteo-
blasts. Eur Rev Med Pharmacol Sci 2017; 21:
5548-5556.

CHiMENTI MS, Sunzint F, Fioruccr L, Bormi E, Fonti GL,
CoNIGLIARO P, TRIGGIANESE P, CosTA L, Caso F, GIUNTA A,
Esposito M, BiancHi L, SANTuccl R, PerricONE R. Poten-
tial role of cytochrome ¢ and tryptase in psoriasis
and psoriatic arthritis pathogenesis: focus on re-
sistance to apoptosis and oxidative stress. Front
Immunol 2018; 9: 2363.

GHAVAMI S, SHOJAEI' S, YEGANEH B, ANDE SR, JANGAMRED-
DY JR, MEHRPOUR M, CHRISTOFFERSSON J, CHAABANE W/,

25)

26)

27)

28)

MocGHADAM AR, KasHANI HH, HasHEmi M, Owui AA,
Los MJ. Autophagy and apoptosis dysfunction
in neurodegenerative disorders. Prog Neurobiol
2014; 112: 24-49.

Awes DCC, CHecter F. Apoptosis in Parkinson’s
disease: is p53 the missing link between genetic
and sporadic Parkinsonism? Cell Signal 2011; 23:
963-968.

TrRINH J, ZELDENRUST F, HUANG J, KASTEN M, SCHAAKE
S, Petkovic S, Mapoev H, GRUNEWALD A, ALMUAMMAR
S, Konig IR, Lit CM, LoHmANN K, KLein C, MARRAS
C. Genotype-phenotype relations for the Parkin-
son’s disease genes SNCA, LRRK2, VPS35: MD-
SGene systematic review. Mov Disord 2018.

CHen Q, Huana X, Li R. IncRNA MALAT1/miR-205-
5p axis regulates MPP(+)-induced cell apoptosis
in MN9D cells by directly targeting LRRK2. Am J
Transl Res 2018; 10: 563-572.

THALER A, KozLovski T, GurevicH T, BAR-SHIRA A, GA-
NA-WEIszZ M, ORR-URTREGER A, GiLADI N, MIRELMAN
A. Survival rates among Parkinson’s disease
patients who carry mutations in the LRRK2 and
GBA genes. Mov Disord 2018; 33: 1656-1660.

731



