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Figure 1. 	Functional enrichment analysis of differentially expressed microRNAs (miRNAs) in Parkinson’s disease 
(PD) patients in terms of affected biological processes. 

	 Graphical presentation of the biological processes involved from the significantly dysregulated miRNAs in 
the analysis of A) All PD patients compared to healthy controls, B) All EOPD patients compared healthy 
controls, C) All LOPD patients compared to healthy controls, and D) All EOPD patients compared to 
LOPD patients. P-value < 0.05 is considered significant. EOPD, Early-onset PD, and LOPD, Late-onset 
PD.

Figure 2. 	Functional enrichment analysis of differentially expressed microRNAs (miRNAs) in Parkinson’s disease 
(PD) patients in terms of affected biological pathways. 

	 Graphical presentation of the biological pathways involved from the significantly dysregulated miRNAs in 
the analysis of A) All PD patients compared to healthy controls, B) All EOPD patients compared healthy 
controls, C) All LOPD patients compared to healthy controls, and D) All EOPD patients compared to 
LOPD patients. P-value < 0.05 is considered significant. EOPD, Early-onset PD, and LOPD, Late-onset 
PD.
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Figure 3. 	Interaction between the top dysregulated circulating miRNAs in Parkinson’s disease (PD) patients with 
their predicted target genes. 

	 Graphical presentation of the top five dysregulated miRNAs (hsa-miR-301a-3p, 100-5p, 140-5p, 486-
3p, 143-3p) with their predicted target genes using Omics.Net. Green nodes, miRNAs, red nodes, target 
genes, and blue nodes, target genes that are involved in neuroactive ligand-receptor interaction. 

Figure 4. 	Interaction between the top dysregulated circulating miRNAs in the Early-onset of Parkinson’s disease 
(EOPD) patients with their predicted target genes. 

	 Graphical presentation of the top four dysregulated miRNAs (miR-29b-3p, miR-297, miR-1909-5p, and 
miR-346) with their predicted target genes using Omics.Net. Green nodes, miRNAs, red nodes, target 
genes, and blue nodes, target genes that are involved in dopaminergic synapse regulation. 
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CREBBP gene is important for brain development 
and in short-term and long-term memory 
formation.34 Habib and colleagues showed 
that CREBBP gene was a significant node 
in  gene-gene and protein-protein interaction 
network in neurodegenerative disorders such as 
Alzheimer’s  Disease (AD),  PD, frontotemporal 
dementia and amyotrophic lateral sclerosis.35 
Another target gene is the Insulin-like growth 
factor-1 receptor (IGF1R), which is predicted to 
be regulated by hsa-miR-140-5p and hsa-miR-
143-3p. IGF1R gene encodes a transmembrane 
receptor that has a tyrosine kinase activity, and 
it binds to the insulin-like growth factor (IGF1), 
known for its crucial role in cellular growth, 
function, and survival. Chi and colleagues 
performed an integrative analysis of circulating 
mRNA-lncRNA-miRNA expressions in 50 
PD patients, compared to 20 healthy controls 
showed that IGF1R expression was significantly 
upregulated in PD and enriched in the endocytosis 
pathway, via its interaction with two miRNAs, 
hsa-miR-133b and has-miR-7.36 Additionally, the 
target gene MAPK1 (MAP kinases) controls many 
physiological processes such as cell differentiation 
and motility, metabolism, mitosis, stress response, 
and apoptosis.37 Activation of the MAPK pathways 
via various stimuli such as stress, pathogens, and 
toxins induce phosphorylation of downstream 
targets such as JNKs, p38 MAP kinases (involved 
in apoptosis), and ERK1/2 (cell growth and 
differentiation).38 
	 Another important target gene is the 
MTOR gene, which is a member of the 
phosphatidylinositol 3-kinase-related kinase 
family of protein kinases and predicted to interact 
with miRNA, hsa-miR-100-5p. In PD animal and 
cell models, the interaction between miR-100 and 
MTOR was shown to be via the action of a long 
noncoding RNA, HAGLROS.39 HAGLROS acted 
as a miR-100 sponge and removed the suppression 
of ATG100 expression and consequently activated 
the PI3K/AKT/mTOR pathway, thus inhibiting 
apoptosis and autophagy.39 The important role 
of MTOR gene in PD was further demonstrated 
by Fernandez-Santiago and colleagues, where 
the genetic variations in mTOR pathway genes 
modulated differential risk and the age at onset 
(AAO) of PD.40 In that study,40 they identified 
three loci with epistatic interaction of RPTOR 
rs11868112 and RPS6KA2 rs6456121 with SNCA 
rs356219, which were associated with differential 
AAO of PD (odds ratio = 2.89; P < .0001). Another 
target gene that was involved in apoptosis and 
autophagy is the BCL-2 that encoded an integral 

outer mitochondrial membrane protein.41 BCL-2 
is a target gene for miR-34a, and in neuronal SH-
SY5Y cells treated with MPP+ (PD cell model), 
miR-34a expression was upregulated, whereas 
the BCL-2 expression was down-regulated, and 
leading to apoptosis induction.41 
	 A total of 140 miRNAs had uniquely altered 
expressions when the EOPD vs. LOPD groups 
were compared. Five miRNAs were exclusively 
changed in the EOPD group (miR-29b-3p, -297, 
-4462, -1909-5p, and -346). Integrative and 
prediction analysis showed that these miRNAs 
target genes are involved in dopaminergic synaptic 
regulation. Our result is consistent with previous 
findings that the degeneration of substantia nigra 
dopaminergic neurons occurred at the onset 
of PD.42 Among these five miRNAs, miR-29b 
expression was higher in our EOPD patients. 
Unlike its family members  miR-29a and miR-
29c, the evidence for the role of  miR-29b in 
PD progression is limited.6,7 A previous study of 
serum miRNAs profiling in PD Chinese patients 
found that expression of miR-29b was reduced 
in PD patients compared to the healthy controls, 
though their patients were older, with an average 
age of 64 years.43 Interestingly, in that study,43 the 
expression of miR-29b was consistently higher 
in females compared to males,43 thus indicating a 
possible gender-based difference in this miRNA 
expression. The higher expression of miR-29b 
in our EOPD patients may suggest that with 
degeneration of neuronal cells, upregulation 
of miR-29b expression is necessary to prevent 
apoptosis.44 We also observed a reduction in miR-
297, -4462, -1909-5p and -346 expressions in the 
EOPD patients. Among these reduced miRNAs, 
miR-346 emerges as a strong candidate as an 
early biomarker for the neuronal dysregulation, 
as this miRNA is derived from the impulsivity 
locus (Impu1) which also contains the neuregulin 
3 gene (NRG3).45 NRG3 expression is important 
in regulating the level of inhibitory control, and 
is also associated with the risk of developing 
Alzheimer’s Disease.46 We therefore propose that 
the loss of miR-346 expression in EOPD may 
indicate the loss of the NRG3 gene, therefore 
implying that there may be an early dysregulation 
of impulse controls. Unfortunately, no information 
is available for miR-1909-5p, miR-4462, and miR-
297 roles in PD or neuronal regulation, except that 
miR-297, is associated with hypoxic conditions.47, 

48 In that glioblastoma study48, the high expression 
of miR-297 exhibited toxic effects on the cells, 
but the hypoxic condition was able to reduce the 
toxicity effects of miR-297 by suppressing its 
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downstream target, DGK-α. Although there is 
no direct evidence of  miR-297 role in PD, the 
fact that hypoxia can induce oxidative stress and 
inflammation, suggests that this miRNA could 
contribute to early neurodegenerative process.49  
	 Enrichment of the significant miRNAs in EOPD 
showed that most of the miRNAs were mainly 
involved in the regulation of VEGF and VEGFR 
signaling network and glypican/proteoglycans 
pathways. Vascular endothelial growth factors 
(VEGF) family of proteins have been shown to 
have significant neuroprotective effects.50 The 
mechanism of VEGF neuroprotective is mainly 
by their regulatory effects using the neuropilins 
(NP1 and NP2) as co-receptor,51 thus leading 
to increased angiogenesis and anti-oxidant 
molecules,52 as well as providing anti-apoptotic 
effects by preventing the binding of apoptosis-
inducing factor, SEMA3A to neuropilin53 and via 
the PI3K/AKT pathway.54 Dysregulation of the 
miRNAs in the VEGF signaling pathway may 
explain the neuronal degeneration in PD patients. 
Another pathway involved in the dysregulated 
miRNAs is through the glypican pathway. 
Glypicans constitute one of the two major families 
of heparin sulfate proteoglycans that located rather 
close to the cell membranes and are involved 
in the development of morphogenesis, and as 
regulators in several cell signaling pathways 
including Wnt and Hedgehog signaling.55 There 
are six glypicans identified in mammals and are 
referred to as GPC1 through GPC6.55 Fico and 
colleagues had reported that depletion of Gpc4 
expression enhanced DA neurons differentiation 
from ES cells in vitro and in vivo by positively 
modulating Wnt/B-catenin signaling pathway.56 
However, the exact mechanism of glypicans in 
the early onset of PD is still unknown and needs 
further study.
	 We acknowledge that there are a number of 
limitations to our study. Firstly, our sample size 
is smaller compared to other studies on miRNAs 
in PD.9-12,23,24 This is partially due to the limitation 
in budget and sample recruitment during the 
study, as the patients were all recruited from a 
single center. As such, the small sample size had 
prevented further sub-analysis to determine the 
effect of disease stages, gender or ethnicity on 
miRNAs expression,57, 58 as the number of samples 
in one of the group was only two. Additionally, 
the small sample size, could have contributed 
to the variation in our findings of significantly 
expressed miRNAs, compared to other studies. 
Nevertheless, there were some miRNAs in our 
study which were also reported previously. The 
higher expression of plasma miR-29b in our 

study was reported previously in brain samples 
of PD patients59. In contrast, a reduced expression 
of miR-29b was previously reported in the 
peripheral blood mononuclear samples (PBMC) 
of PD patients.60 These differences may due to 
different sampling tissues  (brain tissues, plasma, 
and PBMC). Another limitation is that we did not 
measure the plasma level of miR-486,26 which 
had been recently associated with neurotoxicity 
of α-synuclein.26 Since we did not perform non-
motor symptoms evaluation, we were unable to 
account if any of the non-motor features could 
have contributed to the miRNA expression. We 
also could not fully exclude the possibility of PD 
medications affecting the miRNA expression as 
all patients were on treatment. Still, we believe 
our study is the first to report on miRNAs among 
Malaysian PD patients and could add to the 
growing literature on PD-associated miRNAs 
expression.
	 In conclusion, our study showed that there 
were differentially circulating miRNAs and 
their downstream target genes in PD patients 
compared to healthy controls, and between 
EOPD and LOPD patients. This finding is quite 
interesting as it suggests that patients with EOPD 
and LOPD have distinct profiles of microRNAs, 
despite the same underlying pathology.2, 4 It 
would be interesting to see if these circulating 
microRNAs’ expressions change over time, with 
the disease progression. However, our findings 
require further validation in a larger sample. 
Nevertheless, our study showed that dysregulated 
miRNAs expressions could potentially be used to 
differentiate between EOPD and LOPD patients. 
Since some of the previously reported miRNAs 
have shown a diagnostic potential to identify 
the PD patients from controls,23,24 future studies 
are needed to evaluate the usefulness of these 
miRNAs for diagnostic purposes. Furthermore, 
the stability of the miRNAs compared to their 
target genes in the circulating biofluids61 make 
the miRNAs as the more suitable biomarkers. The 
identification of various biological molecules as 
potential biomarkers for EOPD is important to 
improve the diagnosis and could further help in 
the treatment and disease management. 

ACKNOWLEDGEMENTS

We want to acknowledge the Neurology Unit, 
Department of Medicine, Universiti Kebangsaan 
Malaysia (UKM) for their help in sample 
collection, and the UMBI biobank team for sample 
processing and storage. We also want to thank 
Fairuz Fatin Zolkafali and Ambrose Louise for 



Neurology Asia September 2020

328

their help in literature searches.
	 This study was approved by the UKMMC 
Ethics Committee (Ethic No: UKM PPI/111/8/
JEP-2016-136) and have followed the principles 
outlined in the Declaration of Helsinki for all 
human or animal experimental investigations. For 
all the human subjects involved in this project, 
informed consent has been obtained from the 
participants involved.

DISCLOSURE

Financial support: This study was supported by 
the Universiti Kebangsaan Malaysia (UKM) 
(GUP-2015-040).

Conflict of interest: None

REFERENCES
	 1.	 Dorsey ER, Elbaz A, Nichols E, et al. Global, regional, 

and national burden of Parkinson’s disease, 1990–
2016: a systematic analysis for the Global Burden of 
Disease Study 2016. Lancet Neurol 2018;17:939-53.

	 2.	 Ferguson LW, Rajput AH, Rajput A. Early-onset 
vs. Late-onset Parkinson’s disease: A Clinical-
pathological Study. Can J Neurol Sci 2015;43:113-9.

	 3.	 Mehanna R, Jankovic J. Young-onset Parkinson’s 
disease: Its unique features and their impact on quality 
of life. Parkinsonism Relat Disord 2019; 65:39-48.

	 4.	 Lin MK, Farrer MJ. Genetics and genomics of 
Parkinson’s disease. Genome Med 2014;6:48.

	 5.	 Vishnoi A, Rani S. MiRNA Biogenesis and regulation 
of diseases: An overview. In: Rani S, ed: MicroRNA 
profiling: Methods and protocols. New York, NY: 
Springer New York, 2017: 1-10.

	 6.	 Arshad AR, Sulaiman SA, Saperi AA, Jamal R, 
Mohamed Ibrahim N, Abdul Murad NA. MicroRNAs 
and target genes as biomarkers for the diagnosis of 
early onset of Parkinson disease. Front Mol Neurosci 
2017;10:352.

	 7.	 Lu X, Cui Z, Liu S, Yin F. MiRNAs participate in the 
diagnosis, pathogenesis and therapy of Parkinson’s 
disease. Histology Histopathology 2018;33:447-53.

	 8.	 Goh SY, Chao YX, Dheen ST, Tan EK, Tay SSW. 
Role of microRNAs in Parkinson’s disease. Int J Mol 
Sci 2019;20:5649.

	 9.	 Cardo LF, Coto E, de Mena L, et al. Profile 
of microRNAs in the plasma of Parkinson’s 
disease patients and healthy controls. J Neurol 
2013;260:1420-2.

	10.	 Dong H, Wang C, Lu S, et al. A panel of four decreased 
serum microRNAs as a novel biomarker for early 
Parkinson’s disease. Biomarkers 2016;21:129-37.

	11.	 Margis R, Margis R, Rieder CRM. Identification of 
blood microRNAs associated to Parkinsońs disease. 
J Biotechnol 2011;152:96-101.

	12.	 Miñones-Moyano E, Porta S, Escaramís G, et al. 
MicroRNA profiling of Parkinson’s disease brains 
identifies early downregulation of miR-34b/c which 
modulate mitochondrial function. Hum Mol Genet 
2011;20:3067-78.

	13.	 Gopalai AA, Lim JL, Li H-H, et al. LRRK2 N551K 
and R1398H variants are protective in Malays and 
Chinese in Malaysia: A case–control association 
study for Parkinson’s disease. Mol Genet Genomic 
Med 2019;0:e604.

	14.	 Gopalai AA, Ahmad-Annuar A, Li H-H, et al. 
PARK16 is associated with PD in the Malaysian 
population. Am J Med Genet B Neuropsychiatr Genet 
2016;171:839-47.

	15.	 Li H, Teo YY, Tan EK. Patterns of linkage 
disequilibrium of LRRK2 across different races: 
Implications for genetic association studies. PLoS 
One 2013;8:e75041.

	16.	 Zainal Abidin S, Tan EL, Chan SC, et al. DRD and 
GRIN2B polymorphisms and their association with 
the development of impulse control behaviour among 
Malaysian Parkinson’s disease patients. BMC Neurol 
2015;15:59.

	17.	 Hoehn MM, Yahr MD. Parkinsonism: onset, 
progression and mortality. Neurology 1967;17:427-
42.

	18.	 Gautier L, Cope L, Bolstad BM, Irizarry RA. affy—
analysis of Affymetrix GeneChip data at the probe 
level. Bioinformatics 2004;20:307-15.

	19.	 Ritchie ME, Phipson B, Wu D, et al. limma 
powers differential expression analyses for RNA-
sequencing and microarray studies. Nucleic Acids 
Res 2015;43:e47-e47.

	20.	 Benjamini Y, Hochberg Y. Controlling the false 
discovery rate: A practical and powerful approach to 
multiple testing. J Royal Statistical Society: Series 
B (Methodological) 1995;57:289-300.

	21.	 Pathan M, Keerthikumar S, Ang CS, et al. FunRich: 
An open access standalone functional enrichment 
and interaction network analysis tool. Proteomics 
2015;15:2597-601.

	22.	 Zhou G, Xia J. OmicsNet:  a web-based tool for 
creation and visual analysis of biological networks in 
3D space. Nucleic Acids Res 2018;46:W514-W522.

	23.	 Cressatti M, Juwara L, Galindez JM, et al. Salivary 
microR-153 and microR-223 Levels as Potential 
Diagnostic Biomarkers of Idiopathic Parkinson’s 
Disease. Mov Disord 2020;35:468-77.

	24.	 Ravanidis S, Bougea A, Papagiannakis N, et al. 
Circulating Brain-enriched MicroRNAs for detection 
and discrimination of idiopathic and genetic 
Parkinson’s disease. Mov Disord 2020;35:457-67.

	25.	 Tan XP, Luo Y, Pi DF, Xia LX, Li ZL, Tu Q. miR-
340 Reduces the Accumulation of amyloid-β through 
Targeting BACE1 (β-site Amyloid Precursor Protein 
Cleaving Enzyme 1) in Alzheimer’ s Disease. Current 
Neurovascular Research 2020;17:1-7.

	26.	 Wang Y, Cai Y, Huang H, et al. miR-486-3p Influences 
the Neurotoxicity of a-Synuclein by Targeting the 
SIRT2 Gene and the Polymorphisms at Target Sites 
Contributing to Parkinson’s Disease. Cell Physiol 
Biochem 2018;51:2732-45.

	27.	 Chi J, Xie Q, Jia J, et al. Integrated Analysis and 
Identification of Novel Biomarkers in Parkinson’s 
Disease. Front Aging Neurosci 2018;10.

	28.	 Zhai H, Kang ZH, ZK, Zhang HB, Chen GX. Baicalin 
attenuated substantia nigra neuronal apoptosis in 
Parkinson’s disease rats via the mTOR/AKT/GSK-3β 
pathway. J Integr Neurosci 2019;18:423-9.



329

	29.	 Chen Y, Zheng X, Wang Y, Song J. Effect of PI3K/Akt/
mTOR signaling pathway on JNK3 in Parkinsonian 
rats. Exp Ther Med 2019;17:1771-5.

	30.	 Li XY, Teng JJ, Liu Y, Wu YB, Zheng Y, Xie 
AM. Association of AKT1 gene polymorphisms 
with sporadic Parkinson’s disease in Chinese Han 
population. Neurosci Lett 2016;629:38-42.

	31.	 Xiromerisiou G, Hadjigeorgiou GM, Papadimitriou 
A, Katsarogiannis E, Gourbali V, Singleton AB. 
Association between AKT1 gene and Parkinson’s 
disease: A protective haplotype. Neurosci Lett 
2008;436:232-4.

	32.	 Ran C, Westerlund M, Anvret A, et al. Genetic studies 
of the protein kinase AKT1 in Parkinson’s disease. 
Neurosci Lett 2011;501:41-4.

	33.	 Goodman RH, Smolik S. CBP/p300 in cell growth, 
transformation, and development. Genes Dev 
2000;14:1553-77.

	34.	 Chen G, Zou X, Watanabe H, van Deursen JM, Shen 
J. CREB binding protein is required for both short-
term and long-term memory formation. J Neurosci 
2010;30:13066-77.

	35.	 Rabia H, Nighat N, Neha N. Decoding common 
features of neurodegenerative disorders: From 
differentially expressed genes to pathways. Curr 
Genomics 2018;19:300-12.

	36.	 Chi LM, Wang LP, Jiao D. Identification of 
differentially expressed genes and long noncoding 
RNAs associated with Parkinson’s disease. 
Parkinson’s Disease 2019;2019:6078251.

	37.	 Plotnikov A, Zehorai E, Procaccia S, Seger R. The 
MAPK cascades: Signaling components, nuclear roles 
and mechanisms of nuclear translocation. Biochim 
Biophys Acta  2011;1813(9):1619-33.

	38.	 Bohush A, Niewiadomska G, Filipek A. Role 
of mitogen activated protein kinase signaling in 
Parkinson’s disease. Int J Mol Sci 2018;19:2973.

	39.	 Peng T, Liu X, Wang J, et al. Long noncoding RNA 
HAGLROS regulates apoptosis and autophagy in 
Parkinson’s disease via regulating miR-100/ATG10 
axis and PI3K/Akt/mTOR pathway activation. 
Artificial Cells 2019;47:2764-74.

	40.	 Fernández-Santiago R, Martín-Flores N, Antonelli F, 
et al. SNCA and mTOR pathway single nucleotide 
polymorphisms interact to modulate the age at onset 
of Parkinson’s disease. Mov Disord 2019;34:1333-44.

	41.	 Shanesazzade Z, Peymani M, Ghaedi K, Nasr Esfahani 
MH. miR-34a/BCL-2 signaling axis contributes to 
apoptosis in MPP(+) -induced SH-SY5Y cells. Mol 
Genet Genomic Med 2018;6:975-81.

	42.	 Grosch J, Winkler J, Kohl Z. Early degeneration 
of both dopaminergic and serotonergic axons – A 
common mechanism in Parkinson’s disease. Frontiers 
in Cellular Neuroscience 2016;10.

	43.	 Bai X, Tang Y, Yu M, et al. Downregulation of 
blood serum microRNA 29 family in patients with 
Parkinson’s disease. Sci Rep 2017;7:5411-5411.

	44.	 Kole AJ, Swahari V, Hammond SM, Deshmukh M. 
miR-29b is activated during neuronal maturation and 
targets BH3-only genes to restrict apoptosis. Genes 
Dev 2011;25:125-30.

	45.	 Pietrzykowski AZ, Spijker S. Impulsivity and 
comorbid traits: a multi-step approach for finding 
putative responsible microRNAs in the amygdala. 

Front Neurosci 2014;8:389-389.
	46.	 Wang KS, Xu N, Wang L, et al. NRG3 gene is 

associated with the risk and age at onset of Alzheimer 
disease. Neural Transm (Vienna) 2014;121(2):183-92.

	47.	 Truettner JS, Katyshev V, Esen-Bilgin N, Dietrich 
WD, Dore-Duffy P. Hypoxia alters MicroRNA 
expression in rat cortical pericytes. Microrna 
2013;2:32-44.

	48.	 Kefas B, Floyd DH, Comeau L, et al. A miR-297/
hypoxia/DGK-α axis regulating glioblastoma 
survival. Neuro Oncol 2013;15:1652-63.

	49.	 Snyder B, Shell B, Cunningham JT, Cunningham 
RL. Chronic intermittent hypoxia induces oxidative 
stress and inflammation in brain regions associated 
with early-stage neurodegeneration. Physiol Rep 
2017;5:e13258.

	50.	 Sheikh MA, Malik YS, Xing Z, et al. Polylysine-
modified polyethylenimine (PEI-PLL) mediated 
VEGF gene delivery protects dopaminergic neurons in 
cell culture and in rat models of Parkinson’s disease 
(PD). Acta Biomater 2017;54:58-68.

	51.	 Neufeld G, Cohen T, Shraga N, Lange T, Kessler 
O, Herzog Y. The neuropilins: Multifunctional 
semaphorin and VEGF receptors that modulate axon 
guidance and angiogenesis. Trends Cardiovasc Med 
2002;12:13-9.

	52.	 Falk T, Gonzalez RT, Sherman SJ. The yin and yang of 
VEGF and PEDF: multifaceted neurotrophic factors 
and their potential in the treatment of Parkinson’s 
disease. Int J Mol Sci 2010;11:2875-900.

	53.	 Yasuhara T, Shingo T, Date I. The potential role 
of vascular endothelial growth factor in the central 
nervous system.  Rev Neurosci 2004: 15(4):293-307. 

	54.	 Xu YQ, Long L, Yan JQ, et al. Simvastatin induces 
neuroprotection in 6-OHDA-lesioned PC12 via the 
PI3K/AKT/caspase 3 pathway and anti-inflammatory 
responses. CNS Neurosci Ther 2013;19:170-7.

	55.	 Jayakumar AR, Apeksha A, Norenberg MD. Role 
of matricellular proteins in disorders of the central 
nervous system. Neurochem Res 2017;42:858-75.

	56.	 Fico A, de Chevigny A, Melon C, et al. Reducing 
glypican-4 in ES cells improves recovery in a rat 
model of Parkinson’s disease by increasing the 
production of dopaminergic neurons and decreasing 
teratoma formation. J Neurosci 2014;34:8318-23.

	57.	 Aggarwal R, Ranganathan P. Common pitfalls in 
statistical analysis: The use of correlation techniques. 
Perspect Clin Res 2016;7:187-90.

	58.	 Bonett DG, Wright TA. Sample size requirements 
for estimating pearson, kendall and spearman 
correlations. Psychometrika 2000;65:23-8.

	59.	 Tatura R, Kraus T, Giese A, et al. Parkinson’s disease: 
SNCA-, PARK2-, and LRRK2-targeting microRNAs 
elevated in cingulate gyrus. Parkinsonism Relat 
Disord 2016;33:115-21.

	60.	 Martins M, Rosa A, Guedes LC, et al. Convergence of 
miRNA expression profiling, α-synuclein interacton 
and GWAS in Parkinson’s disease. PLoS One 
2011;6:e25443-e25443.

	61.	 Keller A, Meese E. Can circulating miRNAs live up 
to the promise of being minimal invasive biomarkers 
in clinical settings? Wiley Interdiscip Rev RNA 
2016;7:148-56.


