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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
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(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.



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.** 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.®
Another target gene is the Insulin-like growth
factor-1 receptor (IGFIR), which is predicted to
be regulated by hsa-miR-140-5p and hsa-miR-
143-3p. IGFIR 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-IncRNA-miRNA expressions in 50
PD patients, compared to 20 healthy controls
showed that /IGF IR 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.%¢ Additionally, the
target gene MAPK1 (MAPkinases) controls many
physiological processes such as cell differentiation
and motility, metabolism, mitosis, stress response,
and apoptosis.’” 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).’®

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 ** HAGLROS acted
as amiR-100 sponge and removed the suppression
of ATG 100 expression and consequently activated
the PI3K/AKT/mTOR pathway, thus inhibiting
apoptosis and autophagy. 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.* In that study,* 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
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outer mitochondrial membrane protein.* BCL-2
is a target gene for miR-34a, and in neuronal SH-
SYS5Y 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.*!

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.#? 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.®” 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.® Interestingly, in that study,* the
expression of miR-29b was consistently higher
in females compared to males,® 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.* 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 (Impul) which also contains the neuregulin
3 gene (NRG3).* NRG3 expression is important
in regulating the level of inhibitory control, and
is also associated with the risk of developing
Alzheimer’s Disease.** 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
ofimpulse 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.*”
% In that glioblastoma study*, 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



downstream target, DGK-a. 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.*’

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.”® The
mechanism of VEGF neuroprotective is mainly
by their regulatory effects using the neuropilins
(NP1 and NP2) as co-receptor,”’ thus leading
to increased angiogenesis and anti-oxidant
molecules,* as well as providing anti-apoptotic
effects by preventing the binding of apoptosis-
inducing factor, SEMA3A to neuropilin® and via
the PI3K/AKT pathway.>* 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.> There
are six glypicans identified in mammals and are
referred to as GPC1 through GPC6.% 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.*®
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.%122324 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,’”>* 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 patients®. In contrast, a reduced expression
of miR-29b was previously reported in the
peripheral blood mononuclear samples (PBMC)
of PD patients.®® 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,% which
had been recently associated with neurotoxicity
of a-synuclein.?® 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.> * 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,?* 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 biofluids® 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.
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