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HIGHLIGHTS

® 800 miRNAs were screened in the
striatal tissues of PD patients and
compared with controls.

® 6 significantly upregulated and 7

downregulated miRNAs were identi-

fied in postmortem striatal tissues of

PD patients.

Differentially expressed (DE) miRNAs

in PD striatum are associated with the

inflammatory response.

Expression of DE miRNAs negatively

correlates with transcript levels of

genes implicated in inflammatory

response.
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ABSTRACT

Molecular adaptations in the striatum mediated by dopamine (DA) denervation and/or levodopa (L-dopa)
treatments have been implicated in the motor deficits found in Parkinson’s disease (PD). Alterations
in inflammatory response mechanisms and glutamatergic neurotransmission are reported to play
important roles in mediating these changes. However, the mechanisms mediating the molecular adap-
tations in the striatum are not well understood. Small non-coding microRNAs (miRNAs) influence
numerous biological processes including the development and maintenance of striatal neurons by
regulating gene expression post-transcriptionally. To investigate miRNA function in human PD stria-
tum, we examined the global expression of miRNAs in postmortem putamen (putamen along with
caudate forms the striatum) tissues obtained from PD patients and neurologically normal controls
using Nanostring miRNA assays. We found that 6 miRNAs were significantly (p <0.05) upregulated
and 7 miRNAs were downregulated in PD putamen when compared with control. The differential
expression (DE) of the 4 highest scoring miRNAs was further confirmed by reverse transcription poly-
merase chain reaction. Ingenuity pathway analysis demonstrated that these miRNAs are enriched
in the processes of inflammatory responses. We found that the expression of DE miRNAs in PD
putamen negatively correlates with the expression of gene transcripts implicated in inflammatory
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response with p53 and NF-KB as central signaling molecules. Taken together, our results suggest that
in PD striatum, the DE miRNAs are associated with the oxidative stress pathway. This mechanism may
contribute to the molecular adaptations and related motor complications found in PD.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The striatum is a primary input area of the basal ganglia that
receives glutamatergic and dopaminergic inputs from different
regions of the brain and controls voluntary movements [1]. The
deficiency of the neurotransmitter dopamine (DA) in the striatum
resulting from the loss of DA producing neurons in the substantia
nigra pars compacta is mainly responsible for the motor symptoms
found in PD [2]. The most common parkinsonian medication, the
DA precursor levodopa (L-dopa), leads to an increase in DA lev-
els and alleviates the motor symptoms of PD. However, the use
of L-dopa is often complicated by the development of abnormal
involuntary movements called L-dopa induced dyskinesia (LID)
[3]. Several neuronal systems are appeared to be involved in the
complex pathophysiology of dyskinesia [3-5]. Glutamatergic trans-
mission and inflammatory response mechanisms have been shown
to be altered in striatal neurons following dopaminergic denerva-
tion and/or chronic L-dopa treatment [6,7]. It has been suggested
that both of these factors are associated with molecular adapta-
tions found in PD striatum and contribute to the development of
dyskinesia [4,5]. In spite of the extensive research in this field, the
molecular mechanisms mediating these changes in the striatum
are still unclear. Therefore, understanding the molecular media-
tors underlying this process is important for gaining new insights
into the pathogenesis of PD.

MicroRNAs (miRNAs) are a class of small non-coding RNAs that
control diverse biological functions by regulating gene expression
after transcription [8]. miRNAs are known to play important roles
in the development [9,10] and motor activities [11] of striatal neu-
rons. Identification of DA D1 receptors as a direct target of miR-382
suggests that miR-382 is an important regulator of dopaminergic
neurotransmission [12]. Moreover, miR-126, miR-132, and miR-
133b are involved in the differentiation and function of midbrain
dopamine neurons [13-15]. miR-133b is specifically expressed in
midbrain DA neurons and is shown to be deficient in midbrain
tissue from patients with PD. [13]. The ability of miRNAs to influ-
ence complex gene networks and pathways in striatal and midbrain
neurons suggests that their dysregulation might contribute to the
motor complications associated with PD. In the present study,
we performed expression analyses of 800 miRNAs in postmortem
putamen (putamen along with caudate forms the striatum) tissues
originating from individuals with PD and neurologically healthy
control subjects. We found modest yet significant (p < 0.05) changes
in the expression levels of 13 miRNAs in the putamen of individu-
als with PD when compared to controls. We mapped differentially
expressed (DE) miRNAs to the inflammatory response pathway and
identified candidate miRNAs for further evaluation of their relation-
ship with gene transcripts and neuronal function in PD striatum.

2. Materials and methods
2.1. Postmortem brain tissue samples

A set of putamen samples with Parkinson’s disease (n=12) and
neurologically normal control subjects (n=12) was obtained from
the Human Brain and Spinal Fluid Resource Center (Los Angeles,
CA) through NIH NeuroBiobank. For detailed sample information,

refer to Table 1 and Supplementary Table S1 in online version at
DOI: 10.1016/j.neulet.2016.06.061. This study was reviewed by the
Icahn School of Medicine at Mount Sinai’s Institutional Review
Board and was approved as exempt because the study involves
only tissue-collected postmortem and, therefore, not classified as
human subjects.

2.2. RNA isolation

Total RNA containing miRNA was isolated from putamen tissues
using mirVana RNA isolation kit (Thermo Fisher Scientific) accord-
ing to the manufacturer’s instructions. RNA was quantified using
the Nanodrop 1000 (Nanodrop Technologies), and the quality was
assessed using an Agilent 2100 Bioanalyzer (Agilent Technologies).

2.3. MicroRNA expression analysis

A total of 225 ng of total RNA was assayed for determining the
expression of 800 human miRNAs using the nCounter Human v2
miRNA Expression Assay kit (Nanostring Technologies, USA). The
nSolver analysis software (NanoString Technologies) was used for
the extraction of raw miRNA data and for checking the quality of
the data. Using the control data, a generalized linear model was
fitted with 6 negative and 6 positive controls, where the counts
for each positive control follow a Poisson’s distribution with the
mean modeled as a linear function of concentration. Each sample
was then normalized to the median slope and intercept of all sam-
ples and log, transformed. Using the transformed data of all genes,
a Bland-Altman plot was generated for each sample to compare
the sample to the average of all samples. A loess curve was fitted
for each Bland-Altman plot to globally normalize the transformed
data as described in our recent publication [16]. A two sample t-
statistical was performed on each miRNA, and a p-value <0.05 and
the log, fold change between PD and control is greater than 0.263
in absolute value was considered to indicate a statistically signif-
icant difference. The significantly differentially expressed miRNAs
were displayed in the volcano plot.

2.4. Gene expression analysis

A majority of the DE miRNAs identified were mapped to the
inflammatory response, organismal injury, and abnormalities path-
ways. We queried Pubmed using the terms “inflammation” and
“cell death and survival” to assemble the gene set. To identify highly
significant genes, the gene set was subsequently uploaded to Inge-
nuity Pathway Analysis (IPA) database (Qiagen, Redwood City, CA)
and analyzed in the context of known biological response and reg-
ulatory networks. IPA returns a p-value based on Fisher’s exact test
for each network and converts it to a score that is —log10 (p-value).
A gene panel consisting of 134 genes implicated in inflamma-
tory response (110/134, scores 24-72) and cell death and survival
(120/134, scores 24-65) was selected (Supplementary Table S2 in
online version at DOI: 10.1016/j.neulet.2016.06.061). Probe sets for
each gene in the panel and housekeeping genes were designed
and synthesized at Nanostring Technologies. The mRNA expres-
sion assay was carried out using 225 ng of total RNA according to
the manufacturer’s instructions [17], and the data was analyzed as
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