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Abstract

Parkinson’s Disease

Parkinson’s Disease  (PD) is the most common progressive 
movement disorder characterized by motor and non‑motor 
symptoms. Additionally, we can see the selective loss of 
dopaminergic neurons and abnormal protein inclusions in the 
brain.[1] At present, even though several medications are available 
to manage symptoms of PD. Nothing can be done to halt the death 
of dopaminergic neurons or the accumulation of abnormal protein 
inclusions in the brain.[2] Presently, sporadic PD is identified based 
on the patients’ history, clinical assessment, disease presentation, 
response to the treatment, and functional neuroimaging.[3,4] 
Based on these criteria, identification of PD specifically from 
other clinical mimics is challenging and are prone to diagnostic 
inaccuracies in the early stages of disease.[5,6] Several studies tried 
to address this limitation by finding circulating biomolecules 
relevant to neurodegeneration as a diagnostic biomarker.[3,7‑11] 
However, to date, none of them correctly predict the disease 
or monitor their progression. An ideal diagnostic marker 
should be safe and easy to measure, cost‑efficient, modifiable 
with treatment, consistent across gender and ethnic groups. 
Consequently, this highlights the need to identify and validate 
new early‑stage and disease‑specific biomarkers, which will 
complement current practices and increase diagnostic accuracy.[12]

MicroRNAs

MicroRNAs (miRNAs or miRs) are endogenous, non‑coding, 
single‑stranded, stable small RNAs which negatively regulate 

gene expression by promoting target messenger RNA 
degradation or translational inhibition.[13] In the past years, 
much effort had focused on understanding their biological 
significance. Several studies have demonstrated the importance 
of miRNAs in a range of biological processes and viewed them 
as critical regulators in differentiation, maturation, apoptosis, 
and immune signalling pathways.[14,15] There is growing 
evidence that in many human diseases, including PD, miRNA 
expression is dysregulated. These dysregulated miRNAs could 
majorly contribute to pathogenesis by modulating genes central 
to the pathology.[16‑23]

Additionally, the identification and detection of dysregulated 
miRNAs in body fluids with much higher sensitivity than 
proteins caught the attention of researchers, to develop 
miRNA‑based biomarkers for diverse diagnostic applications. 
The profiling of circulating biofluids identified differentially 
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expressed miRNAs, which discriminate patients of various 
neurological disorders including PD[21‑23] from healthy 
individuals with high sensitivity and specificity.[24‑31] As a 
result, differentially expressed miRNAs in various biological 
fluids have been proposed as putative biomarkers to assist in 
the PD diagnosis.[32‑36] Even though our understanding of the 
mechanisms regulating the selective secretion of circulating 
miRNAs and their function remains elusive, they possess many 
vital features typical of reliable biomarker.[37] Yet, miRNAs 
could not be able to reach clinical settings for diagnosis of PD 
irrespective of understanding their biological significance over 
a decade and effort of several groups to propose many putative 
candidate miRNAs. Underneath, we discuss the limitations 
and challenges of using differentially expressed miRNAs as 
diagnostic biomarker for PD reported over a decade.

Potential candidate miRNAs from various biofluids
In order to list out all studies on circulating miRNAs as 
a potential diagnostic biomarker for PD, a systematic 
search of PubMed was performed as depicted in Figure  1 
(and in supplementary) and the results were presented 
in Table  1. Table  1 revealed several putative miRNAs as 
biomarker from each study with a surprising inconsistency in 
the proposed candidate miRNAs between studies as discussed 
below.

The CSF directly exchanges materials with the brain 
parenchyma and circulates in a closed system. Hence the 
analysis of biomolecules in CSF might provide more specific 
insights into the neurodegenerative disease, such as PD. 
Consequently, CSF can be a promising source of biomarker 

to predict PD. Interestingly, in the systematic search, we 
found 6 studies that carried out CSF miRNA profile using 
either quantitative real‑time PCR (RT‑qPCR), microarray, or 
next‑generation sequencing  (NGS) to discriminate healthy 
controls from PD patients.[34,38‑42] Among them, 4 studies 
used whole CSF,[34,38‑40] and two studies used CSF derived 
exosomes.[41,42] The direct comparison of proposed miRNAs 
from each of these 6 studies revealed an overlap of 5 
differentially expressed miRNAs (miR‑10a‑5p, miR‑19b‑3p, 
miR‑136‑3p, miR‑331‑5p, and miR‑433). The miR‑10a‑5p and 
miR‑433 were down regulated in at least 2 studies, whereas 
miR‑19b‑3p, miR‑136‑3p, and miR‑331‑5p were up regulated 
in at least 2 studies. On the other hand, the results of let‑7g‑3p, 
miR‑19b‑3p, miR‑132‑5p, miR‑127‑3p, miR‑485‑5p, and 
miR‑409‑3p expression were contrasting in at least 2 studies.

Beside CSF, the usage of easily accessible venepuncture blood 
and their derivatives are also suggested as a non‑invasive source 
of biomarker due to the risk (patients may suffer from headache 
and nausea) and limitations  (requires expertise) associated 
with CSF collection. In the systematic search, we found that 
only 2 studies assessed the differential expression of miRNAs 
using whole blood. The first study contained 7 early‑onset 
PD patients treated with levodopa/carbidopa, 8 untreated PD 
patients, and eight healthy individuals. The data revealed a set 
of differentially expressed miRNAs; miR‑29a‑3p, miR‑22‑5p, 
and miR‑1‑3p that permitted discrimination of PD patients 
from healthy controls, as well as miR‑16‑2‑3p, miR‑26a‑2‑3p, 
and miR30a‑5p which differentiated untreated and treated 
PD groups.[43] Unfortunately, not even a single comparable 
study is available to date. Another study reported a different 
set of up regulated miRNAs  (miR‑29a‑3p, miR‑30b‑5p, 
and miR‑103a‑3p) to differentiate L‑dopa‑treated patients 
from healthy controls where they recruited Ten drug‑naive 
PD patients, 36 L–dopa‑treated PD patients, and unaffected 
controls matched by 1:1 age and sex. Unfortunately, these 
miRNAs failed to differentiate drug‑naive PD from healthy 
controls despite using a similar detection method.[44] This 
variability in candidates could be due to smaller cohort size or 
different reference genes used for data normalization between 
these two studies.

Six studies analysed dysregulated miRNA expression in 
peripheral blood mononuclear cells (PBMCs) of PD patients 
and compared to healthy controls using either arrays or 
NGS.[27,45‑49] The direct comparison of suggested miRNAs from 
each of these six studies revealed overlap of only miR‑132 in 
at least two studies.[27,48]

Differential expression of miRNAs in PD patients’ plasma 
sample was investigated in eleven studies using either 
microarray or RT‑qPCR[16,32,35,36,48,50‑55] and proposed several 
candidate miRNAs in each study [Table 1]. To our surprise, the 
comparison of proposed candidate miRNAs from all 11 studies 
revealed only 2 miRNAs, miR‑137[52,53] and miR‑331‑5p[35,52] 
overlapped in at least 2 studies. Rest of the miRNAs were 
unique to each study. Whereas, 13 studies analysed the 

Figure 1: The process of literature search and eligible record selection; 
n: The number of studies
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expression of miRNAs in serum using either NGS or qPCR 
array or individual qPCR assays.[12,28,29,33,38,56‑63] Fascinatingly, 
6 miRNAs (miR‑19b, miR‑24, miR‑29c, miR‑133b, miR‑195, 
and miR‑214) were overlapped. MicroRNA‑19b[29,33,63] and 
miR‑29c[28,29,62] were down‑regulated in at least 3 studies 
irrespective of study design or detection method used. 
MicroRNA‑133b[61,63] and miR‑214[57,62] were down‑regulated, 
and miR‑24[33,56] and miR‑195[33,58] were up‑regulated in at 
least 2 studies.

So far, as we can see in Table  1, several studies proposed 
differentially expressed circulating miRNAs as a potential 
diagnostic biomarker to identify PD. However, merely a 
fraction of human miRNome has been detected in biofluids, and 
their expression pattern is obscure. Of the potential candidate 
biofluid miRNAs, serum candidates had better overlap. The 
better overlap of serum candidates could attribute to a number 
of studies carried out with a higher sample size. However, the 
practical application of these candidate miRNAs for clinical 
diagnosis requires accurate optimization of the protocols used 
and their validation in large sample sets across a different 
population.[64,65]

Limitations and strength of selected studies
Several inconsistencies can be observed among the studies 
[Table  1] in several aspects, such as the source materials, 
the quantity of the specimen, the isolation methods, the 
detection methods, and technologies used. Moreover, the study 
population, age, and cohort size varied between studies and 
not all included an independent cohort for validation. Multiple 
studies have demonstrated that these differences influence 
and affect miRNA quantification in circulating biofluids.[66‑70] 
Similarly, this could have substantially contributed to the 
poor overlap of the candidate miRNAs while comparing 
studies  [Table  1]. Besides, many candidate miRNAs listed 
in Table 1 are not brain‑specific, and several of them could 
have been derived from peripheral tissues and organs.[71] The 
essential foundation for recognition and interpretation of the 
changes in the expression pattern of miRNAs associated with 
the disease could be possible only if we can understand and 
characterize the temporal and individual variations of miRNAs 
in healthy individuals, which was not carried out in any 
studies. Further, none of the studies considered the extent of 
inter‑individual variation in miRNA expression or their unique 
expression pattern in PD pathology. This is an essential and 
relatively unexplored area.

In an attempt to identify miRNAs most commonly overlapped 
between studies, the direct comparison of CSF, blood, and 
their derivatives unveiled a limited number of overlapping 
miRNAs  (miR‑19b, miR‑29c, miR‑132, miR‑133b, and 
miR‑331‑5p) in at least three or more studies. MiR‑19b was 
down‑regulated in four studies[29,33,41,63] and their predicted 
target genes are as follows: FMR1, LRRK2, COQ2, HIP1R, 
ATP13A2, SYT11, RAB39B, CHCHD2, PLA6G2, EDN1, 
and SNCA, all of which have been previously reported to 
be associated with PD.[72] Additional prediction of the GO 
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processes regulated by miR‑19b and miR‑24‑3p were those 
relevant to synaptic transmission and dopamine secretion.[72] 
Recently, Chen et al. demonstrated that miR‑19b could inhibit 
activation of iNOS and promote up‑regulated levels of DAT, 
PCNA, and Bcl‑2, and decreased levels of cleaved‑caspase 
3 and Bax in PD patients via negative regulation of p38 
signalling pathways.[73] Brain specific expression of miR‑29 
is required for neuronal survival.[74] Several studies reported 
down regulation of circulating levels of miR‑29c and its other 
family members miR‑29a/b[28,29,41,62] in PD patients, and they 
tend to reduce with disease severity. Candidate targets of the 
miR‑29 family of miRNAs include oxidative stress sensor 
PARK7  (DJ‑1), Parkin substrate GPR37, targets related to 
apoptotic processes Puma, Bim, Bak, Bcl2, IGF1 and AKT1, 
microglial phagocytosis‑related CDC42, and the epigenetic 
molecules DNMT3A, DNMT3B and HDAC4.[28] This suggests 
that decreased miR‑29 family members lead to alterations in the 
homeostasis of oxidative stress, neuronal survival and protection 
leading neuronal apoptosis, more specifically dopaminergic 
neurons. Also, miR‑29 expression is also downregulated in 
idiopathic rapid eye movement behaviour disorder after they 
were diagnosed with PD and dementia with Lewy bodies.[59] 
Four studies have shown overexpression of miR‑132 and 
their increased transcription shown to activate Rac1‑Pak 
actin‑remodeling pathway, which could play a possible role 
in protein accumulation.[75] In addition, microRNA expression 
profiling of early symptomatic α‑synuclein (A30P)‑transgenic 
mice revealed significantly al teration in several 
miRNAs (miR‑10a, ‑10b, ‑212, ‑132, ‑495).[76] One of them 
miR‑132 is highly inducible by growth factors and to be 
a key regulator of neuronal dendritic spine formation.[75,76] 
Further, miR‑133b is found enriched explicitly in midbrain 
dopaminergic neurons of healthy individuals and decreased 
in PD patients.[77] Correspondingly, here three reported 
studies have shown underexpression of miR‑133b in the 
circulation. The physiological target of miR‑133b is paired‑like 
homeodomain transcription factor  (Pitx  3), a transcription 
factor that plays a key role in dopaminergic neuron 
differentiation.[78] Interestingly, Pitx 3 promotes transcription 
of miR‑133b,[77] which in turn decreases Pitx 3 expression in 
a negative‑feedback loop mechanism. Therefore, miR‑133b 
could regulate the maturation and function of midbrain 
dopaminergic neurons by a negative feedback mechanism. 
MiR‑34b and miR‑34c have been previously shown to be 
down‑regulated in the brains (frontal cortex, cerebellum, and 
amygdala as well as substantia nigra) of patients with PD 
and they repress the expression of α‑synuclein, a key protein 
in PD pathogenesis.[79] When expression of miR‑34b and 
miR‑34c decreased, dopaminergic SH‑SY5Y cells increased 
α‑synuclein levels and stimulated aggregate formation.[79] 
Also, brain specific miR‑7 and miR‑433 regulate the SNCA 
gene expression in healthy and PD brains of both human and 
animal models.[20,76] MiR‑34b and c were also suggested to 
indirectly reduce the expressions of both Parkin and Parkinson 
protein 7  (DJ1), as well as increase the rate of cell death 
whereas miR‑133b expression was not found to be altered in 

any of the areas in which miR‑34b and c downregulation was 
observed.[80] MiR‑331‑5p was shown to overexpress in at least 
4 studies,[34,35,41,52] and they were implicated in neuroprotection 
in the ischemic cortex.[81] MiR‑331‑3p gene target neuropilin 
2 (NRP2) is shown to promote the cell growth and proliferation 
of glioblastoma.[82] However, its exact role in the PD is 
unknown. This suggests that changes in the expression of these 
candidate miRNAs might reflect the pathogenesis of or the 
pathological changes in PD, even though currently their exact 
mechanism is elusive. Therefore, miRNA may thus represent 
novel biomarkers for neuronal malfunction and potential 
therapeutic targets for human neurodegenerative diseases.

In contrast, many miRNAs’  (let‑7g‑3p, miR‑19b‑3p, 
miR‑132‑5p, miR‑127‑3p, miR‑485‑5p, and miR‑409‑3p) 
differential expression is contradicted within the same biofluid 
source. The differences in the candidate miRNA expression 
could be explained by differences in study design, the source of 
miRNA, sample size, clinical features of patients, and possible 
differences in the pharmacological treatment or the drug dose, 
including reference genes used for data analysis. Otherwise, it 
can be explained to an extent based on their origin. For example, 
the level of miRNAs expressed, and their pattern in serum and 
plasma might not be the same. Because while blood clotting, 
activated platelets may contribute a substantial proportion of 
miRNAs to serum compared to plasma. Therefore, the duration 
of clotting might also affect the levels of serum miRNAs. When 
it comes to the organ specificity of differentially expressed 
miRNA, especially brain‑specific one could have decreased 
due to dilution  (while crossing the blood‑brain barrier) or 
taken up by peripheral tissues/organs. Additionally, the chronic 
inflammation and other non‑specific causes could have also 
influenced the differentially expressed circulating miRNA.[83] 
Therefore, the precise selection and comparison of a specific 
fraction of the circulating body fluid, cohort size, the isolation 
method, detection technology, and adequate inter‑study or 
multicentre data is of paramount importance and prerequisite 
for the reproducibility and inter‑study comparison. Similarly, 
it is of vital importance to accept the best practices and strictly 
adhere to the uniform protocol and statistical apparatus to 
have comparable measurements. The development of suitable 
statistics to compare results of different study design and 
techniques could be an alternative to overcome the current 
limitations to an extent. Further, the addition of other atypical 
Parkinsonian disorders would yield more detailed insight into 
the association of specific miRNAs with PD.

Despite dissimilarities in several aspects, direct comparison 
of all the studies in Table 1 displayed overlap of miR‑19b, 
miR‑29c, miR‑132, miR‑133b, and miR‑331‑5p in multiple 
studies. Even in different biofluid sources and Table  2 
highlights the outstanding potential of some of the candidate 
miRNAs as a putative biomarker to assist in PD diagnosis 
with high discrimination power. However, currently, it is 
challenging to use them in the clinical diagnosis due to limited 
knowledge in the miRNA expression pattern with respect to 
age, race, disease severity, or medical therapies. Therefore, 
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different population‑based studies are needed to confirm 
the variations based on age, ethnic origin, disease stage, and 
the effects of treatment. Additionally, miRNA expression is 
also regulated at various levels—transcription, Drosha, and 
Dicer processing, transfer of pre‑miRNAs from the nucleus 
to the cytoplasm, RNA editing and loading into the RISC 
complex.[84‑86] Contrastingly, relatively little is known about 
the regulation of miRNA genes themselves and their pattern 
of dysregulation in PD pathology. Therefore, understanding 
the elements modulating the miRNA expression, stability, 
and decay in the physiological and pathological conditions 
required along with overcoming the limitations of the current 
profiling approaches could pave new avenues for the practical 
application of miRNAs as a biomarker.

Factors Affecting Differential miRNA 
Expression

Patient cohort
Clinically defined Parkinsonian syndrome, its phenotypic 
presentation, dopaminergic therapy, and duration of illness 
are essential factors that are imperative for the identification 
of unique expression pattern. Most of the studies done so far 
have not used uniform criteria for recruitment, and also there 
is variability in the factors as mentioned earlier.

MicroRNA expression profile
The development of miRNA‑based biomarker essentially 
requires the precise determination of its expression in a given 
specimen. Many properties unique to miRNAs – such as its 
short length, lack of common sequence and its variability 
in the source fluids –  could influence the miRNA profiling 
and data analysis.[87] Numerous high‑throughput miRNA 
profiling techniques (RT‑qPCR, microarray, next‑generation 
sequencing  (NGS), and nanopores) have been developed 
to detect and quantify small RNAs. All of them come with 
different limitations.[87] At this time, qRT‑PCR is the most 

common, reliable, inexpensive method with high sensitivity 
and specificity available to quantify small amount of 
miRNAs in biofluids and the subsequent validation in clinical 
samples.[88,89]

Though Table 1 demonstrates a considerable number of miRNA 
profiling studies to differentiate early Parkinson’s disease from 
healthy individuals, the screening of PD using them is still 
nascent.[37] Exploiting the informative potential of miRNA 
profile requires thorough understanding and optimization of 
procedures and methods used for miRNA extraction, detection 
and their limitations.[66‑70]

General concepts and challenges in miRNA isolation and 
quality control
MicroRNAs are stable in a variety of specimen types (circulating 
biofluids, cells in culture, and fresh or fixed tissue) and can be 
extracted easily in all of them. MicroRNAs can be extracted 
either directly from the biofluid or separate microvesicles first 
and then extract miRNA to achieve an enrichment. The amount, 
type of input material and method of choice influence the 
recovery of miRNA during the extraction procedure. The issue 
is that multiple extraction techniques exist for extracellular 
miRNA isolation. Most of the RNA extraction approaches 
include a lysis step followed by precipitation, phase separation, 
and RNA elution. The RNA yield, quantity and size profile 
vary depending on the isolation method due to differences in 
lysis and recovery capacities of that particular method.[68‑70,90] 
A comparison of the vesicular RNA profiles resulting from 
different isolation methods showed marked differences in 
miRNA expression,[91] which is likely due to distinctive RNA 
profiles in the respective vesicle subpopulations.[90] These 
studies imply practicing standard procedures and methods 
across laboratories for miRNA extraction.

Several efforts have been made to understand the effects of 
commonly used isolation methods on small RNA profiling 
and their optimization for miRNA.[92‑96] Most commonly 

Table 2: Potential candidate miRNAs to assist PD diagnosis with high sensitivity and specificity

Author and the year of the study Differentially expressed miRNA Discriminatory accuracy ( AUC ) Ref
Pasinetti, 2012 miR‑29c, miR‑424 and miR‑30e5p 0.892, 0.927 and 0.762 (47)
Ma et al., 2016 miR‐221 0.787 (62)
Ding et al., 2016 miR‑195, miR‑15b, miR‑221, miR‑181a, and miR‑185 0.733, 0.897, 0.854, 0.822 and 0.820 

respectively
(58)

Cao et al., 2017 miR‑19b, miR‑24 and miR‑195 0.753, 0.908, and 0.697 respectively (33)
Li et al., 2017 miR‑137/miR‑124 0.707 and 0.709 respectively (53)
Mo et al., 2017 miR‑144‑5p, miR‑200a‑3p, and miR‑542‑3p 0.73, 0.75, and 0.87 respectively (39)
Sheinerman et al., 2017 miR‑9*/miR‑129‑3p; miR‑99b/miR‑874 and miR‑9*/

miR‑411
0.91, 0.81 and 0.81 respectively (36)

Chen et al., 2018 miR‑27a, let‑7a, let‑7f, miR‑142‑3p, and miR‑222 0.8 (32)
Starhof et al., 2018 miR‑7‑5p, miR‑331‑5p, and miR‑145‑5p 0.88 (34)
Yao, Qu, Li, Zhang, & Rui, 2018 miR‑331‑5p and miR‑505 0.849 and 0.898 respectively (35)
Patil et al., 2019 (miR‑335‑5p/miR‑3613‑3p), (miR‑335‑5p/miR‑6865‑3p), 

and (miR‑335‑5p/miR‑3613‑3p/miR‑6865‑3p) combination
0.9‑1.0 (12)

Yang et al., 2019 miR‑105‑5p 0.7 (55)
AUC=Area under the receiver operating characteristic curve



Ramaswamy, et al.: miRNAs as biomarker to diagnose PD

 Annals of Indian Academy of Neurology  ¦  Volume 23  ¦  Issue 1  ¦  January-February 2020 93

used commercially available miRNA extraction kits such 
as miRNeasy® kit and miRCURY™ biofluid kit, typically 
use a chemical extraction combined with a purification step 
involving binding and eluting from an adsorption column. 
miRCURY™ biofluid kit can efficiently extract miRNAs 
from circulating biofluids. However, the column of this kit 
poorly recovers miRNAs from a small quantity of biofluids 
or cells. Besides, miRCURY™ column is rapidly saturated by 
large RNA species and biofluid components, thus impeding 
the recovery of miRNAs from high specimen input, whereas 
miRNeasy® kit permits better miRNA detection despite less 
pure extracted RNA. The Trizol (phenol) based RNA isolation 
yield a very low RNA purity from biofluids, which affects 
miRNA quantification efficiency. Therefore a careful selection 
of the isolation method and consideration of the amount and 
type of input material is highly recommended to avoid biased 
results.

The reliable profiling of miRNA expression is not possible in 
the degraded RNA sample or the sample contaminated with 
protein, genomic DNA, nucleases, and enzymatic inhibitor. 
Therefore, care and precaution need to be taken to get excellent 
miRNA quality and quantity. The loss of RNA integrity or 
contamination increases the unpredictability of array and qPCR 
based miRNA expression profiles. Currently available ways 
to test the quality and quantity of RNA is by assessing them 
in spectrophotometry and automated capillary electrophoresis 
with the Bioanalyzer or Experion. The specimens of CSF, 
serum, plasma and urine usually have too low total RNA 
yields. Therefore, the recovery of synthetic spiked‑in oligos 
and quantification of suitable housekeeping miRNAs could be 
a useful surrogate to quantify miRNA expression accurately. 
Even after getting good quality and quantity of miRNAs from 
the extraction procedure, the chances of variability could arise 
due to the detection method and technology used.

Challenges in miRNA profiling
Ideally, the selected method should be rapid, highly sensitive, 
and allow an unbiased analysis of the target; even with 
minimal input material. Thus far, RT‑qPCR generally has 
the most extensive dynamic range (detects as low as 10 ng 
of RNA) with the highest accuracy. This is the only method 
that has the potential for absolute quantification by generating 
standard curves using a known concentration of synthetic 
oligos.[32,97] However, some limitations of qRT‑PCR, such as 
primers and housekeeping genes used for data normalization, 
profoundly influence the results. Several miRNAs (miR‑16, 
miR‑30b, miR‑93, miR‑145, miR‑142‑3p, U6, U6B, RNU43, 
RNU48, RNU62, SNORD68, and 5sRNA) are put forward as 
housekeeping RNA to normalize qPCR data. However, there is 
no single housekeeping RNA that can be used as the standard 
endogenous reference gene in normalizing the expression of 
circulating miRNAs, and is a critical issue.[89]

Furthermore, all miRNAs present in the circulation cannot be 
consistently quantified with a cycle threshold value of <35, 
even after pre‑amplification. Also, it can detect only known 

miRNAs. Profiling of hundreds of miRNAs in parallel is a major 
challenge due to the presence of significant miRNA‑specific 
biases such as wide variance in their GC content and melting 
temperature. This is of major concern because miRNAs 
represent a small fraction of the total RNA mass, and therefore 
must be selectively detected in a background of diverse RNA 
species, including miRNA precursors that also contain the 
nucleotide sequence of the mature miRNA species. Clearly, 
like any other technologies, there are limitations for RT‑qPCR 
based detection of miRNAs as a potential diagnostic biomarker.

If we take microarrays, they are inexpensive but have the 
lowest dynamic range and sensitivity. Therefore, it is best 
used as a discovery tool. When microarrays are used for initial 
screening, many tissue‑enriched miRNAs were not detectable. 
As a consequence of this, the ubiquitous miRNA, including 
those associated with common pathologic processes such 
as carcinogenesis and inflammation were often selected as 
potential biomarkers for PD. These ubiquitous miRNA can 
effectively differentiate PD patients from healthy controls, 
but not necessarily from patients with similar pathology such 
as atypical Parkinsonism since there is a high possibility that 
the circulating levels of these miRNA will also be affected in 
such patients.

Small RNA sequencing is a relatively new technique 
continuously improved for the miRNA sequencing, which 
allows the unbiased analysis of all the detectable small RNA’s 
at once in a given specimen without target pre‑selection. Even 
so, the small RNA sequencing and miRNA microarrays are not 
sufficiently sensitive to detect a miRNA whose concentration in 
body fluids is relatively low,[98] and promising observations are 
required to validate candidate miRNAs by alternate methods 
like RT‑qPCR. Newer technologies such as single‑molecule 
real‑time sequencing that does not require PCR‑based 
amplification is becoming more established,[99] and in future 
absolute quantification by sequencing may become possible.

Prospective of miRNAs as a PD Biomarker

The asymptomatic early phase in PD is associated with 
specific changes in miRNA expression.[100] Therefore, many 
studies [Table 1] tried to establish miRNA signatures specific 
to PD over a decade. The major weakness of comparing these 
studies is that unaccountability of the consistently increasing 
known and predicted human miRNAs over a period (www.
mirbase.org). Most of the earlier studies contain only a part of 
them. Thus, these expression profiles may not reflect the correct 
and complete miRNA signature in this context. Therefore, to 
compare the data between studies, re‑performing of expression 
profile in the same samples is warranted. Though the miRNA 
detection technology is quickly evolving, there is a lack of 
consensus among scientists in using an optimal approach to 
analyse large‑scale miRNA profile. Also, lack of databases 
providing information regarding temporal and inter‑individual 
miRNA expression variations are limiting the identification of 
miRNA pattern. There are significant hurdles in understanding 
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the sample‑to‑sample biological variability that is not related to 
the disease condition of interest. If we overcome these barriers, 
the richness of information associated with miRNA profiles 
could partake eventual clinical translation.

To design and evaluate more effective diagnostic and 
therapeutic interventions based on miRNA ultimately requires 
appropriate interpretation of differentially expressed miRNAs 
and their related family members that underpin the PD 
development and progression. A signature pattern of a family 
of miRNA can considerably strengthen their diagnostic value 
over single candidate miRNA. The future investigations should 
also focus on normal variations of miRNAs associated with PD 
and related disorders within and between individuals, over time 
with age, gender, and other aspects of the disease condition. 
This might give fascinating results to interpret the levels of 
individual or family of miRNAs significantly varied between 
individuals without any pathological significance or discern 
donor‑specific variations. Besides, this could help us to define 
and build a database to understand the human individuality and 
their association with the disease.

Though there is much to link the differential expression of 
miRNAs to various diseases, the clinical utility and their 
validity have not been demonstrated due to its heterogeneity, 
mutagenic regulation, and miRNA specific limitations 
[Table 3]. The identification of miRNA signatures involved 
in the regulation and progression of a particular disease is 
a methodological and technological challenge. Currently, 
miRNAs are manually extracted and processed for profiling, 
presenting the biggest obstacle to increase throughput. If a 
new technological platform provides an opportunity for faster 
miRNA extraction or direct analysis without an extraction 
step is established, that could significantly improve usability 
of miRNAs in clinical settings. Further, the technological 
and methodological advances in multi‑omics data generation, 
integration, and interpretation with respect to PD will benefit 
the diagnostic value of miRNAs. We speculate using network 
inference approaches by integrating all the levels of data 
from transcriptomics to miRNomics to proteomics as well as 
radiological imaging approaches can provide an opportunity 
for early detection of PD and development of alternative 

Table 3: Advantages and challenges in using miRNAs as diagnostic marker

Advantages Challenges
MicroRNAs present in various source materials (i.e., whole blood, 
plasma, serum, blood cells and tissues) and that can be easily isolated and 
quantified
miRNAs are highly stable in the circulation, minimal or no differences 
have been found between fresh and frozen specimens, even after repeated 
freeze‑thaw cycles
Several methods have been developed to quantify circulating miRNAs: 
qRT‑PCR, droplet digital PCR, quantitative stem‑loop RT‑PCR) and 
chip‑based digital PCR, as well as RNAseq and microarrays
Digital PCR (dPCR) provides a quasi‑absolute readout or copy number 
for miRNAs and eliminates the need for standard curves as well as the 
influence of normalization strategies (at least for assays that have been 
thoroughly validated)
The availability of powerful approaches for global miRNA characterization 
and simple, universally applicable assays for quantitation (e.g., qRT‑PCR) 
suggests that the discovery–validation pipeline for miRNA biomarkers 
will be more efficient than traditional proteomic biomarker discovery–
validation pipelines, which typically encounter bottlenecks at the point of 
antibody generation and quantitative assay development for validation of 
biomarker candidates
Significant number of miRNAs were identified with the potential for 
becoming targets in order to understand more about disease pathology

Liquid biopsies present special difficulties compared with tissue sampling, 
as miRNA levels are very sensitive to pre‑processing and post‑processing 
factors
Specific standard operating procedures (SOPs) for blood collection and 
plasma/serum preparation are not followed
No standard endogenous control for the normalization of miRNA levels in 
blood has been established
Tissue‑specific housekeeping miRNAs are not suitable and global 
normalization approach could not be appropriate for normalization of 
miRNA profiling data because it assumes that the same total amount of 
miRNAs is expected in all samples and that only a small percentage of 
miRNAs is differentially expressed, as both up‑ and downregulated
Expression pattern of miRNAs between different liquid biopsies (e.g., 
platelet‑rich plasma, platelet‑poor plasma, serum and whole blood) vary 
due to difference in their method of separation or composition of blood 
cells in them
Potential differences in sample/patient number, sampling time, methods 
for miRNA isolation, quantification, miRNA normalization parameters and 
co‑morbidities could attribute miRNA expression and profiling
Most miRNAs are expressed widely in a non‑cell/tissue‑specific manner, 
and they do not differ drastically in level between cases and controls
Many miRNAs proposed as biomarkers for one disease have been found in 
association with a bewildering variety of other conditions
Compared to DNA or RNA‑based tests that indicate the presence of a 
mutation (s), miRNA tests produce results that are difficult to interpret
At present, the effect of controllable (gender, age, drug assumption etc.,) 
and uncontrollable (individual genetics, diet, life style etc.,) pre‑analytical 
factor on the miRNA profiling is not established completely
Very low percentage of hemolysis can elicit a considerable increase in 
erythrocyte‑specific miRNA levels. Therefore, miRNA‑based methods 
could turn out to be not sufficiently accurate to discriminate hemolyzed 
samples from samples presenting altered erythrocyte‑contained miRNA 
expression due to other conditions
No consistent results have been obtained regarding differences in 
column‑based miRNA isolation methods, suggesting that a great effort is 
still needed in comparing different extraction methods and working toward 
standardization
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therapeutic approaches. Recently, the Nanopore‑based 
methods for miRNA measurement are also being developed, if 
perfected, that could enable simple, rapid, and highly sensitive 
miRNA profiling assays[101] and pave the way for broadly 
available clinical tests based on miRNA.

Despite the encouraging progress in the functional areas, there 
remain enigmas on several theoretical and technical difficulties 
on miRNA [Table 3]. Firstly, more investigations are required 
to discern the functional role of miRNAs in PD pathology. 
Although miRNAs can inhibit messenger RNA translation, 
other possible unknown mechanisms could also be influencing 
translational or post‑translational repression. Secondly, the 
biological functions of extracellular miRNAs need to be better 
elucidated. Finally, before translating miRNAs’ diagnostic 
capability, it requires additional steps of validation of all the 
findings on circulating miRNAs and accurate standardization 
of every procedures and method used, to avoid all potential 
technical biases.

Summary

The analysis of circulating miRNA as a biomarker for the 
diagnosis of PD and related disorder is a nascent field with 
many advantages and limitations in its use tabulated in Table 3, 
yet rapidly evolving. In this review, Table 1 highlighted several 
putative candidate miRNAs as a diagnostic biomarker and 
judged by their advantageous properties and the continuously 
increasing amount of studies circulating miRNAs hold great 
promise as a diagnostic biomarker for PD. However, as we 
have discussed in this review, before translation into clinical 
practice, all circulating miRNA findings require further steps 
of validation and a proper standardization of all pre‑analytical 
and analytical procedures and methods, in order to control all 
potential technical biases. These reports helps to understand 
the extent and nature of the variability in miRNA expression 
in circulating body fluids and provides insight into the 
factors that contribute to this variation and direction for 
future studies to focus on the factors affecting the miRNA 
biogenesis, its stability and the mechanism of their decay 
in physiological and pathological conditions as well as intra 
and inter‑individual variations in the miRNA expression that 
could help to determine PD‑related miRNA signature and their 
prognostic value.

In conclusion, in order to develop clinical diagnostic 
biomarker based on circulating miRNA, it requires stringent 
protocol optimization of all the methodological aspects, broad 
acceptance of suitable source material and re‑confirmation 
of carefully chosen PD cases in multiple centers to ensure 
diagnostic accuracy. Moreover, along with PD inclusion of 
atypical Parkinsonian disorders could get us detailed insight 
into the association of PD‑specific miRNA signature.
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