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Abstract: Identifying target microRNAs (miRNAs) might serve as a basis for developing advanced
therapies for Parkinson’s disease (PD) and Alzheimer’s disease. This review aims to identify the main
therapeutic targets of miRNAs that can potentially act in Parkinson’s and Alzheimer’s diseases. The
publication research was conducted from May 2021 to March 2022, selected from Scopus, PubMed,
Embase, OVID, Science Direct, LILACS, and EBSCO. A total of 25 studies were selected from 1549
studies evaluated. The total number of miRNAs as therapeutic targets evidenced was 90 for AD and
54 for PD. An average detection accuracy of above 84% for the miRNAs was observed in the selected
studies of AD and PD. The major signatures were miR-26b-5p, miR-615-3p, miR-4722-5p, miR23a-3p,
and miR-27b-3p for AD and miR-374a-5p for PD. Six miRNAs of intersection were found between AD
and PD. This article identified the main microRNAs as selective biomarkers for diagnosing PD and
AD and therapeutic targets through a systematic review and meta-analysis. This article can act as a
microRNA guideline for laboratory research and pharmaceutical industries for treating Alzheimer’s
and Parkinson’s diseases and offers the opportunity to evaluate therapeutic interventions earlier in
the disease process.

Keywords: Parkinson’s disease; Alzheimer’s disease; biomarkers; therapeutic target; diagnosis;
exosomes; microRNA

1. Introduction

In the scenario of neurodegenerative diseases, Alzheimer’s disease (AD) occupies
the first position of the most incident neurodegenerative disease, and in second place is
Parkinson’s disease (PD), impacting 1% of the population over 60 years of age [1]. Patients
with PD usually have non-motor symptoms, including autonomic nervous system disorders
such as constipation, bladder dysfunction, orthostatic hypotension, impaired sleep, and
smell, in addition to motor symptoms such as resting tremor, postural instability, gait
disturbances, rigidity, and bradykinesia [1].

Otherwise, at the molecular level, the abnormal accumulation of the a-synuclein
protein (x-Syn) is related to the degeneration of dopaminergic neurons, with consequent
dopamine deficiency [2]. In this sense, the accumulation of x-Syn, the formation of Lewy
bodies and Lewy neurites, and their mutations and multiplication are linked to hereditary
PD, according to Braak’s hypothesis [3].
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As a form of treatment, nucleic acid therapy for PD includes dopamine biosynthetic
enzymes for increasing dopamine production or modulate basal ganglia circuitry for
alleviating motor symptoms [4], as well as the use of factors trophies in an attempt to
increase the survival of dopaminergic neurons [5,6]. Thus, the spotlight is focused on the
negative regulation of x-Syn gene expression, highlighting the microRNAs (miRNA) [2].
In this way, at least five genes have been associated with this multigenic disease, including
a-synuclein, leucine-rich repeat kinase 2 (LRRK2), parkin, phosphatase and tensin homolog-
induced kinase 1 (PINK1), as well as DJ-1 [7], being promising therapeutic targets for the
treatment of PD [8].

AD is a progressive neurodegenerative disease characterized by memory loss, multiple
cognitive impairments, and changes in personality and behavior. According to the 2018
World Alzheimer’s Report, more patients were diagnosis, and more than 50 million people
are estimated to have dementia in 2018. This number is estimated to increase to 82 million
by 2030 and 152 million by 2050. However, two-thirds of women and one-third of men
are at risk of being diagnosed with AD at some point in their lives [9]. The major risk for
developing AD is aging.

In this context, early-onset familial AD affects people younger than 65 years of age,
with genetic mutations in the amyloid precursor protein (APP), presenilin 1 (PS1), and
presenilin 2 (PS2) genes as the leading cause of familial AD early-onset [9]. Furthermore,
the ApoE 4/4 genotype significantly contributes to late-onset disease, and genetic polymor-
phisms in the CD2AP, EPHA1, and MS4A4/MS4AGE receptors are reported [9]. In addition,
predictors such as type 2 diabetes, traumatic brain injury, stroke, and Down Syndrome
stand out. Lifestyle, diet, environment, and age can contribute to late-onset AD [10].

In preclinical studies, anatomopathological investigations of AD from mouse brain
tissues revealed that multiple findings are related to the pathogenesis of AD, such as
defective miRNA regulation, mitochondrial damage, synaptic dysfunction, and amyloid
formation and accumulation, as well as the formation of neuritic and neurofibrillary plaques
in the brain [10-19]. Based on these findings, developing innovative therapeutic strategies is
imperative, highlighting cell therapy and its products, such as exosomes and miRNAs [20].

In this approach, exosomes are extracellular vesicles that contain proteins, mRNAs,
miRNAs, and DNAs [21] and play an essential role in cellular communication through
biomolecules. Evidence suggests that MSC-derived exosomes (MSC-EXO) exhibit functions
similar to MSCs with low immunogenicity and do not stimulate malignant transforma-
tion [22-28], and they express several cytokines such as Tumor Necrosis Factor-o (TNF-),
Granulocyte-Macrophage Colony Stimulating Factor (GMCSF), and Interleukin (IL)-2, IL-6,
IL-8, IL-10, IL-15, IL-13 [29-31].

The exosomes and miRNA are involved in cellular communication and are docu-
mented as critical therapeutic targets in neurodegenerative diseases [31]. Furthermore,
miRNAs function as biomarkers for the early diagnosis of these diseases [32] and can regu-
late post-transcriptional gene expression by binding to the 3’ untranslated region (UTR) of
their target mRNAs [33]. The regulation was mediated by mRNA cleavage/degradation
or translation inhibition [34]. In this sense, the altered expression of specific miRNAs in
patients with AD and PD points to the important role of miRNAs in the pathogenesis of
these diseases and the therapeutic potential [35,36].

The present study aimed to identify, through a systematic review and meta-analysis,
the microRNAs related to Parkinson’s and Alzheimer’s diseases, establishing a guideline
for developing new therapies.

2. Materials and Methods
2.1. Study Design

The present study followed the international model of systematic reviews and meta-
analyses, following the rules of PRISMA (preferred reporting items for systematic reviews
and meta-analyses) (Supplementary Table S1 and Figure S1) [37] and registered in the
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Institutional Review Board of PROSPERO International of systematic reviews (protocol
code CRD354228, 17 August 2022).

Table 1 shows the main variables that were addressed in the present study, according
to the designation of the PICOS literary search strategy (Participants; Intervention; Control;
Outcomes, and Study Design).

Table 1. Publication Search Strategy—PICOS.

PARTICIPANTS

INTERVENTION CONTROL OUTCOMES STUDY DESIGN

Human serum, plasma,
and cerebrospinal
fluid samples

and cerebrospinal

Peripheral blood Main microRNAs as

Biological samples biomarkers and In vitro clinical studies

fluid collection from healthy patients therapeutic targets

2.2. Instruments and Professionals Used for Study Eligibility

The studies were rigorously chosen following the search strategy in Table 1, presented
scientific quality according to the GRADE classification [38], and did not present a risk of
significant bias, that is, they did not compromise the safety of the data results, according to
the Cochrane instrument [39].

For the selection and enrollment of the studies, two independent reviewers performed
the research and study selection. Data extraction was performed by reviewer one and was
thoroughly reviewed by reviewer two. A third investigator decided on some conflicting
points for the final selection of the articles. Only studies reported in English were evaluated.

2.3. Eligibility Criteria, Study Quality, and Risk of Bias

According to the recommendations of GRADE [38], the quality of scientific evidence
in the studies addressed was classified as high, moderate, low, or very low, according
to the risk of evidence bias, sample size, clarity of comparisons, precision, and consis-
tency in the effects of the analyses. High-quality evidence was assigned through seven
criteria: (1) In vitro controlled randomized clinical trials (human biological samples); (2)
Sample size greater than 15 biological samples; (3) Studies that showed an accuracy (%) of
quantitative polymerase chain reaction (QPCR) measurements above 50%; (4) Studies that
showed Alzheimer’s and Parkinson’s diseases with a genetic cause and not by transitory or
epigenetic effects; (5) Studies that were controlled by biological samples from patients with
mild cognitive impairment (MCI), frontotemporal lobar degeneration, DLB (dementia with
Lewy bodies), multiple system atrophy, and Progressive Supranuclear palsy; (6) Studies
with statistically well-designed results; (7) Studies that were published in indexed journals
and had a significant impact factor.

The Cochrane Instrument [39] was adopted to assess the risk of bias in the selected
studies, using the Cohen Test to calculate the effect size (Effect Size) versus the inverse of
the Standard Error (precision or sample size) to determine the Risk of Bias of the studies
using the Funnel Plot.

2.4. Data Sources, Research Strategy, and Study Publication Date

The search strategies for the present study were based on the keywords of the medical
subject headings (Mesh Terms): Parkinson’s disease; Alzheimer’s disease; Biomarkers;
Therapeutic target; Diagnosis; Exosomes; MicroRNA. Search filters designated as clinical
studies and clinical studies with biological samples were used. The publication search was
developed based on Scopus, PubMed, Embase, OVID, Science Direct, LILACS, and EBSCO.
In addition, a combination of the keywords with the Booleans “OR” and “AND” and the
“NOT” operator were used to target scientific articles of interest. The title and abstracts
were examined under all conditions. Table 2 presents an example of the search structure in
PubMed. The same search strategy was used in the other databases.
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Table 2. For an example of the search structure in PubMed, the same search strategy was used in the
other databases.

PUBMED

Parkinson’s disease OR
Alzheimer’s disease

PUBMED PUBMED PUBMED
Alzheimer’s disease Parkinson’s disease
AND and microRNA and AND and microRNA and NOT Review study OR
miRNA and human miRNA and human Editorials OR Short
and serum and plasma and serum and plasma communications
and cerebrospinal fluid and cerebrospinal fluid

Note: The research was conducted on publications from May 2021 to March 2022.

2.5. Statistical Analysis—Meta-Analysis

The statistical programs Minitab 18%® (version 18, Minitab, LLC, State College, PA,
USA) and OriginPro® 9 (DPR Group, Inc., Northampton, MA, USA) were used. Descriptive
statistical analysis was performed for numerical variables, with the mean values, standard
deviation, confidence interval (CI), and percentage. The Anderson-Darling (AD) normality
test was performed for non-binary numerical variables, adopting p > 0.10 as normal
(standard). The Cohen test was performed to calculate the effect size (Effect Size). The
inverse of the standard error (precision or sample size) was established to determine the
risk of bias in the studies using the Funnel Plot. The Heterogeneity Test (Chi-Square
Test > X?) of the results between the studies was also determined, with p < 0.05 and with
no statistically significant difference, in the 95% CI, adopting low association codes < 25%,
medium association = 25% < X < 50%, and high association > 50%. The One-Way test
(ANOVA) was performed between the values of the means of identification accuracy of the
microRNAs, adopting the o level lower than 0.05, with a statistically significant difference
for the 95% CI. To know the chances of a particular microRNA being identified more than
once, the Nominal Logistic Regression analysis test was carried out, adopting a referential
group with the Odds Ratio (OR) calculation to know the probability ratio between the
analyzed groups, with 95% CL

3. Results

A total of 25 studies (11 studies of Parkinson’s disease (PD) only, 12 studies of
Alzheimer’s disease (AD) only, and two studies that presented both AD and PD in the
same work) were selected from a total of 1549 evaluated studies (581 (PD) and 968 (AD)),
comprising a total of 2160 human participants, a moderate to a high quality of scientific
evidence, and an average degree of confidence and a recommendation of 80%, according to
the GRADE classification (Supplementary Figure S1). In addition, it was observed that the
analyzed studies showed homogeneity in the results in terms of accuracy in identifying
samples of AD and PD miRNAs, showing 98.95% (X?).

Table 3 shows the results of the Detection Rate (Accuracy (%) or accuracy of miRNA
identification by qPCR in each selected study). Through the correlation between the test and
control groups in each study, the Chi-Square method (X?) test showed that all correlations
presented a statistically significant difference, with p > 0.05 in the 95% CI, for both AD
and PD studies. Table 3 also presents the results of the effect size (Cohen’s Test) and the
1/standard deviation (sample size) to determine the risk of bias in the studies addressed in
this work.

Figure 1 presents the results of the risk of bias of the studies through the Funnel Plot,
showing the calculation of the Effect Size (magnitude of the difference) using the Cohen
Test (d). This graph presented a symmetrical behavior, not suggesting a significant risk of
bias, both among studies with a small sample size (lower precision, with a total of eight
(8) studies), which are shown at the base of the graph (red balls), and studies with a high
sample size, with a total of 17 studies, which are presented in the upper region of Figure 1.
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Table 3. Results of the Detection Rate (Accuracy (%) of the identification of miRNAs by gPCR in each
selected study.

Detection Rate

Authors and Date/Variables o p-Value Effect Size 1/Standard Error
(Accuracy (%))
N = 25 Studies Test Group Reference < 0.05 Cohen’s Test (d) Prec:swn.or
vs. Control Sample Size

1. Burgos et al. 2014 [39] ?;0//(; [;]]; >0.05 0.012 8.4
2. Nie et al. 2020 [40] 2450//‘; ?g >0.05 —0.010 8.8
3. Bekris et al. 2013 [41] 92% AD >0.05 —0.013 8.1
4. Liu et al. 2021 [42] 95% AD >0.05 —0.017 7.8
5. De Felice et al. 2020 [43] 85.7% AD >0.05 0.021 74
6. Zhao et al. 2020 [44] 76% AD >0.05 —0.016 8.9
7. Denk et al. 2018 [45] 72% AD >0.05 0.023 8.3
8. Liu et al. 2014 [46] 96% AD >0.05 —0.100 3.5
9. Galimberti et al. 2014 [47] 82% AD >0.05 0.100 3.8
10. Soleimani, Pashazadeh, and o

MotieGhader 2020 [48] 80% AD >0.05 —0.015 7.5
11. Liu, Xu, and Yu 2022 [49] 87% AD >0.05 —0.015 7.8
12. Gamez-Valero et al. 2019 [50] 90% AD >0.05 0.120 4.1
13. Guévremont et al. 2022 [51] 80% AD >0.05 —0.120 4.2
14. Jia et al. 2021 [52] 90% AD >0.05 0.130 3.7
15. Grossi et al. 2021 [53] 73.8% PD >0.05 —0.130 4.0
16. Chen et al. 2021 [54] 91.1% PD >0.05 0.125 2.9
17. Manna et al. 2021 [55] 75% PD >0.05 —0.125 3.2
18. Cai et al. 2021 [56] 97% PD >0.05 0.009 8.5
19. He et al. 2021 [57] 79% PD >0.05 0.011 8.8
20. Baghi et al. 2021 [58] 79.3% PD >0.05 0.011 8.1
21. Jiang et al. 2021 [59] 88.6% PD >0.05 —0.009 8.3
22. Lin et al. 2021 [60] 88.1% PD >0.05 0.014 7.1
23. Gui et al. 2015 [61] 85.6% PD >0.05 —0.015 7.0
24. Vallelunga et al. 2019 [62] 82% PD >0.05 0.019 8.7
25. Starhof et al. 2019 [63] 88% PD >0.05 0.016 9.0

Note: Cohen’s Test (d) = 0.020 indicates a small effect, d = 0.050 indicates a medium effect, and d = 0.080 indicates
a large effect.

1/standard error
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Figure 1. The symmetrical Funnel Plot does not suggest a risk of bias between the small-sample-size

studies that are shown at the bottom of the graph. High-confidence and high-recommendation

studies are shown above the graph (blue balls).
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Table 4 summarizes the main general findings of each study addressed in this work.
Of the 25 studies selected to compose the meta-analysis, only two studies (Burgos et al.,
2014 [40] and Nie et al., 2020 [41]) presented results of the quantification of miRNAs for
both AD and PD. As evidenced by therapeutic targets, the total of up-regulated and down-
regulated miRNAs was 90 for AD and 54 for PD, obtained mainly from CSF, serum, and
plasma. Most studies had two types of controls: a control composed of healthy participants,
and one composed of participants with mild cognitive impairment (MCI), frontotemporal
lobar degeneration, DLB (dementia with Lewy bodies), multiple system atrophy, and
paralysis progressive supranuclear.

Table 4. Results of the Detection Rate (Accuracy (%) of the identification of miRNAs by gPCR in each
selected study. Alzheimer’s disease (AD); Parkinson’s disease (PD).

Authors/Study Data

Sample Size (n)
(Human Participants)

Disease Type
Alzheimer’ Disease
(AD) and/or Parkinson’
Disease (PD)

Sample Type

Numbers and Types of miRNAs

1. Burgos et al. 2014 [40]

2. Nie et al. 2020 [41]

3. Bekris et al. 2013 [42]

4. Liu et al. 2021 [43]

5. De Felice et al. 2020 [44]

6. Zhao et al. 2020 [45]

69 AD
67 PD
78 healthy controls

34 healthy controls, 5 AD
donors, and 7 PD donors

21 AD
21 healthy controls

198 AD
30 healthy controls

18 AD
18 mild cognitive impairment

32 AD
51 healthy controls
13 mild cognitive impairment

AD/PD

AD and PD

AD

AD

AD

AD

CSF and
Serum
(postmortemn)

Plasma

CSF, Plasma (during life);
Cerebellum and
Hippocampus were
obtainedat autopsy.
LCR

Serum

LCR

Serum

AD-Serum:
Up-regulated: miR-34b-3p,
miR-219-2-3p, miR-34c-5p,
miR-34b-5p, miR-135a-5p

Down-regulated: miR-182-5p,
miR-21-5p, miR-375
AD-CSF:
Down-regulated: N = 41 miRNAs
(demonstrated in the
supplementary material)
PD—CgF'

Up-regulated: miR-19a-3p,
miR-19b-3p, let-7g-3p
Down-regulated: miR-132-5p,
miR-485-5p, miR-127-3p, miR-128,
miR-409-3p, miR-433, miR-370,
miR-431-3p, miR-873-3p,
miR-136-3p, miR-212-3p,
miR-10a-5p, miR-1224-5p,
miR-4448
PD (Serum):
Up-regulated: miR-338-3p, 30e-3p,
30a-3p
Down-regulated: miR-16-2-3p,
1294

AD:
Up-regulated: miR-423-5p,
miR369-5p, miR-23a-3p
Down-regulated: miR-204-5p,
miR125a-5p, miR-1468-5p,
miR-375, let-7e-5p

D:

PD:
Up-regulated:
let-7e-5p, let-7i-5p miR-652-3p,
miR-4732-3p, miR-6131,
miR-3184-3p, miR-378g
Down-regulated: miR-197-3p,
miR-576-5p, miR-1468-5p,
miR-375, miR-211-5p, let-7e-3p,
miR-122-3p, miR-941, miR-30d-5p,
miR-192-5p, miR-93-5p,
miR-425-5p, miR-99b-5p

Up-regulated: miR-15a (Plasma
high levels)

Up-regulated: miR-135a

Up-regulated: hsa-mir-5588-5p,
hsa-mir-3658, hsa-mir-567 e
hsa-mir-3908
Highlight:
hsa-mir-567 (Blood, LCR,
and Serum)
Up-regulated: mir-346, mir-345-5p,
mir-122-3p, mir-1291, mir-640,
mir-650, mir-1285-3p, mir-1299,
mir-1267
Down-regulated: mir-208b-3p,
mir-499a-5p, mir-206
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Table 4. Cont.

Disease Type
Sample Size (n) Alzheimer’ Disease .
Authors/Study Data (Human Participants) (AD) and/or Parkinson’ Sample Type Numbers and Types of miRNAs
Disease (PD)
iy o C U lated: miR-320a and
. 44 healthy controls LCR p-regulated: miR-320a an
7. Denk etal. 2018 [46] 48 frontotemporal lobar AD Serum miR-26b-5p
degeneration
45 AD LCR
8. Liu et al. 2014 [47] 22 MCI AD G Down-regulated: miR-384
50 healthy controls e
. ) ) 10 AD LCR Down-regulated: miR-125b,
9. GalimberTi et al. 2014 [45] 8 healthy controls AD Serum miR-23a, miR-26b
145 AD ¢ et
10. Soleiman, Pashazadeh, 80 mild cognitive impairment AD LCR Up-regulated: miR-615-3p,
I miR-4722-5p, miR-4768-3p,
and MotieGhader 2020 [49] (MCI) Serum {R-1827 miR.94 iR-30b
104 healthy controls milReRy, il @ mil i3
; 33 AD Up-regulated: miR-4722-5p e
11. Liu, Xu and Yu 2022 [50] 33 healthy controls AD Serum g miR-615-3p
10 AD Down-regulated: hsa-miR-451a e
12. Gamez-Valero et al. 18 DLB (dementia with Lewy AD Plasma hsa-miR-21-5p, hsa-miR-23a-3p,
2019 [51] bodies) hsa- miR-126-3p, hsa-let-7i-5p e
15 healthy controls hsa-miR-151a-3p
Down-regulated: miR-27a-3p,
65 AD miR-27b-3p e miR-324-5p
ég.zzGuévremont etal. 74 MCI AD Plasma Up-regulated: r_niR—122—5p,
[52] 89 healthy controls miR-132-3p, mlR-193b—3p,
miR-320a-3p, miR-365-3p,
miR-885-5p
Pilot study (21 controls; 23
AD3), followed by the second
(216 controls; 190 AD) and ~ L iR_120.
e 8 e s
: 3 miR-485-5
14. Jia et al. 2021 [53] A(él 3;196 ;ﬁrc‘trr,ﬂllsa if,g rﬁ‘t?‘j ] AD Serum Up-regumtet mﬂg_loa_SR
impairment, 55 (aMCI); 51 il AAp-Ep @ il
VaD;
53 PDD; 53 bvFTD; 52 DLB)
15. Grossi et al. 2021 [54] 14 heallt?l){)]cjontrols PD Plasma Up-regulated: miR-34a-5p
151 PD
21 Patients with multiple Up-regulated: miR-133b,
115, i it 2021 ) system atrophy D et miR-221-3p e miR-4454
138 healthy controls
PD
20 Progressive Supranuclear Up-regulated: miR-21-3p,
17. Manna et al. 2021 [56] Palsy PD Serum miR-22-3p e miR-223-5p
33 healthy controls
Down-regulated: miR-23b3p,
] 5PD miR-30b-5p, miR-342-3p
18. Cai et al. 2021 [57] 7 healthy controls D Glene Up-regulated: miR-195-3p and
miR-195-5p
Up-regulated: hsa-miR-374a-5p,
72 PD hsa-miR-374b-5p,
19. He et al. 2021 [58] 31 healthy controls PD Serum hsa-miR-199a-3p, hsa-miR-28-5p,
hsa-miR-22-5p e hsa-miR-151a-5p
20. Baghi et al. 2021 [59] 20 heal2t(})1}ljlc)ontrols PD Serum Up-regulated: miR-193b
21. Jiang et al. 2021 [60] 50 he aléﬂsq;)?o ntrols PD Serum Down-regulated: miR-374a-5p
22. Lin et al. 2021 [61] e a19t121}lz)]c3ontr - PD Serum Up-regulated: miR-485-3p
Down-regulated: miR-1 e
PD miR-19b-3p
23. Gui et al. 2015 [62] PD LCR Up-regulated: miR-153,
27 healthy controls miR-409-3p, miR-10a-5p e
let-7g-3p
56 PD Plasma; o 7ol
24. Vallelunga et al. 2019 [63] 49 Multiple System Atrophy PD Serum; Up—regulate;[ci.l ELR?OC-SP and
50 healthy controls LCR mi P
37 PD;
29 atypical Up-regulated: miR-7-5p
25. Starhof et al. 2019 [64] Parkinson’sdisorder; PD LCR Down-regulated: miR-331-5p e

32 atypical Parkinson’s (AP)
spectrum;
23 healthy controls.

miR-145-5p, miR-9-3p,
miR-106b-5p

Figure 2 shows the number of deregulated miRNAs that were identified in both AD
and PD studies. Six miRNAs of intersection were found between AD and PD (miR-197-3p,
Mir-576-5p, miR-1468-5p, miR-375, miR-let-7e-5p and miR-122-3p).
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AD/PD

AD *miR-197-3p PD
*miR-576-5p
miRNAs *miR-1468-5p  iRNAs
numbers = 90 *miR-375 numbers = 54
*miR-let-7e-5p
*miR-122 3p

Figure 2. Number and types of miRNAs found at the intersection between Alzheimer’s disease (AD)
and Parkinson’s disease (PD). * Common microRNAs in AD and PD (intersection).

Through the Forest Plot graph presented in Tables 5 and 6 relating to AD, the values
distribution of each study’s means and the standard deviation of accuracy (%) concerned
the total mean of 84.37 & 7.94%, in the confidence interval of 95%. Through this, eight
studies were identified with accuracy values (%) equal to or above the total average. These
eight studies are identified by reference numbers [2-5,8,11,12,14].

Table 5. Results of the statistical analysis of the accuracy (%) of identification and quantification by
gPCR of miRNAs concerning Alzheimer’s disease (AD), with p > 0.05 and no statistically significant

difference, at 95% CI.

S:X‘gfs ACCK;:;’I”I (%) StDev Mean = 84.37 -+ 7.94% 95% CI
1[39] 71.667 1528 , (70.276; 73.058)
2 [40] 83.667 1.528 e N (82.276; 85.058)
3 [41] 91.500 0.500 i (90.109; 92.891)
4[42] 94.500 0.500 i (93.109; 95.891)
5 [43] 85.467 1.365 : (84.076; 86.858)
6 [44] 75.500 0.500 ! (74.109; 76.891)
7 [45] 7IHET 0.764 | (70.776; 73.558)
8 [46] 96.333 1.528 : (94.942; 97.724)
9 [47] 81.167 0.764 ! (79.776; 82.558)
10 [48] 80.167 0.764 : (78.776; 81.558)
11 [49] 87.333 1.528 1 (85.942; 88.724)
12 [50] 91.000 1.000 ! (89.609; 92.391)
13 [51] 80.333 1.528 8:4 (78.942; 81.724)

14 [52] 90.333 1.528 e RERE R A% (88.942; 91.724)
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Table 6. Tukey’s statistical analysis among studies with the highest accuracy (%), with p > 0.05 at 95%
CI. The study groups presented these results with the same letter.

Studies

Grouping

8 A

4 A

3

12

@]

14

11

5

2

9

13

10

2R RN

Note: Means that do not share a letter are significantly different, with p < 0.05 (CI95%).

These eight studies were selected to determine their respective types of miRNAs. They
presented the highest accuracies (%) in identifying and quantifying the miRNAs, with
greater scientific credibility as biomarkers and therapeutic targets in identifying AD, either
in the up- or downregulation.

In addition, Tukey’s statistical analysis (One-Way ANOVA) showed that there was no
statistically significant difference between the studies with the highest accuracy (%), with
p > 0.05 in the 95% CI. The study groups presented these results with the same letter, as
shown in Table 6.

Table 5 represents the statistical analysis results of the accuracy (%) of identification
and quantification by qPCR of miRNAs concerning AD. Fourteen studies were listed,
showing each study’s mean and standard deviation of accuracy (%), with a total mean of
84.37 £ 7.94%.

Through the Forest Plot graph presented in Table 7 relating to PD, each study’s
mean values and standard deviation of accuracy (%) concerning the total mean value of
84.32 £ 7.15% (CI 95%) were distributed. Thus, seven studies were identified with accuracy
values (%) above the total average. These seven results are demonstrated by the studies
with reference numbers [2,16,18,21-23,25].

These seven studies were selected to determine their respective types of miRNAs.
They present the highest accuracy (%) in identifying and quantifying the most scientifically
credible miRNAs as biomarkers and therapeutic targets in identifying PD in up- and
downregulation.

Table 7 represents the statistical analysis results of the accuracy (%) of identification
and quantification by qPCR of miRNAs concerning PD. A total of thirteen studies were
listed, showing each study’s mean and standard deviation of accuracy (%), with a total
mean of 84.32 & 7.15%.
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Table 7. Results of the statistical analysis of the accuracy (%) of identification and quantification by
gqPCR of miRNAs concerning PD, with p > 0.05 and no statistically significant difference, at CI 95%.

Studies

(PD) Mean StDev Mean = 84.32 + 7.15% 95% CI
15 [53] 73.867 1.102 . (73.030; 74.703)
16 [54] 91.067 1.050 6 studies below mean 7 studies above mean (90230, 91903)
17 [55] 75.833 1.041 (74.997; 76.670)
18 [56] 97.533 0.503 (96.697; 98.370)
19 [57] 79.567 0.513 (78.730; 80.403)
20 [58] 79.433 0.513 (78.597; 80.270)
21 [59] 88.600 0.400 (87.763; 89.437)
22 [60] 88.533 0.451 (87.697; 89.370)
23 [61] 85.533 0.503 (84.697; 86.370)
24 [62] 82.167 0.764 | (81.330; 83.003)
25 [63] 88.167 0.764 | (87.330; 89.003)
1[39] 55.500 0.500 : (54.663; 56.337)
2 [40] 95.500 0.500 52 5 60 64 68 72 76 8 84 88 92 9% 100 (94.663' 96.337)
After identifying the most scientifically reliable miRNAs of the selected studies
through the accuracy (%) or precision analysis, as shown in Tables 5 and 7, the main
miRNAs for AD and PD were listed in up- and downregulation, respectively, as shown in
Figure 3.
Additionally, there was no significant difference between studies with higher accuracy
(%), according to Tukey’s analysis, with p > 0.05 in the 95% CI. The study groups presented
these results with the same letter, as shown in Table 8.
Table 8. Tukey’s statistical analysis among studies with the highest accuracy (%), with p > 0.05 at 95%
CI. The study groups presented these results with the same letter.
Studies Grouping
18 A
2 A
16 B
21 C
22 C
25 C
23 D
24 E
19
20
17 G
15 G
1 H

Note: Means that do not share a letter are significantly different, with p < 0.05 (CI95%).
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Highlights Up and Down

MIRNAS

(2o D
-

<

Highlights Up and Down

Up-regulated Up-regulated

miR-15a, miR-135a, mir-5588-5p, mir-3658, miR-567, miR-3908, let-7e-5p, let-7i-5p miR-652-3p, miR-4732-3p, miR-6131, miR-
miR-4722-5p, miR-615-3p, miR-10a-5P, miR-26b-5p, miR-451a-5p,  3184-3p, miR-378g, miR-133b, miR-221-3p e miR-4454, miR-
miR-423-5p, miR369-5p, miR-23a-3p. 195-3p and miR-195-5p, miR-485-3p, miR-153, miR-409-3p,

miR-10a-5p e let-7g-3p, miR-7-5p.

Down-regulated
miR-384, miR-451a, miR-21-5p, miR-23a-3p, miR-126-3p, let-7i-5p,
miR-151a-3p, miR-139-3p, miR-143-3p, miR-146a-5p, and miR-485-
5p, miR-204-5p, miR125a-5p, miR-1468-5p, miR-375, let-7e-5p.

Down-regulated
miR-197-3p, miR-576-5p, miR-1468-5p, miR-375, miR-211-5p,
let-7e-3p, miR-122-3p, miR-941, miR-30d-5p, miR-192-5p, miR-
93-5p, miR-425-5p, miR-99b-5p, miR-23b3p, miR-30b-5p, and
miR-342-3p, miR-374a-5p, miR-1 e miR-19b-3p, miR-331-5p e
miR-145-5p, miR-9-3p, miR-106b-5p.

Figure 3. miRNAs above the mean concerning sample identification accuracy. Alzheimer’s disease
(AD); Parkinson’s disease (PD).

Of the total number of miRNAs identified in the present study, 90 AD and 54 PD, it was
statistically analyzed by nominal logistic regression to determine which of these miRNAs
had the highest odds (Odds Ratio) of being identified by qPCR. The results showed five
(5) miRNAs—miR-26b-5p (up-regulated), miR-615-3p (up-regulated), miR-4722-5p (up-
regulated), miR23a-3p (up-regulated), and miR-27b-3p—for AD, with OR = 2.55 (1023-3432)
and p = 0.004 < 0.05. Regarding PD, the results showed miR-374a-5p (down-regulated),
with OR =2.16 (0.087-3.567) and p = 0.0035 < 0.05, as shown in Table 9.

Table 9. Results of nominal logistic regression analysis to identify which miRNAs have the highest
odds (Odds Ratio) of being identified by qPCR, with p < 0.05 and statistical significance at CI 95%.
Alzheimer’ Disease (AD); Parkinson’ Disease (PD).

. Odds Ratio (OR)/
AD/PD miRNAs p-Value (95% CI)
miR-26b-5p
miR-615-3p
AD miR-4722-5p OR =2.55 (1.023-3.432); p = 0.004 < 0.05
miR23a-3p
miR-27b-3p
PD miR-374a-5p OR =2.16 (0.087-3.567); p = 0.0035 < 0.05

Based on the results presented in Table 9, a search was conducted to determine which
of these miRNAs are present in the groups of the main AD and PD miRNAs selected by
the accuracy criterion (%) shown in Figure 3. The results showed that all miRNAs (AD and
PD) that had the highest chances of being identified by qPCR (Table 9) were included in
the groups of the main miRNAs of high accuracy (%), except for miR-27b-3p, belonging to
the AD group in Table 9, as shown in Figure 4.
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PD-miRNAs
PD miRNAs
(OR)
- miR-374a-5p
Up-regulated Down-reg_ulated
AD miRNASs - PD miRNAs
High-Accuracy (%) High-Accuracy (%)
AD-miRNAs

Figure 4. Illustrative scheme showing the inclusion of miRNAs from Table 7 in the respective groups
of Figure 3. Alzheimer’s disease (AD); Parkinson’s disease (PD).

4. Discussion

Based on the objective of the present study, it was evidenced that the majority of the
twenty-five studies of AD and PD presented a mean accuracy in identifying miRNAs by
qPCR above 84%, with moderate to strong scientific evidence. These showed greater scien-
tific credibility in the findings of each study, contributing in a tangible way to identifying
the main miRNAs as selective biomarkers for the diagnosis of these diseases, as well as
therapeutic targets in gene, cellular, and pharmacological treatment.

The present study’s results do not show a risk of bias, both in studies with large and
small sample sizes. In addition, two studies (Burgos et al., 2014 [40] and Nie et al., 2020 [41])
presented the results of the quantification of miRNAs for both AD and PD. The total
up-regulated and down-regulated miRNAs as biomarkers and therapeutic targets were
obtained mainly from CSF, serum, and plasma. Most miRNAs were obtained from serum
and plasma, facilitating laboratories worldwide” work for rapid sampling identification
and quantification sampling.

The published studies selected in the present analysis presented mainly two types of
controls, one composed of healthy participants and the other composed of participants with
mild cognitive impairment (MCI), frontotemporal lobar degeneration, DLB (dementia with
Lewy bodies), multiple system atrophy, and Progressive Supranuclear palsy. In addition,
studies that presented Alzheimer’s and Parkinson’s diseases with genetic causes and not by
transient or epigenetic effects were selected to eliminate the main confounders in accurately
identifying miRNAs for AD and PD.

Furthermore, in the studies with better accuracy rates in the identification by qPCR of
AD and PD miRNAs, the distribution of the values of the means and standard deviation
of the accuracy (%) of each study concerning the values of the total mean of AD and PD
was, respectively, 84.37 £ 7.94% and 84.32 + 7.15%. Among these, eight studies were
identified with accuracy values (%) equal to or above the total average for AD, and seven
studies were identified for PD in the identification and quantification of miRNAs (up- and
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downregulated) of greater scientific credibility as biomarkers and therapeutic targets in the
identification of these diseases.

Additionally, from the total number of miRNAs identified (90 AD and 54 PD) which
have the highest chances (Odds Ratio) of being identified by qPCR, a regression analysis
was performed, which indicated five (5) miRNAs—miR-26b-5p (up-regulated), miR-615-3p
(up-regulated), miR-4722-5p (up-regulated), miR23a-3p (up-regulated), and miR-27b-3p for
AD, with OR = 2.55 (1023-3432) and p = 0.004 < 0.05, and only one (1) miRNA related to PD,
miR-374a-5p (down-regulated), with OR = 2.16 (0.087-3.567) and p = 0.0035 < 0.05. After
crossing the information, the results showed that all miRNAs (AD and PD) that presented
the highest chances of being identified by qPCR (Table 9) are included in the groups of the
prominent miRNAs with high accuracy (%), except for miR-27b-3p, belonging to the AD
group of Table 9, as shown in Figure 4 of this study. These findings strongly highlighted
the main miRNAs as biomarkers and therapeutic targets for AD and PD, thus contributing
to future studies of advanced therapy with anti-miRNAs or antigenic modulation through
vectors such as mesenchymal stem cell exosomes [30-32], as well as for pharmacological
therapies [2,27-29].

In this context, exosomes present a potential mechanism for the modulation of patho-
logical «-Syn in the brain, as they can transport proteins and genetic material between
cells, including mRNA and miRNA, contributing to the relief of AD and PD symptom:s.
Furthermore, because of their small size, exosomes can be used as vectors for the delivery
of therapeutics [45-48].

Considering the critical role of x-Syn in PD, it is clear to understand the mechanisms
that regulate its expression for therapeutic purposes since the reduced expression of these
specific miRNAs can result in high levels of x-Syn in patients with PD. As a corollary
of this, miR-7 and miR-153 have been shown to accelerate the degradation of performed
a-Syn fibrils [65-69].

Additionally, MiR-205 levels are reduced in the frontal and striate cortex of PD patients,
and LRRK2 expression is increased [70]. Genome-wide association studies have also
identified variations in miR-4519 and miR-548at-5p related to PD [71]. However, the
present study did not recruit this miRNA because it did not present significant accuracy
in serum or plasma, given that the purpose of this study was to elect the main miRNAs
of rapid and high identification and quantification for the diagnosis and monitoring of
diseases and indications of biological and pharmacological direct relevance.

Based on these findings, it is essential to better understand the common genetic
variants associated with AD and PD since most of the genetic risk remains uncharacterized.
It is imperative to understand the role of regulatory elements such as miRNAs. The miRNAs
relevant to neurodegenerative diseases are related to axonal guidance, apoptosis, and
inflammation, so AD and PD likely arise from defects in underlying biological pathways.
Furthermore, pathways regulated by APP, LICAM, and genes from the caspase family
may represent promising therapeutic targets of miRNAs in AD and PD, being therapeutic
targets of deregulated miRNAs in both disorders [72].

As a corollary, targeting miRNAs offers a potential therapeutic opportunity for AD
and PD, highlighting two strategies. The aim of this approach is based on the hypothesis
that the downregulation of the specific protein level is a protective therapeutic strategy [73].
In this sense, the miRNA mimics that are used to inhibit the expression of target proteins
stand out.

Moreover, miRNA-based therapy involves using anti-miRNA molecules to cause the
loss of specific miRNA function [73]. As an example, miRNA-7 targets the 3'-UTR of a-Syn
mRNA and facilitates the clearance of x-synuclein aggregates [74], and it exhibits protec-
tive effects against MPP+/1-methyl-4-induced toxicity -phenyl-1,2,3,6-tetrahydropyridine
(MPTP) [75-79]. Therefore, miRNAs circulating in the blood and other biofluids can be
characterized and used as non-invasive diagnostic biomarkers that facilitate early disease
detection and the continuous monitoring of AD and PD disease progression. Such screen-
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ing is essential for understanding which types of miRNAs change in the progression of
these diseases and when these changes happen [80].

In this way, the results of the present study can act as a guideline for miRNAs for
research laboratories and pharmaceutical industries of interest in the possible treatments of
AD and PD diseases. Soon, these results may support the diagnosis of these diseases and
offer therapeutic interventions earlier in the disease process.

5. Conclusions

Based on the findings of this study, it was evident that most Alzheimer’s and Parkin-
son’s diseases studies showed accuracy in the qPCR identification of miRNAs above the
total average, demonstrating greater scientific credibility and solidly contributing to the
identification of the main microRNAs as selective biomarkers for the diagnosis of these
diseases, as well as therapeutic targets.

The major signatures were miR-26b-5p, miR-615-3p, miR-4722-5p, miR23a-3p, and
miR-27b-3p for AD and miR-374a-5p for PD. There were six miRNAs of intersection
between AD and PD: miR-197-3p, Mir-576-5p, miR-1468-5p, miR-375, miR-let-7e-5p, and
miR-122-3p.

This article can act as a microRNA guideline for research laboratories and pharmaceu-
tical industries for treating Alzheimer’s and Parkinson’s diseases and offer the opportunity
to evaluate therapeutic interventions earlier in the disease process.
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