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Abstract: Early detection of cognitive decline and in-time non-pharmacological management or drug therapy
are extremely important in providing care for Parkinson’s disease with dementia (PDD). In this study, we
firstly conducted a discovery study to identify 6 plasma microRNAs that may differentiate PD with or without
mild cognitive impairment via NGS sequencing. Total 120 participants were further recruited in validation
cohort and divided into 4 subgroups, including normal controls (HC), PD with no dementia (PDND), PD with
mild cognitive impairment (PD-MCI) and PDD. Among the 6 candidates, miR-203a-3p was successfully
detected in the plasma of the validation cohort using droplet digital PCR (ddPCR). Our results showed that the
ratio of miR-203a-3p/miR-16-5p observed in PDD was significantly increased compared to PD-MCI (p < 0.001)
and PDND (p = 0.041). Moreover, the ratio of miR-203a-3p/miR-16-5p showed a significant correlation with
MoCA scores (r =-0.237, p = 0.024) in patients with PD (PwP). The ROC curve of the logistic regression model,
consisting variates of age, the ratio of miR-203a-3p/miR-16-5p and the score of UPDRS III, also demonstrated
an average AUC of 0.883 by 5-fold cross-validation. In conclusion, the ratio of miR-203a-3p/miR-16-5p may
serve as a potential biomarker for distinguishing cognitive dysfunction from PwP.

Keywords: Plasma Biomarker; MicroRNA; Parkinson’s Disease; Cognitive decline; Droplet digital
PCR

1. Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disorder in the elder
population [1]. The clinical features of Parkinson's disease include not only motor symptoms such as
bradykinesia, tremor, and postural rigidity, but also non-motor symptoms such as fatigue, apathy,
and cognitive dysfunction [2]. It was reported that approximately 26.7% of PD patients were
diagnosed with mild cognitive impairment (PD-MCI) [3], and around 20%-60% of PD-MCI may
convert to PD with dementia (PDD) within five years after diagnosis [4]. The incidence rate of
developing dementia increased in Patients with PD (PwP) than non-PD control [5]. The neuronal
transmission of fibril alpha-synuclein (a-syn) followed by the formation of Lewy Body in the
substantia nigra pars compacta was a well-known biomarker for PwP [2]. However, the histological
and molecular markers for PDD remain inconclusive. Although the widespread of alpha synuclein
(a-syn), tau neurofibrillary tangles (NFTs) and amyloid-B (AB) plaques were found in most PDD
patients, the findings were not consistent [6]. The motor dysfunctions with demented cognition could
increase the economic and psychological burden for caregivers [7]. The demented PwP will gradually
lose their basic living ability and may have shorter lifespan than non-demented PD [5]. In addition,

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 January 2024 doi:10.20944/preprints202401.0410.v1

the efficacy of the approved drug for treating PDD or PD-MCI are still limited [8]. It could become a
serious issue for individual and our society in an aging population [9, 10]. Fortunately, recent study
suggested that the impaired cognitive function may be sustained or even rescued after treatments [1].
Therefore, it is important to identify PD patients with cognitive dysfunction at early stage.

The diagnosis of PD with cognitive impairment and dementia, including executive and
visuospatial deficits [11], is generally based on Level II neuropsychological assessment. Apart from
neuropsychological tests, regular examinations includes blood testing and brain imaging such as
Magnetic Resonance Imaging (MRI) [12, 13]. However, the entire procedure of cognitive examination
is often time-consuming and requires the involvement of multiple medical personnel [12, 13]. Hence,
reliable biomarkers that could facilitate the diagnosis and provide quick distinction between PD
patients with and without cognitive impairments are the unmet need. Recently, emerging molecular
biomarkers regarding inherited genetic mutant or toxic proteomic marker for PDD gradually
attracted attention and was recommended for deeper validation in human studies [1]. Compared
with tissue biopsy or biofluid, the non-invasive collection method of plasma makes it become one of
the common-studied resource of human biomarkers [14].

MicroRNA (miRNA) is a single-stranded non-coding RNA with an average length of 22
nucleotides [15]. MiRNA can mediate post-transcriptional expression via binding with target
messenger RNAs (mRNA) [16] and cease the transcription of the encoded gene. It was reported that
miRNA exist not only in cytoplasm but also in extracellular area such as cerebrospinal fluid, blood
and other biofluids [16, 17]. The circulating miRNAs may travel across the blood—brain barrier (BBB)
due to their short sequence length [13]. Various studies have shown the association between miRNAs
and neurodegenerative diseases, including Alzheimer’s disease (AD) and PD [18-20] and also for
patients with cognitive decline [21, 22]. This suggest that miRNAs may be a potential biomarker for
PD with cognitive impairment.

It is widely accepted that a miRNA candidate exploration study should include both discovery
study phase and followed by validation study phase [23]. Therefore, we firstly conducted the
discovery phase using NGS sequencing and screened for miRNA candidates. Then we conducted the
validation phase using ddPCR on a different cohort. We aimed to find out if the miRNA candidates
could distinguish between PD with and without cognitive impairment.

2. Results
2.1. Using Small RNA-Seq to Explore the Potential miRNA Cluster that May Differentiate PD with or

without Cognitive Impairment

Analyzing miRNA candidates from the NGS profiling in the discovery cohort

We firstly performed a discovery study phase using NGS sequencing (small RNA-seq) to explore
the potential miRNA candidates that were associated with cognitive decline. The demographic
variables of the discovery cohort were summarized in Table 1.

Table 1. Demographic characteristics of each study group in the discovery cohort.

HC PDND PD-MCI PDD "
(n=40) (n=37) (n=23) (n=23) p-value
Gender, % of male 40.00% 54.05% 73.91% 52.17% ns
Age, year 69.08 + 6.05 64.78 +12.51 67.70£7.15 72.00 £ 5.52 ns
*p-value was estimated by Kruskal-Wallis test among the 4 groups. ns: no significant difference. Data are shown

as Mean + SD.

The NGS sequencing results consisting of approximately 2600 miRNAs and were filtered
through a series of data processing and statistical analysis via Biomedical Oriented Logistic Dantzig
(BOLD) Selector. The BOLD selector was used for miRNA candidate selection in consideration of the
supersaturated data that analyzed thousands of miRNA profiling in the relative small sample size.
Eventually, 6 miRNA candidates, including miR-203a-3p, miR-626, miR-662, miR-3182, miR-4274 and
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miR-4295, were clustered as potential biomarkers for identifying PDND from PD-MCI with an
average AUC of 0.8 (Figure 1). The finding encouraged us to carry out a follow-up investigation of
these plasma miRNAs in a new PwP cohort with a larger sample size and validated the differential
power of the miRNA expression level in PD with different cognitive status.
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Figure 1. The miRNA candidates selected by BOLD selector statistical analysis. A. The top 6 miRNA
were filtered for differentiating PD-MCI (n=23) from PDND (n=37) when 0=8.68. B. The ROC analysis
results using 6 miRNAs together for identifying PD-MCI from PDND in a 5-fold cross validation.

2.2. Validation of the miRNA Candidates in another PwP Cohort

2.2.1. Measurement of the Selected miRNA Candidates

We then aimed to validate previous findings by recruiting another PwP cohort. We examined
the plasma miRNAs using real-time PCR (RT-PCR) to study the expression levels of the 6 miRNAs
in the new PwP cohort. The 6 miRNA candidates were first quantified by LNA-based RT-PCR
(Qiagen, Germany) and ruled out the possible false positive outcomes via melting curve analysis.
However, except for miR-203a-3p, the rest 5 miRNA candidates failed to detect by RT-PCR (Ct>36)
or non-overlapped dissociation curves (Data not shown). The outcome may result from the low
concentration of total extracted plasma RNA which was lower than the detection limit of Bioanalyzer
RNA Nano system (Data not shown).

2.2.2. Motor Function Deterioration Was Associated with Poor Cognitive Status

As shown in Table 2, demographic variates such as gender, age, education, UPDRS III, MoCA
score and LEDD values of each study group were summarized. The percentage of male in HC and
PDND were 56.67%, while the percentage of male in PD-MCI and PDD were 53.33% and 46.67%,
respectively. The age of PDD were older than HC (p-value<0.0001) and PDND (p-value=0.025), while
no significant difference was observed for ages among HC, PDND and PD-MCI. Although the
duration of disease and the age of onset showed no significant difference among the PD patients,
PDD had significantly higher Hoehn-Yahr stage value compared to PDND (p-value<0.0001) and PD-
MCI (p-value=0.0048). Correspondingly, PDD also had higher score of UPDRS III compared to PDND
(p-value<0.0001) and PD-MCI (p-value=0.0002). It suggests that the motor and cognitive functions
may deteriorate more rapidly in PDD given that the disease duration were similar across PDND, PD-
MCI and PDD. No significant difference was observed in the year of formal education among the
groups of HC, PDND and PD-MCI. PDD had significantly less years of education than HC (p-
value=0.0256) and PDND (p-value=0.0327). Moreover, the value of LEDD was estimated according
to the anti-Parkinson drug prescribed to PD patients. The results showed no significant difference in
LEDD among PDND, PD-MCI and PDD. Although anticholinergic drugs were excluded from LEDD
estimation, it was estimated 5 patients of PDND, 7 patients of PD-MCI and 1 patient of PDD received
medication of low dose anticholinergic drug (2-4mg/d) for the management of severe tremor.
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Table 2. Demographic characteristics of each study group in the validation cohort.
HC PDND PD-MCI PDD .
(n=30) (n=30) (n=30) (n=30) p-value
Gender, % of male 56.67% 56.67% 53.33% 46.67% -
Age, year 66.67 +5.14 69.67 +7.03 70.13+6.75 75.20 + 6.92 <0.0001
MoCAt 28.00 +2.00 28.00+1.25 23.00+1.00 17.50 +7.00 <0.0001
Education, year 14.13 +4.13 14.13 £2.79 11.47 £4.75 10.73 £4.64 0.0049
Onset age, year - 63.53 £7.96 64.13+7.96 67.37 £8.71 ns
Duration, year - 7.10+3.91 6.90 +3.07 723+4.75 ns
Hoehn-Yahr stage! - 2.00 £1.00 2.00+1.00 3.00£2.00 <0.0001
UPDRS III* - 13.00 +12.00 18.50 £9.00 27.00 +22.00 <0.0001
LEDD - 682.54 +438.75 747.78 +£398.03 765.82 +419.36 ns

*p-value was estimated by Kruskal-Wallis test among the 4 groups. ns: no significant difference. Data for gender,
age, education, onset age, duration and LEDD are shown as Mean + SD. ‘Data for MoCA, Hoehn-Yahr stage and
UPDRS III are shown as Median + IQR.

2.3. The Expression Level of the Plasma miR-203a-3p/miR-16-5p Validated by ddPCR

Because the total amount of circulating miRNA may differ from person to person and it usually
presents a very low concentration, and the quantification with high sensitivity and specificity were
required, we used ddPCR for absolutely quantifying the expression level of plasma miR-203a-3p in
each fixed volume samples [24]. Additionally, an endogenous reference miRNA was required for
normalization since miR-203a-3p expression may be affected by intrinsic factors [25]. The
endogenous miR-16-5p, which is abundant across intracellular or intercellular regions and relatively
consistent in biofluid with different age, was used for normalizing miRNA in study of Parkinson’s
disease and Multiple System Atrophy [26-28]. Therefore, we combined the detection of our target
miRNA and the endogenous reference miRNA, as the ratio of miR-203a-3p/miR-16-5p, to reduce the
bias from individual intrinsic factors which may not relate to PD pathologies. An exogenous synthetic
oligonucleotide UniSp6 was used as reference of RNA extraction. The ratio of miR-16-5p/ UniSp6
showed no significant difference among the study groups, which suggested the robust extraction
efficiency for each sample (Figure S1.). After performing outlier identification, 4 PD-MCI were
excluded from further analysis (data not shown). The examples of ddPCR results and the expression
level of miR-203a-3p/miR-16-5p among each study group were visualized in Figure 2.
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Figure 2. The ddPCR examination of the miR-203a-3p/miR-16-5p. A — C showed the examples of
ddPCR results (n = 1 in each group). A. The representative 1D amplitude plot shows the positive
(blue) and negative (gray) droplets for examining miR-203a-3p. NTC, the non-template control (n=1),
HC (n=1), PDND (n=1), PD-MCI (n=1) and PDD (n=1). The droplets above the amplitude threshold
(pink horizontal line) were estimated as positive droplets and the rest of detected droplets were
classified as the negative droplets. B. The estimated number of total (green bar; 18743, 16498, 15633,
16776 and 16599) and positive (blue bar; 0, 5, 11, 13 and 15) droplets for the examination of miR-203a-
3p via ddPCR. Positive droplets with less than 3 droplets are considered as negative results. C. The
expression level of miR-203a-3p converted to copies per microliter. D. The ratio of miR-203a-3p/miR-
16-5p of all samples in validation cohort were analyzed using Kruskal-Wallis test followed by Dunn's
multiple comparisons test (post-hoc test) among the study groups. HC (n=30), PDND (n=30), PD-MCI
(n=30) and PDD (n=30). Data are shown as Mean + SD. .

To elucidate whether the ratio of miR-203a-3p/miR-16-5p was different among PD patients with
cognitive intact and cognitive decline, the nonparametric one-way ANOVA test, Kruskal-Wallis test,
was conducted (Figure 2D.). The result showed that there was significant difference in the ratio of
miR-203a-3p/miR-16-5p among the four groups (p-value=0.0009). The mean ratio of miR-203-3p/miR-
15-5p was 12.1 (SD, +6.42), 10.31 (SD, £5.89), 8.66 (SD, £5.65) and 16.83 (SD, £10.12) in each group of
HC, PDND, PD-MCI and PDD, respectively. PDD showed statistical significantly increased ratio of
miR-203a-3p/miR-16-5p compared to PD-MCI (p-value=0.0006) and PDND (p-value=0.0409).
However, the ratio of miRNA had no significant difference in comparison of PDND with PD-MCL
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The finding may result from the minimal cognitive decline from PDND to PD-MCI that may be
insufficient for detecting the alter expression of plasma miRNA.

2.4. Correlation of the miRNA Expression and the Cognitive Performancer

To understand whether the selected miRNAs are associated with the cognitive impairment, the
correlation of the ratio of miR-203a-3p/miR-16-5p and the total score and individual domain score of
MoCA were analyzed by Spearman correlation analysis (Table 3). No significant correlation was
observed between the ratio of miR-203a-3p/miR-16-5p and gender, age, education, duration, Hoehn-
Yahr stage, UPDRS III, LEDD (p-value>0.05) (data not shown). After Spearman correlation analysis,
the ratio of miR-203a-3p/miR-16-5p showed significant negative correlation with total score of MoCA
(r=-0.237, p-value=0.024) in PD patients (Table 3.). To understand the specific cognitive domain that
were closely related with the miRNA ratio, different cognitive domains of MoCA, such as
visuospatial, naming, attention, language, abstraction, memory and orientation, were analyzed. The
results ratio of miR-203a-3p/miR-16-5p had significantly correlation with three MoCA domains,
including visuospatial, language and orientation (Table 3.).

Table 3. Spearman correlation of the miRNA ratio and cognitive domain in PD patients.

Cognitive domains of MoCA Spearman r p-value

Total score* -0.237 0.024
Visuospatial* -0.207 0.050
Naming -0.117 0.272

Attention -0.112 0.292
Language* -0.208 0.049

Abstract -0.124 0.246

Memory -0.205 0.052
Orientation* -0.220 0.037

*The ratio of miR-203a-3p/miR-16-5p had significantly negative correlation (p-value<0.05).

2.5. Using the Ratio of miR-203a-3p/miR-16-5p as Variate for Building Regression Model

The ROC analysis was performed to show the diagnosis power of PD with cognitive decline in
PD patients using the ratio of miR-203a-3p/miR-16-5p.

The ROC plots for each comparison group analyzed by the logistic regression with 5-fold cross-
validation were summarized in Table 4. The 95% confidence interval of the sensitivity, specificity and
the accuracy of each compared groups were estimated followed by the ROC analysis (Table 4.). The
ROC curve analysis discriminating between PD-MCI and PDD showed an average AUC of 0.716 (95%
CI, 0.432-0.951). In addition, the ROC curve analysis discriminating between PDND and PDD showed
an average AUC of 0.741 (95% ClI, 0.482-0.951). Both ROC analysis supported that the ratio of miR-
203a-3p/miR-16-5p could be used for predicting the cognitive status (total score of MoCA=21).

Table 4. The AUC and 95% confidence interval of specificity, sensitivity and accuracy for the ROC
curve analysis for each comparison group.

Groups for AUC Specificity Sensitivity Accuracy
comparison (95% CI) (95% CI) (95% CI) (95% CI)
0.7160 0.5556 1.0000 0.7778
PD-MCI/ PDD
/ (0.4321-0.9506)  (0.2222-0.8889) (1.0000-1.0000) (0.6111-0.9444)
0.5309 0.8889 0.4444 0.6667
PD-MCI / PDND
MCIL/PDN (0.2469-0.8025)  (0.6667-1.0000) (0.1111-0.7778) (0.4444-0.8333)
0.7407 0.5556 1.0000 0.7778
PDD /PDND (0.4815-0.9506)  (0.2222-0.8889) (1.0000-1.0000) (0.6111-0.9444)
PDD / HC 0.6420 0.6667 0.7778 0.7222

(0.3333-0.9259)

(0.3333-1.0000)

(0.4444-1.0000)

(0.5000-0.8889)
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0.6667 0.8889 0.5556 0.7222
PD-MCI/H
CITHC  03824.09136)  (0.6667-1.0000)  (0.2222-0.8889)  (0.5556-0.8889)
PDND / HC 0.7160 0.8889 0.6667 0.7778

(0.4318-0.9383)  (0.6667-1.0000)  (0.3333-1.0000)  (0.6111-0.9444)

To understand whether the demographic variables may also serve as confounding factors for
detecting PDD (total score of MoCA<21) from the PwP, the multivariate logistic regression models
were performed. The full regression model was developed with the as predictor variates, including
age, gender, onset age, year of formal education, score of UPDRS III and the ratio of miR-203a-
3p/miR-16-5p that represented as N203 in short. The total score of MoCA was defined as the response
variable. The AIC value of each regression model was estimated for their goodness of fit.

The results showed that the reduced model with the three variates, including the ratio of miR-
203a-3p/miR-16-5p, age and the score of UPDRS III, represented the best performance for predicting
PDD (Table S1.). The results showed that the ratio of miR-203a-3p/miR-16-5p, age and the score of
UPDRS 1II all have positive associations with PDD. In other words, the elder age and more severe
motor symptoms with higher ratio of miR-203a-3p/miR-16-5p could all contribute to the higher risk
of being PDD (Table S1). After the variable selection, the ROC analysis of test dataset was conducted
by a five-fold cross-validation to examine the power of the reduced model and the corresponding
ROC curve is shown in Figure 3. Apart from the abovementioned model, other ROC analysis also
performed for the regression models without the variates of N203 to examine whether N203 serve as
a predictive parameter for PDD. The ROC analysis and the 95% confidence interval of AUC,
specificity, sensitivity and accuracy for the reduced logistic regression model of test dataset were
summarized in Table S2. As a result, the reduced logistic regression model for predicting PDD
showed an AUC of 0.8827 (95%CI, 0.7282-0.9938), a sensitivity of 0.7778, specificity of 0.8889, and
accuracy of 0.8519 (Table S2.). The result showed that regression model with the three variates,
including N203, age and UPDRS III, had the higher prediction performance (AUC=0.8827) than the
regression model with two variates, including age and UPDRS III (AUC=0.8272).

ROC curve
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Figure 3. The ROC curve of the reduced logistic regression model. The average AUC was estimated
by a 5-fold cross-validation.
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2.6. MiR-203a-3p Associated with Cognitive Related KEGG Pathways

To elucidate the role of miR-203a-3p in the cognitive-related pathological mechanisms of PD, the
target genes and the involved molecular pathway were filtered by experimental-based evidence
(Table S3). Five non-cancer related pathways and the predicted target genes of miR-203a-3p were
summarized in Table 5. As a result, KEGG analysis of miR-203a-3p revealed several possible
pathways that may associate with the pathology of PD with cognitive dysfunction, including
dopaminergic synapse, apoptosis, thyroid hormone signaling pathway, cholinergic synapse and NF-
kappa B signaling pathway.

Table 5. The KEGG analysis pathway and the predicted target genes of miR-203a-3p.

Database Pathway p-value Targets
«gGe  Dopaminergic o AKT2,CLOCKCREB1GNAS GSK3B KIF5B, MAPKS MAP
synapse K9,PPP1CB,PRKACB,PRKCA
KEGG Apoptosis 0.011 AKT2, ATM,MYD88,PIK3CA, PRKACB, TNF
KEGG ~hyroidhormone o0 s (GSK3B,PIK3CA PRKACB, PRKCA SRC STATI
signaling pathway
holinoror
KEGG CS;;Z;ZEIC 0.027 AKT2, CREB1,KCNJ2,PIK3CA,PRKACB,PRKCA
KEGG NE-kappa B 0.041 ATM, CXCL8,MYDS88,SYK, TNF

signaling pathway
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3. Discussion

Common biomarker for differentiating PDD involved in genetic and proteomic biomarkers. It
was suggested that genetic mutations such as GBA, MAPT, LRRK2, ApoE may have contribute to
increased risk of developing PD or rapid cognitive decline from PDND to PDD [29] . However, the
prediction power of genetic mutation alone remained elusive because the onset age of PwP with
known genetic mutation was uncertain and the genetic marker itself may not serve as the prognosis
indicator. Hence, the proteomic markers such as circulating pathological proteins, including a-syn,
-Amyloid, tau, NfL, were considered to be the progressing indicators for motor and cognitive
performance of PWP by recent studies [30-32]. A one year follow-up study also showed an elevated
expression of plasma EV-derived alpha-synuclein, tau and f-amyloid were correlated with the motor
and cognition decline in PD [30]. The general techniques for examining CSF or plasma proteomic
targets were based on high-affinity protein purifying column or immunostaining kits such as ELISA
assay [33]. However, it is expensive and requires calibrate management for examining proteomic
markers compared to genetic markers. Additionally, the controversy of the protein expression level
in different motor and cognition severity of PwP remains to be an unsolved problem. On the other
hand, plasma miRNA may provide benefits as state-specific biomarker for the dynamic motor and
cognitive status. The alteration of plasma miRNA may also consider as the prognosis indicator for
evaluating the predicted pharmacological changes of treatment [34].

miR-203a-3p was suggested to binding to the 3’'UTR of human DJ-1, which is a Parkinson’s
disease-related gene and may prevent neurons from cytotic oxidative damage [34-36]. The
overexpressed miR-203a-3p was suggested to cause deficiency of DJ-1 and further result in the
oxidative stress-induced cell death [34, 35], the microglia-regulated neuronal injury [37] and
promoted neurodegenerative phenotype in vivo [38]. MiR-203a-3p was also assumed to binding to
the 3’'UTR of SNCA, encoded for a-syn, which was well-known as elevating risk of developing PD
[39, 40]. The aforementioned findings may support our hypothesis for selecting miR-203a-3p as
biomarker for PDD. However, reported miRNAs for demented PD are limited due to the poor
prognosis and the loss of follow-up patient numbers. The lack of experimental standardized protocol
for examining plasma miRNA in human biopsy was an unsolved problem as well.

In the current study, our results indicated that PDD may correlate with severer motor and
cognitive dysfunctions under the similar age of onset and duration of disease after diagnosis (Table
2). It was consistent with previous study that the later age of onset was associated with the rapid
progression from non-demented PD to PDD [41]. The ddPCR detection showed that the ratio of miR-
203a-3p/miR-16-5p was significantly increased in PDD compared to PD-MCI and PDND. In addition,
the ratio of miR-203a-3p/miR-16-5p had significantly correlation with the total score and the three
MoCA domains, including visuospatial, language and orientation. According to previous studies, the
three cognitive domains were associated with frontal lobe functions, which corresponded to the
pathological brain region of PD with cognitive dysfunction [41]. Apart from poor executive function,
the diminished visuospatial and language functions in PD-MCI and PDD were also highlighted as
the features of motor and cognitive decline symptoms [11, 42]. Overall, the findings support our
hypothesis that miR-203a-3p may serve as a dynamic biomarker for recognizing global and domain-
specific cognitive decline in PwP.

MiR-203a-3p belongs to the miRNA family of miR-203. The underlying genes regulation via
miR-203a-3p have been proposed to be related with the cognitive decline in PwP. The KEGG analysis
showed multiple target genes of miR-203a-3p consisted in pathways, including apoptosis and NF-
kappa B signaling pathway. It is noteworthy that PDD was characterized not only by the aggregation
of fibril a-syn but also tau and amyloid plaque pathology [6]. The correlation of the upregulated miR-
203 and the activated apoptotic pathway was first reported by Swarup et al. [38]. Evidences suggested
that miR-203 dysregulation was correlated with tauopathy such as frontal temporal dementia (FTD),
AD and progressive supranuclear palsy (PSP). The authors suggested that the downregulation of
neurodegeneration-associated synaptic (NAS) module and the upregulation of apoptotic pathway
detected by caspase-8 protein expression were resulted from the overexpressed miR-203 in both of
the primary cortical mouse neuronal cultures and the Tg4510 tau transgenic mice. Li et al. also
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reported that the overexpressed miR-203 in both BV2 cells and mouse hippocampus resulted in the
reduced protein expression of 14-3-30. As the inhibitor of NF-«B signaling and the target of miR-203,
14-3-30 may inhibit TLR2-induced NF-«xB signaling [43]. The overexpressed miR-203 may also
resulted in neuroinflammation and neuronal cell death in the hippocampus of mice which led to
spatial learning and memory dysfunction in the Barnes maze test. Taken together, the upregulated
miR-203 may cause the activation of inflammation and apoptotic pathway. While the decreased
expression of miR-203a-3p may provide the neuron protecting effect in neurodegenerative disorder.

In addition to the genes involved in the apoptotic and inflammation regulation, KEGG analysis
also revealed dopaminergic synapse, thyroid hormone signaling pathway and cholinergic synapse
were associated with miR-203a-3p. The loss of dopaminergic synapse in the substantia nigra was
assumed to be the hallmark for progressed motor symptoms in PwP [2]. The evidence may support
our findings that the upregulated miR-203a-3p/miR-16-5p found in PDD compared to PDND, which
indicated the relationship of increased miR-203a-3p and the worse dopaminergic neuron loss.
Dysregulated thyroid hormone signaling was also considered as one of the potential cause of
cognitive dysfunction in PD. The thyroid disturbance combined with the age above 70 was assumed
to be the potential risk factor of developing PD according to the interconnection of the hypothalamic-
pituitary-thyroid axis [44]. Additionally, patients with subclinical hypothyroidism generally had
difficulty in gait, which represented the similar clinical motor symptoms in PwP [45, 46].
Degeneration of cholinergic system was assumed to play an important role in multiple
neurodegenerative disorders. The dysfunction of cholinergic synapses was generally recognized in
Alzheimer’s disease and the loss of basal forebrain cholinergic system was reported in the human
post-mortem evidence of PDD as well [47]. The alteration of cholinergic system may not only change
the motor function but also non-motor symptoms [48]. The severe loss of cholinergic synapse or
cholinergic receptor was reported in PD with cognitive decline compared to that with intact cognition
[49, 50]. Based on the prior finding, cholinergic drugs were developed to treat cognitive decline in
PD. Notably, cholinergic inhibitors such as cholinesterase inhibitor rivastigmine was approved to
treat dementia and other related cognitive dysfunctions in PD and AD [51, 52]. While the subtype-
specific muscarinic acetylcholine receptors (mAChR) antagonists was proposed as an alternative
treatment for cognitive impairment [49].

There were some limitations in this study. The sample size was limited in this study. It has been
observed that plasma examination may be interfered by the mood, medical and surgical therapies of
participants [53], hence a larger sample size and a follow-up study would be needed. Furthermore,
since PDD was associated with higher age in our study (Table 2 and Table 4), the number of elder
HC and PDND should be increase to rule out the aging effect. Although level II neuropsychological
assessment was suggested to gain better sensitivity and accuracy when diagnosing PD-MCI, the
global cognitive tests MOCA may perform benefit of prediction for conversion of PD-MCI to PDD
[54]. Moreover, this study only measured plasma miRNA, so the exosome-derived miRNA may not
be detected via our extraction method. The exosome-derived miRNA extraction would normally
requires more preparation than plasma miRNA due to the low yields and extra separation and
purification steps [55]. Hence, cell-free plasma miRNA was preferred when the amount of sample is
limited.

4. Materials and Methods
4.1. Plasma miRNA Profiling in the Discovery Cohort

4.1.1. Recruitment of Participants

All patients with PD achieved the inclusion criteria proposed by UK Parkinson’s Disease Society
Brain Bank Criteria. Total 174 participants including 40 HC, 51 MSA, 37 PDND, 23 PD-MCI and 23
PDD were recruited. The current study focused on the findings of patients with PD, the analysis of
patients with MSA would be discussed in another publication.
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4.1.2. Plasma Collection

10 ml of blood was collected in the BD Vacutainer® K2E (EDTA) Plus Blood Collection Tubes
(Becton Dickinson, USA) and centrifuged at 2200xg for 15 minutes at room temperature (swinging
bucket, KUBOTA 4000, Japan) within 3 hours after blood collection. The plasma layer was transferred,
mixed via pipetting and stored at -80°C until the follow-up experiments.

4.1.3. Plasma miRNA Sequencing

The small RNAs (<200 nucleotides) containing samples from 200-400 ul human plasma were
prepared using the Qiagen miRNeasy Mini kit (Qiagen, #217004). The small RNA-Seq library was
constructed using the QIAseq miRNA Library Kit (Qiagen, #331502). All single-ended small RNA-
Seq was performed on Illumina NextSeq. The resulting small RNA-Seq datasets were generated. The
sequencing reads of each microRNAs from two batches of subjects (75 and 99 respectively) were
normalized by Trimmed Mean of the M-values (TMM) for each batch first.

4.1.4. BOLD Selector Included Data Analytic Scheme

In miRNA data analysis, we undertake a three-stage process. The initial stage involves data
preprocessing. The missing value is approximated as 0. To merge the two datasets (of 75 and 99,
surrogate variable analysis in R (SVA; V.3.48) was used to normalize and remove batch effects, the
union of the lowest expressed 10% microRNAs from both batches were trimmed out before statistical
analysis. The BOLD selector included data analytic scheme [56], narrowing down the ranking of
miRNAs with an adjusted parameter d, was suitable for clustering biomarker selection in
supersaturated data. The second stage focuses on cross-validation for the dataset using the BOLD
Selector. Prior to commencing this stage, we standardize the expression matrix X and center the
response variable Y, originally coded as 0 and 1. We choose the best d from 15 uniformly spaced cut
points within the interval from 0 to the maximum absolute value of max|X"T Y|. Data are split into
5 parts for cross-validation, with 80% used for training and the remaining part for testing in each fold.
We applied the BOLD selector to the training data and constructing a logistic regression formula
based on the selected microRNA candidates for predicting the testing data. The model's fitness across
5 testing folds is assessed using the average area under the receiver operating characteristic curve
(AUC), enabling us to select the optimal tuning parameter with the highest average AUC. The final
stage entails the full data analysis on the tuning parameters falling between the best o and max|X"T
Y!. During this phase, we rank and identify the most important factors, which are subsequently
employed to construct a final logistic regression formula.

4.2. Validating Plasma miRNA Candidates in New PD Cohort

4.2.1. Sample Size Estimation

Two miRNAs were measured in the 4 study groups, including Parkinson’s disease with no
dementia (PDND), Parkinson’s disease with mild cognitive impairment (PD-MCI), Parkinson’s
disease with dementia (PDD) and healthy control (HC, as a control group). Prior sample size
estimation was performed by G-power 3.1.9.4 [57] with the statistic F test of ANOVA (Fixed effects,
special, main effects and interactions), effect size=0.5, power=0.8 and a=0.05. Total sample size was
suggested to be or above 48. Considering the greater power of statistic and avoid the heterogeneity
within each study group, total 120 participants were recruited and examined.

4.2.2. Recruitment of Participants

All PD patients achieved the same inclusion and exclusion criteria as the recruitment of the
discovery phase. Participants who received treatments or had history of the following criteria were
excluded from this study: (1) cancer, (2) server cardiovascular disease, renal disease, brain injury, (3)
autoimmune disease, (4) psychiatric disorder such as schizophrenia, (5) deep brain stimuli surgery,
(6) carrying known genetic mutation associated with Parkinson’s disease, (7) having difficulty in
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blood clotting and (8) other possible cognitive-affected neurological, musculoskeletal disorder or
secondary and atypical Parkinsonism, including Multiple System Atrophy, Progressive Supranuclear
Palsy, Corticobasal Degeneration, Dementia with Lewy Bodies. In addition, Unified Parkinson’s
disease Rating Scale (UPDRS) part III was used to evaluate the motor function of PDND, PD-MCI
and PDD. PD-MCI, PDD should achieved the criteria of Montreal Cognitive Assessment (MoCA), the
level I cognitive assessment proposed by MDS Task Force. Levodopa equivalent daily dose (LEDD)
was calculated via LEDD conversion factor for PD patients [58]. Moreover, demographic variables
included gender, age, duration of disease, score of UPDRS III, total score of MoCA, year of formal
education and LEDD were collected for each participant. Anticholinergic drugs, including Akinfree
and Biperiden, were estimated by daily dose for each PD patients if treated.

Eventually, 30 PDND, 30 PD-MCI, 30 PDD were recruited from Parkinson disease center in
National Taiwan University Hospital. Moreover, 30 HC were recruited from National Taiwan
University Hospital and the Shixiang Community in Taiwan. All subjects gave and signed their
informed consent for inclusion before they participated in the study.

4.2.3. Cognitive Assessments

All participants received Montreal Cognitive Assessment (MoCA) [4] to quickly scanning their
cognitive performance by Y.F. Hsu. The cognitive domains, including visuospatial, naming, attention,
language, abstraction, memory and orientation, were evaluated via MoCA and the total score was
used for grouping. HC and PDND should meet the total score of MoCA equal or above 26. PD-MCI
should meet the total score of MoCA ranged from 22 to 25. PDD should meet the total score of MoCA
equal or below 21.

4.2.4. Plasma Collection

Plasma collection followed the protocol mentioned in the discovery cohort.

4.2.5. RNA Extraction

Small RNAs were extracted from 200 ul plasma using miRNeasy Serum/Plasma Advanced kit
(Qiagen, Germany). The extraction process generally followed the guideline of manufacturer’s
instructions with several modifications listed below. To test whether the extraction efficiency was
robust, the exogenous synthetic spike-in UniSp6 (Qiagen, Germany) was added to the lysis buffer
(Figure S1). However, UniSp6 is recommended for measuring extraction efficiency but not suitable
for normalization of miRNA expression level according to the manufacturer’s instructions. Thawed
plasma samples underwent a series of centrifugation procedures: centrifuged at 12000xg at 4°C for 3
minutes (fixed-angled, KUBOTA 6200, Japan) at first, and further centrifuged at 12000xg (fixed-
angled, KUBOTA 3300T, Japan) at room temperature for 30 seconds, 30 seconds, 30 seconds, 2
minutes and 5 minutes, respectively. Twenty-two microliters of 55°C pre-warmed RNase-free water
(Invitrogen, Thermo Fisher) was added for RNA elution. Additionally, the eluted RNA was
transferred and incubated on UCP MiniElute column (Qiagen, Germany) again for 10 minutes at
room temperature. After centrifuging at 12000xg for 1 minute (fixed-angled, KUBOTA 3300T, Japan),
the final RNA was placed immediately on ice for reverse transcription (RT). The cDNA synthesis was
manipulated by the instructions of miRCURY LNA miRNA SYBR Green kit (Qiagen, Germany). A
mixture prepared for cDNA synthesis contained 10 pl extracted RNA, 2ul 10x miRCURY RT Enzyme
Mix, 4 pl 5x miRCURY SYBR Green RT Reaction Buffer and 4 ul RNase-free water (Invitrogen,
Thermo Fisher). After the thermal reaction cycle complete, the cDNA sample was stored at -20°C until
ddPCR examination.

4.2.6. Droplet Digital PCR

For examination of miR-203a-3p and miR-16-5p, the cDNA samples were diluted by 1:10 and
1:320, respectively. One Non-RT control (no transcriptase added during RT) and one non-template
control (no cDNA template added during ddPCR amplification; NTC) were quantified to make sure
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no genomic DNA remained and no false positive result detected. The miRNA was quantified using
the ddPCR system (Bio-Rad, USA). First, total volume of 20 ul mixture was prepared with 9 ul the
diluted cDNA, 10 ul digital PCR™ Eva-Green supermix (Bio-Rad, USA) and 1ul LNA miRCURY
miRNA PCR Assay (for miR-203a-3p and miR-16-5p) (Qiagen, Germany). Second, 70 pl QX100
Droplet Generation oil (Bio-Rad, USA) and the 20 pl mixture were loaded into a cartridge. After
processing in QX200 Droplet Generator (Bio-Rad, USA), the droplet-contained liquid was gently
transferred into a 96-well plate and started the cDNA amplification in the T100 thermal cycler (Bio-
Rad, USA). The thermal cycling was modified from the manufacturer’s instructions (Bio-Rad, USA).
The annealing temperature (Tm) was adjusted individually for miR-203a-3p (Tm=55°C) and miR-16-
5p (Tm=56°C). The PCR products were quantified by the QX200 Droplet Reader (Bio-Rad, USA) and
QuantaSoft software (Bio-Rad, USA). The quality control of ddPCR result was suggested to meet the
criteria of total droplet numbers above 10000 copies/ul and total positive droplets above 3 copies/pl.
The copies number per microliter of miR-203a-3p divided by that of miR-16-5p was then multiplied
by 10000 to obtain the ratio of miRNA.

4.2.7. Pathway Prediction

As a well-known database which integrates up-to-date genomic information, Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis provides graphic maps for genes of
interest to interpret and predict the molecule cascades and potential function [59-61]. Hence, the
target genes of miR-203a-3p were predicted using KEGG pathway database using miRPathDB 2.0
and the predicted pathways were filtered by the experimental(any) data [62].

4.2.8. Statistical Analysis

The demographic variables and the ratio of miR-203a-3p/miR-16-5p were analyzed by Kruskal-
Wallis test via GraphPad Prism. Demographic variables analyzed by non-parametric one-way
ANOVA Krustall-walli tests included gender, age, total score of MoCA, duration of disease and the
score of UPDRS III, year of formal education and LEDD. After performing Kruskal-Wallis tests,
Dunn's multiple comparisons tests were conducted for post-hoc analysis to reveal whether significant
differences between which study groups. Additionally, outliers were identified and excluded from
analysis if it was larger than Q3 +1.5IQR or smaller than Q1 -1.5IQR. Spearman correlation tests, a
nonparametric correlation analysis, were applied for the ratio of miR-203a-3p/miR-16-5p, different
cognitive domains (visuospatial, naming, attention, language, abstraction, memory and orientation)
and the demographic variables. To understand the diagnosis power of PD with or without cognition
decline using the ratio of miR-203a-3p/miR-16-5p, the 4 study groups were compared and analyzed
by the receiver operating characteristic (ROC) curve analysis using R software (version 4.3.2),
package pROC (version 1.18.5) [63] and package caret (version 6.0-94) [64] . In addition, the
multivariate logistic regression model was developed consisting of the demographic variates and the
ratio of miRNA factors. The demographic and miRNA data of 90 PD patients were divided by 70%
for model training and 30% for model testing. The reduced logistic regression model was determined
via the smallest Akaike Information Criteria (AIC). The predicted values of average AUC obtained
by 5-fold cross-validation were used in the test dataset evaluation. All coordinates of ROC curves,
including the area under curve (AUC), sensitivity, specificity and accuracy, were estimated by the
maximal sum (sensitivity + specificity). Additionally, the 95% confidence interval (CI) were also
calculated for AUG, sensitivity, specificity and accuracy using bootstrapping (boot runs = 2000).

5. Conclusions

In summary, plasma miR-203a-3p was significantly increased in PDD compared to PD-MCI and
PDND. Moreover, the ratio of miR-203a-3p/miR-16-5p was significantly correlated to MoCA with its
total score and multiple domain such as visuospatial, language and orientation. Combining with age,
ratio of miRNA and UPDRS III, the logistic regression model (AUC = 0.883) may facilitate the
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diagnosis of PDD from PwP. Therefore, the ratio of plasma miR-203a-3p/miR-16-5p may be a novel
biofluid marker for patients of PD with cognitive dysfunction.
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