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Abstract

Parkinson’s disease (PD) is the second-most common neurodegenerative disease, affecting 10 million people worldwide.
Neuroinflammation is one of the major pathologic processes in the development of PD. Neuroinflammation is promoted via
the activation of TLRs present on immune cells in the brain. In addition, miRNA regulates TLR expression in neurodegenera-
tive diseases. However, there is limited information on the miRNA that regulates TLR signaling genes in PD. In this study,
we used GO, a bioinformatics tool that uses the representations for genes in an organism; PPI, which shows the physical
interaction between proteins in an organism; and miRNet, a tool to navigate the complex relationships between miRNAs and
their targets for deeper biologic understanding. To find out the potential TLR genes and regulatory miRNAs that play a role
in neuroinflammation-induced PD. We acquired the gene expression profile, GSE26927, from the GEO Omnibus. DAVID
bioinformatics and SHINY GO software were employed for GO analysis of DEGs, and the fold enrichment score for each
pathway was verified. The TLR signaling pathways most deregulated genes (upregulated: log FC >2.0, downregulated: log
FC <-2.0) were chosen for network analysis to identify crucial or hub genes. Subsequently, a miRNA-gene network was
constructed using the miRNet tool. The foremost TLR signaling gene, distinguishing between PD and control samples, has
been discerned. In the Protein—Protein Interaction (PPI) network, we identified genes with heightened connectivity, notably
TLRA4, exhibiting the highest degree of betweenness (degree =22) in the TLR signaling pathway. Furthermore, in the miRNA-
gene network, we unveiled the preeminent five miRNAs: hsa-miR-21-5p, hsa-miR-17-5p, hsa-miR-93-5p, hsa-miR-7-5p,
and hsa-mir-92b-3p that interacted with the TLR signaling gene. The top ten TLR genes could be potential targets for new
therapeutics. In addition, the identified potential miRNAs can strongly regulate the expression of TLR genes in PD and serve
as therapeutic target.
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1 Introduction

Parkinson’s disease (PD) is the second-most common
neurodegenerative disease, affecting 10 million people
worldwide. Cardinal motor symptoms such as tremors,
muscle rigidity, and bradykinesia characterize PD (Tysnes
and Storstein 2017). The degeneration of dopaminergic
neurons in the substantia nigra region of the PD brain
is caused by various pathologic mechanisms, including
neuroinflammation, oxidative stress, mitochondrial dys-
function, impaired proteostasis, abnormal inclusion of
a-synuclein aggregation, and epigenetic changes (Simon
et al. 2020). Our primary focus is on understanding neu-
roinflammation, which plays a significant role in the death
of dopaminergic neurons in PD. Therefore, targeting neu-
roinflammation holds great promise for developing effec-
tive PD treatment (Pajares et al. 1687). Neuroinflamma-
tion is promoted by both the innate immune system and

the adaptive immune system. Furthermore, the innate
immune system plays a crucial role in regulating neuro-
inflammation in PD (Tan et al. 2020). Toll-like Recep-
tors (TLRs) are pattern-recognition receptors expressed
in immune cells. Recently, it has been reported that the
activation of TLR present on neuroimmune cells promotes
neuroinflammation in PD. The TLR present on the plasma
membrane (TLRI, TLR2, TLR4, TLR5) and in endosomes
(TLR7, TLRY, TLRS) of glial cells (microglia, astrocytes)
significantly contributes to PD pathogenesis (Heidari et al.
2022). a-synuclein aggregates act as damage-associated
molecular patterns (DAMPs) and activate TLRs, triggering
the neuroinflammatory cascade observed in PD (Li et al.
2021). Reactive oxygen species (ROS), viruses, and bac-
teria in addition stimulate TLR. TLR activation encourages
neuroinflammation via various downstream signaling, with
TLR/MyDS88/NF-kB being one of the primary pathways
(Dutta et al. 2021). The adaptor proteins triggered by TLR
signaling such as MyD88, TRIF and TIRAP activate the
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transcription factor NF-kB and increase the release of pro-
inflammatory mediators (IL-16, IL-1, IL-18), that leads to
neuroinflammation. Various researchers have attempted to
inhibit TLR signaling in in-vitro and in-vivo PD models
using natural inhibitors (e.g., curcumin, celastrol, etc.)
(Yu et al. 2016), and ongoing research aims to identify
standard TLR inhibitors for PD treatment (Nemutlu Samur
et al. 2022).

In addition, miRNAs are non-coding, single-stranded
RNAs consisting of 21-24 nucleotides. They account for
1-5% of the human genome and regulate 30% of protein-
coding genes (Ludwig et al. 2016). Accumulated evidence
indicates that miRNA expression regulates the pathologic
mechanisms of neurodegenerative diseases (Sharma and
Lu 2018). In PD, miRNAs potentially regulate patho-
logic mechanisms such as a-synuclein aggregation, mito-
chondrial dysfunction, neuroinflammation, and oxidative
stress. Dysregulated miRNAs promote PD pathogenesis,
making targeting miRNAs a therapeutic approach in PD

percentages of DEGs in GSE26927 constructed by using SHINY
GO and Panther software. C Top five category of DEGs involved in
immune system functions, that include adaptive immunity, innate
immunity, viral infection and apoptosis genes

(Tryphena et al. 2023). Furthermore, miRNAs also serve
as biomarkers for diagnosing PD (He et al. 2018a). Differ-
ent dysregulated miRNAs contribute to PD development.
miRNAs regulating microglia function in PD include
miR-124, miR-195, miR-150, miR-155-5p, miR-7, etc.
These miRNAs also regulate neuroinflammation in PD
(Li et al. 2022). In addition, TLR signaling is regulated by
different miRNAs. Research reveals that the adaptor pro-
tein MyDS&S8 is regulated through overexpression of miR-
203-5p or miR-149-5p in mouse macrophages stimulated
with LPS, resulting in decreased expression of MyD88
protein (Arenas-Padilla and Mata-Haro 2018). Moreover,
miRNAs interact with TLR and regulate neurodegenera-
tion; examples include let-7, which can activate TLR-7 and
cause neurodegeneration (Lehmann et al. 2012), and the
downregulation of miR-93, which activates TLR4/MyDS88/
NF-kB signaling in vascular dementia (VD) (Wang et al.
2020). These studies collectively indicate that miRNAs
regulate 7LR in the Central Nervous System (CNS). More
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research is needed to uncover potential miRNAs regulating
TLR genes in PD pathogenesis. Therefore, in this study, we
conducted GEO2R analysis of microarray data of healthy
and PD patients in the Gene Expression Omnibus (GEO)
database. We constructed a Protein—Protein Interaction
(PPI) network of Differentially Expressed Genes (DEGs)
belonging to TLR signaling and miRNA-gene network of
TLR signaling genes to identify potential miRNAs regulat-
ing TLR signaling in PD.

2 Materials and methods
2.1 Microarray data

The microarray data were obtained from the Gene Expres-
sion Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo)
an international public repository of microarrays, second-
generation sequencing, and other forms of high-throughput
functional genomic datasets submitted by the research
community. Our research utilized the GSE26927 dataset,
encompassing microarray data derived from individuals with
PD and control subjects (Durrenberger et al. 2012). Dur-
renberger et al. identified novel reference genes in human
post-mortem tissue in this data series, while a separate study
by the same authors demonstrated alterations in inflamma-
tory genes across various neurologic diseases. The authors
explicitly acknowledged the supportive nature of their find-
ings regarding the involvement of the innate immune system
in the pathogenesis of neurodegenerative diseases such as
AD, PD, and ALS (Durrenberger et al. 2015). Consequently,
we selected this study to investigate the role of innate immu-
nity genes in neuroinflammation, focusing specifically on
TLR and miRNAs implicated in the regulation of TLR genes
in PD. The complete workflow of data processing is given in
Fig. 1. The DEGs were analyzed for PPI and miRNA-gene
network. All data used in this study are freely available, and
this study did not involve animal experimentation.

2.2 GEOZ2R analysis

The GEO2R online analysis tool (https://www.ncbi.nlm.
nih.gov/geo/geo2r/) facilitated the examination of DEGs
between PD and healthy patients. Employing the GEO
query and limma R packages for genomic data analysis, we
identified DEGs in PD (n=12) versus Control (n=_8) sam-
ples, calculating p values and logFC values. DEGs meeting
the criteria of p <0.05 and logFC >2.0 were categorized
as upregulated, while those with p <0.05 and logFC <-2.0
were deemed downregulated (Hunt et al. 2022). Subse-
quently, these DEGs were subjected to gene Ontology
analysis for functional annotation. Notably, Log FC (log
fold changes) was utilized to quantify the extent of gene

@ Springer

expression variations between disease and control samples
(Jung et al. 2011).

2.3 Gene ontology of selected genes

Gene ontology (GO) analysis was conducted to elucidate
the functional roles of DEGs using SHINY GO (http://bioin
formatics.sdstate.edu/go/) and the DAVID bioinformatics
tool (https://david.ncifcrf.gov). The analysis aimed to iden-
tify specific biologic properties associated with the DEGs,
including immune system response, locomotion, stimulus
response, stress response, and behavior (Functional anno-
tation) as shown in Fig. 2. Subsequently, DEGs related to
the immune system were refined using the DAVID tool,
with a specific focus on innate immunity. A heatmap of
the shortlisted genes (innate immunity genes) was gener-
ated using SRplot (https://www.bioinformatics.com.cn/en).
These shortlisted DEGs served as input genes for generating
enrichment charts and visualizing KEGG pathways in the
SHINY GO database (Botstein et al. 2000).

2.4 PPI network construction

The STRING database (http://string-db.org/), comple-
mented with heuristic methods of association and analy-
sis, was utilized to explore the predicted PPI associations
of both innate immune genes and TLR signaling genes
expressed in PD. Interactions generated in STRING are
sourced from various channels: High-throughput Lab
Experiments, Co-expression, Automated Text Mining,
and Previous knowledge in databases (Szklarczyk et al.
2011). Key parameters assessed in STRING include con-
fidence score, interaction source, known and predicted
interactions, network topology, functional enrichment, etc.
PPI pairs were extracted with a confidence score of 0.4
(medium confidence). Subsequently, the PPI network was
visualized using Cytoscape software (https://www.cytos
cape.org/). Cytoscape, serves as a user-friendly interface
for the construction and analysis of interaction networks
obtained from the STRING database. Nodes, represent-
ing genes, with a high degree of connectivity were evalu-
ated through the CytoHubba plugin within Cytoscape. In
Cytoscape, the degree of a node refers to the number of
edges connected to that node. The degree of a node is one
of the important topologic parameters in the analysis of
PPI networks, aiding in understanding centrality of genes,
connectivity, identification of hubs, network visualization,
and network dynamics. When compared to other topologic
parameters, the degree of a node is more straightforward
and computationally efficient. Therefore, the degree of
each node, indicative of its level of interaction within the
network, was meticulously calculated. Our study places
particular emphasis on the top ten genes within the TLR
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Fig.3 Heat map of innate immunity genes expressed between PD and Normal control patient’s samples of GSE26927 series

pathway, recognizing them as central components crucial ~ on the Google Cloud Computing Engine with 64 GB RAM

to our investigation. and 8 CPU cores (n2-highmem-8). We utilized four well-
annotated databases (miRTarBase v8.0, TarBase v8.0,
2.5 miRNA-gene network analysis miRanda, and miRecords). In this study, we constructed a

miRNA-gene interaction network through the miRNet plat-
To identify potential miRNAs regulating TLR signaling  form. Specific parameters, including species, miRNA identi-
genes, we employed the miRNet (Chang et al. 2020) online  fiers, and target gene identifiers, were employed to identify
database (https://www.mirnet.ca/), a miRNA-centric net-  the top miRNA and gene nodes. The top ten genes related to
work visual analytics platform. miRNet serves as a freely TLRs were imported into the miRNet tool, resulting in the
available tool for exploring miRNA-gene networks, hosted  creation of the desired miRNA-gene network.
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3 Results

3.1 ldentification of DEGs related to innate
immunity in PD

The DEGs identified through GEO2R analysis were sub-
jected to gene ontology study, as illustrated in volcano plot
of Fig. 2A. A significant proportion of these genes were
associated with functional categories including response
to stress, catabolic processes, locomotion, behavior, and
immune system regulation, as depicted in Fig. 2B and
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outlined in detail in Supplementary Table 1. Specifically
focusing on immune system-related DEGs, we narrowed
down our investigation to innate immunity genes. After fur-
ther filtration, we observed that 15% of these genes were
dedicated to innate immunity, while 5% were associated with
adaptive immunity. The remaining genes were classified
into other categories, as outlined in Fig. 2C and detailed in
Supplementary Table 2. The 321 genes identified under the
category of innate immunity were subsequently chosen for
gene ontology analysis to facilitate a more targeted explora-
tion of innate immune responses aligned with our research
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objectives (Fig. 3). For enrichment analysis of innate immu-
nity genes, we utilized SHINY GO and the results are pre-
sented in Supplementary Table 3.

3.2 Enrichment pathways and differential
expression analysis

We conducted a comprehensive gene functional enrichment
analysis using SHINY GO software to elucidate potential
genes and pathways of significance. Our focus was primarily
on identifying DEGs associated specifically with the Innate
Immune System. This emphasis arises from the recognition
that neuroinflammation in PD is intricately linked to the
activation of brain immune cells, and the innate immune
response serves as the initial and expeditious phase in ini-
tiating the neuroinflammatory cascade in PD. DEGs of the
innate immune response were meticulously input into the
online database, providing profound insight into their func-
tional roles. Our analysis revealed the top 20 enrichment
pathways, with notable distinctions in enrichment levels
highlighted by Fold Enrichment (FE) values. Particularly,
pathways such as complement and coagulation cascade
(FE=16) and TLR Signaling (FE=16) emerged as highly
enriched, underscoring their potential significance (as visu-
alized in Fig. 4A). Conversely, less-enriched pathways,
including those related to cancer, Salmonella infection, and

HSV-1 infection, were also identified, serving as informative
contrasts. Furthermore, our investigation delved deeper into
the TLR signaling genes expressed within the context of PD
and control samples (as depicted in Fig. 4B, supplementary
Table 4). In addition, our exploration encompassed KEGG
pathway analysis, revealing interconnections between TLR
pathway genes and significant signaling pathways such as
PI3-AKT signaling and JAK-STAT signaling. These interac-
tions can potentially contribute significantly to the complex
landscape of neuroinflammation, as visually represented in
Fig. 5.

3.3 PPI network analysis of DEGs

The PPI analysis of DEGs within the Innate Immune Sys-
tem Genes Pathway was conducted using the STRING tool
(Fig. 6). Notably, the network comprising 314 nodes repre-
senting genes related to innate immunity exhibited a dense
connectivity, with 18 nodes associated with the TLR path-
way within the PPI network. Our focus was on identifying
the top hub genes in this network, leading to the recognition
of the top ten hub genes based on their degree of connectiv-
ity (Fig. 7A). To assess the significance of these hub genes,
key parameters related to PPI, such as Rank, Score, and
Degree of Betweenness, were computed using Cytoscape.
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The expression level of the identified gene in PD or neu-
roinflammation was also found in the published literature
to support the present study’s research findings (Table 1).
The findings highlighted TLR4 as the most interactive
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gene, with a connectivity degree of 22, followed by MyD88
(degree=21), TLR9 (degree=17), TLR2 (degree=17),
IRAKI] (degree=16), IRAK4 (degree =13), TRAF6
(degree=13), IRAK3 (degree =9), IRF7 (degree =8), and
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Table 1 List of top ten DEGs of TLR signaling with high degree in PPI network
Rank Gene symbol Gene title Score  Degree in PPI Levelin PD or  References
Neurodegenera-
tion
1 TLR4 Toll-like Receptor 4 38,822 22 1 Conte et al. (2023)
2 MYDSS8 Myeloid differentiation primary response 88 38,820 21 i Herréan et al. (2014)
3 IRAK4 Interleukin-1 receptor-associated kinase 4 36,720 13 1 Lei et al. (2020)
4 TLR9 Toll-like Receptor 9 32,762 17 T Maatouk et al. (2018)
5 TLR2 Toll-like Receptor 2 32,328 17 1 Dzamko et al. (2017)
6 IRAK1 Interleukin-1 receptor-associated kinase 1 31,950 16 1 Wang et al. (2015)
7 TRAF6 Tumor necrosis factor receptor (TNFR)-associated 31,680 13 1 Chung et al. (2013)
factor 6
IRAK3 Interleukin-1 receptor-associated kinase 3 15,120 9 1 Cao et al. (2022)
IRF7 Interferon regulatory factor 7 10,800 9 i Lei et al. (2020)
10  MAP3K7 Mitogen-activated protein kinase kinase kinase 7 10,080 8 i He et al. (2018b)

1 Upregulate, | Down-regulate

MAP37K (degree =8). A higher degree implies more exten-
sive interactions within the network, while the score reflects
gene expression, and rank denotes the gene’s position in the
network (Fig. 7B).

3.4 Potential miRNA regulating TLR signaling in PD

The potential miRNA regulating TLR pathway was predicted
using the mirNet online database, which is connected with
the miRDB, Target Scan, and miRTar base databases. In the
results of the miRNA-gene network, we identified 53 miR-
NAs, 18 genes, and 158 edges in the network (Fig. 8). Further,
we identified the top miRNAs targeting the network’s highest
number of genes. Among all miRNAs, hsa-miR-21-5p inter-
acted with six proteins or genes (IRAK1, TLR3, TLR4, TBK]1,
IRAK4, MyD88), hsa-miR-17-5p interacted with four genes
(TLR4, IRAKI, IRAK4, TLR7), hsa-miR-93-5p interacted with
two genes (IRAK4, TLR7), hsa-miR-7-5p interacted with two
genes (TLR4, FADD), and hsa-mir-92b-3p with TLR3, TIRAP
(Table 2).

4 Discussion

Neuroinflammation is a common process in neurodegen-
erative diseases such as AD, PD, HD, and ALS. Neuro-
inflammation is regulated by both peripheral and central
immune systems in all neurodegenerative diseases. Fur-
thermore, innate immunity has a great role in neuroinflam-
mation-induced neurodegeneration. In the present study,
we focused on PD, which is the second-most prevalent
neurodegenerative disease globally, impacting millions of
individuals. Various preclinical research studies provide evi-
dence of the link between innate immunity and PD because
a-synuclein aggregates act as DAMP for PRRs (Kouli et al.
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2019). TLR are the type of PRRs present in peripheral and
central immune cells (Pei et al. 2007). TLRs activated by
a-synuclein aggregates lead to increases in M1 microglia
phenotypes and lower the M2 microglia phenotype and the
production of pro-inflammatory (/L-18, IL-1p) and anti-
inflammatory mediators (/L-4, IL-6, IL-10), that will ulti-
mately cause neuroinflammation and after that neurodegen-
eration in PD (Lazdon et al. 2020).There are different types
of TLR expressed on the microglia, but potential TLR gene
need to be explored that contributes to PD pathogenesis.
Similarly, researchers also target the TLR3 and TLR4 recep-
tors to elevate neuroinflammation in PD.

As we understood from above Innate immunity and
TLR signaling have a great role in neuroinflammation and
PD progression. Previously, Durrenberger et al. did work
on neuroinflammatory genes involved in neurodegenera-
tive diseases. The authors used the microarray technique
to check dysregulated genes between normal patients and
diseased patients. They reported significant changes in
inflammatory genes and the results of study prove the role
of innate immunity in the progression of all neurodegenera-
tive diseases such as AD, PD, HD, and ALS. The data of
this study was available in the GEO database with series
number GSE26927 (Durrenberger et al. 2015). So, the pre-
sent study is completely bioinformatics in which we did gene
ontology of DEGs obtained through GEO2R analysis of the
normal patient sample and PD patient sample of GSE26927
series. The DEGs shortlisted based on the functional anno-
tation or biologic process, so we were selected DEGs that
play a role in immune system function and further filtered
to select only innate immunity-related DEGs (Fig. 3). The
gene enrichment chart of the dysregulated gene of the innate
immune system was created in SHINY GO which showed
the top 20 signaling pathways (Fig. 4). The top 20 signal-
ing pathways include highly enriched pathways complement
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Tab!e 2. List Of_ top ﬁvc m‘RNA S. no. miRNA Accession No. of target Targeted-TLR genes
having interaction with major
TLR pathway protein hsa-mir-17-5p MIMAT0000063 TLR4, IRAKI, IRAK4, TLR7,

2 hsa-mir-21-5p MIMATO0000076 6 IRAKI, TLR3, TLR4, TBK],
IRAK4, MyD88
3 hsa-mir-93-5p MIMATO0000093 2 IRAK4, TLR7
hsa-mir-7-5p MIMAT0000252 TLR4, FADD
5 hsa-mir-92b-3p MIMATO0003218 2 TLR3, TIRAP
Cerebral ischemia reperfusion injury
e Immunoregulatory role in peripheral
e and central immune system
/ \/ 3
Regulate tumorigenesis hsa-mir-93-5p hsa-mir-21-5p
/ IRAK4
TRAF6
MYD88
hsa-mir-17-5p
hsa-mir-92b-3p
/
Promote AP deposition in Alzheimer's MAP3K7
discasc )
High expression in breast cancer and

Fig. 9 Role of identified miRNAs in different pathologic condition.
miRNA-gene network constructed in cytoscape and analyzed by cyto-
hubba, and top miRNA mentioned are miR-21-5p (immunoregulatory

and coagulation cascade, TLR signaling pathway, RIG-like
receptor pathway, cytosolic DNA sensing pathway, NF-kB
pathway, Nod-like receptor pathway, and remaining infec-
tious diseases. These mentioned pathways have a role in the
pathogenesis of PD; Ma, Shi-Xun, et al. give evidence on
the involvement of complement and coagulation pathway
in PD, authors prove that complement fragment C3 signifi-
cantly increase in the mid-brain of PD mouse and mediate
neurodegeneration-induced by a-synuclein (Ma et al. 2021).
Similarly, RIG-like receptors (Kaur et al. 2019), Nod-like
receptor regulate neuroinflammation (Liu et al. 2023) and
cytosolic DNA sensing pathway mediated mitochondrial
damage reported in the zebrafish model of PD (Matsui et al.
2021).

In this study, we focused on the TLR signaling pathway,
we showed the contribution of the TLR signaling pathway
in the pathogenesis of PD. To find out the potential TLR
gene that contributes to neuroinflammation in PD. We con-
struct a PPI network of genes participating in the KEGG
pathway of TLR signaling and identified top ten hub genes
are TLR3, IRAKI, IRF7, TLR4, TLR9, MYDS8S8, IRAK4,

@ Springer

act as biomarker

role), miR-92b-3p (act as biomarker in breast cancer), miR-17-5p
(promote AP deposition in AD), miR-93-5p (regulate tumorigenesis)
and miR-7-5p (enhances cerebral reperfusion injury)

MAP3K7, TLR9, TRAF6 (Table 1). These genes have great
contributions to PD pathogenesis such as TLR4 and TLR9
activated in synucleinopathies and promote neuroinflamma-
tion in PD (Kouli et al. 2019), MYDS8S8-dependent pathway
activate M1 microglia and promote neuroinflammation in
MPTP-treated mice model (Drouin-Ouellet et al. 2011). Fur-
thermore, IRAK4 is major inflammatory protein; its upregu-
lation activate IRF7, MAPK and NLRP3 proteins, which will
lead to neuroinflammation in PD (Lee et al. 2021). Hence,
the identified gene could act as target for new therapeutics
to control neuroinflammation in PD, especially a-synuclein
mediated neuroinflammation. Similarly, we also identified
miRNAs that could be act as regulator for identified genes.
The miRNA-gene network results suggested that the top
five significant miRNAs such as hsa-miR-21-5p, hsa-miR-
17-5p, hsa-miR-93-5p, hsa-miR-7-5p and hsa-mir -92b-3p
(Table 2). The top five miRNAs has role in PD progres-
sion and diagnosis, like has-miR-17-5p downregulation
contribute in PQ-induced neurodegeneration of dopamin-
ergic neurons (Wang et al. 2018), hsa-miR-7-5p regulate
CXCLI2 expression in MPP* induced neuroinflammation
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(Lian et al. 2021), hsa-miR-93-5p and hsa-mir -92b-3p level
increases in PD therefore in act as biomarker for PD (Val-
lelunga et al. 2021). Moreover, identified miRNAs have a
role in pathogenesis and diagnosis of different disease other
than PD (Fig. 9). From all the identified miRNAs, hsa-miR-
21-5p interacted with a greater number of node or gene in
network. The research studies also found that the level of
expression of hsa-miR-21-5p significantly increases in PD
patients sample and SH-SY-5Y cells exposed with synuclein
peptide (Alvarez-Erviti et al. 2013). Furthermore, an in-vitro
study by Yelamanchili, Sowmya V. et al. provided the evi-
dence on link between TLR gene and miR-21-5p, authors
observed that miR-21-5p present in vesicles promote neu-
rotoxicity (Yelamanchili et al. 2015). Furthermore, miR-21
is also known as inflammamiR because it targets NLRP3
and NF-kB pathway and it also regulate neuroinflammation
in age related diseases (Olivieri et al. 2021) and miR-21
can be also act as biomarker in AD and PD (Burgos et al.
2014). Hence, it indicates that miR-21 expression linked
with TLR signaling pathway, so therefore we can say that
miR-21 could be potential miRNA that can regulate 7LR
signaling gene in PD.

5 Conclusion

In conclusion, our data demonstrated that TLR signaling
plays a role in PD pathogenesis. Top ten hub genes (TLR4,
TLRY, MYDS8S8, IRAK4, MAP3K7, TLR9, TRAF6, TLR3,
IRAK]1, IRF7) could be potential target for new therapeutic.
In addition, identified potential miRNAs (hsa-miR-21-5p,
hsa-miR-17-5p, hsa-miR-93-5p, hsa-miR-7-5p, and hsa-mir-
92b-3p) can strongly regulate the expression of TLR sign-
aling genes in PD and act as a therapeutic target however,
further in-vitro and in-vivo study required in future.
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