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Abstract

Parkinson's disease (PD) is a neurodegenerative illness marked by progressive damage of
dopaminergic neurons in the substantia nigra. Synuclein-a protein plays a key role in this term by
aggregating in clumps of Lewy bodies causing PD. Despite unclear etiology of PD, growing
indications show that PD pathogenesis is associated with gene expression dysregulation.
Transcription factors (TFs) are the key players in regulating gene expression. In this study, we
employed a bioinformatics tool to predict TF binding to Synuclein-a (SNCA)gene utilizing DNA
sequences, epigenetic modifications, TF binding motifs, and creating machine learning algorithms.
PROMO database was utilized to identify candidate TFs. Here we found TFs that act as regulators
of neuronal function and dopaminergic signaling pathways, including members of the Forkhead
box family, and nuclear factor-kappa B family members such as c-Jun, and STATs family. These
findings provide a better understanding of the molecular mechanisms underlying PD disease and

determine potential therapeutic targets.
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1. Introduction by the progressive deterioration of neurons

PD is a degenerative neurological that produce dopamine in the substantia nigra
disorder that largely impacts an individual's part of the brain. The symptoms of the
ability to move [1]. This disease affects decrease in  neurons dopamine  are
millions of people globally. It is characterized represented by rigidity, bradykinesia,
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tremors, and problems with balance and
synchronization due to its role in regulatory
movement and coordination. Not only motor
symptoms, but also non-motor symptoms
might appear on the patients such as
cognitive impairment, sleep problems,
changes in mood, and autonomic dysfunction
like fluctuations in blood pressure and
gastrointestinal issues [2]. The exact reason
behind PD is still ambiguous, however, it is
thought to result from a combination of
genetic and environmental stimuli. Some
genetic mutations are linked with familial
variations of the disease. However, most
cases arise randomly. Some environmental
factors such as exposure to toxins or
pesticides might contribute to the heightened
risk of emerging PD [3]. On the other hand,
the neurons that produce dopamine, an
important neurotransmitter for controlling
movement, gradually break down in PD. The
specific reason of this decline is not
identified, but the presence of Lewy bodies
comprising misfolded (SNCA) is a vital
factor [4]. These clusters of protein restrict
the regular cell processes, causing glitches in
nerve cells and, eventually, the decease of the
cell [5,6].The important role of (SNCA) in
PD pathology has made it a promising target
for potential therapy [7]. Yet, generating

effective therapies presents major obstacles.

Efforts to reduce (SNCA) clumping or
expand its removal have been fruitful in
animal studies but have not confirmed to be
operative in human trials. It is also still a
challenging work to target (SNCA) without
interfering with its biological function.
Despite these complications, researchers are
still positive about the promises of advanced
therapeutic strategies. Progressions in gene
therapy, antibody-based treatments, and
small molecule inhibitors offer new
approaches  for  addressing  (SNCA)
pathology [8]. Moreover, current medicines
and examining complex treatment options
could enhance benefits in addressing the
progress of PD [9]. Recent advancements in
genomics and computational biology have
encouraged

investigations  into  the

complicated molecular mechanisms
underlying PD pathogenesis, with a precise
focus on transcriptional regulation [10]. The
dysregulation of gene expression has arisen
as a dominant feature in the complex scenery
of PD pathology. TFs, as master regulators of
gene expression, employ accurate control
over the transcriptional machinery, arranging
the elaborate networks of gene regulation that
support cellular function [11]. Considerate
the interplay between TFs and genes
implicated in PD holds noteworthy promise

for unraveling the molecular details of the
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disease and identifying de novo therapeutic
targets. For instance, a recent study suggests
that the activation of NF1 transcription by
FOXAI1 leads to the inhibition of the MAPK
signaling  pathway  which eventually
ameliorate neuronal damage and motor
disability in PD. These results could present
innovative concepts in the area of PD
administration [12].

Predicting TFs binding to PD-associated
genes signifies a cutting-edge tactic to
decipher the regulatory architecture of PD.
By utilizing genomic data, such as DNA
sequences, epigenetic modifications, and TF
binding motifs, predictive models can infer
putative TF-gene interactions specific to PD,
providing respected insights into the
transcriptional ~ dysregulation  that s
fundamental for disease progression. This
study sets the stage for discovering the
predictive TFs binding to (SNCA) gene
implicated in PD, using PROMO database,
highlighting its potential to reveal new
regulatory mechanisms and therapeutic
approaches involved in this overwhelming

neurological disorder.

2. Methodology
2.1 The using of PROMO version 3.0
to predict TFs binding to (SNCA)

gene.

Comprehending and modeling the gene
expression regulatory networks in cells and
tissues is one of the most difficult parts of
genome  biology.  Thus, identifying
transcription factor binding sites in DNA
sequences precisely is a critical process. In
order to anticipate binding sites in sequences,
researcher can utilize existing knowledge of
target sequences in gene regulatory regions to
several databases store sets of known binding
sites. For instance, TRANSFAC which has
the most inclusive collection of DNA binding
sites in eukaryotes. The active way to
represent binding sites is through positional
weight matrices, as they capture the
frequency of nucleotides in recognition sites,
considering the inherent variability in protein
recognition signals. Weight matrices are
designed in PROMO by using binding sites
from TRANSFAC to find potential binding
sites in sequences [13]. There are multiple
tools available for predicting transcription
factor binding locations with weight
matrices. However, PROMO stands out due
to its exceptional characteristics. PROMO
has many options, such as choosing sites
from any species or group of interest,
generating matrices automatically for the
selected taxonomic level, giving details on
other genes regulated likewise, and

comparing multiple sequences at once [14].
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The initial step in RPOMO database involves
selecting the species or taxonomic level for
both factors and binding sites. This step is
made possible with the aid of a Java applet
that can be available from the main menu
under ‘SelectSpecies’. In this study, human
species was selected and then the matrices
were created dynamically which was
examined afterword by utilizing the
‘ViewMatrices’ function as shown in figure
3, A-D. The Homo sapiens (SNCA)
RefSeqGene sequence was retrieved from
NCBI (Reference Sequence: NG _011851.1),
then, this sequence was typed in the
‘SearchSites’ form page as shown in figure 2.
The query sequence was examined for
regions that closely resemble the matrices
[15]. In order to speed up the search,
automata were used to cover every potential
subsequences from the query sequence that
meet or exceed the similarity threshold to any
of the matrices figure 3. The outcome
included a graphical depiction of the
anticipated binding sites, projected values for
evaluating the importance of the matches,
and genes list that were recognized to be
controlled by the TFs identified in the
predictions. These genes were shown
separately or in combination. Data from other
genes are extremely advantageous, as

detecting useful connections between these

genes and the gene in focus could designate
important findings. PROMO main menu has
an additional option to view the uniqueness
of matrices obtained from several organism
types, known as 'MatrixSpecificity', as well

as a help page [16].

3. Results

Exploitation an inclusive dataset
containing genomic sequences, epigenetic
marks, and TF binding motifs, we created
predictive models to elucidate TF-gene
interactions related to PD pathogenesis. The
Homo sapiens (SNCA) RefSeqGene
sequence was retrieved from NCBI
(Reference Sequence: NG _011851.1). This
sequence was submitted to PROMO
Database to identify putative TF biding sites
on SNCA gene sequence. We were able to
identify candidate TFs based on the incidence
of enriched TF binding motifs. These TFs
include GR-o, TFIID, SRY, TCF-4E, GR,
AP-20-A, NFI/CTF, C/EBPB, ENKTF-1,
FOXP3, PR B, PR A, c-Ets-2, IRF-1, NF-
AT1, ATF3, IRF-2, GR-B, NF-1, Pax-5, p53,
C/EBPa, LEF-1, c-Jun, GATA-1, RXR-a-
synuclein, c-Myb, STAT5A, HNF-3a-, TFII-
I STAT4, c-Ets-1, Elk-1, PU.1, T3R-betal,
YY1, NF-AT2, STAT1p, HNF-4a, and TCF-
4. Some of these TFs are regulators of

neuronal  functions and many are



Journal of Wasit for Science and Medicine 2024: 17, (3). 1-16

dopaminergic signaling pathways regulators

as demonstrated in figurel.

Figure 1: A schematic shows Regulators of neuronal function and dopaminergic signaling

pathways as top TF candidates regulating ASCN gene involved in PD.
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4. Discussion

Predicting of transcription factor (TF)
binding to genes involved in PD denotes a
momentous step forward in unraveling the
intricate regulatory mechanisms fundamental
in disease pathogenesis [17,18]. Our study
sheds light on the regulatory site of ASCN
involved in PD by identifying putative TF-
gene interactions and explaining their
functional significance. Here, we investigate
the contents of our findings, their
significance to PD biology, and the potential
translational implications for developing a
therapy. One of the vital insights achieved
from our predictive modeling 1is the
identification of putative TFs that may play
essential roles in governing PD-associated

ASCN transcriptional dysregulation.



Journal of Wasit for Science and Medicine

Utilizing computational analyses and
applying multi-omics data, we revealed TFs
in neuronal

with known involvement

function and dopaminergic  signaling
pathways. Among these, members of the
Forkhead box (FOX) family and Nuclear
Factor-kappa B (NF-kB that emerged as
prominent regulators, proposing their
possible contribution to PD pathophysiology
figure 1.

Most TFs were those that play a crucial
role in regulating gene expression in different
cells including  immune  response,
metabolism, cellular processes, and/or stress
adaptation and apoptosis. These TFs cover
C/EBPB (CCAAT/enhancer-binding protein
beta), CCAAT/enhancer-binding protein
(SNCA)(C/EBPa),

Factor 2 (IRF-2), c-Jun, AP-2a, Interferon

Interferon Regulatory

regulatory factor 1 (IRF-1), Nuclear Factor of
Activated T cells 2 (NF-AT2), Activating
Transcription Factor 3 (ATF3), Nuclear
factor of activated T-cells 1 (NFAT1), Elk-1
(Ets Like-1), Yin Yang 1 (YY1), Forkhead
Box Al (FoxAl), c-MYB, the glucocorticoid
receptor (SNCA)(GR-a-synuclein),
Activating TFs such as ATF3 and TF4, in
addition to signal transducers like STAT4 or
STATS5A, all contribute in gene activation
processes directing cell differentiation as

they bind to specific promoters located

11

within most genes’ 5’ regions [19-22].

Further developmental regulators that
essentially act transiently at several stages
include repressors such PAXS, which
encodes a B-cell-specific activator protein
(BSAP) [23], HNF3a (a protein linked with
the differentiation of lung cells) [24], RXRa
(a protein that cooperates with other nuclear
receptors) or NFI, which is a transcription
factor regularly originate in the brain. Despite
frequent accounts around its role within
cancer processes only growing evidence
suggests otherwise its involvement in
neurological disorders, including PD [25].
Specific proteins like FOXP3 participate
in the formation and activation of T
regulatory cells [26]. Moreover, TCF-4E and
LEF- has been suggested to be involved in
the Wnt signaling pathway whose other
functions help in maintaining the normal
tissues in developed organisms and early
stages of existence or disorders such as those
related to the brain or cancer [27]. P53 entails
a paradigm of a cancer suppressor protein
controlling gene restoration, aging process
among other functions like cell cycle control
[28]. While TFIID takes part in a series of
reactions leading to formation of a certain
substance [29]. PU.1 on the other hand is a
key factor in hematopoiesis, the development

of immune cells and in governing their
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function [30]. Thyroid hormones (THs)

control the gene transcription by
TRPB1(nuclear receptor) [31]. In diverse
regions including liver and pancreas HNF-4a
belongs to superfamily of nuclear receptors
controls expression patterns [32]. The SRY
factor has been confirmed to play a major role
by directing bipotential gonad differentiation
leading to testis and eventually male sex
determination [33]. STAT1p is a member of
the STAT protein family that acts as a
transcription factor in response to cytokines
and growth factors [34]. While these
proposed links endorse potential connections
between the predicted TFs and PD, so far,
there is no direct evidence of involvement of
all these TFs in PD pathogenesis. Future
work of experimental validation by TF-gene
interactions through ChIP-seq and luciferase
reporter assays will confirm their functional
significance, providing mechanistic insights
into the transcriptional regulation of PD-
associated genes. Besides, additional studies
investigating the denoted TFs roles in
inflammation, oxidative stress, protein
aggregation, and mitochondrial function in
PD models may provide further visions into
their implication in PD. These findings
underscore the potential of predictive
methods in elucidating disease mechanisms

and identifying candidate therapeutic targets.

12

5. Conclusion

PD endures to present a challenge to the

medical community, affecting millions
worldwide with no cure in sight. However,
the discovery of ASCN’s key role has
provided a deeper understanding of the
disease's mechanisms. Unraveling the
complexities of (SNCA) pathology holds the
effective

promise to emerging more

treatments that could slow or halt PD
progression. While the journey towards a
cure remains laborious, the quest to decode
the (SNCA) mystery offers hope for millions
affected by this distressing neurological
disorder. In this study, we exploited
bioinformatics tools to predict the TFs that
bind to the (SNCA) gene associated with PD.
Knowing these TFs might explain the
molecular based mechanisms behind it and
determine potential therapeutic targets for
PD. Future work will require a validation of
these TF-gene interactions through ChIP-seq
and luciferase reporter assays to confirm their
functional implication, providing
mechanistic insights into the transcriptional

regulation of PD-associated genes.
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