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IL2RB and TUBA1B are Potential Targets of
Music Therapy for Alzheimer’s Disease and

Cognitive Impairment
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Highlights

. IL2RB and TUBA1B as are important immune and metabolic regulatory
genes in Alzheimer’s disease and cognitive impairment.

. Music therapy demonstrates potential therapeutic prospects by promot-
ing neuroplasticity, immune balance, and gene expression regulation.
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In brief

This study explores the potential of
IL2RB and TUBA1B as therapeutic
targets for Alzheimer’s disease and
cognitive impairment, and for the first
time incorporates music therapy into
the analysis of immune and metabolic
pathways, providing new insights for
precision medicine.
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IL2RB and TUBA1B are Potential Targets of
Music Therapy for Alzheimer’s Disease and

Cognitive Impairment
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Xianjun Li?, Yunshen Ge*, Wei Luo®, Zhong He*, Genbin Huang?, Yanjin Wué, Chengwan Shen?*, Haojun Shi**,

John H. Zhang®*, Bin Huang®*, Maowei Chen'*2 and Yisheng Chen?#438*2

Abstract

Objective: This study examined the complex interactions among differential gene expression, immune
responses, therapy-associated genes in Alzheimer’s disease (AD), and cognitive impairment, with a distinct
focus on the integration of music therapy. Our objective was to delineate the landscape of differentially
expressed genes (DEGs), particularly the interconnections between gene expression changes and therapeutic
interventions, including exercise and music therapy, to discover immune-associated therapeutic targets.
Methods: Through evaluation of the gene expression datasets GSE140831 and GSE48624, we iden-
tified DEGs and investigated their interactions with genes whose expression is induced by exercise
and music therapy. Through protein-protein interaction analysis, gene set variation analysis, immune
infiltration studies, and correlation analyses, we revealed the regulatory interactions and pathway
enrichments. An mRNA-miRNA interaction network was constructed to elucidate regulatory mecha-
nisms, and a drug-target interaction analysis was performed to discover potential therapeutic avenues.
Results: Our study revealed the complex organization of DEGs. In addition to identifying IL2RB and
TUBAI1B, we propose these genes as critical modulators in the context of exercise, music therapy, and AD.
Our results indicated a substantial upregulation of pathways, such as glycolysis and TGF-beta signaling, in
response to exercise, music therapy, and AD. These pathways revealed significant changes in gene expres-
sion compared to baseline conditions, highlighting their involvement in immune response modulation. The
network of mRNA-miRNA interactions revealed key regulators of immune response and cognition. Our
examination of drug and target interactions provided insights into potential mechanisms of action for disease
modulation.

Conclusions: This research provided a comprehensive overview of DEGs in AD and cognitive impair-
ment, and uniquely incorporated evaluation of music therapy. Our findings underscore the importance of
IL2RB and TUBA1B as potential therapeutic targets; provide initial insights into the mechanisms of immune
response; and suggest new pathways for targeted treatment development.

Keywords

Alzheimer’s disease, cognitive impairment, differential gene expression, drug-target interaction, immune
response, MRNA-miRNA network, music therapy, therapeutic targets.

Background

Alzheimer’s disease (AD) remains a for-
midable public health challenge, whose
incidence is rising in tandem with global
population aging [1]. This disorder affects
the brain and is caused by loss of neurons.
Progressive impairment occurs in multiple
cognitive domains and consequently poses
risks of altered social behavior. This neu-
rodegenerative disorder is associated with
progressive memory loss, impaired exec-
utive function, and cognitive impairment,
and affects the daily lives of both patients
and their caregivers [2].

AD has been a major clinical research
focus, and the growing body of literature
has highlighted the importance of genetic
factors in the etiology of this disease
[3]. The unprecedented development of
high-throughput sequencing technology
and bioinformatics tools has ushered in
an era of genetic studies. Analysis of dif-
ferentially expressed genes (DEGs) has
led to important advances in knowledge
regarding AD [4]. Despite considerable
evidence of CIRS’s pathophysiology, sub-
stantial evidence indicates potential roles
of immunity in CIRS; immunity might
therefore serve as a treatment target. A first
step in the fight against AD is directing
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therapies against neuroimmune inflammation, primarily
because immune mechanisms are essential for AD progres-
sion [5-8].

Exercise and music therapy are non-pharmacological
interventions that might benefit patients diagnosed with
AD. Given that telerehabilitation with transcranial direct
current stimulation has been found to be effective in stroke
rehabilitation, these treatments might also improve cogni-
tion and quality of life in patients with AD [9]. Among the
non-pharmacological therapies for the treatment of neuro-
logical diseases, music therapy is frequently used. Many
studies have shown that music therapy improves cognition
and emotion in patients with AD [10, 11]. Music’s ther-
apeutic value might arise from its ability to engage vari-
ous cognitive faculties, including memory, attention, and
emotion, all of which are often impaired in AD [12]. By
enhancing musical skills in individuals, it becomes possible
to focus on the impact of music on brain function and con-
dition, which may help improve cognitive and emotional
aspects in AD patients. [13, 14]. Researchers are beginning
to understand how music therapy can help people with AD.
Music activates a broad range of areas in the brain, sev-
eral of which are affected in AD [15-17]. The activation
of pathways related to glycolysis and TGF-beta signaling
might enhance synaptic plasticity and promote the devel-
opment of new neural connections, compensating for the
neurodegeneration associated with AD [18]. Moreover,
music therapy stimulates the release of growth factors by
engaging emotional and cognitive processes, which helps
improve neuroplasticity and supports brain health. [15,
19]. Including music therapy in a larger therapy system
would provide patients with AD with more comprehensive,
holistic AD care [20].

Despite notable advancements, an important knowl-
edge gap persists regarding the interactions among DEGs,
immune responses, and the genetics associated with ther-
apeutic interventions (e.g., exercise and music therapy).
To study the functions of complex tissues and microen-
vironments, single-cell sequencing and multi-omics anal-
yses are increasingly being applied to gain insight into
immune microenvironments and metabolic regulation
[21]. Bioinformatics analysis of large-scale datasets, such
as biomarker identification, signaling pathway explora-
tion, and immune characteristic studies, has afforded novel
insights into disease diagnosis [22, 23]. The advent of these
technologies has broadened the utility of transcriptomics,
metabolomics, and proteomics in disease diagnosis and
treatment [24, 25]. This study was aimed at bridging the
existing knowledge gap through multimodal examination
of gene expression, immunology, and therapeutic studies.
We combined biomedical evidence from diverse sources
to investigate the roles of music and exercise in modify-
ing the trajectory of AD. This study uniquely performed
extensive analysis of the connections among music, exer-
cise, and AD, to gain novel perspectives in exploiting
molecular targets for therapeutic purposes. With the aim
of improving targeted interventions that might markedly
enhance the quality of life of patients with AD, this study
provides insights into the molecular and immune status of
AD. The findings expand clinical knowledge and practice

regarding AD, and may help ease the burden of this condi-
tion worldwide.

Materials and methods

Data acquisition and identification
of key genes

We extracted two datasets related to AD and musical
intervention, GSE140831 and GSE48624, from the Gene
Expression Omnibus (GEO) database at NCBI. The limma
package [26] was used for differential gene expression
analysis. Genes with a p-value less than 0.05 were clas-
sified as DEGs. Genes from the GeneCards database were
associated with physical activity. We intersected DEGs
from both the AD and musical intervention datasets with
the exercise-associated gene sets to identify overlapping
genes. In preprocessing, we used quality control meas-
ures to ensure that all samples were of high quality. This
process involved determining the distributions of expres-
sion values, the amounts of background noise present,
and the presence of outliers. Quantile normalization was
used to normalize the raw expression values. Moreover,
the ComBat method was used to remove batch effects. The
cut-off criteria for DEG selection were chosen as p-value <
0.05 and false discovery rate < 0.05, to control for multiple
testing.

Protein-protein interaction and gene
set variation analysis enrichment
studies

To describe the interaction networks of IL2RB and
TUBAI1B, important genes identified in our study, we used
STRING to map the protein-protein interaction (PPI) net-
work. The resulting networks were carefully visualized with
the Cytoscape application to understand the interactions
among essential proteins. For gene set enrichment analy-
sis, we divided the dataset GSE140831 into high-expression
and low-expression groups based on the expression levels
of IL2RB and TUBAI1B. The GSVA package from BMC
Bioinformatics [27] was used to obtain enrichment scores
for each sample, which were then evaluated for inter-group
differences. We used a permutation test with 1000 permuta-
tions to determine whether the pathway enrichments were
significant. The false discovery rate significance threshold
was set at 0.05.

Assessment of immune infiltration

Research on immune cellular infiltration in the GSE140831
dataset was conducted with the TIMER internet tool, which
facilitated comprehensive assessment of immune cell infil-
tration across samples. The correlation between the expres-
sion of the identified essential genes (IL2RB and TUBA1B)
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and the abundance of various immune cells was quantita-
tively assessed with Spearman’s rank correlation analysis.
Furthermore, the immune landscape of the samples was
quantified with the ESTIMATE algorithm, which pro-
vided immune and stromal scores along with an average
ESTIMATE score for each sample. This process was instru-
mental in gauging the composition of the tumor microen-
vironment. The correlation between those scores and the
expression levels of key genes was tested with Pearson’s cor-
relation coefficient, which enabled a nuanced exploration of
how genes might influence or be influenced by the tumor’s
immune and stromal components.

Development of an mRNA-miRNA
interaction network

To elucidate the regulatory frameworks governing the
observed gene expression patterns, specifically in the context
of music therapy, we obtained statistics from the GSE115071
dataset in the GEO database from NCBI. Differential expres-
sion evaluation was performed with the limma package, as
previously described [26], with a preset of p < 0.05 to distin-
guish DEGs. Concurrently, we used the miRTarBase database
to source microRNAs (miRNAs) associated with the genes
in the PPI network under consideration. The integration of
DEGs and the comparison of miRNAs were facilitated by
Venn diagrams identifying overlaps between miRNAs in the
database and those associated with gene expression patterns
observed in the music therapy intervention dataset.

Differential expression and
improvement investigation
methodology

The evaluation of gene expression changes between dis-
ease-affected and control groups in the context of PPI
systems was conducted with t-tests executed in R. This
measurable approach facilitated the identification of DEGs
across comparative cohorts. To further investigate the
regulatory mechanisms suggested by the mRNA-miRNA
network, we performed enrichment analysis with the cluster-
Profiler package, as previously described [28]. Correlation
analyses were performed with Pearson’s correlation method
to determine the strength and direction of the associations
between genes of interest. A p-value threshold of < 0.05 was
used as the criterion for statistical significance, to ensure
that the observed associations were both significant and
robust.

Bayesian network inference

For Bayesian network (BN) inference, we used the CBNplot
R package on the EA results with curated natural pathway
data [29]. This package allowed us to determine the structure
of the BN and provide a visualization enabling assessment of

interactions between genes and the design of a probabilistic
model of the regulatory network. The expression values of
eigengenes for pathways identified in the EA served as the
basis for BN inference.

Probabilistic reasoning and
classification

Probabilistic reasoning was applied to the constructed BN
to evaluate the conditional probabilities of gene expres-
sion, such as that of the matrix metalloproteinase-2
(MMP-2) gene, given certain clinical factors (e.g., tumor
stage). This aim was achieved with the cpdist function in
bnlearn, which enables the examination of conditional dis-
tributions and visualization of the results with the ggdist
package [29].

Network comparison and stability
assessment

The constructed BNs were compared against reference sys-
tems, and the stability of the systems was evaluated through
bootstrap strategies. This process consisted of resampling
the gene expression data, substituting the gene expression
data, and recomputing the network structure to assess con-
sistency. We additionally visualized the BN with the graph-
ite package, which converts pathway topology to a molec-
ular network [29]. The analyzed visualizations helped us
reveal the relationships among genes and pathways, identify
key genes for future work, and formulate new hypotheses
for future validation.

Analysis of the shortest pathways
between drug targets and dis-
ease-associated genes

Using previously developed methods, we sought to iden-
tify the shortest common pathways between drug targets
and disease-associated genes. We used the Human Gene
Interaction Network, in which the connections formed
among genes are known biological interactions [30]. The
rationale for using this method was that shorter network
distances between a drug’s target genes and genes asso-
ciated with a disease might suggest more favorable thera-
peutic potential for that drug against that disease. We refer
to the network distance between drug target genes and
disease-associated genes as their “proximity.” To exam-
ine the statistical significance of the proximity for each
drug-disease gene pair, we conducted 1,000 random pertur-
bation experiments within the international Human Gene
Interaction Network. In those experiments, the positions of
drug targets and disease-associated genes were randomly
reassigned within the network to establish a baseline distri-
bution of proximity measures.

4
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Results

IL2RB and TUBA1B are key genes
linking music therapy, exercise, and
Alzheimer’s disease, according to
integrated bioinformatics analysis

Through integrated bioinformatics analysis, we explored
the relationships among music therapy, AD, and

exercise-associated genes. Differential expression anal-
ysis of two single-cell RNA-seq datasets (GSE140831
and GSE48624) identified two core overlapping genes,
IL2RB and TUBA1B (Figure 1), associated with both AD
and exercise-responsive pathways. Further miRNA analy-
sis with GSE115071 and miRTarBase revealed eight key
DE-miRNAs potentially regulating IL2RB and TUBA1B.
A gene-miRNA network confirmed interactions relevant
to neurodegeneration and neuroprotection. PPI and func-
tional enrichment analyses indicated that these genes play
a role in the immune response and glycolysis pathways.

Music Therapy Related Genes Alzheimer's Related Genes
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Figure 1 This study presents an integrative analysis of music therapy, Alzheimer’s disease-associated genes, and exercise-associated
genes. Differentially expressed genes (DEGs) were extracted from single-cell databases (GSE140831 and GSE48624), and an intersection
analysis was performed with genes associated with music therapy, Alzheimer’s disease, and exercise, thus resulting in the identification of two
core genes, IL2RB and TUBA1B. Additionally, differential expression analysis of miRNAs (DE-miRNAs) conducted with the GSE115071 and
miRTarBase databases led to the identification of eight key miRNAs. A gene-miRNA interaction network was constructed, and protein-protein
interaction (PPI) analysis was performed. Functional exploration with the GSVA and TIMER tools was conducted to investigate the roles of
these genes in glycolysis and immune infiltration. Differential expression analysis revealed the expression differences between the control and
Alzheimer’s disease groups, and GO functional enrichment and pathway analysis further elucidated their biological functions and pathways.
Furthermore, network pharmacology analysis highlighted the potential applications of these genes as drug targets. Overall, this study system-
atically analyzed the relationships and potential mechanisms among music therapy, Alzheimer’s disease, and exercise-associated genes by

integrating various bioinformatics approaches.
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Analyses with GSVA and TIMER demonstrated differ-
ential expression of these genes in AD samples and their
potential roles in immune cell infiltration. GO and KEGG
pathway analyses highlighted enrichment in metabolic
regulation and immune signaling functions. Moreover,
network pharmacology suggested IL2ZRB and TUBAIB as
potential therapeutic targets.

DEGs in MCI vs Control

Differential gene expression
and intersection with therapy-
associated genes

Our comprehensive analysis revealed distinct DEG pro-
files between two datasets, GSE140831 and GSE48624. In
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GSE140831, music therapy-associated DEGs, and exercise-associated genes. (D) Protein-protein interaction (PPI) network indicating inter-
actions between the IL2RB and TUBA1B proteins. (E, F) Gene set variation analysis (GSVA) enrichment plots for the key genes IL2RB and
TUBA1B, demonstrating the enrichment rankings throughout distinct samples or conditions. (G) Correlation evaluation among immune cells
and key genes, with statistical importance indicated with color coding. (H) Correlation evaluation of immune rating, stromal rating, and ESTI-
MATE rating with the key genes IL2RB and TUBA1B, indicating scatter plots and trend lines. Experimental techniques included gene expres-
sion profiling and bioinformatics analyses, and statistical relevance is denoted by p-values where applicable.

K. Wu et al.: DOI: 10.15212/bioi-2025-1002



BIOI 2025

GSE140831, we identified 1,027 DEGs, comprising 600
downregulated and 427 upregulated genes (Figure 2A). In
contrast, GSE48624 exhibited a homogeneous expression
profile comprising 1,096 DEGs, all of which were upreg-
ulated. An exhaustive search for exercise-associated genes
identified 6,471 genes (Figure 2B). Notably, a Venn diagram
analysis highlighted two key genes, IL2ZRB and TUBAIB,
implicated in exercise, music therapy, and AD (Figure 2C).
These findings provided a basis for further investigation.

Protein-protein interaction and gene
set variation analysis

PPI network analysis suggested potential regulatory inter-
actions between TUBB2A and IL2RG in relation to the key
genes, IL2RB and TUBAIB (Figure 2D). Additionally,
gene set variation analysis (GSVA) revealed significant
enrichment of these genes in pathways such as glycolysis,
apical junctions, and TGF-beta signaling, thereby suggest-
ing synergistic modulation of gene expression (Figure
2E-F).

Immune infiltration and correlation
analysis

Investigation of immune cell infiltration revealed contrast-
ing roles of the key genes. IL2RG positively correlated with
CD8+ T cells and CD8+ central memory T cells, but neg-
atively correlated with neutrophil populations. In contrast,
TUBB2A exhibited an inverse relationship, correlating neg-
atively with T cell subsets and positively with neutrophils
(Figure 2G). These findings suggested opposing regulatory
roles in the immune response. However, the absence of sig-
nificant correlations between the immune score, stromal
score, or ESTIMATE score and the key genes IL2RB and
TUBAI1B (Figure 2H) suggested a modulatory role rather
than a primary role in immune regulation.

Construction and analysis of the
MRNA-miRNA network

Our differential analysis of the GSE115071 dataset identi-
fied 57 differentially expressed microRNAs (DE-miRNAs):
20 downregulated and 37 upregulated (Figure 3A). Cross-
referencing against the miRTarBase database led to the iden-
tification of 357 miRNAs with regulatory relationships to
11 mRNAs. Subsequently, a Venn diagram highlighted eight
overlapping miRNAs (Figure 3B). These findings facilitated
the construction of an mRNA-miRNA network comprising
11 mRNAs and eight miRNAs (Figure 3C).

Differential and enrichment
analyses

We observed significant differential expression for genes other
than TUBB2A between the mild cognitive impairment (MCI)

and control groups, a finding supporting the critical role of the
PPI network centered around IL2RB and TUBA1B in MCI
progression (Figure 3D). Further functional regulatory anal-
ysis via Gene Ontology (GO) enrichment revealed key roles
of immune-related signaling pathways, notably the interleu-
kin-15-mediated signaling pathway, the interleukin-2-medi-
ated signaling pathway, and the interleukin-2 receptor complex
(Figure 3E). Concurrently, KEGG pathway enrichment analy-
sis highlighted the JAK-STAT signaling pathway, human T-cell
leukemia virus 1 infection, and Th1/Th2 cell differentiation
as central pathways (Figure 3F), thus suggesting regulatory
effects of IL2RB and TUBA1B on immune function in MCL

Elucidation of drug-target
interactions in disease modulation

We used a multifaceted approach to unravel the intricate
network of drug-target interactions relevant to disease mod-
ulation. Cluster analysis revealed a hierarchically structured
dendrogram indicating potential connections among various
compounds and genes within the human gene interaction
network (Figure 4A). Distinct hierarchical clusters high-
lighted the proximity and possible interactions between
entities that might play critical roles in disease pathways.
Further analysis using a clustergram from network pharma-
cology predictions identified distinct groups of compounds
or genes and consequently suggested subgroup-specific
interactions essential for targeted therapeutic strategies
(Figure 4B). Our analysis culminated in the construction of
a detailed network pharmacology model illustrating the vast
interconnectivity among genes, drugs, and disease drivers
(Figure 4C). In this network, node size reflected the number
of connections to a gene, whereas edge thickness indicated
the strength of correlation, thus emphasizing key drivers
and potential drug targets. This intricate network model pro-
vided valuable insights into complex regulatory interactions
and might pave the way to the identification of critical nodes
serving as promising therapeutic targets.

Integrative pathway and regulatory
network analysis in cognitive
impairment

To elucidate the molecular mechanisms underlying cogni-
tive impairment, we constructed a correlation matrix, which
revealed a nuanced interplay among key genes (Figure 5A).
The red and blue hues within the matrix delineated positive
and negative correlations, respectively, and the color inten-
sity was proportional to correlation strength. Kendall’s tau
coefficient, represented by line thickness, reinforced the
robust associations among the identified genes. GO enrich-
ment analysis elucidated the biological processes, cellular
components, and molecular functions involved in cognitive
impairment (Figure 5B). The resulting network of enriched
GO terms, connected by shared genes, suggested a complex
regulatory landscape, with node color intensity reflecting
p-value significance and node size indicating gene count.
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We further performed KEGG pathway analysis, which high-
lighted critical biological pathways characterized by varying
gene counts and differential adjusted p-value significance
levels (Figure 5C). Reactome pathway analysis additionally
identified significant pathways, with edge thickness signify-
ing interaction strength and node color corresponding to the
significance according to the adjusted p value (Figure 5D).

Functional pathway regulation in
immune response

The natural killer cell activation pathway was prominent, and
IL-2 and IL-15 were found to play substantial roles in reg-
ulating immune responses, particularly in the modulation of
inflammation and immune cell activation (Figure 6A). The
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and edge thickness represents correlation strength.

cytokine-mediated signaling pathway also emerged as sig-
nificant; IL2RB was central to its critical regulatory role in
immune modulation, as evidenced by multiple connections
reflecting its regulatory function in the immune response
(Figure 6B). Lymphocyte differentiation, an essential aspect
of the immune response, displayed a network of regula-
tory interactions, particularly involving IL2RA and IL2RG,
which were key modulators in this process (Figure 6C). The
positive regulation of cell-cell adhesion, which is essential

for immune synapse formation, was highlighted by interac-
tions involving JAK1 and IL-15 (Figure 6D). Furthermore,
the regulation of leukocyte differentiation demonstrated the
influence of IL-2 on the immune landscape, particularly in
the differentiation of various leukocyte subtypes (Figure
6E). Finally, the regulation of the phagocytosis pathway
revealed a noteworthy negative correlation between IL2RG
and IL-15RA, a finding suggesting a complex interplay in
the phagocytic process (Figure 6F).
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level.

Delineation of immune pathway
dynamics in cognitive impairment
via KEGG analysis

KEGG analysis of immune-related pathways revealed sig-
nificant regulatory patterns in cognitive impairment. The
cytokine-cytokine receptor interaction pathway’s consid-
erable regulatory strength, particularly in the upregula-
tion of IL-2, suggested enhanced immune communication
(Figure 7A). Gap junction pathways, which are crucial
for intercellular communication, exhibited a trend toward
TUBA1B downregulation potentially reflecting altered
neuronal connectivity (Figure 7B). Infection-related path-
ways, such as those for human T-cell leukemia virus 1 and
measles, were implicated, thereby indicating potential

viral effects on immune responses in cognitive impairment
(Figure 7C and 7F). The significant downregulation of the
intestinal immune network for IgA production suggested a
diminished response from gut-associated lymphoid tissue
(Figure 7D). The JAK-STAT signaling pathway, which is
essential for cytokine signaling, demonstrated mixed regu-
latory patterns reflecting the complex role of this pathway
in cognitive function (Figure 7E). Moreover, the analysis
of Th1/Th2 and Th17 cell differentiation pathways revealed
a potent regulatory network in which IL2RG was consist-
ently implicated, a finding highlighting its versatile role in
T cell differentiation (Figure 7H and 7I). The phagosome
pathway, involved in pathogen clearance, displayed a bal-
anced regulatory pattern indicating preserved phagocytic
function (Figure 7G).
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Reactome pathway regulatory
analysis in cognitive impairment

Our reactome pathway regulatory analysis uncovered
notable modulation of the interleukin signaling cascade,
with implications in cognitive impairment. The interleu-
kin receptor SHC signaling pathway (Figure 8A) showed
pronounced upregulation, evidenced by enlarged nodes
correlating with heightened gene expression. Similarly, the
interleukin-2 family (Figure 8B) and interleukin-2 signaling
pathways (Figure 8C) revealed robust red edges suggesting
upregulation potentially contributing to disease pathology.
Additionally, the combined signaling pathways of interleu-
kins-3, -5, and GM-CSF (Figure 8D) were predominantly
upregulated, whereas the interleukin-15 signaling pathway
(Figure 8E) exhibited a mixture of regulatory influences
suggesting a nuanced role in cognitive impairment. Notably,
the analysis of microtubule-dependent trafficking of con-
nexons from the Golgi to the plasma membrane (Figure
8F) highlighted TUBAIB as a central upregulated node
and suggested its involvement in the cellular communica-
tion disruptions observed in cognitive decline. The recruit-
ment of NuMA to mitotic centrosomes (Figure 8G) showed
similar upregulation, particularly in TUBB3, thus hinting
at its contribution to cell division anomalies associated

with neurodegeneration. Additionally, interleukin signal-
ing (Figure 8H) underscored complex immune responses;
IL2RB was notably upregulated, thereby emphasizing its
regulatory importance. Ultimately, we identified connexon
delivery to the plasma membrane (Figure 8I) as an impor-
tant process that is subject to significant regulatory modula-
tion by TUBB2A. Our results provide a broad understanding
of changes in gene expression in cognitive impairment that
might be explored as therapeutic targets in interleukin and
microtubule signaling pathways.

Discussion

The roles of big data and bioinformatics technologies in
biomarker identification and applications are becoming
increasingly important. These technologies are essential for
diagnosing and predicting diseases [31, 32]. The integration
of multi-omic data with bioinformatics analysis and novel
drug development strategies holds promise for diagnostics
and therapeutic interventions for complex diseases, and pro-
vides insights for guiding future research directions [33-37].
This study examined the relationships among DEGs, immu-
nity, and therapeutic genes in AD and related cognitive
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impairments. Through a detailed analysis, we mapped the
relationships between DEGs and several drug targets. This
work expands the molecular understanding of the mecha-
nisms underlying these complex disorders.

Studying the immune microenvironment has explained
interactions between immune and metabolic pathways in
disease and consequently provided important references for
precision immunotherapy [38, 39]. Extensive studies on PPI
networks and their regulatory mechanisms have revealed
important roles in signaling and functional regulation

of cells. Our investigation indicated a notable potential
DEG signature. Among the identified DEGs, IL2RB and
TUBAIB were found to play key roles in the regulation
of immunity and cognition with respect to AD. Studies
have implicated TUBB2A and IL2RB in interleukin-15
and interleukin-2 signaling pathways. Moreover, the JAK-
STAT pathway is involved in HTLV-1 infection and in Th1/
Th2 differentiation, an area of interest in investigations of
HTLV-1. The inflammation from interleukins might accel-
erate AD progression. When the inflammatory response is
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triggered, various neuroinflammatory mediators are synthe-
sized and secreted by astrocytes and microglia, including
complement activators/inhibitors, chemokines, cytokines,
free radicals, and inflammatory enzymes. Sufficient inflam-
mation can kill neurons and lead to further inflammation.
Additionally, subsets of immune cells might play major
roles in AD. Studies have shown that TEMRA, a subset of
immune cells from healthy individuals, people with AD, and
people with MCI, disrupt neuronal activity and form neural

protrusion spheres, a hallmark of AD-associated neuronal
damage. Therefore, TEMRA cells not only secrete toxic
cytokines but also directly damage neurons. The identifica-
tion of these genes not only enriches current understanding
but also might open avenues for novel therapeutic strategies.
The observed pathway enrichment, particularly in glycol-
ysis and the TGF-beta signaling cascade, underscores the
complex biological processes disrupted in AD. These path-
ways have well-documented roles in immune modulation
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and synaptic plasticity, both of which are crucial for main-
tenance of cognitive function. Consequently, the interplay
between these pathways highlights the role of the immune
microenvironment in the diagnosis and prognosis of vari-
ous diseases [40, 41]. In-depth studies in transcriptomics
and proteomics have not only revealed key pathways and
molecular mechanisms, but also provided a theoretical basis
for the development of efficient targeted therapeutic agents
[42, 43].

Music therapy is known to ameliorate cognitive function
in patients with Alzheimer’s disease (AD), primarily by
enhancing memory recall and retention [17, 44]. It achieves
this by stimulating neural pathways associated with auto-
biographical memory, with studies confirming its role in
supporting memory processes [45, 46]. As the disease pro-
gresses, the activities of sporting clubs, which encourage
social interaction and a sense of belongingness, are dimin-
ished [47]. Music therapy encourages socialization and
a sense of belonging, which tend to be lost as the disease
progresses [48]. This stimulus encourages increased social
interactions and a feeling of belongingness, which tends to
decline with the progression of the disease [49, 50]. The
immune microenvironment has been a key area of recent
research. A transcriptomic analysis has indicated immune
cell activity associated with the disease. The immune
microenvironment plays a crucial role in studying immune
evasion and the progression of Alzheimer’s disease. The
findings from these studies have also contributed to the
identification of novel immunotherapeutic strategies against
cancer [51]. Targeting and altering protein interaction net-
works has been found to potentially interfere with signal-
ing pathways that are essential in regulating cell functions.
Music therapy appears particularly promising for the treat-
ment of other diseases due to its demonstrated benefits in
enhancing cognitive and motor skills [52, 53].

Music therapy’s demonstrated benefits extend beyond
cognitive and emotional functions, and can improve motor
skills and coordination [54]. Beyond its cognitive and emo-
tional benefits, music therapy can enhance motor skills and
coordination [55]. Being physically impaired may also pres-
ent additional benefits, such as improving the therapeutic
effects of music therapy, which can help patients with AD
manage symptoms like agitation and tension. In general, AD
worsens over time. By treating common symptoms such as
tension and agitation, music therapy can help create a pleas-
ant and soothing atmosphere [56]. Soothing music can calm
behaviors and assist caregivers. The medical world is start-
ing to understand the biological mechanisms underlying the
efficacy of music therapy in AD. Music therapy in demen-
tia relies on the ability of music to activate a wide array of
brain areas, many of which are compromised in dementia.
This involvement might stimulate synaptic plasticity and the
formation of new neural connections, which could help ame-
liorate some of the degenerative effects associated with the
disease. [57]. Moreover, the stimulation provided by music,
combined with emotional and cognitive factors, might con-
tribute to the release of neuroprotective factors and growth
factors, and consequently enhance brain health [58].

Our mRNA-miRNA network analysis revealed the
intricate regulatory mechanisms underlying cognitive

impairment. The important network components identified,
as well as their relationships, might play essential roles in
eliciting the effects of exercise and music therapy on cogni-
tion. Our findings validate and expand on earlier research.
The immune-regulatory function of IL2RB and the synap-
tic-stabilizing action of TUBA1B are consistent with prior
hypotheses regarding immune-inflammatory aspects of AD.
They also suggest that synapse health is essential for cogni-
tion. In addition, the enrichment in glycolysis and TGF-beta
signaling pathways observed herein suggests that meta-
bolic and immune dysregulation might be interlinked in AD
pathogenesis. The consistent findings across studies suggest
a need to exclude other mechanisms before identifying the
cause of a disease or a therapeutic target [59]. Analysis of
immune infiltration further indicated the roles of immune
cells in disease progression. The immunological functions
of DEGs suggested that targeted genetic engineering of spe-
cific genes might shift the disease course. This systems biol-
ogy approach underscores the multifaceted nature of gene
regulation and its profound effects on disease progression.
Moreover, studies on neuroinflammation in AD have high-
lighted the importance of immunomodulation in disease
management, thereby reinforcing our findings regarding the
regulatory roles of IL2RB and TUBA1B in immune path-
ways [60, 61]. The development of novel targeted therapeu-
tic strategies has promise in markedly enhancing treatment
efficacy while decreasing adverse effects, and consequently
advancing the field of precision medicine [62]. Comparative
studies on different treatment approaches and their effects on
patient prognosis have been extensively examined through
systematic reviews and meta-analyses [63]. Computer-aided
drug design trends have led to the ongoing emergence of
research hotspots in this field and offered new possibilities
for drug development [64]. Moreover, the development of
highly antifungal wood preservatives from traditional herbal
root extracts has offered a new perspective in materials sci-
ence [65]. Transcriptomics is critical in revealing the immune
microenvironment, and can provide valuable insights regard-
ing the diagnosis and prognosis of various diseases [66, 67].
Extensive studies examining the key roles of PPIs and their
regulation have shed light on their importance in cell sig-
naling and functional regulation within biological systems
[68-70].

The use of big data and bioinformatics in biomarker
identification has become increasingly important in disease
diagnosis and prognostication [71, 72]. Through the integra-
tion of data-driven approaches and experimental validation,
researchers have made significant advancements in several
key areas, including the identification of novel biomark-
ers, improved diagnostic methods, and the development of
potential therapeutic strategies [71].

Despite the valuable contributions of this study, certain
limitations should be acknowledged. The reliance on gene
expression data derived from autopsy brain samples limited
our ability to capture dynamic temporal modifications in
gene expression. Future studies should incorporate longi-
tudinal observation designs with real-time patient tracking
to validate our findings and explore their clinical applica-
bility. Moreover, the central modulators identified, such as
IL2RB and TUBAIB, and the proposed mRNA-miRNA
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network, were hypotheses generated from in silico analysis.
Although the drug-target interaction evaluation provided
useful insights, it was based on computational predictions
and requires experimental validation. Subsequent research
should focus on in vitro cell experiments and the develop-
ment of AD animal models for in vivo validation, to fully
evaluate the therapeutic potential of the identified drug
targets.

Understanding the roles of cytokines in immune
responses provides valuable insights for developing effec-
tive therapeutic strategies for a range of diseases [73, 74].
With the growing body of research on exercise and music
therapy, particularly their applications in neurodegener-
ative diseases such as Alzheimer’s disease, scientists are
increasingly focusing on how these interventions modu-
late the interactions between immune microenvironments
and metabolic pathways, thereby offering new perspec-
tives for precision therapy. Exercise and music therapy not
only positively influence the immune microenvironment
but also might enhance overall patient health by affecting
gene expression, protein interactions, and related signaling
pathways; consequently, these interventions have potential
for treating chronic diseases and improving quality of life
[35, 62].

Conclusion

Our findings notably advance basic understanding of DEGs,
immune-related genes, and therapy-associated genes in
AD, as well as CI in AD. This study identified IL2RB and
TUBAIB as potential therapeutic targets and highlighted
key pathways and regulatory networks that might enhance
targeted therapy in cancer. However, further studies are
necessary to validate these findings and demonstrate their
potential for clinical translation, with the ultimate goal of
ameliorating cognitive impairment and AD.
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