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Background: Obstructive sleep apnea syndrome (OSA) is associated with an increased risk
of Alzheimer’s disease (AD). This study aimed to identify the key common genes in AD and
OSA and explore molecular mechanism value in AD.

Methods: Expression profiles GSE5281 and GSE135917 were acquired from Gene
Expression Omnibus (GEO) database, respectively. Weighted gene co-expression network
analysis (WGCNA) and R 4.0.2 software were used for identifying differentially expressed
genes (DEGs) related to AD and OSA. Function enrichment analyses using Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway, and the protein—
protein interaction network (PPI) using the STRING database were subsequently performed
on the shared DEGs. Finally, the hub genes were screened from the PPI network using the
MCC algorithm of CytoHubba plugin.

Results: Seven modules and four modules were the most significant with AD and OSA by
WGCNA, respectively. A total of 33 common genes were screened in AD and OSA by
VENN. Functional enrichment analysis indicated that DEGs were mainly involved in cellular
response to oxidative stress, neuroinflammation. Among these DEGs, the top 10 hub genes
(high scores in cytoHubba) were selected in the PPI network, including AREG, SPPI,
CXCL2, ITGAX, DUSPI, COL1Al, SCD, ACTA2, CCND2, ATF3.

Conclusion: This study presented ten target genes on the basis of common genes to AD and
OSA. These candidate genes may provide a novel perspective to explore the underlying
mechanism that OSA leads to an increased risk of AD at the transcriptome level.
Keywords: Alzheimer’s disease, AD, obstructive sleep apnea, weighted gene co-expression
network analysis, WGCNA, hub genes

Introduction

Alzheimer’s disease (AD) ranks first among the common dementia type of the
world. According to epidemiological investigation from the International
Alzheimer’s disease association, about 45 million people has been suffered
from AD, and the number is expected to increase to 131 million in 2050.'
Despite the widespread prevalence of AD, the potential mechanism remains
elusive, and current managements are limited. It brings not only a serious medical
economic burden but also social pressure. In recent years, with the rapid economic
development and population aging, the prevalence of Obstructive sleep apnea
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syndrome (OSA) is on the rise in numerous countries.
OSA is a complex, multifactorial disease affecting mil-
lions of people worldwide, and it may lead to multiple
serious complications such as cardiovascular incidences,
cognitive dysfunction, and metabolic syndromes. OSA
characterized with intermittent hypoxemia, hypercapnia,
inflammation, oxidative stress and sleep fragmentation, is
a major type of sleep disorders.” The symptoms and
of OSA vary
Therefore, early diagnosis and management of OSA are

treatments according to severity.

critical for promoting treatments and preventing
complications.

AD and OSA are regarded as age-related diseases.
Epidemiological investigations have indicated that the pre-
valence of OSA was 84% in the elderly, and 35.2% of
OSA patients accompanied with cognitive
dysfunction.” AD and OSA belong to two different sys-

tems, but more and more studies have demonstrated that

were

these two diseases interact with each other and share some
pathological mechanisms. The correlation of AD with
OSA is gradually gaining research attention. Mild cogni-
tive impairment and AD were more possible to be found in
patients with OSA.* AD is a heterogeneous disease
affected by some modifiable risk factors, such as lack of
exercise, hypertension, diabetes, and obesity.” Recently,
sleep disorders, including OSA, have also been recognized
as an independent contributor promoted the aggressiveness
of AD.® In animal models, OSA can cause neuroinflamma-
tion and oxidative stress damage in the brain, including in
key areas involved in AD pathophysiology such as
hippocampus.” Neuroimaging studies have shown that
OSA patients had structural and functional changes in
brain regions related to cognitive function, including fron-
tal lobe, hippocampus, and parietal lobe.® In a study of
OSA, compared with the serum levels of AD biomarkers
(AP40, t-tau, p-tau) in controls, the serum levels in OSA
patients were significantly increased.” Moreover, the levels
of these markers in the serum were significantly negatively
correlated with cognitive function.'®'' It was currently
believed that OSA with deficits in cognitive performance
was related to neuroinflammation and oxidative stress
triggered by chronic intermittent hypoxia, and the patho-
logical changes of brain tissue in hypoxia-sensitive areas
may be the basis of cognitive dysfunction.'? Although
studies have shown that there is a certain correlation
between AD and OSA, the relationship between the two
remains incompletely understood, especially at the genetic
levels. Therefore, it is essential to analyze these two

diseases using bioinformatics methods at the genetic and
molecular levels.

Traditional biological research focuses on exploring
the pathogenesis of diseases at the molecular level, and
cannot grub the effective biological significance contained
in massive data. The field of the research of life science
has rapidly grown and evolved by bioinformatics analysis
through advancements of sequencing technology over the
past decades. WGCNA is a novel bioinformatics method,
which can obtain co-expression modules with high biolo-
gical significance by specific screening of genes related to
traits, and is widely used in the study of comorbidities.'*'*
In the present study, based on a comprehensive bioinfor-
matics analysis, we firstly identified DEGs between AD
and OSA samples, and further clarify their potential mole-
cular mechanisms. In further studies, these candidate
genes and pathways could be investigated more closely
to identify new and clear gene targets and potentially
provide guidance for subsequent clinical studies.

Materials and Methods

The workflow of the analysis and hub gene extraction
curation pipeline was shown in Figure 1. We elaborated
on each step in the following sub-sections.

Dataset Preparation

All gene expression data of AD and OSA were down-
loaded from Gene Expression Omnibus (GEO) database
(https://www.ncbi.nlm.nih.gov/geo/). The GSE5281 data-
set was based on GPL570 platforms (HG-U133 Plus 2);
Affymetrix Human Genome U133 Plus 2.0 Array), includ-
ing 87 brain samples from AD patients and 74 normal

aged brain samples from healthy controls. Another dataset
GSE135917 including 24 subcutaneous fat samples from
OSA patients and 8 subcutaneous fat samples from healthy
controls, which were studied with GPL6244 platforms
(HuGene-1_0-st; Affymetrix Human Gene 1.0 ST Array).
R software (version 4.0.2, https://www.r-project.org/) and

Bioconductor Packages were used to process the raw
expression data, make expression matrix and match the
probe to gene symbol. Probes were converted to the gene
symbols based on a manufacturer-provided annotation file
and duplicated probes sets were deleted by determining the
median expression value of all its corresponding probes.
Probes without corresponding gene symbols were also
removed. The affy package under the R environment was
used to preprocess and normalize the microarray datasets
with raw data (CEL files). The parameters, RMA (for
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Microarray dataset GSE135917
from GEO

Selection of the highest co-
expression modules using
WGCNA

397 genes in the key module

Microarray dataset GSE5281
from GEO

Selection of the highest co-
expression modules using
WGCNA

3321 genes in the key module

33 overlapping genes among DEG lists

Protein-protein interaction
network construction

Functional enrichment
analyses

Top 10 hub genes

Figure | The workflow of the analysis hub gene extraction curation pipeline.

Abbreviations: GEO, Gene Expression Omnibus; WGCNA, weighted gene co-expression network analysis; DEG, differentially expressed genes.

background correction) and impute (for supplemental
missing value) were performed in the R software. The
gene variabilities using Median Absolute Deviation
(MAD) were measured and the top 5000 genes were
filtered for network construction.

WGCNA Analysis

Unsigned co-expression networks were constructed using the
WGCNA algorithms in R. A one-step network construction
method was utilized to identify co-expression modules with
the blockwise-modules function in the WGCNA package.'*
Before co-expression network construction, the flash-Clust
tool in the R language was used to construct sample cluster-
ing tree maps with the appropriate threshold value to detect
and eliminate the outliers in the GSE5281 and GSE135917
datasets. And then, the pick soft threshold function of
WGCNA was used to calculate B from 1 to 30 to select the
best soft threshold. Based on the selected soft threshold, the

adjacency matrix was converted to topological overlap
matrix for constructing the network, and the gene dendro-
gram and module color were established by utilizing the
degree of dissimilarity. A dynamic tree-cutting algorithm
using dissimilarity matrix was applied to detect gene mod-
ules, gene sets with high topological overlap. To obtain
moderately sized modules, the minimum number of genes
was set at 30 and a cutline was chosen to merge modules with
similar expression patterns. To identify the relationships
between modules and clinic traits, we calculated the correla-
tion between Module Figengenes (MEs) and clinical trait and
searched for the most significant associations. The MEs were
calculated by the first principal component, which was con-
sidered as a representative of the expression patterns of
module genes. For each module, we defined the Module
Membership (MM) as correlation of gene expression profile
with ME and the Gene Significance (GS) as the absolute
value of the correlation between gene and clinical traits. In
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this study, genes with high MM in a module were assigned to
the module and the module with high GS and P value <0.05
was considered to be highly related to clinical traits. In order
to verify the stability of WGCNA, we used the Module
Preservation function to calculate the preservation of the
module. In addition, module preservation analysis was per-
formed to calculate the Z-summary score. A Z-summary
score >10 means strong evidence of module preservation,
whereas a Z-summary score <2 means or 2< a Z-summary
score <10 mean no evidence or weak evidence of module
preservation.

KEGG and GO Enrichment Analysis

To explore Gene Ontology (GO) of DEGs, R package
cluster Profiler package was used to explore the functions
among genes of interest, with a cut-off criterion of
adjusted p<0.05. GO annotation that contains the three
sub-ontologies—biological process (BP), cellular compo-
nent (CC), and molecular function (MF)—can identify the
biological properties of genes and gene sets for all organ-
isms. Kyoto Encyclopedia of Genes and Genomes

(KEGG, https://www.genome.jp/kegg/) was a database

for understanding high-level functions and utilities of the
biological system. The GO and KEGG pathway enrich-
ment of common genes in OSA and AD were analyzed by
Cluster Profiler and DOSE package in R."> Adjust P-value
<0.05 was considered statistically significant. The results
were visualized with R and Enrichr.

Protein—Protein Interaction Network

Construction and Module Analysis

Genes, which owned significant correlations with clinical
traits and high network connectivity, were informally
referred to as intramodular hub genes of the modules. In
this study, we chose the common genes in the AD and OSA
related modules for further research. The STRING (Search
Tool for the Retrieval of Interacting Genes) online tool,
which was designed for predicting protein—protein interac-
tions (PPI), was used to construct a PPI network of selected
genes.'® And, an interaction with a score of combination >
0.15 was considered statistically significant. Next, we down-
loaded the interaction information and optimized the PPI
network with Cytoscape software (v3.8.0) for better visua-
lization. Minimal Common Oncology Data Elements
(MCODE) was used to identify significant gene clusters
and obtain cluster scores (filter criteria: degree cut-of=2;
node score cut-of=0.2; k-core=2; max depth=100).

Hub Gene Selection

The plug-in CytoHubba (version 1.6) in Cytoscape was
used to explore significant genes in the PPI network, and
the genes with most interactions were referred as hub
genes, which might play core roles in the disease
pathogenesis.'” We used Maximal Clique Centrality
(MCC) to calculate the hub genes.

Results
Identification of DEGs

According to the sample clustering results, none outlier
sample in GSE135917 and GSE5281 was detected and
eliminated, and then the sample dendrogram and trait heat-
maps were built, respectively (Figures 2A and 3A). Merging
similar modules, 7 modules and 4 modules were identified
the co-expression network of GSE5281
GSE135917, respectively. After respectively calculating the

from and
correlations between modules and AD or OSA, we plotted
the corresponding heatmaps of module-trait relationships
(Figures 2B and 3B). Dendrogram of all differentially
expressed genes clustered based on the measurement of
dissimilarity. The color band shows the results obtained
from the automatic single-block analysis (Figures 2C and
3C). In addition, the yellow module related to AD and the
turquoise module related to OSA were respectively identified
as the most relevant key modules (Figures 2D and 3D). By
using the pick soft threshold function of WGCNA, we found
the optimal soft threshold power was 1 for GSE5281 sam-
ples (Figure 2E) and 7 for GSE135917 samples (Figure 3E).

Additionally, we performed the module preservation to
calculate the Z-summary scores of each module. Then key
modules were screened with the following criteria: |cor|
>0.5, p <0.05 and Z-summary score >10. Morever, the
turquoise, yellow and green module associated with AD
were identified as key modules (Figure 4A), and turquoise
and blue module associated with OSA were identified as
key modules (Figure 4B). A total of 33 common genes
were obtained by overlapping intersecting DEGs in key
modules of OSA and AD (Figure 4C).

KEGG and GO Enrichment Analysis for

Intersecting DEGs

The GO and KEGG analyses were applied to the cluster
Profiler package for exploring the potential molecular func-
tions and molecular mechanisms of DEGs. A bubble plot
and bar chart of GO and KEGG were drawn (Figure 5A and
B). A total of 10 BP terms were enriched, including
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Figure 2 WGCNA of AD dataset (GSE5281). (A) The sample dendrogram and trait heatmaps. (B) Heatmap showed the relationships between different modules and
clinical traits, each row presented a module eigengene, column to a trait. Each cell represented the correlation between module eigengenes (rows) and traits (columns), and
the corresponding P value.7 modules were related to AD. (C) Dendrogram of all differentially expressed genes of AD was clustered based on the measurement of
dissimilarity. The color band showed the results obtained from the automatic single-block analysis. (D) Module membership in yellow module. (E) Analysis of network
topology for various soft-thresholding powers, a soft threshold of | was the most suitable value to AD. The abscissa of the picture represented soft-thresholding power.
Abbreviations: WGCNA, weighted gene co-expression network analysis; HC, healthy subjects; AD, Alzheimer’s disease.
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Figure 3 WGCNA of OSA dataset (GSEI35917). (A) The sample dendrogram and trait heatmaps. (B) Heatmap shows the relationships between different modules and
clinical traits, each row presents a module eigengene, column to a trait. Each cell represents the correlation between module eigengenes (rows) and traits (columns), and the
corresponding P value. 4 modules are related to OSA. (C€) Dendrogram of all differentially expressed genes of OSA was clustered based on the measurement of dissimilarity.
The color band shows the results obtained from the automatic single-block analysis. (D) Module membership in yellow module. (E) Analysis of network topology for various
soft-thresholding powers. The abscissa of the picture represents soft-thresholding power. A soft threshold of 7 is the most suitable value to OSA.

Abbreviations: WGCNA, weighted gene co-expression network analysis; WGCNA, weighted gene co-expression network analysis; HC, healthy subjects; OSA,
obstructive sleep apnea.
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modulecolor cor P Value
MEyellow 0.6 2.00E-17
MEgreen 0.55 3.00E-14
MEturquoise 0.52 3.00E-12

AD

modulecolor cor P Value
MEblue 0.56 9.00E-04
MEturquoise 0.95 4.00E-17

OSA

Figure 4 Screening for key modules and common genes. (A) Green, turquoise and yellow modules were screened in AD. (B) Blue and turquoise modules were screened in

OSA. (C) 33 common genes in key modules of OSA and AD were screened.

Abbreviations: OSA, obstructive sleep apnea; AD, Alzheimer’s disease; Cor, correlation coefficient.
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Figure 5 Functional enrichment and Protein—protein interaction network. (A) GO pathways enrichment analysis of AD and OSA shared genes. The length of the bar
represents the number of genes, and the color change of the bar corresponds to different P values. The first 10 significantly enriched GO annotations of cellular component,
biological process, molecular function. (B) Bubble plots of the first 8 significantly enriched KEGG pathways.

Abbreviations: OSA, Obstructive sleep apnea; AD, Alzheimer’s Disease; GO, Gene Ontology (GO); KEGG, Kyoto Encyclopedia of Genes and Genomes.

response to oxidative stress, response to corticosteroid, leu-
kocyte migration, positive regulation of myelination, mye-
loid leukocyte migration, response to steroid hormone,
leukocyte chemotaxis, response to cAMP, neutrophil che-
motaxis, neutrophil migration. The 10 CC terms were sig-
nificantly enriched, including endoplasmic reticulum lumen,
tertiary  granule

ficolin—1-rich granule membrane,

VO
domain, fibrillar collagen trimer, banded collagen fibril,

membrane, proton—transporting V—type ATPase,
external side of plasma membrane, vacuolar proton—trans-
porting V—type ATPase complex, tertiary granule, complex
of collagen trimers. A total of 10 MF terms were enriched,
including growth factor binding, cytokine activity, receptor
ligand activity, ferroxidase activity, oxidoreductase activity,
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oxidizing metal ions, oxygen as acceptor, BH domain bind- PP] Network Construction

ing, death domain binding, IgG binding, IgG binding, The interaction network between proteins coded by DEGs,
RAGE receptor binding. The top eight KEGG pathways  which was comprised of 32 nodes and 83 edges, was
were most enriched, including PI3K—Akt signaling path-  constructed by STRING and visualized by Cytoscape
way, JAK—STAT signaling pathway, Focal adhesion, ECM  (Figure 6A). The MCODE plugin was used to identify
—receptor interaction, Platelet activation, Relaxin signaling  gene cluster modules. We identified two modules in this
pathway, Apelin signaling pathway, Alcoholic liver disease.  network, according to the filter criteria. Cluster 1

RASGEF1B

30

CD300LB

W

Figure 6 (A) Based on STRING database, protein—protein interaction networks of the DEGs in the AD and OSA were constructed. Each node represents a protein, while
each edge represents one protein—protein association. (B) The hub genes were screened from the PPl network using the MCC algorithm of CytoHubba plugin. Two cluster
modules were extracted by MCODE. (C) Cluster | had the highest cluster score (score: 4.80, 6 nodes and 12 edges), (D) followed by cluster 2 (score: 4.20, || nodes and
2| edges).

Abbreviations: OSA, obstructive sleep apnea; AD, Alzheimer’s disease.
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(Figure 6C) had the highest cluster score (score: 4.80, 6
nodes and 12 edges), followed by cluster 2 (Figure 6D)
(score: 4.20, 11 nodes and 21 edges).

Hub Gene Analysis

According to the MCC sores in the CytoHubba, the top ten
highest-scored genes were selected as the hub genes
(Figure 6B), including Amphiregulin (AREG), Secreted
Phosphoprotein 1 (SPP1), C-X-C Motif Chemokine
Ligand 2 (CXCL2), Integrin Subunit Alpha X (ITGAX),
Dual Specificity Phosphatase 1 (DUSP1), Collagen Type
I Alpha 1 Chain (COL1Al), Stearoyl-CoA Desaturase
(SCD), Actin Alpha 2, Smooth Muscle (ACTA2), Cyclin
D2 (CCND2), Activating Transcription Factor 3 (ATF3).
The gene list with gene names, abbreviations, and func-
tions calculated by CytoHubba was shown in Table 1.

Discussion

Alzheimer’s disease is a chronic, progressive, neurodegen-
erative disease. Although people are more and more aware
of AD, its pathogenesis is still complicated. As previously

Table | Top 10 Hub Genes Ranked with Degrees

described, Obstructive sleep apnea is a treatable sleep
disorder, common in the general population, associated
with excessive daytime sleepiness and neurocognitive
deficits.®* Much evidence has shown that OSA can promote
AD. 1819
Simultaneously, several studies also revealed that treat-

the occurrence and development of
ment of OSA in elderly patients could prevent or delay
the onset of AD, mitigated the development and even
reversed neuro-degenerative changes of particular brain
areas in AD patients.’?! In addition, AD patients often
have compliance difficulty with the use of CPAP resulting
in a bidirectional, positive feedback loop leading to worse
outcomes.>” Therefore, it is imperative to find the common
genes and explore the molecular mechanisms of OSA
affecting AD as a means of improving the early diagnosis
and treatment interventions of AD.

We analyzed AD and OSA datasets using WGCNA for
the first time to identify DEGs. By bioinformatic analysis,
a total of 10 hub genes were identified as shared genes
in AD and OSA patients. Among all of the hub genes,
(DUSP1),

Dual-specific phosphatase 1 stearoyl-CoA

No | Gene Full Name Function
| AREG Amphiregulin Ligand of the EGFR. Autocrine growth factor as well as a mitogen for a broad range of target cells
including astrocytes, Schwann cells and fibroblasts.
2 SPPI Secreted Major non-collagenous bone protein that binds tightly to hydroxyapatite.
Phosphoprotein |
3 CXCL2 C-X-C Motif Produced by activated monocytes and neutrophils and expressed at sites of inflammation.
Chemokine Ligand 2
4 ITGAX Integrin Subunit Alpha | Integrin alpha-X/beta-2 is a receptor for fibrinogen.
X
5 DUSPI Dual Specificity By oxidative stress and heat shock.
Phosphatase |
6 COLIALI | Collagen Type | Alpha | Type I collagen is a member of group | collagen (fibrillar forming collagen).
I Chain
7 SCD Stearoyl-CoA Stearoyl-CoA desaturase that utilizes O and electrons from reduced cytochrome b5 to introduce the
Desaturase first double bond into saturated fatty acyl-CoA substrates.
8 ACTA2 Actin Alpha 2, Smooth | Actins are highly conserved proteins that are involved in various types of cell motility and are
Muscle ubiquitously expressed in all eukaryotic cells.
9 CCND2 | Cyclin D2 Regulatory component of the cyclin D2 and CDK4 complex that phosphorylates and inhibits
members of the RB protein family including RBI and regulates the cell-cycle during G(1)/S transition.
10 | ATF3 Activating Represses transcription from promoters with ATF sites.
Transcription Factor 3

Abbreviations: NO, number; EGFR, epidermal growth factor receptor; RB, retinoblastoma; CDK4, cyclin-dependent kinase 4; ATF, activating transcription factor.
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desaturase (SCD), Secreted Phosphoprotein 1 (SPP1) and
C-X-C motif chemokine ligand 2 (CXCL2) were showed
a closer association with OSA affecting AD. Additionally,
the functional enrichment analysis of shared genes found
that AD and OSA-related genes are roughly the same in
molecular function, biological process, and cell composi-
tion, indicating that the two diseases have the same
mechanism in the development process. Thirdly, with sig-
nificant pathway analysis, we found that AD and OSA
shared some common pathways: response to oxidative
stress, response to corticosteroid, positive regulation of
myelination, myeloid leukocyte migration, response to
steroid hormone, leukocyte chemotaxis, neutrophil chemo-
taxis, neutrophil migration. Consistent with a previous
study, the results of the present study indicated that the
Oxidative stress and neuroinflammation were the common
pathways of AD and OSA.

Chronic intermittent hypoxemia increases oxidative
stress by enhancing the production of relative oxygen
species in the body of OSA patients, and the imbalance
of oxidation/antioxidation.”> The long-term oxidative
stress reaction of the blood vessel wall can cause vascular
endothelial damage, especially the tiny blood vessels in
the brain, leading to brain atrophy and cognitive
impairment.>* Previous studies performed on the elderly
found that arteriosclerosis was related to [p-amyloid
deposition, and it was believed that arteriosclerosis was
related to the occurrence and development of AD.?
DUSP1 and SCD are thought to be involved in oxidative
stress. In our research, we found that these two genes were
the shared genes of OSA and AD, and we thought that the
mechanism of OSA affecting AD may be related to the
process of oxidative stress. DUSP1 belongs to the mito-
gen-activated protein kinase phosphatase family, which is
closely involved in the regulation of intracellular signal
transduction and is induced by growth factors, oxidative
stress and continuous hypoxia. Studies have shown that
the expression of DUSP1 protein in monocytes and gran-
ulocytes isolated from OSA subjects was increased sig-
nificantly. DUSP1 gene expression is suppressed after
continuous positive airway pressure treatment of AD.*
Studies reported that the expression of DUSP1 in the
hippocampal neurons of AD patients was also increased,
and overexpression of DUSP1 will decrease tau phosphor-
ylation, and knocking down the expression of DUSP1 will
increase the level of tau phosphorylation.?® Some studies
believe that it can selectively regulate the production of
AP42 in neuronal cells under hypoxic stress and can be

used as a therapeutic target to prevent the progression
of AD.?” SCD is a central regulator of fuel metabolism.
A study focusing on the expression of SCD in brain
neuron cells of AD patients found that compared with
the control group, the expression of SCD in AD patients
was elevated significantly, and the overexpression of SCD
caused an increase in the secretion of P42 amyloid.”® At
the same time, studies showed that chronic intermittent
hypoxia of OSA could activate liver hypoxia-inducible
factor-1, which increased the SCD expression, and the
expression level of SCD was positively correlated with
the severity of local hypoxia.*”*® Some previous studies
have focused on the expression of DUSPI and SCD in
OSA or AD patients, respectively. We discovered for the
first time that DUSP1 and SCD were shared genes in OSA
and AD patients. The regulation of these two genes on
oxidative stress in the body may be related to the mechan-
ism of OSA affecting AD.

Chronic neuroinflammation has been proposed as
a driving force for AD occurrence and development,
which is characterized by amyloid-f deposition, neurofi-
brillary tangles, neuronal loss, and activation of glial
cells.’! Similarly, studies have noted that both OSA
patients and animal models will have peripheral and neu-
roinflammation. Several studies focusing on OSA and
inflammation showed that the expression of multiple
serum inflammatory factors in OSA patients were ele-
vated, such as CRP, TNF-a, IL-6, IL-8, ICAM, VCAM,
and the expression level was closely related to the apnea
hypopnea index of OSA patients.>*>* Previous studies
have found that both SPP1 and CXCL2 were related to
neuroinflammation. In our research, we found that these
two genes may be related to the pathogenesis of OSA
affecting AD. SPP1 is a cytokine expressed by cytotoxic
T cells and a marker of neuroinflammation. Increased
expression of SPP1 genes has been observed in AD brains
and in a transgenic mouse model of AD.>* In the context
of AD, studies showed SPP1 could promote the monocyte-
macrophage’ recruitment into AD brains, and their polar-
ization towards an anti-inflammatory, highly phagocytic
phenotype to facilitate Abeta clearance.’*>> CXCL2 is
a pro-inflammatory factor, produced by activated mono-
cytes and neutrophils and expressed at sites of inflamma-
tion. In a study of AD, the level of serum CXCL2
expression in B3 capillaries was significantly higher com-
pared to healthy controls.>® Recently, study have pointed
out that the serum chemokine levels of OSA patients were
significantly increased, which was related to the degree of
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systemic inflammation.”” Together, we found that the
molecular mechanism of OSA affecting AD may be
related to the regulation of neuroinflammation by SPPI
and CXCL2.

This study may help clarify the pathogenesis of OSA
affecting AD. Despite our systematic findings, this study is
not free from limitations. First, the present study was
a retrospective analysis based on existing databases and
public domain information. Second, though genes shared
by OSA and AD were identified, the biological function of
these genes in AD has not yet been fully understood. Thus,
the work to reveal the pathogenesis of these two diseases
at the molecular level remains indispensable.

Conclusion

The present study was the first to our knowledge to inves-
tigate the shared genes of AD and OSA using bioinfor-
matics methods. These key genes might help to provide
a novel perspective to explore the underlying mechanism
about OSA affecting AD.
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