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Background: Alzheimer’s disease (AD) is closely related to immunity and competitive endogenous RINAs
(ceRNAs) are believed to play a key role in the development of AD. Therefore, understanding the ceRNA
network related to AD immunity will contribute to the identification of novel immunotherapeutic targets
and provide new insights into AD from an immunological perspective.

Methods: Weighted gene coexpression network analysis (WGCNA) and Enrichr enrichment analysis were
performed to identify the immune-related gene coexpression modules through microarray datasets from the
Gene Expression Omnibus (GEO) database. The differentially expressed long non-coding RNAs (IncRNAs)
and microRNAs (miRNAs) were identified from the microarray through differential analysis and mapped
with related databases. Cytoscape was used to construct a IncRNA-miRNA-mRNA network. Subsequently,
ImmuCellAI immune infiltration analysis was performed and a ceRNA sub-network of related core immune
cells was constructed. Finally, the potential pathways related to these core factors were determined through
gene set enrichment analysis (GSEA).

Results: Through WGCNA analysis and enrichment analysis, the blue module and the green module
were identified as key modules related to AD immunity. Naive CD8 cells were shown to be the key immune
cells related to AD. Correlation analysis and receiver operating characteristic (ROC) curves verified IncRNA
Long Intergenic Non-Protein Coding RNA 472 (LINC00472), IncRNA HLA Complex Group 18 (HCG18),
RUNX Family Transcription Factor 3 (RUNX3), Tensionin 1 (TNS1), Linker For Activation Of T Cells
Family Member 2 (LAT2), and Solute Carrier Family 38 Member 2 (SLC38A2) as possible key targets
related to AD immunity.

Conclusions: The IncRNA LINC00472, IncRNA HCG18, RUNX3, TNSI, LAT2, and SLC38A2
identified in this study may be key targets related to AD immunity. These insights will provide future
directions for the further AD research.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative condition
characterized by progressive deterioration of cognition and
memory, and is the main form of dementia (1,2). In 2017,
approximately 50 million people worldwide were affected by
AD, and this number will continue to increase in the next
30 years (3). However, the mechanisms of AD pathogenesis
have not been completely elucidated (4). The characteristic
pathology of AD includes the formation of extracellular
senile plaques formed by neurogenic fiber tangles, B-amyloid
deposition formed by tau protein hyperphosphorylation,
and neuronal loss due to glial cell proliferation (5,6).
Currently, donepezil, galantamine, rivastigmine (7),
and memantine (8) can be used to temporarily alleviate
symptoms. Although much effort has been made to study
the pathology and potential pathogenesis of AD, there
is still no comprehensive treatment intervention for
AD. Therefore, there is an urgent need to identify novel
molecular targets that can improve the diagnosis and
therapy of AD patients.

Recently, the correlation between immune system
disorders and AD has received widespread attention.
Although the involvement of blood derivatized immune cells
in the central nervous system (CNS) is limited in AD and
associated dementia, systemic immune responses are known
to affect the brain. For example, an immune response to
systemic infections can lead to delirium (9). Microglia is
a key component of the CNS innate immunity and shows
obvious phenotypes and plays different roles at various
stages of the disease. Innate immune cells derived from
peripheral blood, such as neutrophils, natural killer (NK)
cells, monocytes, and macrophages, can also be recruited
into the CNS to participate in the progression of AD (10).
Therefore, this study aimed to identify new therapeutic
targets in AD from an immunological perspective.

Advances in high-throughput technology offer excellent
possibilities for identifying AD-related and immune-
related biomarkers. Non-coding RNAs (ncRNAs) account
for nearly 98% of the human genome. The expression of
certain ncRNAs is significantly altered in the blood and
CNS of patients with neurodegenerative disorders, such
as AD (11). Long ncRNAs (IncRNAs) are ncRNAs with a
length of more than 200 nucleotides. Although IncRNAs
do not participate in protein coding, growing evidence
suggests that they play a multi-level regulatory role in
gene expression, such as via epigenetics, transcription, and
translation (12). Salmena et al. (13) proposed the competitive
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endogenous RNA (ceRNA) hypothesis, where IncRNAs and
mRNAs can competitively bind to microRNAs (miRNAs)
by sharing one or more miRNA response element, thus
achieving competitive binding. Increasingly, researchers
have started to clarify the significance of ceRNAs in AD,
and a study showed that knockdown of the IncRNA SOX21-
AST reduced AP 25-35 expression by promoting the miR-
132/PI3K/AKT pathway to inhibit dependent neuronal
cell damage. Therefore, this study aimed to identify novel
IncRNA targets for the treatment of AD.

The detailed mechanisms of immune regulation in
AD remains unclear and the immunomodulatory effect
of ceRNA in the development of AD has not been fully
elucidated. To the best of our knowledge, this study is
the first to report the molecular mechanisms of ceRNA
immunoregulation during the progression of AD. This
study not only identified the ceRNA network related to AD
immunity, but also identified the key immune cells related
to AD, and we also conducted correlation analysis on
immune cells and ceRNA. These insights contribute to the
identification and development of potential AD biomarkers
and therapeutic targets. The research process is shown in
Figure 1.

We present the following article in accordance with
the STREGA reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-6762/rc).

Methods
Microarray data

Microarray data was obtained from the Gene Expression
Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/
geo). The GSE157239 miRNA dataset (public on Oct
14, 2020), including 8 AD samples and 8 normal samples,
was analyzed. The IncRNA and mRNA datasets were
obtained from GSE122063 (14) and GSE150696 (15). The
GSE122063 dataset was used as the training set (public
on Apr 23, 2019) and contains 56 AD samples and 44
normal samples. The GSE150696 data set was used as the
validation set (public on May 24, 2021) and contains 9 AD
samples and 9 normal samples. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013).

Data preprocessing and differential analysis

The GPL21572, GPL16699, and GPL17585 platform files
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Figure 1 A schematic diagram showing the workflow of the integrative bioinformatics analyses. GEO, Gene Expression Omnibus; DE,

differential expression; ROC, receiver operating characteristic; GSEA, gene set enrichment analysis.

were downloaded from the GEO database and annotated
with probe ID based on the annotation information in the
platform file. The “GEO2R” online analysis tool was used
to analyze the differences in these 3 datasets, and batch
processing was performed on the results of the differential
analysis to identify the differentially expressed miRNAs
(DEmiRNAs), mRNAs (DEmRNAs), and IncRNAs
(DEIncRNAs).

Weighted gene co-expression network analysis (WGCNA)

The DEmRNAs expression matrix of the AD group
and the control group was imported from in the dataset
GSE122063 into image GP (http://www.ehbio.com/Cloud_
Platform/front/#/) for WGCNA calculation. This allows
us to access the co-expressed gene modules associated
with AD. Pearson correlation analysis was performed to
compute the linear correlation between each genome. This
matrix was converted to a symbolic adjacency matrix using
a power function to construct the standard network, which
was then converted to a topological overlap matrix (TOM).

© Annals of Translational Medicine. All rights reserved.

The highly expressed genes were grouped by hierarchical
clustering. In the next step, a dynamic tree cutting
algorithm was used to cut the branches of the clustering
dendrogram and generate the modules. The gene expression
profile of each module was summarized by the first
principal component, called the module Eigengene (ME).
ME associations were used for evaluating the characteristics
of the modules. Module meaning (MS) and gene meaning
(GS) were used to compute the expression patterns of the
modules related to disease traits. The minimum number of
genes and the threshold which can achieve high reliability
of results was 30 and 0.25, respectively. In addition, each
module was represented by a discrete color. Finally, similar
modules (module EigEngenes) were merged into a single
module and used for further investigation (16).

Identification of immune related modules

Gene Ontology (GO) enrichment analysis is an important
bioinformatics tool for annotating genes and gene products.
It aims to standardize the representation of gene and gene
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product properties across all species (17). In this study,
Enrichr was used to perform the GO biological processes
enrichment analysis for each module in the WGCNA. The
meaningful items were filter based on P values, and ranked
based on the combined score.

Construction of the cceRNA network

According to the theory that IncRNA acts as a miRNA
sponge to influence miRNA and regulate mRNA
expression (14), a ceRNA network was constructed. During
the construction of the network, the expression of IncRNAs
should be negatively correlated with the expression
of miRNAs and positively correlated with mRNA
expression (15). The mRNAs related to the DEmiRNAs in
GSE120584 dataset were identified through the miRTarbase
and starBase database. To ensure the accuracy of the results,
mRNAs that were listed in two databases were selected.
These mRNAs were then mapped to immune-related
modules. The DEmiRNAs-related datasets were search
using the starbase database and the results were mapped
with the DEIncRNAs in the GSE122063 dataset. Cytoscape

3.7.2 was used to visualize the ceRNA network constructed.

Immune infiltration analysis and verification

ImmuCellAI was used to predict the patient's response to
immune checkpoint blockade therapy. This tool is based
on gene set characteristics and is used to accurately assess
the abundance and difference in the penetration of 24
immune cells from gene microarrays (18). This tool was
used to analyze the immune infiltration of the DEmRNAs
in the GSE122063 and GSE150696 datasets to identify
key immune cells associated with AD. The former is
the training set and the latter is the validation set. The
receiver operating characteristic (ROC) curves were used
for verification, and an area under the curve (AUC) value
greater than 0.8 was set as the threshold (19).

Construction of the ceRNA subnets related to key immune
cells and verification

Pearson correlation analysis was used to calculate the
correlation between the cell infiltration value of key
immune cells and the expression value of mRNAs and
IncRNAs in the ceRNA. The ceRNA sub-network was
constructed based on the correlation coefficient IRI >0.5
and P value <0.05. The correlation coefficient between

© Annals of Translational Medicine. All rights reserved.

Li et al. AD immune-related ceRNA

the expression values of IncRNAs and mRNAs in the sub-
network was calculated and R>0.5 was set as the threshold.
Finally, the ROC curve of the network was verified through
the GSE150696 dataset to finalize the network.

Analysis of the key target regulatory pathways

The IncRNAs in the sub-network were groups according
to the median expression value and gene setting
enrichment analysis (GSEA) was used to analyze the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways of
the microarray dataset. The key pathways were identified
based on the standardized enrichment score (ES) and the
adjusted P value.

Statistical analysis

This study used GEO2R online analysis, WGCNA
algorithm, enrichment analysis algorithm, Pearson
correlation analysis, immune infiltration algorithm, ROC
curve algorithm, and GSEA algorithm.

Results
Differential expression analysis

The GEO2R tool was used to analyze the differences
between the microarray datasets GSE122063, GSE157239,
and GSE150696. A total of 188 AD-related DEmiRINAs
were identified, including 95 that were upregulated and 93
that were downregulated (Figure 24,2B). In addition, 105
DEIncRNAs were identified from the GSE122063 dataset
(Figure 2C,2D). Furthermore, 9,528 DEmRNAs were
identified from the GSE122063 dataset.

WGCNA and immune module recognition
The WGCNA algorithm was used to segment the AD

samples and the control samples. Based on the scale-free
topology with R’=0.85, the Pearson correlation matrix of
the gene was transformed into a strengthened adjacency
matrix according to the power of r=16 (Figure 34,3B). Use
the topological overlap matrix (TOM)-based dissimilarity
measurement method to cluster all selected genes, the
tree was divided into seven modules with different colors
according to the dynamic tree cutting algorithm (Figure 3C).
The relationship between each module and its respective
clinical features was computed and graphed (Figure 3D).
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Figure 2 Volcano maps and cluster maps. (A) A volcano map showing the differentially expressed microRNAs (miRNAs) in AD. Red

represents the upregulated genes, green represents the downregulated genes, and blue represents genes that were not significantly

differentially expressed. (B) A cluster map of the differendally expressed miRINAs. (C) A volcano map of the differentially expressed long

non-coding RNAs (IncRNAs) in AD. Red represents the upregulated genes, green represents the downregulated genes, and blue represents

genes that were not significantly differentially expressed. (D) A cluster map of the differentially expressed IncRNAs. AD, Alzheimer’s disease.

The Enrichr tool was used to perform enrichment analysis
on each module, and the top ten GO biological processes
were selected based on the combined scores for ranking.
The results showed that the processes involved in the blue
module included negative regulation of B cell differentiation
(GO-0045578); negative regulation of T cell migration
(GO-2000405); positive regulation of oxidative stress-
induced neuron death (GO-1903223); regulation of mast
cell chemotaxis (GO-0060753); and negative regulation of

© Annals of Translational Medicine. All rights reserved.

leukocyte apoptotic process (GO-2000107) (Figure 4A). In
addition, processes in the green module included positive
regulation of tumor necrosis factor-mediated signaling
pathway (GO-1903265); regulation of neutrophil activation
(GO-1902563); regulation of neutrophil degranulation
(GO-0043313); regulation of NK T cell proliferation
(GO-0051140); and T cell extravasation (GO-0072683)
(Figure 4B). Therefore, the blue module and the green

module are immune-related modules.
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Figure 3 Weighted co-expression network and gene module analysis. (A,B) Soft threshold selection process. (C) A clustering dendrogram.

Each color represents a specific co-expression module. In the colored rows below the tree diagram, the two colors represent the original

module and the merged module, respectively. (D) A heat map showing the correlation between AD and the characteristic genes of the

module. AD, Alzheimer’s disease.

Visualization of the ceRNA network

The Starbase and miRTarbase databases were used to
predict the mRNAs regulated by the DEmiRNAs. A total
of 8,587 mRNAs were identified in the Starbase database
and 7,211 were identified in the miRTarbase database. The
two databases were screened for intersecting mRNAs that
occurred in the immune-related modules and a total of 77
mRNAs were identified (Figure 5A). The Starbase database
was used to predict the DEmiRNA-related IncRNAs, and a
total of 1,241 IncRNAs were found. These were intersected
with the DELncRNA to obtain 35 IncRNAs (Figure 5B).
After correlation analyses (15), Cytoscape 3.7.2 was used
to construct a ceRNA network, consisting of 150 nodes

© Annals of Translational Medicine. All rights reserved.

and 316 edges, including 22 IncRNAs and 74 mRNAs
(Figure 5C).

Immune cell abundance

The ImmuCellAI online tool was used to evaluate the
abundance of 24 immune cells based on the microarray
data. In the GSE122063 dataset, there were significant
differences between the AD samples and the control
samples in the abundance of immune cells including naive
CD8 cells, cytotoxic T cells, T regulatory type 1 cells
(Tr1), T helper 2 cells (Th2), T helper 17 cells (Th17),
T follicular helper cells (Tth), central memory T cells,
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mucosal-associated invariant T (MAIT) cells, macrophages,
neutrophisl, and gamma delta T cells (Figure 64,6B). The
difference in the abundance of naive CDS8 cells was the
most significant. Furthermore, the immune score of the
AD group was significantly lower than that of the control
group. Subsequently, InmuCellAl was used to analyze the
immune infiltration of the GSE150696 dataset to obtain
the relevant immune scores. The expression of naive CD8
cells was verified based on this immune score and the ROC
curve with an AUC of 0.846 (Figure 6C). In the GSE150696
dataset, the immune infiltration score of the AD group was
also lower than that of the control group (Figure 6D).

Construction of the naive CD8 cell-related ceRNA sub-
network

Using the GSE122063 dataset, the correlation between
the IncRNAs and mRNAs identified in the ceRNA
network and the expression of naive CD8 cells was
examined in total online: https://cdn.amegroups.cn/static/
public/10.21037atm-21-6762-1.xIsx. Using the GSE122063
dataset, the correlation between the IncRNAs and mRNAs
identified in the ceRNA network and the expression of
naive CD8 cells was examined (Figure 7A4). Furthermore,
the correlation between the IncRNAs and mRNAs of
interest were investigated. ROC curves were used to
verify the related targets. The miRNAs in this ceRNA
sub-network were also verified through the GSE150696
dataset (Figure 7B). Finally, it was determined that the
IncRNA Long Intergenic Non-Protein Coding RNA 472
(LINC00472), IncRNA HLA Complex Group 18 (HCG18),
RUNX Family Transcription Factor 3 (RUNX3), Tensionin
1 (TNS1), Linker For Activation Of T Cells Family
Member 2 (LAT2), and Solute Carrier Family 38 Member
2 (SLC38A2) may be key targets related to AD (Figure 7C).

Results of the gene set envichment analysis (GSEA)

GSEA was applied to the GSE122063 dataset to clarify the
regulatory pathways of the core prognostic factors. Median
grouping of IncRNA LINCO00472 and IncRNA HCG1S,
RUNX3, TNSI1, LAT?2, SLC38A2, and naive CD8 immune
infiltration score was performed. In addition, analyses were
also grouped according to AD samples and control samples.
The results suggested that the ceRNA sub-network may
regulate the progression of AD by regulating the calcium
signaling pathway; the NOD-like receptor signaling
pathway; the toll-like receptor (TLR) signaling pathway;
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the B cell receptor signaling pathway; and the JAK-STAT
signaling pathway (Figure §).

Discussion

The immune system plays a significant role in the
pathogenesis of AD (20). In this study, the immune
infiltration analysis indicated that naive CD8 cells may
be the core immune cell associated with AD. It is well
known that people over 70 years old are a high-risk group
for AD. The aging process is accompanied by immune
senescence (21) and the loss of naive CD8 T cells is more
pronounced with age. However, the exact mechanisms
by which naive CD8 cells contribute to AD is still poorly
understood due to changes in the T cell compartment
caused by aging (22). In this study, we identified a ceRNA
immunomodulatory network related to AD progression.

To the best of our knowledge, this research is the first
to identify the AD-related immune cells and construct a
ceRNA network related to immune cells. AD immune-
related gene co-expression modules were identified through
WGCNA and a relevant ceRNA network was constructed.
The naive CD8 cell-related ceRNA sub-network was
determined based on the immune infiltration results and
Pearson correlation analysis. The GEO dataset for this
network was verified and finally, IncRNA LINC00472,
IncRNA HCG18, RUNX3, TNSI, LAT?2, and SLC38A2
were identified as possible key targets related to AD
immunity. In addition, GSEA analysis revealed that the
network may regulate the progression of AD through
the calcium signaling pathway, the NOD-like receptor
signaling pathway, the TLR signaling pathway, and the B
cell receptor signaling pathway.

Pancreas have important research value in neurodegenerative
diseases (23). p-amyloid deposits form extracellular plaques,
which are attributed to amyloidosis and inflammation.
Relevant studies have shown that B-amyloid protein can
bind to immune cells, stimulate cytokines, and produce
certain toxicity. These results further indicate that there
is an intertwined relationship between AD and B-amyloid
immune response (24). Increasingly, studies have shown
that AD is not just a neurodegenerative disease but is
also a complex multifactorial disease with a large number
of neurovascular factors. Atherosclerosis can lead to
neurovascular dysfunction, which is characterized by
inflammation and excessive connections (25). Abnormal
proliferation and migration of vascular smooth muscle
cells (VSMC) after vascular injury is important for the

Ann Transl Med 2022;10(2):65 | https://dx.doi.org/10.21037/atm-21-6762
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development of atherosclerosis and intimal hyperplasia
(26,27). One study showed that overexpression of IncRNA
LINCO00472 induced VSMC migration and proliferation
by regulating miR-149-3P (28), which may affect the
progression of AD. Further research regarding the role of
IncRNA LINCO00472 in AD is warranted. The IncRNA
HCGI18 in the ceRNA sub-network is also an important
factor in the regulation of blood vessels in the body. It
has been reported that IncRNA HCG18 inhibited the
proliferation of VSMC and induced apoptosis (29). The
destruction of the vascular endothelial cell barrier can lead
to many diseases including ischemia (30,31), and decrease
cerebral blood flow and the activation of neurohormones
may cause neurovascular unit dysfunction and lead to
neuronal energy crisis (32). LncRNA HCG18 has also
been demonstrated to promote PM2.5-mediated vascular

© Annals of Translational Medicine. All rights reserved.

endothelial barrier dysfunction through sponge miR-
21-5p (33). These studies all support the notion that the
IncRNAs in the naive CD8-related ceRNA sub-network
identified in this study may affect the progress of AD by
regulating the mechanism and function of blood vessels.
The mechanisms of action of these IncRNAs in AD require
further investigation.

This report identified RUNX3, TNS1, LAT2, and
SLC38A2 through the ceRNA sub-network as possible
key targets for the immune regulation of AD. Runt-related
transcription factor 3 (Runx3) plays a crucial role in cell
development by participating in a range of important
physiological and pathological processes in organisms such
as cell growth, proliferation, migration, apoptosis, and
angiogenesis (34). Studies have shown that Runx3 is highly
expressed in the thymic medulla and cortex, and plays a
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role in the development of CD8 T cells during thymus
production (35). Chronic cerebral ischemia is the main
risk factor for neurodegenerative AD and upregulation of
Runx3 has been shown to inhibit hippocampal neuronal
apoptosis induced by chronic cerebral ischemia (36). In
addition, Runx3 can regulate hypoxia-induced endothelial-
mesenchymal transition of human cardiac microvascular
endothelial cells (CMEC), suggesting a role in the
regulation of vascular function (37). Tensionin 1 (TNS1)
is a member of the tensin family and acts as a scaffold for
adhesion-related signal transduction by binding to the actin
cytoskeleton and 1 integrin (38). TINS1 is a key component

© Annals of Translational Medicine. All rights reserved.

of specialized cell adhesion that binds to extracellular
fibronectin fibrils (39). Genetic research and biochemical
analysis of brain tissue, as well as the cerebrospinal fluid and
serum of AD patients showed that the level and function
of synaptic cell adhesion molecules in AD are affected (40).
In esophageal squamous cell carcinoma, high expression
of TNS1 in fibroblasts is associated with immune
rejection (41), and the immune infiltration of TNSI in AD
warrants further investigation. Amino acid homeostasis
interference plays a key role in the pathogenesis of AD in
APP/PS1 mice (42). The outflow of glutamine through
LAT?2 (linker for activation of T cells family member 2) may
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drive the reuptake of the essential amino acid substrate of
this antiporter in cerebrospinal fluid, thereby participating
in maintaining the amino acid gradient between plasma and
cerebrospinal fluid (43). In addition, during the production
of chemokines, the activity of LAT2 increases, which
changes the recruitment of immune cells at the site of
inflammation (44). SNAT?2 (SLC38A2) is a member of the
amino acid transporter family, and it is also the most widely
expressed and regulated (45). SLC38A2 acts as a sodium-
dependent amino acid transporter, mediating the outflow
of neutral o-amino acids across the blood-brain barrier and
their uptake to neurons (46).

The GSEA results indicated that this ceRNA sub-
network may regulate the progression of AD through
the certain signaling pathways. Dysregulation of Ca’* is
universal in all AD pathologies, and increasing evidence
indicates that age-related neuronal Ca’* homeostasis
may play a proximal role in the pathogenesis of AD.
Dysregulation of Ca’* can induce synaptic defects and
promote amyloid beta (AB) plaques and the accumulation
of neurofibrillary tangles (47). Furthermore, when the Ca’™
levels of neurons near the amyloid deposit are higher than
the normal resting level, this can promote negative plasticity
(48,49). The accumulation of AP plaques induces the innate
immune response to activate the NOD-like receptor (NLR)
family, such as the NLRP3 inflammasome, and has become
the focus of much research (50). Under the stimulation
of Ab deposition, NLRP3 assembles and activates in the
microglia of the AD brain, leading to caspase-1 activation
and the downstream secretion of interleukin (IL)-1f, and
subsequent inflammatory events. Therefore, the NLRP3
inflammasome may be a suitable target for reducing
neuroinflammation and alleviating the pathological process
in AD (51). The aggregated AP further promotes the
initiation of microglial inflammasomes through TLR/
MyD88 signals. In addition, the secreted IL-1B can induce
the initiation of microglial inflammasomes through IL-
1R/MyD88 signaling (52). Therefore, this vicious cycle
of activating NLRP3 inflammasomes through TLR/
IL-1R/MyD88 signaling may lead to chronic/persistent
inflammation and neurodegeneration in AD (53). In recent
years, the role of B cells in neurological diseases has greatly
expanded our view of neuroinflammatory mechanisms (54).
It is becoming increasingly obvious that AD patients
show a sustained immune response, which may be due to
the destruction of the blood brain barrier (BBB) (55,56).
This immunological component of AD has been further
supported by recent experiments in AD mice showing the
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complete depletion of B cells. Furthermore, the genetic
loss of B cells significantly improved disease symptoms (57).
Considering the key role of the JAK-STAT signal in
the regulation of the inflammatory response, it is not
surprising that the JAK-STAT signal has been associated
with inflammatory diseases and used as a therapeutic
target (58). However, there are few studies regarding the
JAK-STAT pathway and AD. In rodent models, very high
concentrations of AP increased tyrosine phosphorylation
and transcriptional activity in a Tyk2-dependent manner,
and increased the tyrosine phosphorylation of STAT?3 in
the AD brain (59). Meanwhile, inhibition of JAK-STAT3
signaling inhibited the activation of astrocytes and microglia
in animal models of degeneration (60). Regarding the focus
of the paper, this study identified key immune cells that
are potentially related to AD, and built a ceRNA network
around this immune cell. This current report is the first to
use WGCNA to construct a ceRNA network consisting of
the key immune cells in AD. However, there were certain
limitations to this study. While this research was verified
by multiple datasets, future iz vitro and in vivo experiments
should be conducted to confirm these findings. Moreover,
the precise mechanisms involved should be further
investigated.

Conclusions

This report used WGCNA and Pearson correlation analysis
to study the relationship between immune infiltration and
ceRNA in AD. The IncRNA LINC00472, IncRNA HCG18,
RUNX3, TNSI1, LAT2, and SLC38A2 were identified as
possible key therapeutic targets for the treatment of AD.
These results provide crucial insights into the immune
regulation mechanism in AD from a ceRNA perspective,
and suggests potential therapeutic candidates and prognostic
targets for the management of patients with AD.
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