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Background: Tripterygium glycoside (TG) has been suggested to have protective effects on 
the diseases of the central nervous system including Alzheimer’s disease (AD). The mechan-
isms involving lncRNA-associated competing endogenous RNAs (ceRNAs) were shown to 
play important roles in the development of AD. However, the ceRNA mechanism of TG in 
treating AD is still unknown. Thus, we aimed to explore the ceRNA mechanism in the 
treatment of AD with TG.
Methods: A total of 32 C57BL/6J mice were administered 3 µL of Aβ25-35 (dual side, 1 mg/ 
mL) by a single stereotactic injection in the brain to conduct AD mouse model. AD mouse 
models were randomly selected and divided into the AD+normal saline (NS) group (n=16) 
and the AD+TG group (n=16). The expression data of lncRNAs, mRNAs, and miRNAs in 
the hippocampus of mice from AD+NS group (n=3) and the AD+TG group (n=3) were 
obtained by microarray analysis. The MuTaME method was used to predict the ceRNA 
regulatory network. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) analyses were performed using the DAVID database. A protein–protein interaction 
(PPI) network was constructed by using STRING software.
Results: TG can significantly improve spatial memory and inhibit the production of p-tau in 
an Aβ25-35-induced AD mouse model. A total of 661 differentially expressed lncRNAs, 503 
mRNAs, and 13 miRNAs were identified. A ceRNA network involving the top 200 mRNA- 
miRNA-lncRNA pairs with 16 lncRNAs, 11 miRNAs, and 52 mRNAs was visualized. And 
a PPI network complex filtered 26 gene nodes in DEGs was predicted.
Conclusion: We have identified 503 DEGs, 661 DElncRNAs, and 13 DEmiRNAs during 
treatment with TG in Aβ25-35-induced AD mouse model. A ceRNA network based on the 
DElncRNAs, DEmRNAs, and DEmiRNAs was conducted, which provided new insight into 
the lncRNA-mediated ceRNA regulatory mechanisms underlying the effects of TG in the 
treatment of AD.
Keywords: Alzheimer’s disease, tripterygium glycoside, competitive endogenous RNA, 
microarray

Introduction
Alzheimer’s disease is the most common type of dementia, accounting for approxi-
mately 50%-70% of the total cases of dementia.1 The typical pathological features 
of AD include senile plaques formed by the overproduction and aggregation of 
amyloid β (Aβ) and neuronal fiber tangles formed by intracellular 
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hyperphosphorylated tau protein.2 A number of current 
hypotheses about the pathogenesis of AD cannot comple-
tely explain the disease.3 The existing treatment of AD is 
inconclusive or invalid. Investigation of new drugs or 
methods is required to treat the symptoms of AD. 
Tripterygium glycoside (TG) is extracted from the roots 
of Tripterygium wilfordii Hook.f, and has been shown to 
protect against rheumatoid arthritis (RA),4 lupus nephritis 
(LN),5 diabetes mellitus (DM),6 and Guillain-Barre syn-
drome (GBS).7 Animal experiments showed that TG has 
protective effects on the central nervous system.8,9 Wang 
et al suggested that TG can significantly improve the 
inflammatory damage of astrocytes induced by lipopoly-
saccharides (LPS).10 Additionally, Wang et al reported that 
anti-inflammatory effects of TG are mediated by enhanced 
expression of IL-37.11 However, the molecular mechanism 
of action of TG in the treatment of Aβ25-35-induced AD in 
mice were not investigated.

Competing endogenous RNAs (ceRNAs) are closely 
associated with the development of neurodegenerative dis-
eases. The ceRNA hypothesis was initially proposed by 
Salmena et al in 2011.12 The hypothesis proposed that 
various RNA molecules, such as messenger RNAs 
(mRNAs) and long noncoding RNAs (lncRNAs), are 
involved in the competitive binding or sharing of 
microRNAs (MREs). Thus, the effect of miRNAs on the 
target genes can be removed or reduced to influence 
human development and related diseases,13 which are clo-
sely associated with aging, apoptosis, and cell fate.

The CeR mechanism was shown to be involved in the 
pathogenesis of AD. High expression of BACE1 neurons 
is a key factor in the production of Aβ.14 LncRNA 
BACE1-AS is the antisense noncoding transcript of 
BACE1 mRNA, which can increase the expression of 
BACE1 mRNA.15,16 Subsequent studies have shown that 
miR-29, miR-107, miR-124, and miR-485 can bind to 
BACE1 mRNA and BACE1-AS.16 BACE1 mRNA and 
BACE1-AS may play a role as competing ceRNAs. 
Nuclear enriched transcriptase 1 (NEAT1) is a lncRNA 
detected in mammalian cells, is elevated in Aβ-treated SH- 
SY5Y cells, and aggravates Aβ-induced neuronal injury 
through miR-107.17 NEAT1 was also significantly upregu-
lated in an AD mouse model. Inhibition of NEAT1 or 
overexpression of NEAT1 can upregulate or downregulate 
the expression of miR-124, respectively, to influence the 
expression of BACE1.18 Furthermore, cyclin-dependent 
kinase 5 activating factor 1 (CDK5R1) is closely asso-
ciated with the genesis and development of AD.19 Three 

lncRNAs, including NEAT1, Hox transcriptional antisense 
RNA, and metastasis-associated lung adenocarcinoma 
transcriptome 1, can positively regulate the miR-15/107 
family, and the miR-15/107 family can decrease the 
expression of CDK5R1 by modifying the stability of its 
mRNA20 However, the lncRNA-miRNA-mRNA regula-
tory networks were not investigated in an AD mouse 
model treated with TG.

In the present study, we aimed to investigate the 
expression profiles of lncRNAs, miRNAs, and mRNAs 
and construct a lncRNA-related ceRNA network in 
Aβ25-35-induced AD mouse model treated with TG. In 
addition, functional enrichment analyses and a protein- 
protein interaction (PPI) network were performed to reveal 
the underlying mechanism of TG in the treating AD.

Materials and Methods
AD Mouse Model and Study Design
The protocols of these animals were followed the National 
Institutes of Health Guide for the Care and Use of 
Laboratory Animals. The research protocol was approved 
by the Ethics Committee of Changsha Medical University, 
China (EC20190114). Sixty-four C57BL/6J mice (male, 
25.1 ± 5.4 g, 7 months of age) were obtained from 
Hunan Tianqin Biotechnology Co., Ltd. (Changsha, 
Hunan, China). In the AD mouse model group, 32 
C57BL/6J mice were administered 3 µL of Aβ25-35 (dual 
side, 1 mg/mL) by a single stereotactic injection in the 
brain (bromega: 2.3mm, lambda: 1.8mm, depth: 2.0mm). 
In the control group, 32 C57BL/6J mice were administered 
3 µL of normal saline (dual side, 1 mg/mL) by a single 
stereotactic injection in the brain. A total of 32 AD mice 
were randomly selected and divided into two groups: 
the AD+normal saline (NS) group (n=16) and the AD 
+TG group (n=16). Mice in the AD+TG group were trea-
ted with TG (0.25mg/10g.d, 1mg/mL) by intraperitoneal 
injection and lasted for 4 weeks. TG (10mg/tablet) was 
obtained in the form of tablets (TG tablets) from Fujian 
Huitian Bio-pharma Co., Ltd. (GMP certificated, Fujian, 
China). The dosing and duration of TG followed the study 
conducted by Wang et al.21 Mice in the AD+NS group 
were treated with normal saline (0.9%) (0.5mL/d) by 
intraperitoneal injection and lasted for 4 weeks. 
Alterations in the spatial learning and memory deficits in 
the AD+NS and AD+TG groups were detected by the 
Morris water maze test as described by Vorhees et al.22 
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The expression of p-tau and Aβ25-35 proteins was evalu-
ated by immunohistochemistry.

Sample Collection
The mice were anaesthetized with pentobarbital sodium 
(0.2%, 0.1 mL/10 g) by intraperitoneal injection. Eight 
samples of the brain tissue from each group were stored 
in 10% neutral formalin, and other samples were stored at 
−80°C (n=8).

Immunohistochemistry
Paraffin sections of the tissues were baked for 2 hours until 
dewaxing in water and incubated in 3% hydrogen peroxide 
solution for 10 min at room temperature in the dark. BSA 
(5%) was added for 20 min, and 50 µL of mouse anti-p-tau 
or anti-Aβ25-35 antibodies (1:400; Chemicon, USA) were 
added at 4°C overnight. Then, the tissues were reacted 
with 50 µL of anti-mouse immunoglobulin G (IgG) 
(1:500; Chemicon, USA) at 37°C for 50 min and incubated 
with the avidin-biotin reagents (1:500; Burlingame, CA, 
USA). The immunoreactive product was visualized in 
0.003%H2O2 and 0.05% 3, 3ʹ-diaminobenzidine. The 
results were detected by light microscope.

RNA Extraction
An E.Z.N.A.® total RNA kit II (Omega, USA) was used to 
isolate total RNA from hippocampus tissue samples. 
A NanoDrop ND-2000 (Thermo Scientific) was used to 
quantify the total RNA. An Agilent Bioanalyzer 2100 
(Agilent Technologies) was used to assess the RNA integ-
rity (RIN) of the total RNA.

Microarray Analysis
A total of 6 animal RNAs (AD+NS vs AD+TG: 3:3) were 
used for microarray analysis. An Agilent mouse lncRNA 
microarray (4*180K, design ID:085631) and an Agilent 
mouse miRNA microarray (8x60K, design ID:070155) 
were used to detect the differentially expressed lncRNAs, 
miRNAs, and mRNAs. The microarray experiments were 
performed by OEBiotech Corporation (Shanghai, China). 
Sample labeling, microarray hybridization, and washing 
were performed according to the standard protocols.

Identification of Differentially Expressed 
Genes
The array images were analyzed by Feature Extraction soft-
ware (version 10.7.1.1, Agilent Technologies). The basic 

analysis of the raw data was performed by Genespring 
(version 14.8, Agilent Technologies). The raw data were 
normalized according to the quantile algorithm. The fold 
changes (FC) and P values based on a t-test were used to 
identify differentially expressed lncRNAs, mRNAs, and 
miRNAs. A FC≥ 2.0 (P < 0.05) were set as the thresholds 
for up- and downregulated genes. Target genes of differen-
tially expressed miRNAs were predicted using the miRDB 
and miRWalk databases. The differentially expressed pat-
terns of lncRNAs, mRNAs, and miRNAs in the samples 
were analyzed by hierarchical clustering.

Quantitative Real-Time-PCR (qRT-PCR) 
and Statistical Analysis
A HiScript 1st strand cDNA synthesis kit (#R312-01, 
Beyotime, Beijing, China) was used to synthesize cDNA. 
SYBR™ Select master mix (#Q221-01, Beyotime, Beijing, 
China) was used for qRT-PCR. The Ct values were analyzed 
by SDS software 2.0 (PE Biosystem, ABI, USA). The relative 
expression levels of differentially expressed lncRNAs, 
mRNAs, and miRNAs were analyzed using the 2−ΔΔCt method 
and normalized to β-actin. SPSS (version 19.0, SPSS, Inc., 
Chicago, IL, USA) was used to perform the statistical tests.

ceRNA Network Analysis
Pearson’s r was used to calculate the correlations between 
miRNA and mRNA, miRNA and lncRNA, and mRNA and 
lncRNA in 6 samples with the threshold value for the 
correlation coefficient ≥ 0.80 (P < 0.05). The MuTaME 
method was used to calculate the ceRNA score for the 
relationship pairs with a predicted regulatory relationship, 
and the P value of the corresponding ceRNA relationship 
was calculated according to the hypergeometric distribution.

Functional Annotation
Gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analyses were used to determine 
the potential biological functions and pathways of differ-
entially expressed mRNAs by the Database for Annotation 
Visualization and Integrated Discovery (DAVID) tool 
(https://david.ncifcrf.gov/).

Construction of the Protein-Protein 
Interaction (PPI) Network
To identify the potential relationships of differentially 
expressed mRNAs, a protein-protein interaction (PPI) net-
work based on the top 50 upregulated and downregulated 
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mRNAs was constructed by using STRING (v10.5, https:// 
string-db.org/cgi/input.pl) and visualized by Cytoscape 3.6.1.

Results
The Effect of TG on an Aβ25-35-Induced 
AD Mouse Model
The results of the Morris water maze test showed that the AD 
mouse model group had significantly longer latency (p<0.05) 
and swimming distances and a lower frequency of traveling 
into the quadrant with the hidden platform than the normal 
control group (p < 0.05) (Figure 1A, B, D, E). And the AD 
+TG mouse model group had significantly shorter latency 
(p<0.05) and swimming distances and a higher frequency of 
traveling into the quadrant with the hidden platform than 
the AD+NS mouse model group (p < 0.05)(Figure 1C-E). 

The relative mean density of Aβ marker densities were sig-
nificantly lower in the AD+TG group compared to those in 
the AD mouse model group (p<0.05) (Figure 1F-I). The 
amount of p-Tau protein integral optical density (IODs) 
were significantly lower in the AD+TG group compared to 
those in the AD+NS group (p<0.05)(Figure 1J-M).

Differentially Expressed lncRNA, mRNA, 
and miRNA
A total of 503 differentially expressed(DE) mRNAs (422 
upregulated and 81 downregulated), 661 DElncRNAs (341 
upregulated and 320 downregulated), and 13 DEmiRNAs (7 
upregulated and 6 downregulated) were detected based on the 
threshold of FC≥ 2.0 (P < 0.05). The volcano maps and heat 
maps of the clustering analysis of RNAs are shown in Figure 2.

Figure 1 The effect of TG in Aβ25-35-induced AD mouse model. (A) Swimming trajectory in Normal control group by Morris water maze. (B) Swimming trajectory in AD 
+NS group by Morris water maze. (C) Swimming trajectory in AD+TG group by Morris water maze. (D) Significant difference of escape latency in the AD+TG group than 
that in the AD+NS group was detected (**, Normal control group vs AD+NS group, p<0.05; ##, AD+TG group vs AD+NS group, p<0.05). € Significant more frequency of 
crossing the target platform in AD+TG group than that in the AD+NS group was detected (**, Normal control group vs AD+NS group, p<0.05; ##, AD+TG group vs AD 
+NS group, p<0.05). (F) Light microscopic images show the distribution of Aβ immunolabeling across the brain of Normal control group (40X). (G) Light microscopic 
images show the distribution of Aβ immunolabeling across the brain of AD+NS group (40X). (H) Light microscopic images show the distribution of Aβ immunolabeling 
across the brain of AD+TG group (40X). (I) The comparison of relative mean density of Aβ marker densities in AD+NS and AD+TG groups. The images revealed that the 
relative mean density of Aβ is higher in the AD+NS group than those in the AD+TG group. (n = 16/group in the AD+TG group; n = 16/group in the AD+TG group)(**, 
Normal control group vs AD+NS group, p<0.05; ##, AD+TG group vs AD+NS group, p<0.05). (J) Light microscopic images show the distribution of p-Tau immunolabeling 
across the brain of Normal control group (40X). (K) Light microscopic images show the distribution of p-Tau immunolabeling across the brain of AD+NS group (40X). (L) 
Light microscopic images show the distribution of p-Tau immunolabeling across the brain of AD+TG group (40X). (M) The comparison of p-Tau positive neurons in AD+NS 
and AD+TG groups. The images revealed that the p-Tau expressed higher in the AD+NS group than those in the AD+TG group. (n = 16/group in the AD+TG group; n = 16/ 
group in the AD+TG group)(**, Normal control group vs AD+NS group, p<0.05; ##, AD+TG group vs AD+NS group, p<0.05).TG: Tripterygium glycoside; AD: Alzheimer 
disease; NS: normal saline.
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CeRNA Network in an Aβ25-35-Induced 
AD Mouse Model Treated with TG
The DEmRNA-DEmiRNA-DElncRNA pairs were 
arranged according to the ceRNA scores. The ceRNA 
network involving the top 200 DEmRNA-DEmiRNA- 
DElncRNA pairs with 16 DElncRNAs, 11 DEmiRNAs, 
and 52 DEmRNAs was visualized using Cytoscape soft-
ware and is shown in Figure 3.

Functional Analysis of DEmRNAs in the 
ceRNA Network
Functional analysis revealed that 503 DEmRNAs in the 
ceRNA network were enriched in 188 GO biological process, 

15 cellular_component, and 51 molecular_function cate-
gories. The most enriched GO term in the biological process 
(BP) category was “cellular response to ethanol”; the most 
enriched GO term in the cellular component category was 
“external side of plasma membrane”; the most enriched GO 
term in the molecular function category was “transcriptional 
activator activity, RNA polymerase II proximal promoter 
sequence-specific DNA binding” (Figure 4A and Table 1).

The KEGG pathway analysis identified a total of 14 
significantly enriched pathways. “Staphylococcus aureus 
infection”, “PI3K-Akt signaling pathway”, and “ECM- 
receptor interaction” were the top 3 significantly enriched 
terms (Figure 4B and Table 2).

Figure 2 The expression profiles of lncRNAs, mRNAs, and miRNAs between AD models and AD models treated with Tripterygium glycoside (TG). (A) Volcano plot of 
differentially expressed lncRNAs, (B) Heatmap of differentially expressed lncRNAs; (C) Relative expression of lncRNAs. The quantitative real-time PCR (qRT-PCR) validated 
6 randomly selected lncRNAs. The results were consistent with the microarray data. (D) Volcano plot of differentially expressed miRNAs. (E) Heatmap of differentially 
expressed miRNAs; (F) Relative expression of miRNAs. The qRT-PCR validated 6 randomly selected miRNAs. The results were consistent with the microarray data. (G) 
Volcano plot of differentially expressed mRNAs. (H) Heatmap of differentially expressed RNAs between AD models and AD models treated with Tripterygium glycoside 
(TG). (I) Relative expression of mRNAs. The qRT-PCR validated 6 randomly selected mRNAs. The results were consistent with the microarray data. **, AD+TG vs AD+NS 
group, p<0.05. CK: AD+NS; TG: AD+TG.
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Protein-Protein Interaction (PPI) 
Network
As shown in Figure 4C, the top 50 DEmRNAs were 
identified in the PPI network including 26 nodes and 19 
edges. Seven most significant hub genes including C3, 
CXCL13, Plac8, Egr1, Egr2, Egr4, and Pou4f1 had more 
interactions with other proteins.

Discussion
Alzheimer’s disease is a common neurodegeneration dis-
ease charactered by progressive cognitive impairment and 
behavioral impairment driving pathologenesis. The 
mechanism is complex and not clear yet. And there is no 
effective treatment for this disease. TG, also known as 
tripterygium, is the total glycosides extracted from the 

Figure 3 The top 200 lncRNA-miRNA-mRNA ceRNA network. The red rectangles indicate mRNAs, green square represent miRNAs and orange circles represent 
lncRNAs.
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peeled roots of Tripterygium wilfordii Hook.f. has protec-
tive effects on the central nervous system in animal 
experiments.9,11 Our study demonstrated that TG can sig-
nificantly improve spatial memory and inhibit the produc-
tion of p-tau in an Aβ25-35-induced AD mouse model, 
indicating that TG had anti-inflammatory and neuroprotec-
tive effects.

Currently, most effort has been made to elucidate the 
roles of ncRNAs involved in the pathologenesis and prog-
nosis of AD.23–28 The ceRNA hypothesis suggested a new 
mechanism for RNA interaction.29 MiRNA activity is an 
important factor in the posttranscriptional regulation and 
can be regulated by lncRNAs through “sponge” 
adsorption.30 LncRNAs act as ceRNAs to competitively 
bind to miRNAs to influence miRNA-induced gene silen-
cing, regulating the protein levels and participating in the 
regulation of the expression of the target genes. Zhang et al 
demonstrated that MAGI2-AS3 acts as competing endogen-
ous RNA or a molecular sponge in negatively modulating 
miR-374b-5p by targeting BACE1 on Aβ-induced neurotoxi-
city and neuroinflammation.31 In addition, three lncRNA 
AP000265.1, KB-1460A1.5 and RP11-145M9.4 were also 
identified to regulating the neurofibrillary tangles by spong-
ing miRNAs such as miR-20a, miR-17-5p and miR-106b 
in AD.32 Furthermore, Ma et al have identified 487, 89, and 

3,025 significantly dysregulated lncRNAs, miRNAs, and 
mRNAs and conducted comprehensive lncRNA-associated 
ceRNA networks in the APP/PS1 mice brain. This role of 
CeR regulation mechanism might provide a novel prediction 
and therapeutic target for AD.33

To investigate the potential mechanism of action of 
ncRNAs in the treatment of AD with TG, we identified 
DElncRNAs, DEmRNAs, and DEmiRNAs and success-
fully constructed a lncRNA-associated ceRNA network in 
an AD mouse model treated with TG. In the present study, 
we detected 661 DElncRNAs (341 upregulated and 320 
downregulated) in an Aβ25-35-induced AD mouse model 
treated with TG. Among the DElncRNAs, 
NONMMUG090228.1 was the most upregulated lncRNA 
with an FC of 268.27. NONMMUG011123.2 was the most 
downregulated lncRNA with an FC of 36.50. Notably, 
larger number of lncRNAs have been identified in animal 
models and human patients with AD. Zhou et al found 24 
up-regulated and 84 down-regulated lncRNAs in AD 
patients. And the up-regulated lncRNA n336934 was 
shown to be linked to cholesterol homeostasis.34 Cao 
et al reported that the expressions of age-associated 
lncRNAs-SNHG19 and LINC00672, were significantly 
correlated with Braak stage of AD.35 Moreover, in our 
previous study, we successfully generated an intranasal 

Figure 4 Functional analysis of DEmRNAs in the ceRNA network. (A)Top 30 enriched GO pathway of DEmRNAs involved in the ceRNA network. (B) Top 30 enriched 
KEGG pathway of DEmRNAs involved in the ceRNA network. (C) Protein regulation network analysis. The protein-protein interaction networks were constructed by 
Cytoscape Software. Proteins are represented with color nodes, and interactions are represented with edges. Red and green represent up-regulation and down-regulation.
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LPS-mediated AD mouse model and identified a total of 
395 lncRNAs that are potentially associated with the 
pathogenesis of AD.36 However, the relationships of 
NONMMUG011123.2 and NONMMUG090228.1 
with AD were not investigated previously. Therefore, it 
is necessary to investigate the functions of these two 
lncRNAs in AD treated with TG in the future.

However, having identified several specific lncRNAs 
for Aβ25-35-induced AD mouse treated with TG, the pre-
sent study drew a comprehensive ceRNA network, which 
revealed the complexity of the regulatory relationships 
among DElncRNAs, DEmiRNAs and DEmRNAs. The 
immunoinflammatory response induced by Aβ deposition 
in the brain is one of the important pathological mechan-
isms of AD. Activation of the complement system is 
involved in the immune inflammatory response in the 
brain of AD. C1q is the promoter of the classical comple-
ment activation pathway, C3 is the intersection of the 
classical complement activation pathway, the bypassing 
pathway and the lectin pathway. Aβ can bind with C1q 
and C3 to activate the complement system, respectively, 
and cause the complement cascade reaction.37 Increased 
C3 mRNA expression in the frontal cortex of AD patients 
has been reported.38 Furthermore, TG could significantly 
inhibited the expression of C3 in the cortex of AD rat 
models.39 Our results demonstrated that lower expression 
of C3 in Aβ25-35-induced AD mouse treated with TG 
compared with AD models, which strongly suggested its 
role in the pathologenesis of AD. The ceRNA network 
predicted that C3 was a target gene of miR-342-5p and 
miR-342-3p. Sun et al demonstrated that the expression of 
miR-342-5p was significantly increased in APP/PS1, 
PS1ΔE9, and PS1-M146V transgenic mice. Upregulated 
miR-342-5p leads to downregulated expression of ankyrin 
G (AnkG), which results in abnormal AIS filtering func-
tion of hippocampal neurons in AD transgenic mice, 
including loss of selectivity for macromolecules entering 
the axons.40 Moreover, enhanced magnetic resonance ima-
ging of amyloid plaques in AD was positively correlated 
with the expression of the serum marker miR-342-3p in 
amyloidosis.41 Serum miR-342-3p expression was signifi-
cantly increased after treatment with Yam pills in the AD 
group compared to that at baseline.42 Our data shown 
decreased expression of miR-342-5p and miR-342-3p 
was detected in Aβ25-35-induced AD mouse treated with 
TG. Bioinformatic analysis predicted that miR-342-5p and 
miR-342-3p may both interact with NONMMUT087704.1 
or NONMMUT131583.1, the increased expression of Ta
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which was also positively correlated with the pathologen-
esis of AD treated with TG. Although the function of 
NONMMUT087704.1 and NONMMUT131583.1 is 
poorly annotated, it is conceivable that 
NONMMUT087704.1 and NONMMUT131583.1 may 
act as a ceRNA to interact with miR-342-5p or miR-342- 
3p by targeting C3 in AD.

GO analysis revealed that DEmRNAs were enriched in 
188 biological processes. Significant GO terms involved 
“peripheral nervous system neuron development”, “central 
nervous system neuron differentiation”, and “neuron fate 
specification”. Pathway analysis demonstrated that 14 path-
ways were enriched and were primarily involved in “PI3K- 
Akt signaling pathway” and “cell adhesion molecule (CAM) 
signaling pathway”. The PI3K/Akt signaling pathway is one 
of the classical signaling pathways in the regulation of 
apoptosis and plays an important role in the occurrence, 
development, and treatment of AD and other neurodegen-
erative diseases.43 Activation of the PI3K/Akt signaling 
pathway can protect neurons from Aβ-induced neurotoxi-
city, and inhibition of Akt phosphorylation can aggravate 
cognitive and memory impairment in patients with AD.44 

Moreover, the PI3K/Akt signaling pathway can mediate the 
neuroprotective effects of phytoestrogens and Chinese her-
bal preparations.45 We generated a PPI network based on the 
top 50 key DEmRNAs to elucidate the mechanisms of action 
of the ceRNA network. Most of DEmRNAs in the PPI 
network, including C3, CXCL13, Plac8, Egr1, Egr2, Egr4, 
and Pou4f1, were shown to be closely associated with 
inflammation, plasticity of neurons, and learning and mem-
ory processes of central neurons.46,47

Conclusions
In the present study we identified 503 DEGs, 661 
DElncRNAs, and 13 DEmiRNAs during treated with TG 
in Aβ25-35-induced AD mouse model. And we firstly con-
structed a lncRNA-miRNA-mRNA ceRNA network based 
on the DElncRNAs, DEmRNAs, and DEmiRNAs and 
filtered 26 gene nodes in DEGs to construct a PPI network 
complex. The results may provide novel insight into the 
mechanisms of ceRNA regulation in an Aβ25-35-induced 
AD mouse model treated with TG.
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