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Abstract: APP/PS1 transgenic mice with Alzheimer disease (AD) are widely used as a reliable animal model in stud-
ies about behaviors, physiology, biochemistry and histomorphology of AD, but few studies have been conducted 
to investigate the role of lncRNAs in this model. In this study, lncRNA microarray was employed to detect the gene 
expression profile and lncRNA expression profile in the mouse brain. Then, bioinformatics was used to predict the 
differentially expressed genes related to AD (n=20). Among different lncRNAs (n=249), 99 were downregulated and 
150 upregulated. Co-expression network was applied to analyze the co-expression of differential lncRNAs and dif-
ferent genes. In network, lncRNA Gm13498 and lncRNA 1700030L20Rik correlated with the most genes and their 
degrees were 6 and 5, respectively. Then, the function and signal transduction pathways related to the differentially 
co-expressed lncRNAs were analyzed with bioinformatics, and results showed that these lncRNAs were involved 
in the systemic development of neurons, intercellular communication, regulation of action potential of neurons, 
development and differentiation of oligodendrocytes, neurotransmitters transmission, and neuronal regeneration. 
Realtime PCR was employed to detect the expression of relevant lncRNAs and differentially expressed RNAs in 10 
samples, and results were consistent with above findings from microarray. 

Keywords: APP/PS1 transgenic mouse, Alzheimer’s disease, long non-coding RNA, gene microarray, RE1 protein 
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Introduction

The pathogenesis of Alzheimer’s disease (AD) 
is very complex and involving several nervous 
dysfunctions. β-amyloid protein (Aβ) deposition 
in the brain is a key event in the pathogenesis 
of AD [1, 2]. The cleavage of amyloid precursor 
protein (APP) by endogenous beta-secretase 
may cause the binding between transmem-
brane segment and extracellular segment to 
form Aβ42 peptide [3, 4]. Presenilin1 (PS1) has 
been found to be associated with AD. High 
expressions of APP and PS1 have been ob- 
served in AD [5, 6]. Jackson’s laboratory pre-
pared APP/PS1 transgenic mice via APPA and 
PS1 co-transfection. These mice at an age of 
9-12 months developed behavioral, physiologi-
cal, biochemical and histomorphological fea-

tures similar to those in AD patients. To date, 
these transgenic mice have been widely used in 
studies about AD worldwide [7]. 

Long non-coding RNA (lncRNA) refers to non-
protein coding transcripts longer than 200 nu- 
cleotides and has functions of dosage com- 
pensation, epigenetic modification and protein 
complex backbone [8-10]. LncRNA expression 
and/or dysfunction are closely related to hu- 
man diseases. The abnormalities of lncRNAs in 
their sequence, spatial structure, expression 
and interaction with proteins have been found 
to play important roles in the pathogenesis  
of AD [11-13]. In the present study, lncRNA 
expression profile was investigated with Agilent 
Mouse lncRNA Microarray V2.0 in the hippo-
campus of APP/PS1 transgenic mice with AD 
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and wide type C57 mice, and bioinformatics 
was employed for the analysis of differentially 
expressed genes. Furthermore, real time PCR 
was used to validate the expressions of rele-
vant lncRNAs and genes in these mice.

Materials and methods 

Ethics, consent and permissions

The Ethics Committee of Shanghai Tenth Peo- 
ple’s Hospital approved this study, and inter- 
national guidelines for animal welfare were 
followed.

Animal grouping and morphological identifica-
tion 

APP/PS1 transgenic AD mice and wide type 
C57 mice were purchased from the Animal 
Center of Nanjing, housed in separated cages 
(n=5 per cage) at 25°C, and given ad libitum 
access to water and food with 12 h/12 h light/
dark cycle. The degenerative neuropathy was 
evaluated in 12 months-old animals by water 
maze test. Once behavioral changes were 
observed, AD mice (n=3) and wide type litter-
mates were randomly selected for the iden- 
tification by immunochemistry. The remaining 
mice were anesthetized, and then perfused 
with 4% paraformaldehyde. The brain was col-
lected and fixed in 4% paraformaldehyde over 
night. After dehydration in 10%, 20% and 30% 
sucrose, brain tissues were embedded in OCT 
and cut into sections. Immunohistochemistry 
was performed for Aβ (abcam ab2539, CA, 
USA) and phosphorylated Tau (abcam ab52834, 
CA, USA).

Morris water maze test 

The Morris water maze was 120 cm in diameter 
and 47 cm in height with a 9 cm platform.  
The water was 0.5 cm higher than the platform, 
and the water temperature was maintained  
at 25.0±0.5°C. Test was divided into hidden-
platform acquisition training and probe trial 
testing. The hidden-platform acquisition train-
ing was employed to test the learning and 
memory of mice in the maze and conducted  
for 6 days. Before test, mice were allowed to 
swim freely for 2 min. The hidden platform was 
placed at the center of a quadrant. The loca- 
tion of this platform remained unchanged in 
the whole test. Mice were randomly placed in 

any quadrant with the head forward the wall. 
When the mouse reached the platform or 
stayed on the plat form for 60 s, the test was 
stopped. After the mouse reached the plat-
form, it was allowed to stay on the platform  
for 10 s. If the mouse failed to find the plat- 
form within 60 s, the investigator guided the 
mouse to the hidden platform and stay on the 
platform for 10 s. Each mouse received train- 
ing 4 times every day with an interval of 30  
min between two trainings. The escape laten- 
cy (time to reaching the platform) was record- 
ed by reviewing the video. The probe trial test-
ing was employed to evaluate the mainten- 
ance of memory. On day 7, the platform was 
removed, and the mouse was placed in any 
quadrant and then allowed to swim for 60 s  
in water. The duration of staying the target 
quadrant (TQ) was calculated within 60 s.

LncRNA microarray assay

After Morris water maze test, animals were sac-
rificed, and the hippocampus was collected 
and grounded. Total RNA was extracted and 
processed for lncRNA microarray assay (AD: 
n=3; control: n=3). 

Screening of differentially expressed lncRNAs 
and mRNAs

LncRNAs and mRNAs with fold change of > 
2 and with significant differences between 
them (P<0.05) were defined as differentially 
expressed genes. 

Co-expression network analysis of lncRNAs 
and mRNAs

The regulation network of lncRNA regulatory 
genes was analyzed according to the passon 
correlation coefficient of genes and lncRNAs. 
The co-expression relationship between lnc- 
RNAs and genes could be used to establish  
the adjacency matrix (A=[aij], where aij refers to 
the weight of relationship between gene i and 
lncRNAj) between lncRNAs and genes. In the 
regulation network, genes were expressed as 
circles, lncRNA as triangles, and interactions as 
sides. The network center was expressed as 
the rank which refers to the contribution of a 
specific lncRNA to the surrounding genes or the 
contribution of a specific gene to the surround-
ing transcription factors. Core lncRNA has the 
highest rank in the network. 
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GO and pathway analysis

GO analysis was applied to analyze the main 
functions of the differential expression genes 
according to the Gene Ontology which is the  
key functional classification of NCBI. Generally, 
Fisher’s exact test and χ2 test were used to 
classify the GO category, and the false discov-
ery rate (FDR) was calculated to correct the P 
value. The smaller the FDR, the small the error 
in judging the P value. FDR was defined as 

1FDR T
Nk= - , where Nk refers to the difference 

between P value of Fisher’s test and the P  
value of χ2 test. P values for the GOs of all the 
different genes were calculated. Enrichment 
provides a measure of the significance of the 
function: as the enrichment increases, the cor-
responding function is more specific, which 
helps us to find those GOs with more concrete 
function description in the experiment. Within 
the significant category, the enrichment Re  
was given by: Re=(nf/n)/(Nf/N), where nf is the 
number of differential genes within the parti- 
cular category, n is the total number of genes 

within the same category, Nf is the number  
of differential genes in the entire microarray, 
and N is the total number of genes in the 
microarray.

Similarly, Pathway analysis was used to find  
out the significant pathway of the differential 
genes according to KEGG, Biocarta and Reato- 
me. Still, we turned to the Fisher’s exact test 
and χ2 test to select the significant pathway, 
and the threshold of significance was defined 
by P-value and FDR. The enrichment Re was 
calculated like the equation above [14-16].

Real time PCR

Total RNA was extracted from the left hippo-
campus with 1 ml of Trizol reagent, and genom-
ic DNA was digested with 1 μl of RQ1 DNase 
buffer. Then, 3 μg of total RNA was used for 
reverse transcription according to the manufac-
turer’s instructions (SuperScript II reverse tran-
scriptase; Invitrogen). Real time PCR was con-
ducted with TaKaRa SYBR Premix Ex Taq and 

Table 1. Premars of related genes in realtime PCR
Sequence (5’→3’) Length Tm Location

APP Forward Primer TCCGAGAGGTGTGCTCTGAA 20 62.4 860-879
Reverse Primer CCACATCCGCCGTAAAAGAATG 22 61.8 974-953

PSEN1 Forward Primer TGCACCTTTGTCCTACTTCCA 21 61 15-35
Reverse Primer GCTCAGGGTTGTCAAGTCTCTG 22 62.5 145-124

REST Forward Primer GGCAGATGGCCGAATTGATG 20 61.5 212-231
Reverse Primer CTTTGAGGTCAGCCGACTCT 20 61.2 298-279

HHIP Forward Primer GAAGATGCTCTCGTTTAAGCTGC 23 61.8 6-28
Reverse Primer CCACCACACAGGATCTCTCC 20 61.3 212-193

CNTN2 Forward Primer TTGGACCCGTCTTTGAAGAGC 21 62.3 110-130
Reverse Primer TACTGGGTTAGAGGCTAGGCA 21 61.5 357-337

APOC2 Forward Primer ATGGGGTCTCGGTTCTTCCT 20 62.2 2-21
Reverse Primer GTCTTCTGGTACAGGTCTTTGG 22 60 176-155

GAPDH Forward Primer AGGTCGGTGTGAACGGATTTG 21 62.6 8-28
Reverse Primer GGGGTCGTTGATGGCAACA 19 62.6 102-84

GM13498 Forward Primer GACCCGTCAGGGACCAAAAC 20 62.7 163-182
Reverse Primer AACGGTAAGGAATCACGATGTG 22 60.4 349-328

1700030L20RIK Forward Primer GGTGGCTGTTTTATGTCCCAA 21 60.5 774-794
Reverse Primer CAACCACACCATTGTTGAGGA 21 60.4 885-865

AK038159 Forward Primer CAGGTCTTCTTCAAACAACTGCT 23 60.9 470-492
Reverse Primer TGCTTTCTCGGGAAGTCTGGA 21 62.9 560-540

DQ113493 Forward Primer TGTCTGTGCGAGATGCAAC 19 60.4 1514-1532
Reverse Primer CCATAGTGGGGTCATGCGAG 20 62.1 1621-1602

U6 Forward Primer ACCCTGAGAAATACCCTCACAT 22 60.2 140-161
Reverse Primer GACGACTGAGCCCCTGATG 19 61.8 201-183



lncRNA of hippocampus in APP/PS1 transgenic Alzheimer mice

1384 Am J Transl Res 2017;9(3):1381-1391

7500 real-time PCR instrument (Applied Bio- 
systems) according to the manufacturer’s in- 
structions. Primer 5.0 was used for primer 
design. Related primers are listed in Table 1.

Statistical analysis

Quantitative data are expressed as mean ± 
standard deviation. The latency in Morris water 
maze test was compared by using t test, and 
the apoptosis index with chi square test. A 
value of P<0.05 was considered statistically 
significant. 

Results

Identification of APP/PS1 transgenic AD mice

When the mice were 12 months old, these mice 
were subjected to Morris water maze test. As 
shown in Figure 1A and 1B, the escape latency 

was 28.6±8.3 s in wide type group and 43.6± 
5.4 s in APP/PS1 group, showing significant dif-
ference between two groups (P<0.01). It is sug-
gested that the APP/PS1 transgenic mice had 
learning and memory impairment. In addition, 
the duration of staying in target quadrant was 
also markedly different between two groups 
(46.9±2.8 s in APP/PS1 group and 59.7±3.6 s 
wide type group). To further confirm the AD in 
APP/PS1 transgenic mice, 3 mice were random-
ly selected from each group, and pathological 
examination of the brain was performed. The 
brain was fixed in 4% paraformaldehyde, and 
the brain sections were subjected to immuno-
histochemistry for Aβ and phosphorylated Tau. 
As shown in Figure 1C, there was evident for  
Aβ deposition in the brain of APP/PS1 trans- 
genic mice (red fluorescence), but it was not 
obvious in wide type Littermates. In addition, 
the change in phosphorylated Tau (green fluo-
rescence) was similar to that of Aβ deposition. 

Figure 1. Identification of AD in APP/PS1 transgenic mice. A: The escape latency of APP/PS1 transgenic mice and 
wide type littermates in Morris water maze test; B: Duration of staying in the target quadrant; C: Immunofluores-
cence staining of Aβ and phosphorylated Tau in the brain. Data are shown as mean ± SD, **P<0.01 vs. wild type 
group.
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These indicated that the APP/PS1 transge- 
nic mice aged 12 months might develop AD 
spontaneously. 

Differentially expressed lncRNAs and differen-
tially expressed genes

The Mouse lncRNA Microarray v2.0 4×180 K 
microarray of Agilent G3 platform was used to 
detect the lncRNA expression profile in two 
groups, and a total of 249 differentially ex- 
pressed lncRNAs were identified, of whom 99 
had up-regulated expression and 150 display- 
ed down-regulated expression. Then, a hot- 
map was constructed with these differentially 
expressed lncRNAs (Figure 2A). In addition, it 

0.05). In addition, real time PCR was also per-
formed to detect the expression of lncRNA 
Gm13498, DQ113493, AK038159 and 1700- 
030L20Rik, and results were similar to those 
from microarray (ratio: 2.87±0.8, 0.36±0.1, 
0.24±0.03 and 2.75±0.96, respectively). 

Coexpression analysis of lncRNAs and AD re-
lated genes

According to the passon correlation coeffi- 
cient between lncRNAs and AD related genes, 
lncRNAs with a coefficient of > ±0.95 were 
used to construct regulation network of lncRNA 
regulatory genes. As shown in Figure 3, the 
number of genes coexpressed with REST gene 

Figure 2. LncRNA and mRNA expression profiles of the hippocampus of APP/
PS1 transgenic mice. A: Hotmap analysis of differentially expressed lncRNAs; 
B: Hotmap analysis of differentially expressed mRNA; C: Real time PCR for ln-
cRNAs; D: Real time PCR for mRNA. Data are shown as mean ± SD, *P<0.05 
vs. wild type group, **P<0.01 vs. wild type group, Student’s t-test.

was also found 209 had  
up-regulated expression and 
242 displayed down-regulat-
ed expression (Figure 2A) 
among 451 differentially ex- 
pressed genes. These lnc- 
RNAs and mRNAs could clear-
ly separate one group from 
another. Then, the bioinfor-
matics analysis was employ- 
ed to confirm some impor- 
tant lncRNAs. Their infor- 
mation is shown in Table  
2. In addition, the important 
mRNAs were also analyz- 
ed, and their information is 
shown in Table 3. To validate 
the changes in above lnc- 
RNAs and mRNAs expression, 
real time PCR was employ- 
ed to detect their expression 
in addition samples (n=10). 
As shown in Figure 2C and 
2D, the mRNA expression of 
Six3, Rest and Shh reduced 
significantly in AD mice as 
compared with wild type  
mice (expression ratio of AD 
mice to wild type mice: 
0.04±0.03, 0.08±0.03 and 
0.4±0.14, respectively; P< 
0.01 or 0.05), but the mRNA 
expression of Apoc2, Klf5 and 
Mef2c increased marked in 
AD mice as compared with 
wild type mice (ratio: 2.48± 
0.72, 2.63±0.31 and 2.83± 
0.58, respectively; P<0.01 or 
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was the largest, the degree was 15 and they 
were the most important genes in the network. 
In the network, lncRNA Gm13498 and lncRNA 
1700030L20Rik had the widest relation with 
other genes and the degree was 6 and 5, 
respectively. In the figure, triangle referred to 
lncRNA, circle to AD related genes, yellow to 
down-regulation in wide type mice, red to up-
regulation in wide type mice, the solid line to 
the positive relationship and the dotted line  
to the negative relationship.

Functional prediction of differentially ex-
pressed lncRNAs

LncRNAs belong to non-coding RNA SIMILAR 
TO miRNA. They may affect the expression or 

activity of proteins via regulating target genes 
to regulate the biological processes. However, 
the ways in which lncRNA regulates target 
genes are different from that of miRNA, and 
several ways have been identified for lncRNA 
regulating target genes. Of note, the lncRNA 
and its target genes may form the co-expres-
sion relationship. Thus, the functions and path-
ways of genes that are co-expressed with dif-
ferentially expressed lncRNA are helpful for  
the investigation of the potential functions and 
pathways of these lncRNA. The co-expressed 
genes were subjected to GO and pathway anal-
ysis (Figure 4). Results showed that the GO  
of genes with downregulation mainly related  
to the nervous system development, axon en- 
sheathment, cell communication, oligodendro-

Table 2. Differentially expressed lncRNAs in the hippocampus between APP/PS1 transgenic mice and 
wild type mice
lncRNA P value Fold change Chr No. Position Start End Strand Length
Gm13498 0.026709 1.107295 2 2qC1.1 50,909,684 50,911,846 + 2163
1700030L20Rik 0.03086 1.088938 3 3qG3 136,435,270 136,449,349 - 985
AK038159 0.000148 -2.04013 9 9qA5.1 40,820,969 40,822,673 + 1705
DQ113493 0.015561 -1.00214 12 12qF1 114,357,761 114,358,218 - 458

Table 3. Differentially expressed mRNAs in hippocampus of APP/PS1 transgenic mice with Alzheimer 
disease
Gene symbol Genbank accession P value Fold change Description
Res0t NM_011263 6.82E-06 -3.54924 RE1-silencing transcription factor
Shh NM_009170 0.018668 -2.6385 Sonic hedgehog
Six3 NM_011381 0.022093 -2.49683 Sine oculis-related homeobox 3
Slitrk6 NM_175499 0.024647 -2.00858 SLIT and NTRK-like family 6
Ret NM_001080780 0.028781 -1.89211 Ret proto-oncogene
Hhip NM_020259 0.005445 -1.65801 Hedgehog-interacting protein
Gjc3 NM_080450 0.0347360 -1.46313 Gap junction protein
Fos NM_010234 0.034798 -1.44827 FBJ osteosarcoma oncogene
Foxp2 AK164319 0.006651 -1.31022 Forkhead box P2
Insc NM_173767 0.040053 -1.30909 Inscuteable homolog
Cntn2 NM_177129 0.045533 -1.0722 Contactin 2
Drd2 NM_010077 0.01017 -1.06875 Dopamine receptor D2
Klf5 NM_009769 0.012230 1.123472 Kruppel-like factor 5
Efnb2 NM_010111 0.018935 1.149162 Ephrin B2
Apoc2 NM_001277944 0.026465 1.168242 Apolipoprotein C-II
Rbp4 NM_001159487 0.011893 1.310413 Retinol binding protein 4
Cwh43 NM_181323 0.031735 1.356818 Cell wall biogenesis 43 C-terminal homolog
Plxnd1 NM_026376 0.012214 1.462215 Plexin D1
Figf NM_010216 0.019358 1.635167 C-fos induced growth factor
Mef2c NM_025282 0.031811 1.696655 Myocyte enhancer factor 2C
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cyte development, myelination, oligodendrocy- 
te differentiation, transmission of nerve im- 
pulse, glial cell development, neurogenesis, 
generation of neurons, regulation of nervous 
system development, cellular homeostasis, 
neuron differentiation, positive regulation of 
neurogenesis, and glial cell differentiation, and 
GO of genes with upregulation were mainly 
associated with cell communication, vascula-
ture development, lipid metabolic process and 
others. In addition, the pathways related to 
genes with down-regulated expression includ-
ed neuroactive ligand-receptor interaction, cy- 
tokine-cytokine receptor interaction, cell com-
munication, glycine, serine and threonine me- 
tabolism, gap junction, ECM-receptor interac-
tion, MAPK signaling pathway, axon guidance, 
Wnt signaling pathway and regulation of actin 
cytoskeleton, and those of genes with up-regu-
lated expression mainly included focal adhe-

sion, cytokine-cytokine receptor interaction, 
calcium signaling pathway, MAPK signaling 
pathway, ECM-receptor interaction, and MAPK 
signaling pathway. 

Discussion

In the present study, APP/PS1 transgenic mice 
with AD and wide type CD57 mice matched in 
age were used, and Morris water maze test was 
conducted to examine the learning and memo-
ry of these mice, aiming to evaluate the pres-
ence of degenerative neurological diseases. 
Results showed that the latency to finding the 
platform was 28.6±8.3 s in wide type mice and 
43.6±5.4 s in AD mice, suggesting the compro-
mised memory in AD mice. It was suggest- 
ed that APP/PS1 mice with AD spontaneously 
develop AD at the age of 12 months, which was 
consistent with previously reported [17, 18].  

Figure 3. Co-expression analysis of differentially expressed lncRNAs and differentially expressed mRNA. The passon 
correlation coefficient between differentially expressed lncRNAs and differentially expressed mRNA was calculated 
to construct the co-expression network of differentially expressed lncRNAs and differentially expressed mRNA. The 
circles represent differentially expressed mRNA (yellow: down-regulated; red: up-regulated). Polygons represent dif-
ferentially expressed lncRNAs. Connection line: co-expression between differentially expressed lncRNAs and differ-
entially expressed mRNA. Solid line: positive correlation; dotted line: negative correlation.
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Bioinformatics analysis was employed to find 
AD related genes among the differentially ex- 
pressed genes. These genes were mainly relat-
ed to the neuronal development, intercellular 
communication, neuronal action potential, de- 
velopment and differentiation of oligodendro-
cytes, transduction of neurotransmitters, neu-
ronal regeneration and lipid metabolism, which 
have been found to be closely related to the 
progression of AD. There is evidence showing 
that Rest gene plays a negative regulatory role 
in the gene expression during the neuronal 
development and can regulate the expressions 
of some neurons related cytokines and af- 
fect the differentiation of neuronal stem cells 
[19-21]. Shh gene encodes Shh peptide and 
can activate Shh signaling pathway, exerting 
neuroprotective effect via downstream tran-
scription factor Gli to promote synaptic regen-
eration and reconstruction and recovery of  
neurofunction [22]. Apoc2 is a membrane of 
ApoE family. Some studies showed that Apoc2 
mutation was highly related to AD, and Apoc2 
could affect the AD progression via oxidative 
stress pathway [23]. By using GWAS, Blennow 
et al found that genes including Mef2c played 
important roles in the progression of AD [24].

LncRNAs refer to non-encoding RNA longer 
than 200 nucleotides. Previously, lncRNA were 
regarded garbage fragments in the genome.  
In recent years, studies reveal that lncRNA are 
not garbage fragments in cells, but play cru- 
cial roles in the biological evolution, embryonic 
development, cell metabolism, cell differentia-
tion and tumorogenesis [13, 25]. The lncRNA 
expression is temporally and spatially specific. 
In different tissues and stages of development, 
the expression of lncRNAs varies significantly. 
The abundance of lncRNA is the highest and 
the type of lncRNA is the largest in the brain 
[26]. LncRNA is involved in several neuron re- 
lated processes such as neuronal differentia-
tion, brain development, synaptic plasticity and 
neurodegenerative diseases [27]. In addition, 
lncRNA may act on AD via different ways. For 
example, BACE1-AS is an lncRNA as a result of 

transcription of BACE1 antisense strand and 
shows a high expression in the AD. This lncRNA 
cannot bind to the mRNA BACE1 to inhibit its 
activity, but blocks the binding site of miR-485-
5p on the BACE1 mRNA, which hinders the 
regulation of miRNA on BACE1 [28]. lncRNA17A 
is mapped to the 3rd intron region of G protein-
coupled receptor 51 (GRP51, GAGA B2) gene 
and can regulate the variable slicing of GRP51 
to influence the GABA B signaling pathway, 
increase the transformation of Aβ42 and ele-
vate its toxicity [29]. lncRNA BC200 selective- 
ly localizes in the synapses between neurons 
and is crucial for the maintenance of synaptic 
plasticity. Studies have shown that lncRNA 
BC200 localized around the nucleus in the 
brain of AD patients, and this spatial ectopia 
caused the loss of function in the maintenance 
of synaptic plasticity [30]. In this study, lncRNA 
microarray assay showed 249 differentially ex- 
pressed lncRNAs, of which 99 showed down-
regulation and 150 had up-regulation. Coex- 
pression analysis of these lncRNAs and AD re- 
lated genes revealed 4 important lncRNAs: 
Gm13498, DQ113493, AK038159 and 1700- 
030L20Rik. Further qPCR confirmed that the 
expressions of these lncRNAs were consistent 
with those from microarray assay. This indicat-
ed that these lncRNAs played regulatory roles 
in the progression of AD and provided clues  
for further investigation of target molecules in 
the pathogenesis of AD. 

The study of Lu et al [31] showed the Rest 
expression reduced significantly in AD and its 
intracellular localization was also crucial. In 
healthy old mice, Rest is highly expressed, and 
fluorescence staining shows Rest is mainly 
expressed in the cytoplasm and nucleus even-
ly. However, in AD, Rest first disappears in the 
nucleus, then its expression reduces gradual- 
ly, and finally the neuroprotection of Rest loses. 
In the coexpression network of lncRNAs and 
mRNAs, lncRNA Gm13498 and lncRNA 1700- 
030L20Rik had the widest relationship with 
other genes and were negatively related to 
Rest. It is indicated that lncRNA Gm13498 and 

Figure 4. Function and pathway analysis of co-expressed genes. Differentially expressed genes related to differen-
tially expressed lncRNAs were subjected to GO and pathway analysis, and the potential GO and pathways affected 
by differentially expressed lncRNAs were predicted. A: GO analysis of differentially expressed genes co-expressed 
with differentially expressed lncRNAs (left: GO of genes with down-regulated expression; right: GO of genes with 
up-regulated expression); B: Pathway analysis of differentially expressed genes co-expressed with differentially ex-
pressed lncRNAs (left: pathway of genes with down-regulated expression; right: pathway of genes with up-regulated 
expression).
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lncRNA 1700030L20Rik may bind to Rest pro-
tein to block its translocation into the nucleus, 
resulting in the loss of neuroprotective effect  
of Rest and the reduction in Rest expression. 
However, more studies are required to confirm 
these findings.
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