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Abstract: Alzheimer’s disease (AD) is a progressive and irreversible neurodegenerative disorder. The abnormal ac-
cumulation and deposition of amyloid-beta peptide (Aβ) in senile plaques and cerebral vasculature is widely rec-
ognized to be the most likely culprit in the pathogenesis of AD. Long non-coding RNAs (lncRNAs), a kind of evolu-
tionarily conserved non-coding RNAs with over 200 nucleotides in length, have introduced a novel field of biology, 
and are involved in various human diseases, including neurological diseases. Recently, lncRNA X-inactive specific 
transcript (XIST) is reported to be upregulated in the rat spinal cord injury (a neurological disease) model and XIST 
knockdown has a prominent protective effect on the recovery of spinal cord injury. However, little is known about 
the expression and function of XIST in AD. Here, we showed that Aβ25-35 treatment increased XIST expression in 
hippocampal neurons. XIST knockdown ameliorated toxicity, oxidative stress, and apoptosis induced by Aβ25-35 treat-
ment in hippocampal neurons. We further identified and confirmed that miR-132 was the target of XIST, and XIST 
functioned by targeting miR-132. Collectively, these data show that knockdown of XIST relieves Aβ25-35-induced toxic-
ity, oxidative stress, and apoptosis in primary cultured rat hippocampal neurons by upregulation of miR-132. These 
findings encourage continued investigation of the potential of manipulating XIST in the treatment of AD.

Keywords: Alzheimer’s disease, lncRNA X-inactive specific transcript, miR-132, amyloid-beta peptide, oxidative 
stress, apoptosis

Introduction

Alzheimer’s disease (AD) is one of the most 
prevalent neurodegenerative diseases with a 
global prevalence of up to 15 million people, 
and is characterized by slowly progressive 
dementia and brain atrophy [1]. The hippocam-
pus, one of the most important brain struc-
tures, plays a central role in spatial learning 
and memory, and is the most affected area of 
pathological alteration in AD. It is widely accept-
ed that the accumulation and deposition of 
amyloid-beta peptide (Aβ), the main constituent 
of the amyloid core of senile plaques, is an 
important event in the pathogenesis of AD [2]. 
Much research has proven the toxicity of Aβ on 
neurons both in vitro and in vivo [3, 4]. In addi-
tion, the transgenic mice with the overexpres-
sion of human amyloid precursor protein devel-

op neuritic plaques, which are similar to those 
seen in brains of AD patients [5]. In fact, 
increasing evidence points to Aβ as the most 
likely culprit in the pathogenesis of AD, and it 
plays a key role in AD [6-8]. In recent years, the 
molecular mechanisms whereby Aβ exerts its 
role in AD are widely studied, but have not yet 
been fully elucidated.

Recent evidence suggests that oxidative stress 
is a critical event in the pathogenesis of AD, and 
exerts a key role in AD development. For exam-
ple, Michel et al. [9] reported that activity of 
mitochondrial aldehyde dehydrogenase (ALDH) 
increases in the putamen of individuals with 
AD. Pratico et al. [10] reported that individuals 
with mild cognitive impairment have increased 
brain oxidative damage before the onset of 
symptomatic dementia. Oxidative stress can 
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cause cell death by damaging cellular macro-
molecules, including proteins, lipids, DNA, and 
RNA [11]. The brain is particularly susceptible 
to oxidative stress, due to its high concentra-
tion of easily oxidized fatty acids, and low level 
of antioxidant enzymes [12]. In AD, oxidative 
stress has been suggested to be induced by 
Aβ, and crucially involved in Aβ toxicity [13-15]. 
In recent years, many compounds have been 
reported to play neuroprotective effects against 
Aβ-induced oxidative stress and neuronal apop-
tosis, which may be promising therapeutics 
against AD [16-19].

Long non-coding RNAs (lncRNAs) are a kind of 
evolutionarily conserved non-coding RNAs with 
over 200 nucleotides in length, and lack signifi-
cant protein-coding capacity. There is growing 
evidence that lncRNAs can regulate multiple 
biologic processes and are involved in various 
human diseases, including neurological diseas-
es [20-22]. In addition, the deregulation of 
many lncRNAs has been confirmed to be asso-
ciated with the occurrence and development of 
diseases, and restoration of aberrantly expr- 
essed lncRNA is favorable for curing the dis-
eases [23-25]. LncRNA X-inactive specific tran-
script (XIST), first discovered by searching cDNA 
libraries for clones in 1980s and 1990s, is dys-
regulated in some cancers and is correlated 
with tumor progression and poor prognosis. 
Recently, XIST is reported to be upregulated in 
rat spinal cord injury (a neurological disease) 
model and XIST knockdown has a prominent 
protective effect on the recovery of spinal cord 
injury by suppressing apoptosis [26]. However, 
little is known about the expression and func-
tion of XIST in AD.

In this study, we examined XIST expression in 
Aβ25-35-insulted primary cultured hippocampal 
neurons, and investigated the effects of XIST 
expression on toxicity, oxidative stress, and 
apoptosis induced by Aβ25-35. In addition, we 
also investigated the molecular mechanism 
whereby XIST exerts its role.

Materials and methods

Primary hippocampal neuron culture

Use of animals was approved by the Animal 
Care and Use Committee of Xinxiang Medical 
University. Primary dissociated hippocampal 
neurons were prepared from pregnant 16 to 
18-day Sprague-Dawley rat embryos. In brief, 

hippocampus was dissected and placed in 
35-mm petri dishes containing calcium, mag-
nesium-free Hanks’ balanced salt solution 
(HBSS). Then the hippocampus tissue was 
minced into small pieces by using crossed scal-
pels and trypsinized with 0.25% trypsin (Sigma, 
St. Louis, MO, USA) for 25 min at 37°C with 5% 
CO2. Trypsinization was terminated and tissue 
was triturated by aspirating 8 times with a 
flame-narrowed Pasteur pipette to produce cell 
suspension. Cell suspension was centrifuged 
and the supernatant was discarded. The cell 
pellet was resuspended in Neurobasal/B27 
medium (Invitrogen, Carlsbad, CA, USA) supple-
mented with 2 mM-glutamine. Hippocampal 
neurons were manually counted via hematocy-
tometer, and then seeded into Petri dishes 
coated with poly-L-lysine at a density of 2×105/
cm2. Cultures were maintained in a humidified 
chamber filled with 5% CO2 at 37°C. After 3 
days, these cells were used for further ex- 
periments.

Aβ25-35 treatment

Three days after culturing as mentioned previ-
ously, hippocampal neurons were transfected 
as described below, and then cultured in the 
fresh medium with a concentration of 25 μM 
Aβ25-35 (Sigma) for 24 h at 37°C. The morpho-
logic changes of hippocampal neurons were 
observed under the microscope (Olympus, 
Japan).

RNA extraction and qRT-PCR

After Aβ25-35 treatment, total RNA samples were 
extracted using Trizol reagent (Invitrogen), and 
cDNA was synthesized using a Reverse 
Transcription Kit according to the manufactur-
er’s instructions (Takara, Dalian, China). The 
expression of miR-132 was determined by the 
TaqMan miRNA assay (Applied Biosystems, 
Foster City, CA, USA), and U6 snRNA was used 
as an internal standard. The expression of 
lncRNA XIST was determined on ABI 7500 real-
time PCR system (Applied Biosystems), and 
GAPDH was used as a loading control. The aver-
age fold-change of genes was calculated using 
the 2-ΔΔCt method.

Cell transfection

A plasmid that carries complementary DNA 
encoding XIST (pcDNA-XIST) was synthesized 
by introducing the XIST cDNA sequence into the 
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pcDNA3.1 expression vector (Invitrogen). Small 
interfering RNAs (siRNA) targeting XIST (si-
XIST), miR-132 mimic, and their respective con-
trols were obtained from Dharmacon (Chicago, 
IL, USA). All transfection reactions were per-
formed using Lipofectamine 2000 Reagent fol-
lowing the manufacturer’s protocol (Invitrogen).

MTT assay

Cell viability was assessed by MTT assay. 
Briefly, hippocampal neurons were cultured at a 
density of 2.5×103 cells per well in fresh medi-
um with 25 μM Aβ25-35 for 24 h in 96-well plates. 
Then 20 μl of MTT solution (5 mg/ml) was 
added to each well, and the cells were contin-
ued to culture. After 4 h incubation, the medi-
um was gently removed from the wells, and 
100 μl of dimethyl sulfoxide (DMSO, Sigma) 
was added to each well to dissolve the forma-
zan product. The absorbance was recorded at 
570 nm with a microplate reader Dynatech MR 
4000 (Dynex, Denkendorf, Germany).

Lactate dehydrogenase (LDH) release assay 

Cell viability was also evaluated by measure-
ment of LDH released into the medium. After 
Aβ25-35 treatment, LDH activity was determined 
by LDH-cytotoxicity assay kit (BioVision, Mo- 
untain View, CA, USA) in accordance with the 
manufacturer’s instructions. The absorbance 
was measured at 570 nm with a microplate 
reader Dynatech MR 4000 (Dynex).

Level of potassium ions (K+) leakage

The permeability of neuron membranes was 
assessed by measurement of level of K+ leak-
age. Briefly, after Aβ25-35 treatment, cell culture 

supernatants were collected and centrifuged at 
10,000 g for 10 min. Then 0.5 ml of superna-
tant was transferred to a 1.5 ml Eppendorf 
tube, and normal culture medium was used as 
control. The absorbance was measured with a 
flame spectrophotometer (Beckman Coulter, 
Fullerton, CA, USA).

The activity levels of superoxide dismutase 
(SOD), glutathione peroxidase (GSH-Px) and 
malonaldehyde (MDA)

After Aβ25-35 treatment, the activities of SOD 
and GSH-Px, and the level of MDA in hippocam-
pal neurons were measured by using the assay 
kits from Nanjing Jiancheng Bioengineering 
Institute (Nanjing, China) according to manufac-
turer’s protocols.

TdT-mediated dUTP nick-end labeling (TUNEL)

Hippocampal neurons were washed in 0.01 M 
PBS, and fixed with 4% (w/v) paraformaldehyde 
for 30 min. Then the fixed cells were permeated 
in 0.1% Triton X-100 in 0.1% sodium citrate for 
10 min. TUNEL was carried out using an in situ 
cell death detection kit (Roche, Mannheim, 
Germany) in accordance with manufacturer’s 
inductions. The neuronal nuclei were counter-
stained with Hoechst 33342. The TUNEL-
positive cells were observed through a fluores-
cent microscope (Olympus BX51 microscope, 
Tokyo, Japan), and were counted manually.

Western blot analysis

Western blot assay was performed as previ-
ously described [16]. The primary antibodies 
against Bax (Bioss Inc., Beijing, China), Bcl-2 
(Bioss Inc.), cytochrome c release (cytC, CST, 
Danvers, MA, USA), cleaved caspase-3 (Abcam, 
Cambridge, MA, USA) and β-actin (Abcam), and 
peroxidase-conjugated secondary antibody 
(Abcam) were employed in this assay.

Luciferase reporter assay

The reporter construct was generated by insert-
ing six fragments of XIST mRNA containing pre-
dicted miR-132 binding site 1, 2, 3, 4, 5, or 6 
into a modified pcDNA3.1 vector containing a 
luciferase gene. Mutant reporter plasmid was 
obtained by Mutagenesis Kit according to man-
ufacturer’s protocols (Stratagene, Heidelberg, 
Germany). Cells were cotransfected with the 
WT or MUT reporter plasmid and miR-132 
mimic or miR-control. At 48 h post-transfection, 

Figure 1. Aβ25-35 treatment increases XIST expression 
in hippocampal neurons. After exposure to 25 μM 
Aβ25-35 for 24 h, hippocampal neurons were collected 
for XIST expression detection. *P < 0.05.
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luciferase activity assay was conducted with 
the dual luciferase reporter assay system 
(Promega, Madison, WI, USA).

Statistical analysis

All data were expressed as mean ± standard 
deviation (SD), and analyzed using the SPSS- 
17.0 software (SPSS, Chicago, IL, USA). Stu-
dent’s t test or ANOVA test was used to the 
comparisons between groups. The statistical 
significances were achieved when P < 0.05.

Results

Aβ25-35 induces the increase of XIST expression 
in hippocampal neurons

After exposure to 25 μM Aβ25-35 for 24 h, hip-
pocampal neurons were collected, and XIST 
expression was detected by qRT-PCR. As shown 
in Figure 1, the cells treated with Aβ25-35 had 
significantly higher XIST expression compared 
with the control group, suggesting that Aβ 
induces an increase in XIST expression in hip-
pocampal neurons.

LncRNA XIST knockdown ameliorates Aβ25-35-
induced toxicity in hippocampal neurons

The toxicity of Aβ25-35 in hippocampal neurons 
was assessed by morphologic observation, cell 

viability, and membrane permeability. As shown 
in Figure 2A, hippocampal neurons treated 
with Aβ25-35 had irregular shapes, and less arbo-
rization, synaptic connections and inter-cellular 
associations than the hippocampal neurons in 
the control group, while XIST knockdown pre-
vented the morphologic changes induced by 
Aβ25-35. MTT and LDH release assays were used 
to detect cell viability. Level of K+ leakage was 
used to assess the permeability of neuron 
membranes. The results of MTT assay showed 
that after Aβ25-35 insults, cell viability had a sig-
nificant decrease, but the decrease was atten-
uated prominently by knockdown of XIST 
(Figure 2B). The results of LDH release and K+ 
leakage assays showed that Aβ25-35 treatment 
significantly increased LDH release and K+ leak-
age, while XIST knockdown alleviated the 
effects induced by Aβ25-35 insults (Figure 2C, 
2D). Taken together, these data suggested that 
XIST knockdown ameliorates Aβ25-35-induced 
toxicity in hippocampal neurons.

LncRNA XIST knockdown inhibits Aβ25-35-
induced oxidative stress and apoptosis in hip-
pocampal neurons

Oxidative stress causes cell apoptosis and 
plays an important role in Aβ25-35-induced toxic-
ity. To investigate whether XIST knockdown sup-
pressed Aβ25-35-induced oxidative stress, the 

Figure 2. XIST knockdown ameliorates Aβ25-35-induced toxicity in hippocampal neurons. Hippocampal neurons were 
treated with control, 25 μM Aβ25-35, si-control+25 μM Aβ25-35, and si-XIST+25 μM Aβ25-35, and then used for morpho-
logic observation (A), cell viability (B), LDH release (C), and K+ leakage (D) determination. *P < 0.05.
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activities of two anti-oxidases SOD and GSH-
Px, and the level of oxidation product MDA were 
determined. As shown in Figure 3A-C, Aβ25-35 
treatment significantly decreased the activities 
of SOD and GSH-Px, and increased MDA level 
compared to controls, while XIST knockdown 
alleviated the effects of Aβ25-35 treatment on 
the activities of SOD and GSH-Px, and MDA 
level. We subsequently performed TUNEL assay 
to investigate whether XIST knockdown sup-
pressed Aβ25-35-induced apoptosis in hippoca- 
mpal neurons. The results showed that Aβ25-35 
treatment significantly increased the number of 
TUNEL-positive and apoptotic neurons, but the 
increase was attenuated by knockdown of XIST 
(Figure 3D). Bax and Bcl-2 are two important 
regulators of mitochondria-dependent apop-
totic pathway. cytC and caspase-3 are biomark-
ers of oxidative stress-induced cell apoptosis 
that are regulated through the mitochondria-
dependent apoptotic pathway. To further inves-
tigate whether XIST knockdown suppressed 
Aβ25-35-induced apoptosis via inhibition of oxi-
dative stress and the activation of mitochon-
drial apoptotic pathway, Bax, Bcl-2, cytC and 
caspase-3 expression were detected by west-

ern blot. As shown in Figure 3E, Aβ25-35 treat-
ment significantly increased the expression of 
Bax, cytC and caspase-3, and decreased Bcl-2 
expression compared to control, while XIST 
knockdown obviously alleviated the effects of 
Aβ25-35 treatment on the expression of Bax, 
cytC, caspase-3 and Bcl-2. Collectively, these 
data indicated that XIST knockdown inhibits 
Aβ25-35-induced oxidative stress and mitochon-
dria-mediated apoptosis in hippocampal neur- 
ons.

miR-132 is a direct target of lncRNA XIST

Increasing evidence shows that lncRNAs con-
tain a motif with sequence complementary to 
miRNAs and competitively inhibit miRNA ex- 
pression and function. To test whether XIST 
exerts its role via such mechanisms in hippo-
campal neurons, bioinformatics tools were 
used to search for potential miRNAs interacted 
with XIST. The results showed that XIST con-
tained six conserved binding sites for miR-132, 
and the binding sites were presented in Figure 
4A. Then we determined miR-132 expression  
in Aβ25-35-treated hippocampal neurons. The 

Figure 3. LncRNA XIST knockdown inhibits Aβ25-35-induced oxidative stress and apoptosis in hippocampal neurons. 
Hippocampal neurons were treated with control, 25 μM Aβ25-35, si-control+25 μM Aβ25-35, and si-XIST+25 μM Aβ25-35. 
Then the activities of SOD (A) and GSH-Px (B), MDA level (C), the number of TUNEL-positive neurons (D), and the 
protein expression of Bax, Bcl-2, caspase-3 activity and cytochrome c release (E) were determined. *P < 0.05.
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results showed that Aβ25-35 treatment decreased 
miR-132 expression, which was opposite to the 
effects of Aβ25-35 treatment on XIST expression 
(Figure 4B). To further confirm that XIST could 
directly target miR-132, we performed the dual-
luciferase reporter assay. It is worth noting that 
XIST harbors six binding sites for miR-132 and 
XIST mutant sequence (XIST-MUT) is construct-
ed by mutation of the six predicted binding 
sites. The results showed that overexpression 
of miR-132 significantly inhibited the luciferase 
activity of wild-type reporter, but had little effect 
on the luciferase activity of mutant reporter 
(Figure 4C). In addition, we explored whether 
XIST could regulate miR-132 expression. The 
results showed that miR-132 expression was 
reduced after overexpression of XIST, whereas 
it was enhanced after knockdown of XIST 
(Figure 4D). These data suggested that XIST 
could negatively regulate miR-132 expression 
by binding to complementary miR-132 seed 
regions. 

miR-132 inhibits the toxicity, oxidative stress 
and apoptosis caused by Aβ25-35 treatment in 
hippocampal neurons

To further explore whether XIST exerted its role 
by targeting miR-132, hippocampal neurons 
were transfected with miR-132 mimic or miR-
control and then cultured in the medium with or 
without 25 μM Aβ25-35 for cell toxicity, oxidative 
stress and apoptosis detection. Results show- 

ed that an increase of miR-132 could relieve 
the toxicity, oxidative stress, and apoptosis 
caused by Aβ25-35 treatment (Figure 5A-I), whi- 
ch played a similar role to XIST knockdown. 
Collectively, these data suggested that XIST 
knockdown attenuates Aβ25-35-induced toxicity, 
oxidative stress, and apoptosis in hippocampal 
neurons by targeting miR-132.

Discussion

AD is a progressive and irreversible neurode-
generative disorder. Mounting evidence shows 
that Aβ plays a key role in the pathogenic mech-
anism of AD. When AD occurs,abnormal accu-
mulation and deposition of Aβ forms amyloid 
fibrils and plaques that are toxic to neurons 
[27]. Recent evidence suggests that oxidative 
stress is induced by Aβ and involved in Aβ toxic-
ity, playing an important role in the develop-
ment of AD [9, 10, 13-15]. In addition, a large 
body of evidence suggests that oxidative stress 
is involved in Aβ-induced neuronal apoptosis 
[28, 29]. In fact, in recent years, many Chinese 
herb extracts have been reported to exert neu-
roprotective effects against Aβ-induced oxida-
tive stress and neuronal apoptosis, and are 
promising drugs for the management of AD. For 
example, ginkgo biloba extract decreases cell 
toxicity and oxidative stress induced by Aβ25-35 
via blocking mitochondria-mediated apoptosis 
signaling; baicalin effectively improves Aβ25-35-
induced learning and memory deficit, hippo-

Figure 4. miR-132 is a direct target of lncRNA XIST. A. The binding sites for miR-132 in XIST. B. Relative miR-132 
expression in hippocampal neurons exposed to 25 μM Aβ25-35 for 24 h. C. Relative luciferase activities of luciferase 
reporters bearing wild-type or mutant XIST 48 h following transfection with the indicated miR-132 mimics or miR-
control in hippocampal neurons. D. Relative miR-132 expression in the cells with overexpression or knockdown of 
XIST. *P < 0.05.
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campal injury, and neuron apoptosis; and gin-
senoside Rd attenuates Aβ25-35-induced oxida- 
tive stress and apoptosis in primary cultured 
hippocampal neurons [16-18].

LncRNAs have been formed as a novel field of 
biology, and regulate multiple biologic process-
es, involved in various human diseases, such 
as cancer, cardiovascular disease, and neuro-
logic disease. Increasing evidence suggests 
that deregulation of many lncRNAs is related to 
the progress of diseases, and restoration of 
aberrantly expressed lncRNA might contribute 
to the treatment of diseases. For example, 
Yang et al. [23] reported that lncRNA PVT1 
expression is significantly upregulated in non-
small cell lung cancer tissues, and is closely 
correlated with histologic grade and lymph 
node metastasis, while knockdown of PVT1 
inhibits cell proliferation, migration, and inva-
sion in vitro. Braconi et al. [24] reported that 

lncRNA MEG3 expression is very weak in human 
hepatocellular cancer tissues compared with 
paired normal tissues, while enforced expres-
sion of MEG3 in hepatocellular cancer cells sig-
nificantly decreases both anchorage-depen-
dent and -independent cell growth, and induces 
apoptosis. Chen et al. [25] reported that lnc- 
RNA TUG1 is significantly upregulated in brain 
ischemic penumbra from rat middle carotid 
artery occlusion model, while TUG1 knockdown 
decreases the ratio of apoptotic cells and pro-
motes cell survival in vitro. LncRNA XIST, 
expressed among many tissues, is associated 
with 12 disease classes and 50 diseases, 
including neurological diseases. For example, 
recently, Gu et al. [26] reported that XIST is one 
of the most upregulated lncRNAs in the rat spi-
nal cord injury model, and its expression is 
increased continually after spinal cord injury, 
reaching a peak at three days. XIST knock- 
down has a protective effect and significantly 

Figure 5. miR-132 inhibits the toxicity, oxidative stress and apoptosis caused by Aβ25-35 treatment in hippocampal 
neurons. Hippocampal neurons were treated with control, 25 μM Aβ25-35, miR-control+25 μM Aβ25-35, and miR-132 
mimic+25 μM Aβ25-35. Then the morphologic observation (A), cell viability (B), LDH release (C), K+ leakage (D), activi-
ties of SOD (E) and GSH-Px (F), MDA level (G), the number of TUNEL-positive neurons (H), and the protein expression 
of Bax, Bcl-2, caspase-3 activity and cytochrome c release (I) were determined. *P < 0.05.
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improves spinal cord injury recovery by sup-
pressing apoptosis through reactivation of the 
PI3K/AKT signaling pathway. However, the 
expression and function of XIST in AD were 
uncerain. Here, we first investigated the effects 
of Aβ25-35 treatment on XIST expression in hip-
pocampal neurons, and found that Aβ25-35 treat-
ment increased XIST expression. Then we 
investigated the effects of XIST on Aβ25-35-
induced toxicity, oxidative stress, and apopto-
sis in hippocampal neurons, and found that 
XIST knockdown ameliorated toxicity, oxidative 
stress, and apoptosis induced by Aβ25-35 treat-
ment. We further investigated the underlying 
mechanism by which XIST functioned. Mounting 
evidence suggests that lncRNAs exert regula-
tory functions by binding to miRNAs and inhibit-
ing miRNA expression and function. For exam-
ple, lncRNA UCA1 contributes to progression of 
hepatocellular carcinoma through inhibition of 
miR-216b; lncRNA XIST knockdown exerts 
tumor-suppressive functions in human glio-
blastoma stem cells by upregulating miR-152; 
lncRNA MALAT1 exerts oncogenic functions in 
lung adenocarcinoma by targeting miR-204; 
and lncRNA GAS5 inhibits proliferation and pro-
gression of prostate cancer by targeting miR-
103 through the AKT/mTOR signaling pathway 
[30-33]. Likewise, we performed bioinformat-
ics analysis of miRNA recognition sequences 
on XIST, and found that miR-132 was a poten-
tial XIST-binding miRNA. miR-132 has been 
widely reported to be involved in AD. For exam-
ple, Wong et al. [34] reported that miR-132 is 
downregulated in temporal cortical areas and 
CA1 hippocampal neurons of human AD brains, 
and sequence specific inhibition of miR-132 
induces apoptosis in cultured primary neurons, 
whereas miR-132 overexpression plays a neu-
roprotective role against oxidative stress. 
Smith et al. [35] reported that miR-132 is 
downregulated in tauopathies such as AD, and 
treatment of AD mice with miR-132 mimics 
restores in part memory function and tau 
metabolism. Salta et al. [36] reported that miR-
132 loss exacerbates both amyloid and TAU 
pathology via inositol ITPKB upregulation in an 
AD mouse model. Based on these findings, it 
was tempting to speculate that XIST functioned 
by targeting miR-132. To test this speculation, 
we first performed a luciferase assay and vali-
dated the direct binding of miR-132 to XIST. We 
also detected the effects of Aβ25-35 treatment 
on miR-132 expression in hippocampal neu-
rons, and found that Aβ25-35 treatment signifi-

cantly decreased miR-132 expression, which 
was opposite to the effects of Aβ25-35 treatment 
on XIST expression. In addition, miR-132 ex- 
pression was enhanced after knockdown of 
XIST, whereas it was reduced after overexpres-
sion of XIST. Functional assays showed that 
miR-132 inhibited the toxicity, oxidative stress, 
and apoptosis caused by Aβ25-35 treatment in 
hippocampal neurons. Collectively, these data 
show that XIST knockdown inhibits Aβ25-35-
induced toxicity, oxidative stress, and apopto-
sis in hippocampal neurons by targeting 
miR-132.

In summary, our study suggested that knock-
down of XIST relieved Aβ25-35-induced toxicity, 
oxidative stress, and apoptosis in primary cul-
tured rat hippocampal neurons by upregulation 
of miR-132. These findings encourage contin-
ued investigation of the potential of manipulat-
ing XIST in the treatment of AD.
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