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Abstract: Objective: To explore the role and of miR-132, HMGA2 and PI3K/AKT pathway in mice with Alzheimer’s
disease (AD). Methods: The mice were divided into 7 groups: the normal group, the model group (AD model mice),
the NC group (AD mice injected with negative control (NC) vector), the miR-132 mimic group (AD mice injected with
miR-132 mimics), the miR-132 inhibitor group (AD mice injected with miR-132 inhibitor), the si-HMGA2 group (AD
mice injected with HMGA2 silencing vector), and the miR-132 inhibitor + si-HMGA2 group (model mice treated
with miR-132 inhibitor and si-HMGA2). Y-maze experiment and related molecular biology experiments were per-
formed. Results: The double-luciferase reporter assay verified that miR-132 could target and inhibit the expression
of HMGA2A. Compared with the NC group, model mice had decreased learning and memory ability, reduced miR-
132, p-PIBK/PI3K, p-AKT/AKT, AQP4 expression as well as GFAP GSH-Px, SOD, ATP, and T-AOC levels, but increased
expression of HMGA2 and the levels of TNF-q, IL-6, NO, IL-13, MAO, and MDA (P<0.017). Up-regulation of miR-132
or silencing HMGA2 could partly reverse the changes, but inhibition of miR-132 would exaggerate the brain injury
and these molecular changes (P<0.017). The combination uses of si-HMGA2 and miR-132 inhibitor could reverse
the changes caused by miR-132 inhibitor (P<0.017). Conclusion: miR-132 could downregulate the expression of
HMGA2 and promote the expression of the PI3BK/AKT pathway, so as to achieve a protective effect on brain in AD
mice.
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Introduction regulating the life activities of organism [10-
13].

Alzheimer’s disease (AD) is the most common

neurodegenerative disease in the elderly [1-3].
It mainly occurs among individuals over 60
years old. AD patients show progressive memo-
ry loss, cognitive impairment, resulting in be-
havioral abnormalities. The occurrence of AD
seriously endangers the health of the elderly
and results in a burden to the family and soci-
ety [4-6].

The expression of high-mobility group AT-hook
2 (HMGA?2) is reported to be upregulated in dif-
ferent malignant tumors, including gliomas
[7-9]. HMGAZ2 is mainly involved in regulating
the transcriptional process of genes, thereby

The PI3K/Akt signaling pathway regulates the
permeability of the mitochondrial membrane
and participates in the metabolic processes of
amyloid protein, which is also involved in the
formation of dendritic spines and development
of dendritic neurons. A previous study also
reports that miR-132 alleviates brain injury by
protecting the blood-brain barrier when isch-
emic stroke occurs. The upregulation of miR-
132 could also regulate neuronal maturation
and morphogenesis [14-18].

However, there is no clear literature about the
expression changes of miR-132 and HMGA?2 in
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AD and the regulatory relationship between
them. Therefore, we constructed mouse mod-
els of AD and treated them with miR-132 and
HMGA2 with two objectives: to explore the
relationship between miR-132 and HMGA2,
and to study the mechanism of miR-132 and
HMGA2 on hippocampal injury in mice with AD.

Materials and methods
Experimental materials

A total of 180 male Kunming mice (10 weeks
old, SPF grade, weighing 21.42+2.08 g) were
purchased from the Experimental Animal Cen-
ter of Shandong University. All the mice were
maintained in an environment of 12 h light
and 12 h dark, at 22°C, with 45-65% humi-
dity. They ate freely for a week before model
establishment. This study has been reviewed
and approved by the ethics committee of our
hospital.

Establishment of mouse models of AD

Among 180 mice, 20 mice were randomly
selected as normal group and the rest were
used to construct an AD model. Briefly, mice
were anesthetized with 0.4% pentobarbital
sodium (40 mg/kg) and disinfected routinely,
then AD model was induced by injecting 3 mg/
kg of scopolamine (0.3 mg/mL; Xuzhou Lai’en
Pharmaceutical Co., Ltd., Jiangsu, China) into
the subcutaneous occipital area of the posteri-
or brain, once a day for 2 weeks [19]. The mice
in the normal group were injected with the
same dose of normal saline by the same
approach. The preliminary criteria for the suc-
cessful establishment of AD were as follows:
slow exercise, reduced food intake, no respon-
se to external stimuli, dry hair, quadriplegia,
overbalance, and rotation to the right during
tail rise [20]. There were 145 mice success-
fully modeled (success rate 90.63%), and 120
mice were selected and divided into groups for
follow-up analysis. The rest were euthanized by
rapid cervical dislocation.

Experimental grouping and processing

The model mice were divided into 6 groups (n=
20 per group): the AD model group (AD mice),
the negative control (NC) group (AD mice in-
jected with NC vector into dentate gyrus), the
mMiR-132 mimic group (AD mice injected with
miR-132 mimics into dentate gyrus), the miR-
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132 inhibitor group (AD mice injected with
miR-132 inhibitor into dentate gyrus), the Si-
HMGA2 group (AD mice injected with HMGA2
silencing vector into dentate gyrus), and the
miR-132 inhibitor + Si-HMGA2 group (AD mice
injected with miR-132 inhibitor and HMGA2
silencing vector into dentate gyrus). miR-132
mimic, miR-132 inhibitor and Si-HMGA2 were
purchased from Tiangen Biotech (Beijing) Co.,
Ltd., China. The mice were anesthetized with
2% pentobarbital acid. The 3 mM of corre-
sponding vectors was injected into the den-
tate gyrus of mice under stereotaxic appara-
tus, perpendicular to the dorsal longitudinal
axis of the hippocampus. The injection coordi-
nates were 2.9 mm deep to the dura mater, 2
mm lateral toward the right side, and 3 mm
posterior to bregma. The plane of incision was
2.4 mm lower than that of the interaural line
[21]. The injection was carried out once a
week. The follow-up experiment was perform-
ed after 8 weeks of continuous injection [22].
The operation was carried out in strict accor-
dance with the instructions.

Double-luciferase reporter experiment

The biological prediction website (www.target-
scan.org) screened out that there may be a
binding site between miR-132 and HMGA2,
which was verified by the double-luciferase
reporting system. The double-luciferase report-
er gene vectors, PGL3-HMGA2 wt and PGL3-
HMGA2 mut, were constructed, respectively.
Rellina plasmid and two kinds of reporter plas-
mids were co-transfected into HEK 293T cells
with miR-132 plasmid and NC plasmid, respec-
tively. Following a period of 24 h, a double-lucif-
erase detection was performed.

Y-maze tests

All the mice underwent the Y-maze test. The Y-
maze test device is composed of three wooden
arms with an angle of 120°C between them.
Each arm was 40 cm long, 12 cm high, 10 cm
wide at the top, and 5 cm wide at the bottom.
The Y-maze test was carried out on day 3 after
completion of the interference injection. In the
experiment, the mice were placed at the end of
one arm and were allowed to enter and leave
the 3 arms freely. Over a period of 8 min, we
recorded the total number and order of each
mouse entering the 3 arms. We recorded the
correct alternating reaction times and the total
alternating reaction times. Entering the 3 dif-
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Table 1. Primer sequences

Primer Sequence (5’-3)
miR-132 F: GGGAACCGTGGCTTTCGAT
R: GTGCAGGGTCCGAGGT

HMGA2 F: GCCCAGAAGAAAGCAGAGACC
R: TCTGAACGACTTGTTGTGGC
ue F: CTCGCTTCGGCAGCACATA
R: AACGATTCACGAATTTGCGT
GAPDH F: TGGCCTTCCGTGTTCCTAC

R: GAGTTGCTGTTGAAGTCGCA

ferent arms continuously was defined as one
correct alternating reaction. The test results
were expressed by the spontaneous alternat-
ing reaction rate (%) = correct alternating reac-
tion times/total times - 2 * 100%.

Immunofluorescence

Paraffin sections of the hippocampal tissues
were made from three mice from each group,
respectively, by fixing them with 10% neutral
buffer formalin and embedding them in paraf-
fin. Aquaporin 4 (AQP4) and glial fibrillary acidic
protein (GFAP) were used as markers of as-
trocytes [23]. Detection of the expression of
AQP4 and GFAP was used to determine the
activation of glial cells in each group. The sec-
tions were primarily sealed with rabbit mono-
clonal antibody AQP4 (1:200, ab46182, Ab-
cam, USA) and goat polyclonal antibody GFAP
(1:1,000, ab4674, Abcam, USA) at room tem-
perature for 1 h. The secondary goat anti-rab-
bit 1gG-FITC (1:1,000, ab6717, Abcam, USA)
and monkey anti-goat 1gG-Cy5 (1:1,000, ab-
6566, Abcam, USA) were blocked for 30 min.
The nuclei were stained with DAPI (Invitrogen
Molecular Probes, Carlsbad, CA, USA) after the
second antibody was sealed. Anti-fluorescence
quenching agent was used to mount slices,
which were observed under a fluorescence
microscope (XSP-BM22AY, Shanghai Optical
Instrument Factory, Shanghai, China).

Quantitative reverse transcription PCR (qRT-
PCR)

Hippocampal tissues of 3 mice from each
group were taken to extract the total RNA by
Trizol method (Invitrogen, Carlsbad, CA, USA).
According to the TagMan MicroRNA Assays
Reverse Transcription primer (4427975, Ap-
plied Biosystems, USA), reverse transcription

4634

was performed to obtain cDNA and the reac-
tion condition was 37°C for 30 min and then
at 85°C for 5 s. Primers were synthesized by
Beijing Tsingke Biotechnology Co., Ltd. (Table
1). Quantitative PCR (7500, ABI, USA) was car-
ried out with the following conditions: pre-
denaturation at 95°C for 10 min, denaturation
at 95°C for 10 s and annealing at 60°C for 20
s, for a total of 35 cycles. The PCR reaction
system: 0.8 uL of gPCR forward primer (10
puM), 0.8 L of gqPCR reverse primer (10 uM),
0.4 pL of ROX reference dye Il, 10 pL of SYBR
Premix Ex Tag™ Il, 2.0 yL of cNDA template,
and 6.0 L of sterilized distilled water. U6 was
used as the internal reference for the relative
expression of miR-132. The expression of GAP-
DH was used as the internal reference for the
relative expression of mRNA of HMGA2. 2-244Ct
indicated the relative expression level of the
target gene.

Western blot (WB)

Total protein was extracted from hippocampal
tissues of 5 mice from each group and was
separated by SDS-PAGE gel electrophoresis
and transferred to a Polyvinylidene fluoride
(PVDF)-imprinted membrane at a constant
voltage of 80 V. After incubating with sealing
solution for 1 h, rabbit anti-HMGA2 (1:3,000,
ab97267, Abcam, USA), p-PI3K (1:3,000, ab-
154589, Abcam, USA), p-AKT (1:1,000, ab38-
449, Abcam, USA), PI3K (1:1,000, ab151549,
Abcam, USA), AKT (1:10,000, ab179463, Ab-
cam, USA), and GAPDH (1:10,000, ab1816-
03, Abcam, USA) were added onto the mem-
brane overnight at 4°C. Goat anti-rabbit 1gG
(1:20,000, ab97051, Abcam, USA) labeled with
HRP was incubated with membranes at 37°C
for 2 h. The membrane was developed. The
relative expression of protein = Gray value of
the protein band/the gray value of the GAPDH
band in the same sample.

Enzyme-linked immunosorbent assay (ELISA)

The hippocampal tissues of 6 mice from each
group were washed with normal saline, dried
with neutral filter paper, and placed in a ho-
mogenizer. The 10% tissue homogenate buffer
was prepared by mixing 0.25 mol/L sucrose
and 0.01 mol/L Tris with homogenized tissue.
The buffer was centrifuged at 10,000 g at 4°C
for 30 min. The supernatant was then collect-
ed. The levels of tumor necrosis factor-o (TNF-
o, ab208348, Abcam, USA), interleukin-6 (IL-6,
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Figure 1. miR-132 targeted HMGA2 and downregulated its expression. (A) Predicted binding sites between miR-132
and HMGA2 from a bioinformatic analysis website; (B) The binding relationship between miR-132 and HMGA2 con-
firmed by dual luciferase reporting system. 2P<0.05, compared with negative control mimic group. (C) Expression of
miR-132 and HMGA2 in the brain tissues detected by qRT-PCR; (D) Protein expression of HMGA2 in the brain tissues
detected by western blot; (E) HMGA2 protein expression. Both in (C and E), ?P<0.017, compared with normal group.
®P<0.017, compared with model group. °P<0.017, compared with miR-132 mimic group. 9P<0.017, compared with
miR-132 inhibitor group. ®P<0.017, compared with Si-HMGA2 group.

ab203360, Abcam, USA), nitric oxide (NO, ab-
272517, Abcam, USA) and interleukin-1 beta
(IL-1B, ab197742, Abcam, USA) in the brain tis-
sue of each group were measured. According
to the operation instructions of the ELISA Kit,
the optical density value of each sample was
detected at 450 nm by an enzyme marker
(BioTek Synergy 2).

Detection of oxidative stress damage index

The supernatant of the 10% tissue homoge-
nate of 3 mice from each group was prepared
as described above. The operation was per-
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formed in strict accordance with the kit sche-
me. Colorimetry was conducted to detect the
level of monoamine oxidase (MAO), malondial-
dehyde (MDA), glutathione peroxidase (GSH-
Px), superoxide dismutase (SOD), adenosine
triphosphate (ATP), and total antioxidant ca-
pacity (TAOC). All the kits were purchased from
Shanghai Enzyme-linked Biotechnology Co.,
Ltd., Shanghai, China.

Statistical analysis

Data analysis and processing were carried
out through SPSS version 21.0 (SPSS Inc.,
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Figure 2. Learning and memory ability of mice de-
tected by Y maze. ?P<0.017, compared with nor-
mal group. "P<0.017, compared with model group.
°P<0.017, compared with miR-132 mimic group.
9P<0.017, compared with miR-132 inhibitor group.
¢P<0.017, compared with Si-HMGA2 group.

Chicago, IL, USA) software and all measure-
ment data were in normal distribution and
were represented as mean + standard devia-
tion (X * sd). For the comparison between two
independent groups, t test was used and
P<0.05 indicated a significant difference. For
comparison among multiple groups, one-way
ANOVA combined with post hoc Bonferroni test
was used f, and P<0.017 indicated a signifi-
cant difference.

Results

miR-132 targeted HMGAZ2 and downregulation
of the expression

The bioinformatic analysis website screened
out that there may be a binding site between
miR-132 and HMGA2 (Figure 1A). The dual-
luciferase reporter system was used to verify
the relationship between miR-132 and HMGA2
(Figure 1B). The results showed that there was
no significant difference in the HMGA2 mut flu-
orescence value between the miR-132 group
and the NC group. However, the fluorescence
value of HMGA2 wt in the miR-132 group was
significantly decreased versus the NC group
(P<0.05).

To further confirm the regulatory relationship
between miR-132 and HMGA?2, the expression
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of miR-132 and HMGA2 in the hippocampal
tissue of each group was detected by gRT-PCR
(Figure 1C) and WB (Figure 1D and 1E). The
results showed that compared with the normal
mice, AD mice had significantly lower expres-
sion of miR-132 but higher expression of HM-
GA2 (P<0.017). In the miR-132 mimic group,
AD mice had significantly increased miR-132
expression but significantly decreased HMGA2
expression, while miR-132 inhibitor had an op-
posite effect. In the si-HMGA2 group, AD mice
had no significantly changed expression of
miR-132, but their HMGA2 expression was sig-
nificantly decreased (P<0.017). In the miR-132
inhibitor + Si-HMGA2 group, the expression of
miR-132 and HMGA2 was both significantly
decreased (P<0.017). These results suggest-
ed that miR-132 could negatively regulate the
expression of HMGA2.

Learning and memory ability of the mice

The learning and memory ability of the mice in
each group was measured by the Y-maze (Fig-
ure 2). The spontaneous alternating response
rate of the model group was significantly de-
creased when compared to that of the normal
group (P<0.017). Compared with AD model
group, the miR-132 mimic group and the Si-
HMGA2 group showed a significant increase in
the spontaneous alternating response rate
(P<0.017), while the miR-132 inhibitor group
obtained a lower rate (P<0.017). The additional
use of Si-HMGA2 could reverse the low rate
caused by miR-132 inhibitor.

Brain injury in mice

To explore the impact of injury to the hippo-
campus in mice from each group, we detected
the expression of AQP4 and GFAP in hippocam-
pus tissue by immunofluorescence (Figure 3).
Compared to the normal group, the fluores-
cence intensity and breadth of AQP4 and GFAP
in the model group decreased in varying de-
grees (P<0.017). Compared with AD model
group, the intensity and breadth of AQP4 and
GFAP fluorescence in the miR-132 mimic group
and the Si-HMGA2 group were increased sig-
nificantly (P<0.017), while in the miR-132 inhib-
itor group, it decreased significantly (P<0.017).
The additional use of Si-HMGA2 could reverse
the effect of miR-132 inhibitor. These results
suggest that miR-132 can promote the activa-
tion of glial cells by targeting and negatively
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Figure 3. The expression of AQP4 and GFAP (200x). A: Immunofluorescence; B: Fluorescence intensity. 2P<0.017, compared with normal group. °P<0.017, compared

with model group. °P<0.017, compared with miR-132 mimic group. “P<0.017, compared with miR-132 inhibitor group. ®P<0.017, compared with Si-HMGA2 group.
AQP4: Aquaporin 4; GFAP: glial fibrillary acidic protein.
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Figure 4. Contents of inflammatory factors in hippocampal tissue of mice.

Oxidative stress injury in mice

We detected the levels of
MAO, MDA, GSH-Px, SOD, ATP,
and T-AOC in the hippocampus
of the mice (Figure 5). Com-
pared with the normal group,
the levels of MAO and MDA in
the model groups were signifi-
cantly increased, while the lev-
els of GSH-Px, SOD, ATP, and
T-AOC significantly decreased
(P<0.017). Compared with the
AD model group, the levels of
MAO and MDA in the miR-132
mimic group and the Si-HM-
GA2 group decreased signifi-
cantly, while the levels of GSH-
Px, SOD, ATP and T-AOC incre-
ased significantly (P<0.017).
These indexes showed an op-
posite trend in the miR-132
inhibitor group (P<0.017). The
additional use of Si-HMGA2
could reverse the effects of
miR-132 inhibitor. These re-
sults suggest that miR-132

A: TNF-a; B: IL-6; C: NO; D: IL-1B. 2P<0.017, compared with normal group. can inhibit oxidative stress

®P<0.017, compared with model group. °P<0.017, compared with miR-132
mimic group. P<0.017, compared with miR-132 inhibitor group. ¢P<0.017,
compared with Si-HMGA2 group. TNF-a: tumor necrosis factor-a; IL: inter-

leukin; NO: nitric oxide.

regulating the expression of HMGA2, thereby
protecting the brains of mice with AD.

Changes in the expression of inflammatory
factors in mice

TNF-a, IL-6, NO, and IL-13 levels in the hippo-
campus of mice from each group were mea-
sured using ELISA (Figure 4). The levels of TNF-
o, IL-6, NO, and IL-1B in the model group were
significantly higher than those in the normal
group (P<0.017). Compared with the model
group, the levels of TNF-«, IL-6, NO and IL-13
were decreased significantly in the miR-132
mimic group and the Si-HMGA2 group (P<
0.017). Conversely, these indexes were in-
creased significantly in the miR-132 inhibitor
group (P<0.017). The additional use of Si-
HMGA2 could reverse the effects of miR-132
inhibitor. These results suggest that miR-
132 can inhibit the inflammatory response in
the hippocampus of AD mice by inhibition of
HMGA?2 expression.
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injury in hippocampus of AD
mice by targeting and nega-
tively regulating the expres-
sion of HMGAZ2.

Changes in expression of PI3BK/AKT pathway
in mice hippocampus

WB was used to detect the expression of
p-PI3BK/PI3K and p-AKT/AKT in the hippocam-
pal tissue from mice in each group (Figure 6).
The expressions of p-PI3K/PI3K and p-AKT/
AKT in the model group were significantly low-
er than those in the normal group (P<0.017).
Compared with AD model group, the expre-
ssion of p-PI3BK/PI3K and p-AKT/AKT in the
miR-132 mimic group and the Si-HMGA2
group was significantly higher, which was sig-
nificantly lower than that in the miR-132 inhibi-
tor group (P<0.017). This suggested that the
expression of PIBK/AKT pathway was signifi-
cantly decreased in AD mice. Moreover, both
MiRNA-132 and HMGA2 can effectively regu-
late the expression of the PIBK/AKT pathway.

Discussion

There is presently no treatment available for
AD [24, 25]. Brain damage may be one of the

Am J Transl Res 2021;13(5):4632-4643
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Figure 5. The contents of indices for oxidative stress injury in mice. A: MAO; B: MDA; C: GSH-Px; D: SOD; E: ATP; F:
T-AOC. 2P<0.017, compared with normal group. °P<0.017, compared with model group. °P<0.017, compared with
miR-132 mimic group. “P<0.017, compared with miR-132 inhibitor group. ®P<0.017, compared with Si-HMGA2
group. MAO: monoamine oxidase; MDA: malondialdehyde; GSH-Px: glutathione peroxidase; SOD: superoxide dis-
mutase; ATP: adenosine triphosphate; T-AOC: total antioxidant capacity.

causes of the occurrence and development of
AD. Therefore, exploring the protective mecha-
nisms of the brain tissue is of great significan-
ce for the prevention and treatment of AD
[26-28].

In normal mice, the level of expression of
HMGA?2 is very low. However, it is significantly
upregulated in several malignant tumors, isch-
emic strokes, and other diseases [29]. Studies
have shown that HMGA?2 is involved in the
senescence of bone marrow mesenchymal
stem cells in aged rats. It can also inhibit phos-
phorylation of the PI3BK/AKT pathway. Activa-
tion of the PI3K/AKT pathway has a protective
effect on neurons, which can improve AD [30].
After detecting the expression of HMGA2 in the
brain tissue, we found that the expression of
HMGA2 mRNA and protein in the brain tissue
of mice with AD was significantly higher than
that of normal mice. Tang et al. also found that
HMGA?2 expression was abnormal in AD model
mice, which is consistent with our results [31].

4639

Therefore, we injected Si-HMGA2 vector into
mouse models of AD and tested the learning
and memory ability of mice by the Y-maze test
to further explore the effect of HMGA2 on AD
in mice. We detected the expression of glial
cell markers AQP4 and GFAP to observe the
brain injury of mice and detected the levels of
indicators related to inflammation and oxida-
tive stress reaction in the hippocampal tis-
sues of mice. Our results indicate that AD mice
treated by silencing HMGA2 had increased
expression of the PI3K/AKT signal pathway,
improved learning and memory ability, alleviat-
ed brain injury, and decreased inflammatory
and oxidative stress reactions. All these re-
sults indicated that HMGA2 may have a nega-
tive role in mice with AD.

A previous study reported that overexpression
of miR-132 in primary hippocampal neuronal
culture had a strong protective effect on isch-
emia-induced neuronal death, which be a new
therapeutic target for improving neurodegener-

Am J Transl Res 2021;13(5):4632-4643
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Figure 6. The expression of PI3K/AKT pathway in the hippocampus of mice by western blot detection. A: Protein blot;
B: The results of protein expression. 2P<0.017, compared with normal group. "P<0.017, compared with model group.
°P<0.017, compared with miR-132 mimic group. “P<0.017, compared with miR-132 inhibitor group. ®P<0.017, com-

pared with Si-HMGA2 group.

ation and cognitive deficits associated with
ischemic stroke [32]. In the bioinformatic web-
site, we found that there is a binding site bet-
ween miR-132 and HMGAZ2, which had been
verified by double-luciferase reporter assay,
thus we further speculate that miR-132 may
be an upstream regulatory element of HMGA2
and regulate its expression. Our results show-
ed that AD model mice had significantly lower
expression of miR-132 than the normal ones.
Moreover, up-regulation of miR-132 in AD mice
could inhibit their expression of HMGA2, inhi-
bit the inflammatory and oxidative stress res-
ponse in the brain, inhibit brain injury, and im-
prove learning and memory ability. Therefore,
miR-132 had similar treatment effect to Si-
HMGA?2, indicating that miR-132 up-regulation
may play a protective role in brain damage of
AD mice by targeting inhibition of HMGA2
expression.

We also noted that there was no significant dif-
ference in HMGA2 expression between the
Si-HMGA2 group and the miR-132 inhibitor +
Si-HMGA2 group. However, learning and me-
mory ability, nerve injury, inflammation, and
stress indexes in the miR-132 inhibitor + Si-
HMGA2 group were significantly worse than
those in the Si-HMGA2 group, and these indi-
cators were also at significantly different levels
compared to the model group. At present, we
have not been able to explain this phenome-
non. We speculated that miR-132 may act on
other targets and then affect mice with AD. As
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the research is in its initial stages, further stu-
dy including clinical effects and dosage varia-
tion is required.

In conclusion, miR-132 can target and inhibit
the expression of HMGA2 and upregulate ex-
pression of the PIBK/AKT pathway to alleviate
brain damage in AD mice, which may be a new
treatment target for AD.
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