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| Abstract: To investigate the expression of miR-22 in the hippocampus of amyloid B (1-42)-induced alzheimic rats, and to assess the underlying mechanism. A

total of 60 male Sprague Dawley rats weighing between 274.65 and 293.97 g (mean weight = 284.31 + 9.66 g) and aged 12 to 14 weeks were randomly assigned
to three groups: control group (n = 20), Alzheimer’s disease group (AD group; n = 20) and AD + miR-22 mimic group (ADMM group; n = 22). Rat AD model
was established by injecting a solution of AB1-42 into the hippocampal CA1 regions. After 24 h, rats in the ADMM group also received intraventricular injection
of miR-22 mimic continuously for 28 days. The escape latency of rats, neuronal damage in the hippocampus, synaptic structure, brain-derived neurotrophic factor
(BDNF), and the expressions of apoptosis-related proteins were assessed or determined, as appropriate. The expression of miR-22 in hippocampus of the AD group
was significantly lower than that in the control group (p < 0.05). However, after 28 days of intraventricular injection of miR-22 mimic into AD rats, the expression
was significantly increased, relative to control (p < 0.05). The escape latency of AD rats was significantly prolonged, and the number of platform sites significantly
reduced when compared to the control group (p < 0.05). However, the escape latency was significantly shortened and the number of platform sites significantly
increased in the ADMM group, relative to the control and AD groups. Results of transmission electron microscopy showed that the expression of miR-22 signifi-
cantly reversed the degradation of synaptic structures in the hippocampus of AD rats as evidenced by recovery of abnormal synaptic cleft width and the length of
synaptic active zones (p < 0.05). Results of Nissl staining revealed significant proliferation of gliacyte and loss of Nissl bodies. After miR-22 injection, the number
of gliacytes in the hippocampus of AD rats was significantly reduced, while the number of Nissl bodies was significantly increased (p < 0.05). The expressions of
BDNEF in CA1 and CA2/3 regions of AD rats were significantly lower than those in the control group, and BDNF in the hippocampus of AD rats was significantly
increased after 28 days of continuous injection of miR-22 (p < 0.05). The positive expression of Tunnel in the ADMM group (22.67 + 2.96 %) was significantly
higher than that in the AD group (4.49 = 1.23 %), but significantly lower than that of control (39.51 + 3.66 %) (p < 0.05). After 28 days of intraventricular injection
of miR-22 mimic into AD rats, the expression of Bax protein was significantly down-regulated, while bcl-2 protein was significantly up-regulated (p < 0.05). The

expression of miR-22 in the hippocampus of patients with AD inhibits neuronal apoptosis, thereby improving learning and memory dysfunction.
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Introduction cific genes, miRNAs regulate the expressions of seve-
ral genes, and thus play important roles in physiologi-

Alzheimer’s disease (AD), the most common neuro- cal activities such as cell proliferation, differentiation
degenerative disease in the elderly, is a major cause of and apoptosis (7). For instance, the inhibition of miR-
dementia, and it is characterized by memory loss and NA-155 can significantly improve impaired neurologic
cognitive decline (1). Amyloid beta peptide (Af) which function in rats with cerebral infarction, reduce the size
is deposited and accumulated within the brain tissues of cerebral infarction, and effectively promote angioge-
of patients with AD affects the structure and function nesis in the ischemic area, through the ATIR/VEGFR2
of synapses via disruption of the synaptic signaling pathway (8). In a previous study, it was reported that
pathway, leading to complete loss of synaptic function miRNA-195 is a targeted inhibitor of vascular endothe-
(2). Neuronal apoptosis and formation of neurofibrillary lial growth factor A (AEGF A), and that inhibition of
tangles are also important pathological changes in the its expression can significantly augment angiogenesis in
pathogenesis of AD, and apoptosis of neurons may be the ischemic area (9). In AD models, the level of expres-
responsible for their death (3, 4). These pathological sion of miR-26b is significantly increased, and this can
changes give rise to impaired memory and activity in activate the phosphorylation of Tau protein, resulting in
patients with AD. The occurrence and development of abnormal replication of DNA and excessive neuronal
AD are co-regulated by genetic and environmental fac- apoptosis (10). In Huntington’s disease, miR-22 res-
tors (5). At present, little or nothing is known about the trains the progression of the disease via the inhibition
precise molecular mechanisms underlying the pathoge- of neuronal apoptosis. It binds to mRNA of virulence
nesis of AD. genes such as HDAC4, Rcorl and Rgs2 thereby allevia-
MicroRNA (miRNA), a single stranded non-coding ting severity of the disease (11). The aim of this study
RNA in eukaryotes contains 20 to 24 nucleotides and was to investigate the expression of miR-22 in hippo-
exerts regulatory functions (6). Through binding to spe- campus of amyloid B (1-42)-induced alzheimic rats, and
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to assess the underlying mechanism.
Materials and Methods

Rats and preparation of f-amyloid peptide solution
A total of 60 male Sprague Dawley rats weighing
between 274.65 and 293.97 g (mean weight =284.31 +
9.66 g) and aged 12 to 14 weeks were randomly assig-
ned to three groups: control group (n = 20), Alzheimer’s
disease group (AD group; n=20) and AD + miR-22 mi-
mic group (ADMM group; n =22). There were no signi-
ficant differences in general data such as age and body
weight among the three groups. A solution of Ap1-42
was prepared by dissolving the white powder-like crys-
tals in isopropanol at room temperature overnight. The
isopropanol was eventually evaporated using a gentle
stream of nitrogen, and the peptide obtained was re-dis-
solved in dimethyl sulfoxide (DMSO) and made to a
final concentration of 1 mg/ml and stored in a - 20 °C
refrigerator. After 48 h of refrigeration, the solution was
diluted to 2 pg/pl with phosphate-buffered saline (PBS).

Establishment of AD rat model

The rats were anesthetized using 10 % chloral hy-
drate (4 ml/kg body weight, b.wt.) and the solution of
AB1-42 peptide (5 pl) was injected into their lateral
ventricles from a site 1.1 mm behind the anterior iliac
crest, 2.2 mm lateral to sagittal plane and 3.0 mm below
dura mater using a micro-injector.

Morris water maze (MWM) test

The praxiological information of rats in the water
maze was collected using ANY-maze video acquisition
system. The rats were introduced into the pool at one of
the four entries and different entries were used in a day.
They were given 60 sec to find the site of the platform,
and once they did, they remained there for another 10
sec. Those that could not find the platform within 60
sec, were put on it for 10 sec, and thereafter taken out of
the pool. The escape latency of rats from water to sear-
ching and climbing on the platform (an index reflecting
memory ability) was observed and recorded.

Determination of ultrastructure

Brain tissues from the rats were cut into two parts
and further sliced into bits (100 pm) using a refrigera-
ted microtome after an initial fixation with 2.5 % gluta-
raldehyde. The samples were fixed, dehydrated, soaked
and embedded using different gradients of acetone. The
embedded sections were double-stained with uranyl
acetate and lead citrate. The middle third of the CAl
layer of the hippocampus was observed using transmis-
sion electron microscopy, and the number of synapses,
the width of synaptic gap and length of synaptic activity
area in the hippocampus of each group were quantified.

Nissl Staining

The hippocampus tissues of the rats were dipped in a
30 % sucrose solution and sliced under freeze into bits
(30 um). The slices were immobilized on glass slides
pretreated with gelatin and air-dried. They were sub-
sequently stained with tar purple at 37 °C within 30 min
and thereafter subjected to color separation and dehy-
dration using a gradient of ethanol concentration, and

then sealed after xylene treatment. Photomicrographs of
the slides were viewed under a light microscope.

Immunohistochemical staining (SP Method)

The brain sections were heated in a 60 °C oven for
30 min and dewaxed with xylene thrice within 5 min
and dehydrated thrice using 100, 95, and 79 % ethanol
per procedure. Endogenous activity of peroxidase was
inhibited using a mixed solution of methanol and 3 %
hydrogen peroxide, and finally sealed with goat serum
within 1 h. Anti-BDNF antibodies were diluted 1:200,
incubated overnight at 4 °C, and then washed 4 times
with PBS on a shaker. After the addition of secondary
antibody, diaminobenzidine (DAB) was added for color
development, after which 6 samples were randomly
selected from each group, and 5 fields of view were
chosen for each sample for photographing under a light
microscope (x 400).

Real-time polymerase chain reaction (RT-PCR)
Total RNA was extracted from hippocampus tissue
using Trizol reagent and its concentration and purity de-
termined spectrophotometrically at wavelengths of 260
and 280 nm. The mRNA was converted to cDNA via
reverse transcription and then refrigerated at - 80 © C.
The RT-PCR system consisted of buffer (2.5 ul), cDNA
(2 ul), 0.25 pl of 20 umol/l forward primer, 0.25 ul of
20 pmol/l reverse primer, 0.5 pl ANTPs (10 mmol/l),
0.5 ul Taq polymerase (106 U/1), and 19 pl ddH,0O. The
amplification systems for RT-PCR were identical.

Tunnel staining procedure

The brain sections were heated in a 60 °C oven for
30 min, dewaxed thrice using xylene within 5 min, and
dehydrated thrice using 100, 95, and 79 % ethanol per
procedure. They were incubated with proteinase k for 30
min, and rinsed with PBS, after which terminal deoxy-
ribonucleotidyl transferase (TdT) and luciferase-labeled
dUTP were added and the reaction mixture was incuba-
ted at 37 °C for 1 h. This was followed by the addition
of horseradish peroxidase-labelled specific antibody
and incubation at 37 °C for another 1 h, after which
DAB reagent was used as a substrate, and the reaction
was allowed to proceed at room temperature for 10 min.
Immediately following hematoxylin staining, photomi-
crographs of the slides were taken and viewed under a
light microscope.

Western blotting

Brain tissues from the rats were completely ground
in ice-cold radio-immunoprecipitation assay buffer
(RIPA) and ultrasonically decomposed. The lysate was
centrifuged at 3000 rpm for 10 min and the aspirated
supernatant dispensed into Eppendorf tubes. Protein
concentration was measured spectrophotometrically
based on the BCA method and the dispensed samples
refrigerated at - 80 °C. Protein separation was achieved
with sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and the bands transferred to
PVDF membranes within 35 min. Membranes with tar-
get proteins were blocked with 5 % skim milk powder
at 37 °C, and incubated with primary antibodies at 4 °C
overnight, followed by incubation with goat anti-rab-
bit secondary antibody for 1 h in the dark. The protein

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 15

85



Yu Wang et al.

miR-22 expression on aldzheimer disease.

151

104

miR-22 relative expression

o
& S
® %6‘

Q_,'l'
&
N
Figure 1. Levels of expressions of miR-22 in the brains of rats.
*p < 0.05, compared to the control group; *p < 0.05, compared to

AD group.

bands were scanned and quantified using an Odyssey
membrane sweeper. Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as internal control.

Statistical analysis

Measurement data are expressed as mean + SD and
the statistical analysis was performed using SPSS (22.0).
Groups were compared using Student #-test and values
of p < 0.05 were considered statistically significant.

Results

Expressions of miR-22 in the brain tissues

The expression of miR-22 in hippocampus of the AD
group was significantly lower than in that the control
group (p < 0.05). However, after 28 days of intraven-
tricular injection of miR-22 mimic into AD rats, the ex-
pression was significantly increased relative to control
(p <0.05; Figure 1).

Outcomes of the Morris water maze test

The escape latency of AD rats was significantly pro-
longed and the number of platform sites significantly
reduced, when compared to the control group (p <
0.05). However, the escape latency was significantly
shortened and the number of platform sites significantly
increased in the ADMM group, compared to control and
AD groups (p < 0.05; Figure 2).

Effect of the expression of miR-22 on synaptic struc-
tures

Results of transmission electron microscopy showed
that the expression of miR-22 significantly reversed the
degradation of synaptic structures in the hippocampus
of AD rats as evidenced by the recovering of abnormal
synaptic cleft width and the length of synaptic active
zones (p < 0.05). These results are shown in Figure 3.

Effect of miR-22 on morphology of the hippocampus
of AD rats

Results of Nissl staining revealed significant prolife-
ration of gliacyte and loss of Nissl bodies. After miR-22
injection, the number of gliacytes in the hippocampus
of AD rats was significantly reduced, while the number
of Nissl bodies was significantly increased (p < 0.05;
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Figure 2. Effect of the expression of miR-22 on praxiology of AD
rats in Morris water maze test. *p < 0.05 when compared to the

control group; p < 0.05 when compared to AD group.
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Figure 3. Effect of expression of miR-22 on synaptic structures in
the hippocampus of AD rats. *p < 0.05, compared to the control

group; *p < 0.05, compared to AD group.
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Figure 4. Effect of miR-22 on morphology of the hippocampus of

AD rats.

Figure 4).

Effect of miR-22 on BDNF in the hippocampus of AD
rats

The expressions of BDNF in CA1l and CA2/3 re-
gions of AD rats were significantly lower than those in
the control group, and BDNF in the hippocampus of AD
rats was significantly increased after 28 days of conti-
nuous injection of miR-22 (p < 0.05; Figure 5).

Effect of miR-22 on Tunnel of neurons in the hippo-
campus of AD rats

As shown in Figure 6, the positive expression of
Tunnel in the ADMM group (22.67 £ 2.96 %) was si-
gnificantly higher than that in the control group (4.49
+ 1.23 %), but significantly lower than that in the AD
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Figure 5. Effect of miR-22 on BD§F in the hippocampus of AD
rats. CA1: hippocampus zone 1; CA2/3: hippocampus zone 2/3;
brown color indicated with an arrow = positive result. *p < 0.05,
compared to the control group; “p < 0.05, compared to AD group.
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Figure 6. Effect of miR-22 on Tunnel of neurons in the hippocam-
pus of AD rats. *p < 0.05, compared to the control group; p <0.05,
compared to AD group.
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Figure 7. Effect of miR-22 on the expression of apoptosis-related
neuronal genes in the hippocampus of AD rats. *p < 0.05, compa-

red to the control group; “p < 0.05, compared to AD group.

group (39.51 £ 3.66 %) (p <0.05).

Effect of miR-22 on the expressions of apoptosis-re-
lated neuronal genes in the hippocampus of AD rats
After 28 days of intraventricular injection of miR-22

mimic into AD rats, the expression of Bax protein was
significantly down-regulated while that of bcl-2 protein
was significantly up-regulated (p < 0.05; Figure 7).

Discussion

Alzheimer’s disease (AD) is a typical neurodege-
nerative disease characterized by cognitive decline
and memory loss (12). The World Health Organization
(WHO) has predicted that the number of patients with
AD in Europe and United States will rise to 30 million
by 2050 (13). In China only, there are approximately
6 million AD patients, accounting for one-third of the
world’s total and the number grows at a rate of 18,000
persons per annum, thereby creating a huge burden on
a patients’ families and society (14, 15). This disease
has been rated the fourth common chronic disorder in
the elderly, and is closely followed by cardiovascu-
lar diseases, stroke and cancer (16). Oxidative stress,
inflammation, B-starch cascades, gene mutations and
apoptosis of neurons are important causes of AD (17).
However, the precise molecular mechanism underlying
its pathogenesis is not well understood.

Cell apoptosis refers to programmed cell death
controlled by genes in order to maintain homeostasis
under physiological or pathological conditions (18). In
a previous study, it was reported that a large number of
neurons in the brain tissues of patients with AD exhibit
a new type of cell cycle, and they may be easily lost,
thereby further aggravating the formation of neurofi-
brillary tangles (19). In addition, it is reported that glia-
cytes in the hippocampus of patients with AD are abnor-
mally increased, and that this results in the secretion of
inflammatory cytokines such as interleukin-10 (IL-10)
and tumor necrosis factor o (TNF-a)) which enhance the
toxicity of neurons via the induction of inflammatory
cascades, leading to aggravation of neuronal apoptosis
in the hippocampus of AD patients (20).

In the present study, the expression of miR-22 in
hippocampus of the AD group was significantly lower
than that in the control group. However, after 28 days
of intraventricular injection of miR-22 mimic into AD
rats, the expression was significantly increased relative
to control.

As a member of miRNAs family, MiR-22plays an
important role in the pathogenesis of cancer, as well as
cardiovascular and neurodegenerative diseases (21). It
induces senility in tumor cells by targeting and inhi-
biting the expressions of aging-related genes such as
CDKG®, SIRT1 and Spl1, thereby inhibiting the develop-
ment of tumors (22). However, in patients with myelo-
dysplastic syndrome, the expression of miR-22 is abnor-
mally elevated, and so it can advance the self-renew and
transformation of hemopoietic stem cells by targeting
and inhibiting the anti-oncogene “TET2”. The up-regu-
lation of miR-22 promotes adipogenic differentiation of
mesenchymal stem cells derived from human adipose
tissue and osteogenic differentiation by restraining the
expression of HDAC6 protein.

In this study, the escape latency of AD rats was si-
gnificantly prolonged and the number of platform sites
significantly reduced, when compared to the control
group. However, the escape latency was significantly
shortened and the number of platform sites significant-
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ly increased in the ADMM group, when compared to
control and AD groups. This result appears to suggest
that miR-22 may be able to effectively improve learning
and memory disorder in AD rats. Results of transmis-
sion electron microscopy showed that miR-22 signifi-
cantly reversed the degradation of synaptic structures
in the hippocampus of AD rats as revealed by recove-
ring of abnormal synaptic cleft width and the length of
synaptic active zones. Results of Nissl staining revealed
significant proliferation of gliacyte and loss of Nissl bo-
dies. After miR-22 injection, the number of gliacytes in
the hippocampus of AD rats was significantly reduced,
while the number of Nissl bodies was significantly in-
creased.

Brain-derived neurotrophic factor (BDNF) promotes
synaptic growth and conduction, and increases its plas-
ticity. Therefore, its level can reflect the severity of de-
generative nervous system disease to a certain extent. In
this study, the expression of BDNF in CA1 and CA2/3
regions of AD rats were significantly lower than those in
the control group, and BDNF in the hippocampus of rats
was significantly increased after 28 days of continuous
injection of miR-22. The positive expression of Tunnel
in the ADMM group was significantly higher than that
in the AD group, but significantly lower than that of
control. This result suggests that the overexpression of
miR-22 may significantly reduce neuronal apoptosis in
the hippocampus of AD rats. After 28 days of intraven-
tricular injection of miR-22 mimic into AD rats, the ex-
pression of Bax protein was significantly down-regula-
ted, while bcl-2 protein was significantly up-regulated.

The likely limitations in this study are lack of data
from in vitro experiments to support results obtained in
vivo, and the non-inclusion of a direct target and signa-
ling pathway of miR-22.

The results obtained in this study have shown that
the expression of miR-22 in the hippocampus of patients
with AD improves learning and memory dysfunction by
inhibiting neuronal apoptosis.
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