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Abstract

Background: Alzheimer’s disease is a neurodegenerative disease. Previous study has reported that caspase-1/IL-1(3
is closely associated with Alzheimer’s disease. However, the biological role of caspase-1/IL-1(3 in Alzheimer’s disease
has not been fully elucidated. This study aimed to explore the mechanism of action of caspase-1/IL-1(3 in Alzheimer’s
disease.

Methods: Mouse hippocampal neurones were treated with AB3,_,, to induce Alzheimer’s disease cell model. APP/
PS1 mice and AB,_4-induced hippocampal neurones were treated with AC-YVAD-CMK (caspase-1 inhibitor). Spatial
learning and memory ability of mice were detected by morris water maze. Flow cytometry, TUNEL staining, Thioflavin
S staining and immunohistochemistry were performed to examine apoptosis and senile plaque deposition. Enzyme
linked immunosorbent assay and western blot were performed to assess the levels of protein or cytokines. Co-Immu-
noprecipitation was performed to verify the interaction between Stargazin and GIuA1.

Results: AC-YVAD-CMK treatment improved spatial learning and memory ability and reduced senile plaque deposi-
tion of APP/PS1 mice. Moreover, AC-YVAD-CMK promoted membrane transport of GIuAT in APP/PST mice. In vitro,
ABy_s,-induced hippocampal neurones exhibited an increase in apoptosis and a decrease in the membrane trans-
port of GluA1, which was abolished by AC-YVAD-CMK treatment. In addition, Stargazin interacted with GluA1, which
was repressed by caspase-1. Caspase-1/IL-13 inhibited membrane transport of GIUAT by inhibiting the interaction
between Stargazin and GIuAT.

Conclusions: Our data demonstrate that caspase-1/IL-1f3 represses membrane transport of GIuAT by inhibiting the
interaction between Stargazin in Alzheimer’s disease. Thus, caspase-1/IL-13 may be a target for Alzheimer's disease
treatment.
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Background

Alzheimer’s disease is a degenerative disease of the

nervous system (Chen 2018). The main pathologi-
- cal features of Alzheimer’s disease are the deposition
&S:fng:jizc:ar:jvj:wjygjé rifC:ur?h ors of amyloid p-protein (AP) in the brain, neurofibrillary
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of senile dementia that occurs in old age. So far, the
pathogenesis of Alzheimer’s disease has not been fully
elucidated, and there is no effective prevention and
treatment method for Alzheimer’s disease.

Synaptic plasticity is the neurophysiological basis of
learning and memory. Under physiological or patholog-
ical conditions, synaptic plasticity is an important indi-
cator of the changes of synaptic function and structure.
Abnormal hippocampal synaptic plasticity has been
considered as a key biological basis for cognitive dys-
function in Alzheimer’s disease (Peineau et al. 2018).
Previous study has confirmed that a-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPA) receptor
is one of the three major receptors on the postsynaptic
membrane that consists of GluA1-4. AMPA receptors
are the main ionotropic glutamate receptors that medi-
ate most of the rapid excitatory synaptic transmission
in the vertebrate central nervous system. Accumula-
tion studies have shown that abnormal AMPA receptor
trafficking is an important feature of synaptic damage,
and is closely related to synaptic plasticity and cogni-
tive function in Alzheimer’s disease (Guntupalli et al.
2016; Jurado 2017). For example, AMPA receptor subu-
nits were down-regulated in hippocampus and entorhi-
nal cortex of Alzheimer’s disease patients, including
GluAl, GluA2, and GluA2/3 (Armstrong and Ikono-
movic 1996; Carter 2004). Almeida et al. have found
that the total protein of GluAl remains unchanged,
while the surface expression of GluR1 is significantly
reduced in APP mutant neurons (Almeida 2005). The
study of Chang et al. has shown that the surface expres-
sion of GluAl is down-regulated, and the AMPA recep-
tor current is significantly reduced in the hippocampus
of Alzheimer’s disease mice (Chang 2006).

Previous study has reported that caspase-1 and its
downstream inflammatory factor IL-1p are closely
related to Alzheimer’s disease (Heneka 2013). Caspase-1
mutation accelerates the progression of mild cognitive
impairment to Alzheimer’s disease (Pozueta 2011). Inhi-
bition of caspase-1 improves hippocampal-dependent
learning and memory in Alzheimer’s disease mice (Flo-
res 2018). Our previous study has also found that Ginkgo
biloba extract EGb 761 improves the cognitive function
of Alzheimer’s disease mice by inhibiting the activity of
caspase-1 (Liu 2015). Thus, caspase-1 may be an impor-
tant molecular target for neuroprotection and interven-
tion therapy for Alzheimer’s disease. However, whether
caspase-1 can regulate membrane transport disorder of
AMPA receptors in Alzheimer’s disease has not been
reported yet. Our preliminary experiments have found
that inhibition of caspase-1 enhances the surface expres-
sion of GluA1 in the hippocampus of APP/PS1 mice, sug-
gesting that up-regulation of caspase-1 may participate
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in regulating membrane transport disorder of AMPA
receptor.

Stargazin is a prosthetic protein of AMPA receptor, and
Stargazin play a caucial role in regulating the membrane
transport of GluAl subunit of AMPA receptor in hip-
pocampal neurons. Stargazin interacts with GluA1 subu-
nit through the C-terminal PDZ domain, and then binds
to PSD-95 to form a complex. After that, GluA1l-contain-
ing AMPA receptors complex are quickly transported
to the surface of synapsis (Shaikh 2016). The mutation
or knockout at Starchazin PDZ domain functional sites
affects membrane transport of AMPA receptor (Stein
and Chetkovich 2010). Thus, this article aimed to explore
whether caspase-1/IL-1f can affect GluAl membrane
transport by regulating the interaction between Stargazin
and GluAl in Alzheimer’s disease.

Materials and methods

Experimental animals

Male APP/PS1 double transgenic Alzheimer’s disease mic
e (8-month-old) with C57BL/6] background and C57/
BL6 mice (8-month-old, wild type, WT) were purchased
from Beijing zhishan Co., Ltd (Beijing, China). All mice
were housed under standardized conditions and received
normal diet. APP/PS1 mice were randomly divided into
2 groups (n=6): (1) APP/PS1-AC-YVAD-CMK group:
APP/PS1 mice were intraperitoneally injected with AC-
YVAD-CMK (caspase-1 inhibitor, 10 pg/kg, dissolved in
0.1% DMSO, Sigma-Aldrich, St. Louis, MO, USA) daily
for 10 days; (2) APP/PS1 mice were intraperitoneally
injected with equal 0.1% DMSO (Sigma-Aldrich) daily
for 10 days. C57/BL6 mice (n=6) were used as control.
All protocols were authorized by the Ethics Committee
of The Second Affiliated Hospital of Nanchang University
([2018] No. 085).

On the 11th day after modeling, the spatial learning
and memory ability of mice were detected by morris
water maze. Then, the mice were euthanized by cervical
dislocation. The hippocampal tissues of mice were rap-
idly excised and snap-frozen in liquid nitrogen. The
hippocampal tissues were stored at—80 °C for further
research.

Preparation of AB,_,, oligomer

Ap,_,, oligomer was prepared as the previous reported
(Yu 2018). In brief, AB;_4, (Sigma, St. Louis, MO, USA)
was diluted with hexafluoroisopropanol (HFIP) to a con-
centration of 1 pg/pL, and then freeze-dried in the form
of monomer. The AP, ,, peptide was subjected to vac-
uum condition to evaporate HFIP. For preparing AB;_4,
oligomer, the peptide was resuspended in DMSO at a
final concentration of 5 mmol/L. After that, the solution
was incubated with phenol red-free F-12 media at 4 °C
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for 24 h. The supernatant was the AP, ,, oligomer, and
stored at — 80 °C for further analysis.

Cell culture

Mouse hippocampal neurones were purchased from
public cell banks (ATCC, Manassas, VA, USA). The cells
were cultured in Dulbecco’s modified eagle medium:
nutrient mixture F-12 (DMEM/F12) (Sangon Biotech,
Shanghai, China) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin. The cells
were incubated in a humidified atmosphere at 37 °C and
5% CO,. The cells were cultured to the third generation
for further analysis. Hippocampal neurones were treated
with AP, 4, oligomer (10 umol/L) for 24 h to induce
Alzheimer’s disease cell model. Then, the hippocam-
pal neurones were treated with IL-1p (10 ug/L) or AC-
YVAD-CMK (10 pmol/L) for 24 h.

Cell transfection

Stargazin PDZ domain T321 mutation was subcloned
into the vector pcDNA3.1 (Invitrogen, Carlsbad, CA,
USA), generating the vector pcDNA3.1-Stargazin
mutant. The negative control (NC) vector pcDNA3.1-NC
was served as control (Ctrl). Hippocampal neurones were
seeded into 96-well plate and cultured at 37 °C and 5%
CO, for 24 h. Then, hippocampal neurons (100 pL) were
transfected with 0.2 ug pcDNA3.1-Stargazin mutant or
pcDNA3.1-NC using 0.5 pL Lipofectamine 2000 (Invit-
rogen) following the manufacturer’s protocol. After 48 h
of transfection, the transfected cells were collected and
stored at — 20 °C for further analysis.

Morris water maze

Spatial learning and memory ability of mice were
detected by morris water maze as previous reported (Gu
2016). The circular water maze (122 cm diameter) was
filled with water (21-23 °C) with a visible platform for
2 days. In the acquisition phase, mice were given a maxi-
mum of 60 s each trial to find the hidden platform and
were required to remain seated on the platform for 10 s.
After that, the mice were returned to their home cage.
Subsequently, the platform was submerged 0.5 cm below
the water surface, and mile was added into the water to
make the platform invisible. The mice were allowed to
swim freely in the maze until they found the hidden plat-
form. The trail was carried out 4 times per day for 3 days
with an interval of 1 h. On the sixth day, the mice were
given up to 60 s to find the hidden platform. The latency
period to find the hidden platform (escape latency) and
the number of each mouse crossed the platform location
in each trail were recorded using Videomex tracking sys-
tem (Columbus Instruments, Columbus, OH, USA).
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Immunohistochemistry

Hippocampal tissues (subregions between DG and
CA1) were fixed in 10% buffered formalin solution and
then embedded in paraffin. Four-micron sections were
obtained after deparaffin and rehydration. After that,
the sections were treated with H,O, for 5 min to elimi-
nate the activity of endogenous peroxidases. The sections
were incubated with primary antibody AP,_,, (Abcam,
Cambridge, MA, USA) at 4 °C overnight. After washed
with PBS for several times, the sections were incubated
with horseradish peroxidase-secondary antibody at room
temperature for 30 min. Subsequently, the sections were
stained with diaminobenzidine and counterstained with
hematoxylin. The senile plaque deposition in the hip-
pocampal tissues was observed under a Nikon LVI150N
optical microscope (Nikon, Tokyo, Japan).

Thioflavin S staining

Thioflavin S staining was performed to examine the
senile plaque deposition in the hippocampal tissues (sub-
regions between DG and CA1l) of mice. Hippocampal
tissues were fixed in 4% paraformaldehyde and embed-
ded in paraffin. The sections with 30 pm were obtained
after deparaffin and rehydration. The sections were
stained with 1% thioflavin-S for 5 min. After that, the sec-
tions were washed with 70% ethanol and distilled water.
Images of sections were captured using BX43 fluores-
cence microscope (Olympus, Tokyo, Japan). Three same
sections were analyzed per mouse in the hippocampal
tissues. The images were analyzed using Image Pro Plus 6
Media Cybernetics (Silver Spring, Maryland, USA).

TdT-mediated dUTP nick-end labeling (TUNEL) assay
Hippocampal tissues (subregions CAl) were fixed in
4% paraformaldehyde and embedded in paraffin. Five-
micron sections were obtained after deparaffin and
rehydration. To assess the levels of apoptosis of hip-
pocampal neuron, paraffin sections were stained using
TUNEL apoptosis assay kit (Solarbio, Beijing, China)
according to the manufacturer’s protocol. The stained
sections were then observed under the Nikon LV150N
optical microscope (Nikon, Tokyo, Japan).

Western blot (WB)

Total protein was extracted from hippocampal neurones
or hippocampal tissues using Tissue or Cell Total Protein
Extraction Kit (Sangon Biotech). Cell-surface and cytosol
protein were extracted from hippocampal neurones using
Membrane and Cytosol Protein Extraction Kit (Beyotime
Biotechnology, Shanghai, China). The concentration
of proteins was assessed using BCA Protein Assay Kit
(Sangon Biotech) as the protocol described. Equivalent



Gu et al. Mol Med (2021) 27:8

Page 4 of 11

(See figure on next page.)

Fig. 1 AC-YVAD-CMK improved spatial learning and memory ability and reduced senile plaque deposition of APP/PS1 mice. APP/PST mice were
intraperitoneally injected with AC-YVAD-CMK or DMSO. WT C57/BL6 mice were served as control. a, b Spatial learning and memory ability of
mice were detected by morris water maze. ¢, d Immunohistochemistry and Thioflavin S staining were performed to examine the senile plaque
deposition in the hippocampal tissues (subregions between DG and CA1) of mice. e TUNEL staining was performed to assess apoptosis in
hippocampal neurones of mice. The arrows indicated the AB,_y,. (One-way ANOVA; **P<0.01 vs. WT group; *P<0.01 vs. APP/PS1 group.)

protein (25 pg) from different samples was separated by
10% SDS-PAGE protein electrophoresis, following by
transformation onto PVDF membranes (Merck Milli-
pore, Billerica, MA, USA). The membranes were blocked
with 5% skim milk at room temperature for 2 h, and then
incubated with the primary antibodies, caspase-1, GluA1l
(surface, S), GluAl (intracellular, I) and Stargazin (1:1000,
Abcam) at 4 °C overnight. After the membranes were
washed with TBST for several times, horseradish perox-
idase-conjugate second antibody (1:1000, Abcam) was
incubated with the membranes. f-actin antibody (1:1000,
Abcam) was used as a reference protein for normaliza-
tion. The gray levels of the protein bands were examined
by Image | software.

Enzyme linked immunosorbent assay (ELISA)

The levels of IL-1p in the hippocampal tissues or culture
supernatant of hippocampal neurones were assessed
using IL-1f ELISA Kit (MultiSciences, Hangzhou, China)
according to the manufacturers’ instruction. The optical
density values of samples were detected using enzyme-
labeled instrument (Thermo Fisher Scientific, Waltham,
MA, USA).

Flow cytometry

Flow cytometry was performed to detect the apoptosis
of hippocampal neurones. Hippocampal neurones were
seeded into 96-well plate and treated with AP, ,, oli-
gomer (10 umol/L), IL-1p (10 pg/L) or AC-YVAD-CMK
(10 pmol/L) for 24 h. After that, the cells were collected
and washed with pre-cooled PBS for 2 times. Cells were
then resuspended in the Annexin V Binding buffer.
The cell suspension was dyed with Annexin V-FITC
and PI and plunged into darkness at room temperature
for 15 min. Then, the cell suspension was mixed with
Annexin V Binding buffer and put on ice. The apopto-
sis rate of cells was determined by flow cytometry in an
hour. The assay was performed according to the instruc-
tion of Annexin V-FITC/PI Cell Apoptosis Detection Kit
(TransGen Biotech, Beijing, China).

Co-Immunoprecipitation (Co-IP)

Co-IP assay was performed to verify the interaction
between Stargazin and GluAl in hippocampal neu-
rones. Hippocampal neurones were co-transfected with
pI'T5-Stargazin-His and pTT5-GluA1-Flag. After 48 h of

transfection, the cell lysates were harvested by centrifu-
gation at 5000 rpm for 10 min, and then incubated with
Flag-tagged antibody (Proteintech, Wuhan, China) at
4 °C overnight. Furthermore, Protein A/G Plus-Agarose
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) was
incubated with the mixture at 4 °C for 6 h. Immunopre-
cipitates were collected by centrifugation at 3000 rpm for
5 min, and washed with pre-cooled PBS for several times.
After that, the immunoprecipitates were identified by
WB using the primary antibodies, GluA1 and Stargazin.

Statistical analysis

All experiments were independently repeated at least 3
times. All values were exhibited as mean =+ standard devi-
ation and analyzed by SPSS 22.0 statistical software (IBM,
Armonk, NY, USA). For comparison of two groups, a
two-tailed Student’s t test was used. Comparison of mul-
tiple groups was made using one-way ANOVA. Differ-
ence was considered statistically significant at P<0.05.

Results

AC-YVAD-CMK effectively improved spatial learning

and memory ability and reduced senile plaque deposition
of APP/PS1 mice

We initially inhibited the activity of caspase-1 by AC-
YVAD-CMK, and determined the influence of caspase-1
inhibition on the spatial learning and memory ability of
APP/PS1 mice. The results of morris water maze showed
that APP/PS1 mice exhibited longer escape latency as
compared with WT mice. AC-YVAD-CMK treatment
reduced escape latency of APP/PS1 mice (Fig. 1a). The
number of platform location crosses of APP/PS1 mice
was less than WT mice, while AC-YVAD-CMK treatment
significantly enhanced the number of platform location
crosses of APP/PS1 mice (Fig. 1b). Subsequently, we per-
formed immunohistochemistry and Thioflavin S staining
to examine the senile plaque deposition in the hippocam-
pal tissues of mice. APP/PS1 mice displayed an increase
of senile plaque deposition in the hippocampal tissues
(subregions between DG and CA1l), which was effec-
tively reduced by AC-YVAD-CMK treatment (Fig. 1c, d).
Moreover, TUNEL staining data showed that the apop-
tosis of hippocampal neurones (subregions CAl) was
obviously increased in APP/PS1 mice with respect to
WT mice. AC-YVAD-CMK treatment led to a decrease
in apoptosis of hippocampal neurones (subregions CA1l)
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b ELISA was performed to assess the levels of IL-13 in the hippocampal tissues of mice. ¢ WB was performed to estimate the expression of GIUA1
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in APP/PS1 mice (Fig. le). Taken together, these data
suggested that the caspase-1 inhibitor, AC-YVAD-CMK,
effectively improved spatial learning and memory ability
and reduced senile plaque deposition of APP/PS1 mice.

AC-YVAD-CMK promoted membrane transport of GluA1

in APP/PS1 mice

We further explored whether AC-YVAD-CMK can affect
the membrane transport of GluA1l in APP/PS1 mice. WB

data revealed that APP/PS1 mice displayed an increase
of caspase-1 expression as compared with WT mice.
AC-YVAD-CMK treatment caused a down-regulation of
caspase-1 in the hippocampal tissues of APP/PS1 mice
(Fig. 2a). Furthermore, we assessed the levels of IL-1f
in the hippocampal tissues of mice by ELISA, showing
that the levels of IL-1p in APP/PS1 mice were higher
than that in WT mice. The levels of IL-1p were severely
decreased in the hippocampal tissues of APP/PS1 mice in
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Fig. 3 AB,.,-induced hippocampal neurones exhibited an increase in apoptosis and a decrease in the membrane transport of GIuAT.
Hippocampal neurones were treated with AB,_,, oligomer (10 umol/L) for 24 h. Normal hippocampal neurones were served as control. a The
apoptosis of hippocampal neurones was examined by flow cytometry. b WB was performed to detect the expression of caspase-1 and GIuA1 in the
hippocampal neurones. ¢ ELISA was performed to assess the levels of IL-1(3 in the hippocampal neurones. S: surface; I: intracellular. (Student’s t test;
*P<0.05,**P<0.01 vs. Ctrl group.)

the presence of AC-YVAD-CMK treatment (Fig. 2b). We
also found that compared with WT mice, APP/PS1 mice
exhibited a decrease of GluAl surface expression and
an increase of GluAl intracellular expression. However,
AC-YVAD-CMK treatment promoted GluAl surface
expression and inhibited GluAl intracellular expression
in APP/PS1 mice (Fig. 2c). Therefore, these findings con-
firmed that AC-YVAD-CMK promoted membrane trans-
port of GluA1 in APP/PS1 mice.

Caspase-1/IL-1B promoted apoptosis and inhibited
membrane transport of GluA1 in AB,_,,-induced
hippocampal neurones

Next, we determined whether caspase-1/IL-1f can reg-
ulate apoptosis and membrane transport of GluAl in
Ap,_4y-induced hippocampal neurones. The data of flow
cytometry revealed that Ap; ,,-induced hippocam-
pal neurones displayed a boost in apoptosis as com-
pared with Ctrl group (Fig. 3a). Subsequently, WB was

performed to estimate the expression of caspase-1 and
the surface and intracellular expression of GluAl in the
hippocampal neurones. AB; ,, treatment enhanced the
expression of caspase-1 and the intracellular expression
of GluA1l, whereas AP, ,, treatment led to a down-reg-
ulation of surface GluAl in the hippocampal neurons
(Fig. 3b). Moreover, AP, ,, treatment significantly
enhanced the levels of IL-1P in the hippocampal neu-
rons (Fig. 3¢). In addition, AP, 4,-induced hippocampal
neurones were treated with AC-YVAD-CMK or com-
bined with IL-1f. Flow cytometry results were showed
that AC-YVAD-CMK treatment repressed apoptosis of
AP, 4p-induced hippocampal neurones, whereas IL-1p
treatment promoted apoptosis of AP, 4,-induced hip-
pocampal neurones. However, the apoptosis of AP;.
s-induced hippocampal neurones was enhanced in
the presence of AC-YVAD-CMK combined with IL-1
(Fig. 4a). Then, ELISA was performed to assess the
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Fig. 4 Caspase-1/IL-1p promoted apoptosis and inhibited membrane transport of GIUAT in AB,_,-induced hippocampal neurones. Hippocampal
neurones were treated with AB,_,, oligomer (10 pmol/L) for 24 h, and then treated with IL-1 (10 pg/L) or AC-YVAD-CMK (10 pmol/L) for 24 h.
AB,_sy-treated hippocampal neurones served as control. a The apoptosis of hippocampal neurones was examined by flow cytometry. b ELISA was
performed to assess the levels of IL-13 in the hippocampal neurones. ¢ WB was performed to detect the expression of GIuAT in the hippocampal
neurones. S: surface; I: intracellular. (One-way ANOVA; *P<0.05, **P<0.01 vs. Ctrl group; *P < 0.05, #P < 0.01 vs. AC-YVAD-CMK group.)

levels of IL-1P in the hippocampal neurones. The lev-
els of IL-1fB in AP, 4-induced hippocampal neurones
were suppressed by AC-YVAD-CMK treatment, and
enhanced by IL-1p treatment. The influence conferred
by AC-YVAD-CMK treatment was abolished by IL-1p
treatment (Fig. 4b). Furthermore, AC-YVAD-CMK
treatment caused an increase of GluA1l surface expres-
sion and a decrease of GluAl intracellular expression
in AP, 4-induced hippocampal neurones. However,
IL-1p treatment inhibited GluAl surface expression
and enhanced GluAl intracellular expression in the
AP, _4p-induced hippocampal neurons. IL-1p treatment
impaired the influence of AC-YVAD-CMK treatment
on GluAl surface and intracellular expression in the
AP, 4p-induced hippocampal neurones (Fig. 4c). Thus,
these results demonstrated that caspase-1/IL-1p pro-
moted apoptosis and inhibited membrane transport of
GluAl in AP, 4,-induced hippocampal neurones.

Caspase-1/IL-1B inhibited membrane transport of GluA1

by inhibiting the interaction between Stargazin and GluA1

Finally, we explored the mechanism of action of cas-
pase-1/IL-1B in inhibiting the membrane transport of
GluAl. WB data showed that APP/PS1 mice and AC-
YVAD-CMK-treated APP/PS1 mice all exhibited an up-
regulation of Stargazin (Fig. 5a). Stargazin was also highly
expressed in the A, 4,-induced hippocampal neurones
(Fig. 5b). Subsequently, we performed Co-IP to verify the
relationship between Stargazin and GluAl, showing that
Stargazin interacted with GluAl in the AP, 4-induced
hippocampal neurons. However, caspase-1 inhibited the
interaction between Stargazin and GluAl in the AP, 4-
induced hippocampal neurones (Fig. 5c). Furthermore,
hippocampal neurones were transfected with pcDNA3.1-
Stargazin mutant to induce Stargazin mutant overexpres-
sion in hippocampal neurons. We found that Stargazin
mutant overexpression led to an increase of GluAl sur-
face expression, whereas Stargazin mutant up-regulation
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Fig. 5 Caspase-1/IL-1B inhibited membrane transport of GIuA1 by inhibiting the interaction between Stargazin and GIuA1. APP/PS1 mice were
intraperitoneally injected with AC-YVAD-CMK or DMSO. WT C57/BL6 mice were served as control. a WB was performed to detect the expression of
Stargazin in the hippocampal tissues of mice (One-way ANOVA). Hippocampal neurones were treated with AB,_,, oligomer (10 pmol/L) for 24 h.
Normal hippocampal neurones were served as control. b WB was performed to assess the expression of Stargazin in the hippocampal neuron cells
(Student’s t test). ¢ Co-IP assay was performed to verify the interaction between Stargazin and GIuAT in hippocampal neurones. Hippocampal
neurones were transfected with pcDNA3.1-Stargazin mutant or pcDNA3.1-NC. Then, the modified hippocampal neurones were treated with AR,
oligomer (10 pmol/L) combined with AC-YVAD-CMK (10 pmol/L) for 24 h. d WB was performed to detect the expression of GIuAT in the modified
hippocampal neurones (Student’s t test). S: surface; I: intracellular. **P < 0.01 vs. WT group; #P < 0.01 vs. Ctrl group; %P<0.01 vs. AB;_4, group

inhibited GluA1l intracellular expression in the AP ;-
induced hippocampal neurones (Fig. 5d). Thus, these
data demonstrated that caspase-1/IL-1f inhibited mem-
brane transport of GluAl by inhibiting the interaction
between Stargazin and GluAl.

Discussion

Caspase-1/IL-1p participates in the development of
Alzheimer’s disease. Chronic cerebral hypoperfusion
accelerates Alzheimer’s disease by enhancing NLRP3
inflammasome, and activating caspase-1 and IL-1p
in hippocampus and thalamus of mice (Shang 2019).
TXNIP up-regulation sustains neurodegeneration by
activating NLRP3 inflammasome, and enhancing the
expression of caspase-1 and IL-1f in the brains of Alz-
heimer’s disease patients (Li 2019). NLRC4 inflamma-
some induces neuroinflammation and contributes to
memory impairment in Alzheimer’s disease rats through
the activation of caspase-1 and IL-1f (Saadi 2020). Con-
sistently, we also found that the levels of caspase-1 and
IL-1P were significantly enhanced in the APP/PS1 mice,
which was effectively abolished by AC-YVAD-CMK
treatment. Thus, we used AC-YVAD-CMK to inhibit
activity of caspase-1/IL-1p to further explore the mecha-
nism of action of caspase-1/IL-1pB in the pathogenesis
of Alzheimer’s disease. We found that AC-YVAD-CMK
significantly improved spatial learning and memory
ability, and reduced senile plaque deposition and apop-
tosis of hippocampal neurones in APP/PS1 mice. Thus,
these data suggested that AC-YVAD-CMK may improve
Alzheimer’s disease of APP/PS1 mice by repressing cas-
pase-1 activity. In addition, Lin et al. have confirmed that
AC-YVAD-CMK treatment improves neurological func-
tion and some degree of limb movement and reduces
the levels of inflammatory factors in intracerebral hem-
orrhage mice (Lin 2018). Therefore, we speculated that
AC-YVAD-CMK treatment may improve some degree of
limb movement in APP/PS1 mice. This speculation still
needs further researched to verify.

GluAl is an important subtype of AMPA receptor, and
is a key component in neurocognitive networks (Zhao
2018). GluAl participates in the transport and integra-
tion of AMPA receptors in the synaptic membranes.

GluAl up-regulation and phosphorylation are closely
related to the treatment of Alzheimer’s disease, schizo-
phrenia, depression, and chronic drug addiction (Zhang
and Abdullah 2013). In the development of Alzheimer’s
disease, GluA1l ubiquitination mediates the loss of sur-
face AMPA receptors induced by AP (Guntupalli 2017).
Perfluorooctane sulfonate exposure induces cognitive
function disorder by inhibiting the expression of GluAl
and GluA2 in the membrane of primary hippocampal
neurons (Zhang 2019). Consistently, our study also con-
firmed that APP/PS1 mice exhibited a down-regulation
of surface GluAl and an up-regulation of intracellular
GluAl in the hippocampal tissues, which was effectively
rescued by AC-YVAD-CMK treatment. Thus, these data
suggested that AC-YVAD-CMK treatment may improve
cognitive function of APP/PS1 mice by promting mem-
brane transport of GluAl. In addition, our in vitro
experiments further demonstrated that AC-YVAD-CMK
treatment inhibited apoptosis and promoted membrane
transport of GluAl in the A, ,,-treated hippocampal
neurones by inhibiting caspase-1/IL-1f activity.

Stargazin plays a crucial role in GluAl-containing
AMPA receptors trafficking (Shaikh 2016). The abnor-
mal association between Stargazin and AMPA subu-
nits affects the forward trafficking or synaptic stability
of GluAl-containing AMPA reporters, which is closely
associated with schizophrenia (Benesh et al. 2020). Dur-
ing synaptic downscaling, Stargazin dephosphorylation
is related to the increased surface mobility of Stargazin
and synaptic GluAl (Louros et al. 2018). In the present
research, we determined whether caspase-1/IL-1$ can
regulate membrane transport of GluAl through Star-
gazin. We found that Stargazin interacted with GluAl
and promoted membrane transport of GIuAl in A, 4-
induced hippocampal neurones. Therefore, caspase-1/
IL-1p inhibited membrane transport of GluA1 by inhibit-
ing the interaction between Stargazin and GluAl.

Conclusion

In conclusion, our data demonstrate that caspase-1/
IL-1p participates in pathogenesis of Alzheimer’s dis-
ease. Caspase-1/IL-1P represses membrane transport of
GluA1l by inhibiting the interaction between Stargazin in
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Alzheimer’s disease. Thus, our research provides a theo-
retical basis for the pathogenesis of Alzheimer’s disease,
and caspase-1/IL-1p may be a target for Alzheimer’s dis-
ease treatment.
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