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Background: Neurons need a high amount of cholesterol to maintain the stability of their membrane-rich structures. Astrocytes synthesize
and distribute cholesterol to neurons, and ABCA1 is a key mediator of cholesterol efflux to generate HDL for cholesterol transport in the brain.
Several studies imply the effect of aspirin on ABCA1 expression in peripheral cells such as macrophages. Here, we compared the effect of
aspirin with apoA-I on ABCAL1 protein expression and cholesterol efflux in human astrocytes.

Materials and Methods: Human astrocytes were cultured, and the effects of aspirin on the expression and protein levels of ABCA1 were
investigated through RT-PCR and Western blot analysis. Additionally, the effect of co-treatment with apoA-I and aspirin on ABCA1 protein
level and cholesterol efflux was evaluated.

Results: Dose and time-course experiments showed that the maximum effect of aspirin on ABCA1 expression occurred at a concentration of
0.5 mM after 12 h of incubation. RT-PCR and western blot data showed that aspirin upregulates ABCA1 expression by up to 4.7-fold and its
protein level by 67%. Additionally, co-treatment with aspirin and apoA-I increased cholesterol release from astrocytes, indicating an additive
effect of aspirin on apoAl-mediated cholesterol efflux.

Conclusions: The results suggest a potential role of aspirin in increasing ABCA1 expression and cholesterol efflux in astrocytes, similar to the
effect of apoA-I. This indicates that aspirin could potentially regulate brain cholesterol balance and can be considered in certain neurological
diseases, in particular in some neurological disorders related to cholesterol accumulation such as Alzheimer’s disease.
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INTRODUCTlON apoE-HDL particles.*) HMGCR and ABCA1 are necessary
for cholesterol synthesis and efflux to facilitate cholesterol
transport to lipid-poor apoE to generate apoE-HDL particles.
Deficiency of ABCAL1 can reduce cholesterol secretion to
exogenous apoE and promote the accumulation of cholesterol

The brain requires a steady-state level of cholesterol and
intermediates from the mevalonate pathway for normal
neurophysiological processes.['”] Cholesterol transport between
the periphery and brain cells is inhibited due to the blood-brain

barrier.?! Astrocytes, a type of brain glial cell, synthesize — A A — A
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in astrocytes.['®'] Cholesterol accumulation can lead to
complications such as Alzheimer’s and Niemann-Pick C.['?
Several studies have reported a direct correlation between
aspirin and the expression of mediators involved in HDL
formation, inducing ABCA1 and SR-B1 as cholesterol efflux
mediators in macrophages.['*!¢

The former observations have proved evidence emphasizing
the protective effect of aspirin against cholesterol deposition
and atherosclerosis in peripheral tissues. There are no reports
showing the effects of aspirin on ABCA1 expression in the
brain, which is the main player in cholesterol release in
astrocytes.:181

The aim of our study is to address whether aspirin affects
ABCAL1 gene expression and its protein level leading to the
enhancement of cholesterol release in human astrocytes. So,
we investigate the aspirin effects on both ABCA1 expression
and protein level in human astrocytes. Cholesterol release was
also determined after treating the cells with aspirin. In western
blot and cholesterol efflux experiments, we used apoA-I as
a positive control, which has a very well-known effect on
ABCA1 and promotes cholesterol efflux. This study may open
a window that aspirin treatment can result in brain cholesterol
balance in some cholesterol-related neurological disorders
through induction of ABCA1 expression in human astrocytes.

MaTteriALs AND METHODS

Human astrocytes, experimental groups

Human astrocytes were purchased from Pasteur Institute of
Iran, Tehran, Iran, and grown in DMEM Low Glucose (Bioidea,
Iran) supplemented with 10% FBS (Gibco, Invitrogen, US),
1% Pen/strep, and 0.1% amphotericin B. Cells were cultured™”!
in vitro in 75 cm? culture flasks and incubated at 37°C in 5%
CO2. Upon reaching 80% confluence, the cells were rinsed
with DPBS and treated with 0.1% trypsin. Trypsin was then
inactivated by adding DMEM/10% FBS in equal volume.
Finally, cells were seeded in 7 cm? cell culture plates at a density
of 3 x 10° cells/plate. The cell culture medium was switched to
a serum-free medium for 12 h when the cell confluency reached
80%. Three groups were used in this study. Group A, control,
received ethanol as the vehicle, Group B received aspirin, and
Group C received aspirin + apoA-I. Initially and for the first
three experiments, groups A and B were used, and for the last
two experiments, all three groups were used.

Cell treatment

Cells received treatment in a serum-free medium and were
treated with aspirin (sigma Aldrich Cat. No: A5376). To check
the dose-dependency, astrocytes in the 7 cm? cell culture plates
were treated in 3 ml media with acetylsalicylic acid at different
concentrations (0.25, 0.5, 1.0, and 2.0 mM) for 12 h®" and
for time dependency, astrocytes were treated with 0.5 mM
of aspirin for 0-36 h. The same volume of 80% ethanol,
as the vehicle, was added to the plate of control cells. Each
concentration was tested in triplicate.
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RT-PCR

After aspirin treatment, cells were harvested with 0.1% trypsin
and washed with PBS three times. Using a Viogene total RNA
extraction kit (Cat. No: GR1001), total mRNA was extracted,
and its concentration was determined by Thermo Scientific
Nanodrop 2000 based on OD260/280 ratio measurements and
its quality was assessed by electrophoresis on 1.2% agarose gel.

cDNA was synthesized using dART RT kit (EURX, cat
No: E0801-03). RNA Expression levels were analyzed by
quantitative RT-PCR using the SYBR Premix Ex Taq™1II (cat
No: RR820Q) by the Applied Biosystem 7500 fast Real-Time
PCR system. The relative amount of mRNA was calculated
using the comparative threshold cycle (Ct) method. Primers
used for RT-PCR are listed in Table 1. The RT-PCR data was
normalized using Rest 2009 V2.0.13 software, with B-actin
used as the housekeeping control gene for expression level
comparison.

Cholesterol efflux in condition media

Human astrocytes were treated with 0.5 mM of aspirin or
5 ug/ml of apoA-I for 24 h. At the end of incubation time, the
culture medium was replaced with fresh DMEM/0.1% FBS
for 4 h. Cholesterol efflux in condition media was measured
according to the cholesterol kit protocol (MAK043-IKT Sigma).

Western blotting

Cells were treated with 0.5 mM of aspirin or 5 ug/ml of apoA-I
for 12 h and then harvested with RIPA buffer (50 mM Tris,
150 mM NaCl, 5 mM EDTA, 1% Triton-x100, 1% SDS,
0.5% Deoxycholate) containing the protease inhibitor
cocktail (Sigma) after washing three times with DPBS.
Samples were homogenized by a sonicator (Hielscher, UP50F)
and passed through a 25-gauge needle. The suspension was
clarified by centrifugation at 5,000 rpm for 10 min. The
protein concentration of samples was determined by the
Lowry method and was separated by SDS-PAGE and then
transferred to a PVDF membrane (Roche). The membranes
were incubated with anti-ABCA1 (1: 2,000; Invitrogen)
and anti B-actin (1: 10,000, Sigma) overnight. Blots were
washed with TBST and incubated with a horseradish
peroxidase-conjugated secondary anti-mouse antibody. The
membranes were developed with the ECL chemiluminescence
system. The WB data was analyzed using ImageJ software
and normalized with B-actin or GAPDH. All experiments
were run in triplicate.

Table 1: Forward (F) and reverse (R) primer sequences
of p-actin (human), GAPDH (Mouse), and ABCA1 used in
real-time PCR

Gene Sequence PCR product
size (pb)

ABCAIF  5-CCCAGAGCAAAAAGCGACTC-3/

ABCAIR  5-GGTCATCATCACTTTGGTCCTTG-3 102

B-actinF 5~ TGGACTTCGAGCAAGAGATG-3'

B-actinR 5~ GAAGGAAGGCTGGAAGAGTG-3 137
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Statistical data analysis

To evaluate the statistical significance, the differences between
groups were determined by using one-way ANOVA in spss 16.0
statistical software. Differences were considered significant at
a value of P < 0.05 for all tests.

ResuLt

Aspirin increases ABCA1 gene expression in human
astrocytes

To investigate the impact of aspirin on the expression of
ABCAL, the human astrocytes were treated with different
doses of aspirin and mRNA levels of ABCA1 were analyzed
by RT-PCR. Quantification of RT-PCR data revealed that
ABCALI gene expression has been significantly increased
compared with the control (***P < 0.0001), with a 4.7-fold
increase in mMRNA of ABCA1 at the 0.5 mM of aspirin
treatment [Figure 1]. Therefore, in the next experiments, cells
were exclusively treated with 0.5 mM of aspirin which showed
the most stimulatory effects on ABCA1 expression.

To determine how long it may take for aspirin to exhibit
its effects, time-course experiments were carried out. The
maximum effect of aspirin was observed after 12 h of
incubation, (*** P<0.0001), and interestingly suppression of
ABCAL1 was observed after 36 h of incubation with 0.5 mM
of aspirin in human astrocyte [Figure 2].

Aspirin increases ABCA1 protein level in human astrocytes
To check whether ABCA1 mRNA Levels are reflected in its
protein levels, a western blot was done. Western blot data
analysis revealed a 67% increase in AB CA1 protein levels
in human astrocytes when they were treated with 0.5 mM of
aspirin for 12 h compared to that of the untreated control cells,
*P < 0.05 [Figure 3].
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Aspirin enhanced apoAl-mediated cholesterol efflux by
uprequlation of ABCA1 protein levels

Exposure of human astrocytes to aspirin results in the
upregulation of ABCA1 at both mRNA and protein levels.
To investigate if this effect on ABCA1 is functional and
reflected in its activity, astrocytes were treated with aspirin
and apoA-1, then the cell protein levels of ABCA1 [Figure 4]
and cholesterol secretion in condition media [Figure 5]
were determined. ApoA-I is known as a powerful inducer
of ABCAL1 stability through interaction with ABCAI to
promote cholesterol efflux. To evaluate the effects of aspirin
on ABCAL1 activity in lipid release, we treated the cells with
apoA-I which is a positive stimulator for increased cholesterol
release through ABCA 1. Treatment of cells with aspirin alone
or aspirin + apoA-I caused a significant increase in ABCALI
protein levels [Figure 4, *P < 0.05 and **P < 0.001) and in
cholesterol secretion [Figure 5, *P < 0.05] as compared to the
cells treated with aspirin alone, confirming the additive effect
of aspirin on apoAl-induced ABCA1 and its ability to enhance
cholesterol efflux [Figures 4 and 5].

Discussion

It has been reported that aspirin might have a primary
prevention for cardiovascular disease and also a secondary
prevention for individuals who have already been diagnosed
with some disease such as cardiovascular disease or stroke.?!?
ABCAL1 is a key protein in the cell membrane that plays a
very essential role in cellular cholesterol secretion to prevent
cell cholesterol accumulation and cardiovascular disease.
Several studies have reported the effect of aspirin on induction
of ABCA1 expression in peripheral cellsi?*?* Despite these
findings, there are not any reports showing the effect of aspirin
in the brain which is the most cholesterol rich organ in the body.
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Figure 1: Quantitative real-time PCR analysis of ABCA1 mRNA expression
in human astrocytes. Cells were treated with different doses of aspirin
for 12 h, and RT-PCR was carried out for mRNA expression of ABCAT.
[-actin mRNA was used as a reference. Values are expressed as fold
changes relative to the controls. The data represent mean + SEM from
three independent experiments (** P < 0.001, *** P,0.0001) versus
the control group
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Figure 2: Time course quantitative real-time PCR analysis of
ABCA1 m RNA expression in human astrocytes. Cells were treated for the
time period of 0, 6, 12, 24, and 36 h with the 0.5 mM aspirin, and RT-PCR
was carried out for mRNA expression of ABCA1. 3-actin mRNA was used
as an internal reference. Values are expressed as fold changes relative to
the controls. The data represent mean + SEM from three independent
experiments **P < 0.0001 versus the control group
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Figure 3: Effects of aspirin on ABCA1 protein levels in human astrocytes.
Values are expressed as percent changes compared to the controls. The
data represent means = SEM (7 = 3). * P < 0.05 versus control group.
Human astrocytes were treated for 12 h with medium 0.5 mmol/I aspirin
and after treatment, cells were harvested by RIPA buffer, and ABCA1
was detected by a specific mouse anti-ABCA1 antibody following the
SDS PAGE. Western blotting with an anti-B-actin antibody was used to
confirm equal protein loading

Our findings showed that: 1) aspirin increases ABCA1 at
the mRNA and protein expression in human astrocytes and
2) aspirin has an additive effect on apoAl-induced ABCA1
expression and cholesterol efflux in human astrocytes. Since
ABCAL1 is involved in cholesterol efflux, our findings point to
the positive effect of aspirin on the cell cholesterol release and
reduction of cholesterol accumulation in astrocytes.

Here, we reported that aspirin induces the mRNA and protein
expression of ABCAL in a dose-dependent manner, and these
findings are consistent with the previous reports showing the
ABCA 1-induction after treating macrophages with aspirin.!>>2¢

Our RT-PCR data showed that aspirin is able to sharply increase
the ABCA1 gene expression by 4.7-fold; however, the ABCAL1
protein level showed a 67% increase. A considerable and
significant difference between the ABCA1 gene expression
and its protein levels indicates that firstly, the protein levels
of ABCAL1 are highly controlled by a post-transcriptional
regulatory mechanism. Secondly, it has been shown that
miRNAs have crucial and regulatory roles in ABCAI
translation processes. So, we believe that some specific
miRNAs may prevent the translation of ABCA1-mRNA into
its functional protein.”

ApoA-I can directly interact with ABCA1 and increases
its protein stability.[?*?% The western blot and cholesterol
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Figure 4: Effects of aspirin and Apo-A1 on ABCA1 protein levels in human
astrocytes. Values are expressed as percent changes compared to the
controls. The data represent means = SEM (n = 3), (*P < 0.05, **P
< 0.001) versus the control group. Human astrocytes were treated for
12 h with 0.5 mmol/I aspirin and 5 ul of apoA-I. After treatment, cells
were harvested by RIPA buffer, then ABCA1 was detected by a specific
mouse anti-ABCA1 antibody following SDS-PAGE. Western blotting with
an anti-GAPDH antibody was used to confirm equal protein loading.

release data showed that aspirin, like apoA-I, can significantly
induced ABCA1 protein expression. Co-treating the cells with
aspirin/apoA-I causes an additional increase in protein level
of ABCAI and cholesterol efflux, suggesting an additive
and beneficiary effect of aspirin on apoA-I function. This
capability of aspirin leads us to suggest a new role for aspirin
in relation to the brain cholesterol homeostasis by enhancing
ABCAL expression which is a very important mediator in the
cell cholesterol efflux.

Although, we did not provide evidences for signal
transduction related to the effect of aspirin on the ABCA1
expression, according to the literatures it is rational to
suggest that the effect of aspirin on ABCA1 expression
might be through PPARo activation. Yoshikawa et al.
reported that ABCA1 gene transcription is highly regulated
by some metabolites, such as cAMP, sterols, and peroxisome
proliferator-activated receptor (PPAR) agonists.B% Tt is
reported that treatment of NIH 3T3 fibroblasts or RAW264
macrophages with oxysterols lead to a sharp induction of
ABCA1 mRNA. Many studies support the involvement of
PPAR agonists in the induction of ABCA 153 in different
cell types; however, further studies are necessary to approve
this hypothesis.
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Figure 5: The effect of aspirin and apoA-I on cholesterol efflux. Human
astrocytes were treated with 0.5 mM of aspirin or 5 ug/ml of apoA-I
for 12 h. At the end of incubation time, the cholesterol efflux in media
was measured. Values are expressed as percent changes compared to
the controls. The data represent means = SEM. (*P < 0.05) indicate
statistical significance

Cholesterol in the astrocytes, as the main supporting cell in
the brain, is segregated from the circulation and regulated
via endogenous mechanisms.P**” including three important
pathways: cholesterol synthesis, cholesterol efflux, and
cholesterol degradation. Our study highlights a protective role
for aspirin in regulating cholesterol efflux in astrocytes which
is mediated by increasing ABCA1 protein levels [Figure 4] and
cholesterol efflux [Figure 5]. Because apoE (apolipoprotein
E) is the predominant acceptor for cholesterol release in the
brain,[¥ it is interesting to speculate that aspirin might prevent
cholesterol accumulation through apoE-HDL generation in
astrocytes.

In conclusion, our results revealed a further property and
another aspect of aspirin’s broad functions. The present study
demonstrates that aspirin has a positive and additive effect
on the function of apoA-I in ABCA1 induction which plays a
very important role in the cholesterol metabolism in astrocytes.
To approve this effect of aspirin and investigate the possible
therapeutic role of aspirin in relation to brain cholesterol
homeostasis, further studies are necessary.
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