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Abstract
ATP binding cassette subfamily A1 (ABCA1) is a key protein in the formation of mature high density lipoprotein (HDL), which plays a
crucial role in atherosclerosis. Accumulating evidence has shown that the expression levels of the ABCA1 gene are upregulated in
ischemic stroke (IS) patients. However, the mechanism remains elusive. We hypothesized that DNA methylation and SNPs of ABCA1
gene promoter affect the expression levels of ABCA1 gene and involve in the pathological mechanism of IS. 100 patients with IS and
100 healthy controls were enrolled in the present study. Initially, the mRNA expression levels of ABCA1 gene were examined by qPCR
and the methylation levels was detected by MethyTarget sequencing. Then, rs1800976, rs1800977, rs2246298, rs2437817, rs2740483,
rs539621172 in promoter region of ABCA1 gene were selected for genotyping. Finally, the relationship between the methylation of
ABCA1 gene and gene expression was veri�ed by constructing THP-1 foam cell model. The mRNA expression levels of ABCA1 gene in
the IS group were signi�cantly higher than those in controls (P<0.05). 17 CpG sites in the promoter of ABCA1 gene were analyzed and
the DNA methylation levels of CpG1, CpG7 and CpG15 sites in IS group was signi�cantly lower than control group (P<0.05). Rs2740483,
rs1800977 and rs2437817 were signi�cantly correlated with CpG1. Rs1800977 was signi�cantly correlated with CpG3. In summary,
DNA methylation and rs2740483, rs1800977, rs2437817 of ABCA1 gene promoter affect the expression levels of ABCA1 gene, change
the clearance rate of intracellular lipids, and participate in the pathogenesis of IS.

Introduction
Ischemic Stroke (IS) is a nervous system disease characterized by cerebral artery stenosis or occlusion, resulting in hypoxia, ischemia
or necrosis of cerebral perfusion area. It is the leading cause of morbidity and mortality in the world. Atherosclerosis (AS) is an
important pathophysiological basis for the occurrence of IS (Virani SS et al., 2020). Studies have shown that more than 70% of IS
patients have atherosclerosis in different degrees (Banerjee C and Chimowitz MI, 2017). The main pathological feature of the early AS
is the excessive cholesterol deposition of cholesterol arterial endothelium, which promotes the accumulation of many foam cells, and
gradually develops the fatty streaks into atherosclerotic plaques (Galkina E and Ley K, 2009;Huo Y and Ley K, 2001;Kaplan M and
Aviram M, 2001;McGill HC, Jr. et al., 2000;Skalen K et al., 2002). The accumulation of monocytes in circulating blood at the injured
intima and adhesion to vascular endothelium is the key step of fatty streak formation. Reverse cholesterol transport (RCT) plays an
important role in maintaining intracellular lipid balance and preventing the formation of AS (Favari E et al., 2015). ATP binding cassette
subfamily A1 (ABCA1) is a key protein in the formation of mature high density lipoprotein (HDL), and can inhibit the in�ammatory
response in the process of atherosclerosis.

DNA methylation refers to the formation of 5-methylcytosine (5-mc) from S-adenosylmethionine (SAM) under the action of DNA
methyltransferase (DNMT) (Das PM and Singal R, 2004). Methylation usually occurs on cytosine in CpG islands. The CpG island in the
promoter region is usually in the state of no methylation, but in some disease states, the methylation state of the promoter region will
change, so as to regulate gene expression. Gomez uriz et al. found that the methylation levels of 80 CpG loci in stroke patients were
different by using methylation microarray, and the difference of DNA methylation can be used as a potential marker of stroke (Gomez-
Uriz AM et al., 2015).

Single nucleotide polymorphisms (SNPs) may affect the level of DNA methylation in genome CpG island region and regulate gene
expression, participating in the pathogenesis of diseases. Gibbs et al. analyzed the correlation between genetic variation and DNA
methylation and mRNA expression in 600 human brain samples, and found a large number of cis regulatory sites that regulate mRNA
expression, as well as quantitative trait sites that can in�uence the methylation degree of gene CpG sites (Gibbs JR et al., 2010).
Cheung et al. analyzed the allelic and non allelic effects of DNA methylation of CpG sites in the whole genome by combining the whole
genome information and ferrous sul�te sequencing results of 910 samples. The results showed that about 69.7% of the 1043828 CpG
sites involved were signi�cantly related to allelic methylation or non allelic methylation (Cheung WA et al., 2017). However, the effects
of SNPs of ABCA1 on CpG methylation level and the gene expression in IS patients need further explored. Thus, we proposed a
hypothesis that DNA Methylation and SNPs of ABCA1 gene promoter affect gene expression and participate in the pathological
mechanism of IS.

Therefore, in the present study, the mRNA expression levels of ABCA1 gene in IS patients and normal controls were detected by
quantitative real-time PCR �rstly. Then, the methylation levels of ABCA1 gene promoter were tested by MethyTarget sequencing. Next,
six SNPs (rs1800976, rs1800977, rs2246298, rs2437817, rs2740483, rs539621172) in promoter region of ABCA1 gene were selected for
genotyping. Finally, THP-1 foam cell model was constructed to explore the relationship between gene expression and methylation of
ABCA1 gene.
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Material And Methods

Study Populations
100 IS patients recruited from departments of neurology in the First A�liated Hospital of Henan University of Chinese Medicine from
March 2017 to March 2018 (54 males and 46 females, mean age of 59.18±11.79 years) were included in our study. The IS was de�ned
by a loss of global or focal cerebral function persisting for >24h with corresponding infarction on brain imaging with a probable
vascular cause. Brain imaging was carried out by computed tomography and/or magnetic resonance imaging (MRI), and ancillary
diagnostic investigations and standardized blood tests were also performed. Patients with cerebral hemorrhage, atrial �brillation,
hyperthyroidism, cardioembolic stroke, venous thrombosis, peripheral vascular diseases, liver disorders or kidney diseases were
excluded from the study.

The control group consisted of 100 (48 males and 52 females, mean age of 57.37±12.32 years) selected from the same demographic
area. And they were well matched with the patients by age, gender, and residency. The study protocols were approved by the Ethics
Committee Research of Zhengzhou University and all participating individuals signed informed consent.

Extraction and puri�cation of peripheral blood DNA
2-5mL of fasting peripheral venous blood was collected from subjects into tubes containing 2% EDTA-Na2 and stored in a refrigerator at
-20℃ for subsequent assays. We used the blood genome extraction kit (DP332, Tiangen, Beijing, China) to extract genomic DNA from
peripheral blood samples according to the manufacturer's recommendations and quanti�ed by NanoDrop 2000.

DNA methylation analysis
17 CpG sites in the promoter of ABCA1 gene were selected to make DNA methylation analysis. Bisul�te conversion of DNA was
manipulated with EZ DNA methylation-gold kit (ZYMO, CA, USA) according to the manufacturer’s instructions. Then, 2 µl DNA sample in
20µl ampli�cation reaction system, including 1x reaction buffer (TAKARA), 2 mM Mg2+, 0.2 mM dNTP, 0.1µM of each primer, 1 U
HotStarTaq polymerase (TAKARA), was ampli�ed with PCR. The cycling program was as following: 95ºC for 2 min; 11 cycles of 94ºC
for 20 s, 63ºC-0.5 ºC per cycle for 40 s, 72 ºC for 1min; 24 cycles of 94ºC for 20 s, 65 ºC for 30 s, 72 ºC for 1 min; 72ºC for 2 min. And
samples were added with a speci�c tag sequence. A 20µl mixture was prepared for each reaction and included 1x reaction buffer (NEB
Q5TM), 0.3 mM dNTP,0.25µM of F primer, 0.25µM of index primer, 1 U Q5TM DNA polymerase (NEB) and 1µl diluted template. The
cycling program was 98ºC for 30s; 11 cycles of 98ºC for 10 s, 65ºC for 30 s, 72 ºC for 30 s; 72ºC for 5 min. Finally loaded onto Illumina
Hiseq/Miseq (Illumina, San Diego, CA, USA) to analyze the results.

Genotyping by Kompetitive Allele Speci�c PCR
Kompetitive Allele Speci�c PCR technology was used to genotype the SNPs in the promoter region of ABCA1 gene. DNA samples were
transferred from 96 well plate to 384 well plate and then to 1536 well plate under Replicator instrument to ensure the �nal concentration
of 10 ng/µ L. Then, 1536 plates were used to construct PCR system under Meridian instrument. Reaction system included 0.014 µL
72×Assay mix, 0.04 µL DNA samples, 0.5 µL 2×KASP master mix, 0.446 µL H2O. The cycling program was as follows: 94ºC for 15 min;
10 cycles of 94ºC for 20 s, 60ºC for 60 s;26 cycles of 94ºC for 20 s, 55ºC for 60 s. Reading the plate on the Pharastar enzyme reader
after plate was cooled and dried. Using SNP viewer of LGC genomics to analyze the results. The primer sequence for SNP genotyping
was given in Table 1.
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Table 1
The primer sequence for SNP genotyping

locus Primer_Allele FAM Primer_Allele HEX Primer_Common

rs2246298 TCCCGCGCGTCTTAGGCC CTTCCCGCGCGTCTTAGGCT GTGGAGGGTACAGCAGGTGTCTT

rs1800976 CCGGGCGGGGGAAGGGG CCGGGCGGGGGAAGGGC GTGTCTTAGGGTCCGCGGTCT

rs1800977 GCAATTACGGGGTTTTTGCCGG CGCAATTACGGGGTTTTTGCCGA CGCTCGGTGCAGCCGAATCTA

rs2437817 CCAGAGCTCGTACTAGGACATC ACCAGAGCTCGTACTAGGACATA GGGACCGGAGGCGGTGTTAAAT

rs539621172 ATAAAAGGAACTAGTCCCGGCAAAAA AAAAGGAACTAGTCCCGGCAAAAG CCCACTCACTCTCGCTCGCAAT

rs2740483 ACATAAACAGAGGCCGGGAAC CTACATAAACAGAGGCCGGGAAG AGCGCAGAGGTTACTATCGGTCAAA

Detect mRNA expression of ABCA1 by RT- PCR

Total RNA was extracted using high e�ciency blood total RNA extraction kit (DP443, Tiangen, Beijing, China) and quanti�ed by
NanoDrop 2000. Total RNA (300 ng for each participant) was reverse transcribed into complementary DNA (cDNA) using FastKing
RT Kit (Tiangen, Beijing, China). RT-PCR ampli�cation was performed with the SYBR green PCR master mix kit (TaKaRa, Dalian,
China). The PCR primer pairs were as follows: ABCA1, forward primer: CTCAAGCACTTCCTCCGAGT, reverse primer:
ACTGTCCTTGGCCAGCTTTA β-actin, Forward primer: TGGCACCCAGCACAATGAA, reverse primer:
CTAAGTCATAGTCCGCCTAGAAGCA. The PCR reaction was performed using 7500 Fast Real-Time PCR System (ThermoFisher) with
the following program: a pre-denaturation was at 95°C for 30s and 40 cycles of 95°C for 3s, 60°C for 30s, 95°C for 15 s. The
dissolution curve was drawn at 60°C for 60s, 95°C for 15s. The internal reference was β-actin and the relative expression levels were
expressed relative to it, which was calculated with the 2−ΔΔCt method.

Cell culture and Foam cells treatment
THP-1 cells were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The cells were cultured in RPMI-
1640 medium (Gibco, Grand Island, NY.) supplemented with penicillin and streptomycin and 10% fetal bovine serum (Gibco, Grand
Island, NY). Cells were cultured at 37°C in a 5% CO2 environment, with a medium change every 2–3 days. All experiments were
performed using cells at the logarithmic growth phase. RPMI-1640 medium supplemented with 100 nM phorbol 12-mystriate 13-acetate
(PMA, Sigma, St. Louis, USA) was used in THP-1 cells to induce monocyte differentiation into Macrophages. Macrophages were treated
with 100 µg/ml oxLDL (Sigma, St. Louis, USA) for 12h to induce foam cell formation. Foam cells were identi�ed by oil red O staining.
Macrophages treated with ox-LDL were �xed with 4% Paraformaldehyde for 30 min and then stained by oil red O (Sigma, St. Louis,
USA) for 15 min. Finally, the cells' morphology was observed by a light microscope (Olympus, Tokyo, Japan) equipped with an imaging
system at 400 magni�cation. Foam cells were identi�ed by oil red O staining.

Western blot analysis
Total protein samples from cells were prepared with standard protocol. Equivalent amounts of protein samples were separated by 10%
SDS-PAGE and transferred to PVDF �lm (Millipore, Billerica, USA). Film was incubated at room temperature with 5% non-fat dry milk
dissolved in TBST. The membranes were then incubated in a solution with the appropriate primary antibodies (Abcam, UK) at 4°C and
then incubated with HRP-conjugated secondary antibodies (Beyotime Biotechnology, Shanghai, China) at room temperature.
Membranes were extensively washed several times. Proteins were detected using an automatic imaging analysis system (FluorChem E,
ProteinSimple, USA).

Statistical analysis
All statistical analyses were performed by the SPSS 21.0 package (SPSS Inc., Chicago, IL, USA). Quantitative variables were expressed
with mean±SD and analyzed using the Student’s t-test. Statistical analyses of the methylation levels and mRNA expression among
different genotypes were performed using one-way ANOVA with Bonferroni correction. Linear regression analysis was used to analyze
the correlation between the methylation levels of CpG sites and SNPs, and the correlation between SNPs and gene expression. P values
less than 0.05 were considered statistically signi�cant. The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Results

1.Clinical characteristics of subjects
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The clinical characteristics of the study population were shown in Table 2. The results showed no signi�cant differences in age and sex
between IS cases and controls(P>0.05). Compared with the control group,the IS group had higher total cholesterol and LDL levels (P <
0.05, P < 0.05 respectively). The level of HDL in the control group was higher than IS group (P < 0.05).

Table 2
Characteristics of study populations

  Cases Controls P value

Sex(male/female) 54/46 48/52 0.480

Age (mean±SD, years) 59.18±11.79 57.37±12.32 0.290

Total cholesterol(mmol/L) 5.03±1.28 4.54±0.88 0.002*

Total triglyceride(mmol/L) 1.46±0.66 1.39±0.77 0.488

High-density lipoprotein(mmol/L) 1.10±0.29 1.30±0.34 0.001*

Low density lipoprotein(mmol/L) 2.84±0.72 2.59±0.77 0.018*

*P < 0.05 denotes statistical signi�cance.

2. Comparison of the mRNA expression in IS cases and controls
The mRNA expression levels of ABCA1 in IS cases were signi�cantly higher than controls (Figure 1A, P < 0.05). In the male group, the
mRNA expression levels in IS patients were higher than controls (Figure 1B, P < 0.05). However, there was no signi�cant difference in
female patients (Figure 1B, P > 0.05).

( A ) mRNA expression levels of ABCA1 in IS cases and controls. *P < 0.05. ( B ) mRNA expression levels of ABCA1 in different sex in IS
cases and controls. *P < 0.05.

3. Methylation levels of ABCA1 in IS cases and controls

The average methylation level of ABCA1 promoter region in the IS group was signi�cantly lower than the control group (Figure 2A, P <
0.05). Gender strati�cation analysis showed that there was no signi�cant difference in the methylation degree of ABCA1 gene between
the IS group and the control group (Figure 2B, P > 0.05). The methylation degree of 17 CpG sites in the promoter region of ABCA1 gene
was compared. CpG1, CpG7 and CpG15 were signi�cantly different between the two groups (Figure 2C, P < 0.05).

( A ) The average methylation levels of ABCA1’s promoter region in IS cases and controls. *P < 0.05. ( B ) The average methylation
levels of ABCA1 in case group and control group in different genders. P > 0.05. ( C ) The average methylation levels of 17 CpG sites in
the promoter region of ABCA1 gene in case group and control group.*P < 0.05.

4. Correlation between SNPs and methylation in ABCA1 promoter region

To analyze the effects of SNPs of the ABCA1 on methylation, a correlation between genotype and methylation was analyzed. Six SNP
sites (rs1800976, rs1800977, rs2246298, rs2437817, rs2740483, rs539621172) were selected in the promoter region of ABCA1 gene.
Then the correlation between SNP sites and the methylation level of 17 CpG sites in the promoter region of ABCA1 gene was analyzed
by linear regression. It was found that rs2740483, rs1800977 and rs2437817 were signi�cantly correlated with CpG1 methylation level
(P < 0.05). Rs1800977 was signi�cantly correlated with CpG3 methylation level (P < 0.05). The average methylation level of different
genotypes at CpG site is shown in Figure 3.

4. Effect of DNA methylation of ABCA1 gene promoter on gene expression in foam cell model

THP-1 foam cell model was constructed to explore whether DNA methylation of ABCA1 gene promoter affected the expression of
ABCA1 mRNA. Oil red O staining indicated THP-1 foam cell model was successfully established (Figure 4A). Firstly, mRNA expression
of ABCA1 increased signi�cantly after foam cells formation (Figure 4B, P < 0.05). And then, the expression of ABCA1 protein was
analyzed. The expression of ABCA1 protein in foam cells was signi�cantly higher than THP-1 cell lines (Figure 4C, P < 0.05).

After THP-1 derived foam cells were formed, the average methylation level of the promoter region of ABCA 1 gene decreased. However,
there was no signi�cant difference (Figure 4D). Then, it was analyzed to the methylation level of 17 CpG sites in the promoter region of
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ABCA1 gene, and found that the methylation level of CpG1, CpG11 and CpG16 sites decreased signi�cantly after foaming ((Figure 4E, P
< 0.05).

Discussion
ATP binding cassette transporter A1 (ABCA1) mediates the e�ux of cholesterol and phospholipids from peripheral cells and binds to
ApoA-1,which plays an important role in reverse cholesterol transport (RCT) and involve in the development of atherosclerosis (Kim J et
al., 2009). The occurrence and development of atherosclerosis is an important pathophysiological basis of ischemic stroke. Baird et al.
found that peripheral blood leukocytes can migrate to cerebral ischemic foci, and the change of gene expression level can be found
through peripheral blood leukocyte detection, which can represent the change of local brain microenvironment (Baird AE, 2007). In order
to understand the difference of gene expression in brain and blood, Qi t et al. analyzed the correlation between gene expression and
methylation quantitative trait loci in brain and blood, and found that the genetic effect of gene expression and methylation quantitative
trait loci was highly correlated between brain and blood samples (Qi T et al., 2018).

In this study, 100 patients with IS and 100 healthy controls were selected and the expression of ABCA1 gene in peripheral blood was
detected by real-time RT-PCR. The results showed that the mRNA expression of ABCA1 in IS group was signi�cantly higher than control
group (P<0.05). The relative mRNA expression of ABCA1 in male patients was signi�cantly higher than control group(P < 0.05), but
there was no signi�cant difference in female patients(P 0.05). Our results were consistent with the following reports. Demina et al.
cultured macrophages from patients with artery stenosis and healthy controls for 5 days in vitro and found that the mRNA expression
of ABCA1 in macrophages of patients was signi�cantly higher than controls (P<0.05) (Demina EP et al., 2013). Albrecht et al. analyzed
the mRNA expression of ABCA1 in atherosclerotic plaques of patients undergoing carotid endarterectomy (CEA) and normal arteries,
and found that the mRNA expression of ABCA1 in atherosclerotic plaques was signi�cantly increased (P<0.05) (Albrecht C et al., 2004).
Rupture of atherosclerotic plaque will increase the risk of IS. Heo et al. found that the mRNA expression of ABCA1 and protein in
ruptured plaque was signi�cantly higher than unruptured plaque, which proved that ABCA1 was involved in plaque rupture process (Heo
SH et al., 2018). ABCA1 can inhibit the secretion of in�ammatory cytokines to mediate immune response and play an anti
atherosclerotic role. The increased of ABCA1 expression promotes plaque rupture, and then participated in the pathological process of
IS.

DNA methylation is one of the most important epigenetic modi�cations. DNA methylation affects the expression of genes. Therefore,
the methylation levels of ABCA1 gene promoter region were detected by MethyTarget sequencing in 100 patients with IS and 100
healthy control. The results indicated that the average methylation level in IS group was signi�cantly lower than the control group
(P<0.05). In addition, the methylation level of 17 CpG sites in the promoter of ABCA1 gene were analyzed and the DNA methylation
levels of CpG1, CpG7 and CpG15 sites in IS group was signi�cantly lower than control group (P<0.05). The methylation level of CpG
sites in the promoter region of ABCA 1 gene also increased in a coronary artery disease study by Guay et al (Guay S-P et al., 2012). Our
results suggested that the methylation level of ABCA1 promoter was negatively correlated with ABCA1 expression. Hypomethylation of
ABCA1 gene promoter region promotes the expression of ABCA1 gene in patients with IS. The results of our study are similar to Guay et
al (Guay S-P,Brisson D,Munger J,Lamarche B,Gaudet D and Bouchard L, 2012).

SNP sites can affect the methylation level of CpG sites, which was suggested as a potential epigenetic mechanism to affect gene
function and then participate in the occurrence and development of diseases. Thus, six SNP sites (rs1800976, rs1800977, rs2246298,
rs2437817, rs2740483, rs539621172) were selected in the promoter region of ABCA1 gene. Then, analyzed the correlation between
SNPs and the methylation level of 17 CpG sites by linear regression. The results showed that rs2740483, rs1800977 and rs2437817
were signi�cantly correlated with CpG1 methylation level (P < 0.05). Rs1800977 was signi�cantly correlated with CpG3 methylation
level (P < 0.05). Therefore, we speculated that rs2740483, rs1800977 and rs2437817 affected the methylation level of CpG site in the
promoter region of ABCA1 gene, and thus affected the mRNA expression of ABCA1.

Foam cells are the earliest pathological cells after atherosclerotic lesions (Nakashima Y et al., 2007). Studies have shown that foam
cells mainly derived from phagocytosis of lipid molecules by macrophages differentiated by monocytes. Therefore, we constructed
foam cells derived from THP-1 macrophages, and compared the mRNA expression and protein of ABCA1 gene in monocytes and foam
cells. The results showed that the mRNA expression of ABCA1 in the foam cell group was signi�cantly higher than THP-1 cell group
(P<0.05), which was consistent with the results of mRNA extracted from peripheral venous blood of IS patients. Next, the protein
expression of ABCA1 was detected by Western Blot. The protein expression of ABCA1 in foam cells was signi�cantly higher than the
THP-1 cell line (P<0.05), which was consistent with the relative expression of mRNA. Geeraert B et al. found that the relative expression
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levels of ABCA1 gene mRNA and protein in human blood mononuclear cells were consistent and appeared before the formation of
atherosclerotic plaques (Geeraert B et al., 2007). This was consistent with our results. Song et al. explored the effects of the ratio of N-6
to n-3PUFA on the formation of THP-1 monocyte-derived foam cells and found that the mRNA expression of ABCA1 signi�cantly
increased after the induction of THP-1 cells by ox-LDL (Song Z et al., 2018). We speculated that after adding ox-LDL to form foam cells,
the expression of ABCA1 gene and protein would increase for maintain the balance of lipid metabolism in the cells.

Liang et al. found that the methylation level of the genome of THP-1 cells decreases after foaming in the study of Homocysteine (Hcy)
as a prevalent risk factor for cardiovascular events(Liang Y et al., 2013). After THP-1 cells differentiate into foam cells, what happens to
the methylation level of ABCA1 gene promoter? Therefore, the methylation level of ABCA1 gene promoter region in THP-1 cells and
foam cells was compared by MethylTarget sequencing technology. The results showed that the average methylation level of foam cells
was lower than THP-1 monocytes, but there was no signi�cant difference (P>0.05). Then we continued to analyze the methylation level
of 17 CpG sites in the promoter region of ABCA1 gene. Compared with THP-1 cells, the methylation of CpG1, CpG11 and CpG16 in foam
cells decreased signi�cantly (P<0.05). After foam cell formation, the promoter region of ABCA1 gene showed a hypomethylation state,
and the gene expression level was signi�cantly increased, which precedes the formation of atherosclerotic plaques, and had a certain
predictive effect on atherosclerotic stroke. The hypomethylation of ABCA1 gene might be used as a potential marker of atherosclerotic
stroke.

The present study includes several limitations. Firstly, the expression levels of the ABCA1 protein were not explored in the IS patients
and control subjects. Secondly, a potential selection bias may have been present since the cases and controls were recruited from the
same hospitals.

In summary, the present study demonstrated that the rs2740483, rs1800977 and rs2437817 affect the methylation level of ABCA1 gene
promoter, thereby affecting the mRNA expression and protein of ABCA1, changing the clearance rate of intracellular lipid, and involve in
the pathogenesis of IS. Besides, the hypomethylation status of ABCA1 gene might be used as a potential marker of atherosclerotic
stroke.
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Figure 1

( A ) mRNA expression levels of ABCA1 in IS cases and controls. *P < 0.05. ( B ) mRNA expression levels of ABCA1 in different sex in IS
cases and controls. *P < 0.05.
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Figure 2

( A ) The average methylation levels of ABCA1’s promoter region in IS cases and controls. *P < 0.05. ( B ) The average methylation
levels of ABCA1 in case group and control group in different genders. P > 0.05. ( C ) The average methylation levels of 17 CpG sites in
the promoter region of ABCA1 gene in case group and control group.*P < 0.05.
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Figure 3

( A ) The average methylation level of different genotypes at rs2740483. ( B ) The average methylation level of different genotypes at
rs2437817. ( C ) The average methylation level of different genotypes at rs1800977.
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Figure 4

(A) Oil red O staining of THP-1 foam cells. ( B ) The relative expression level of ABCA1 mRNA in THP-1 and THP-1 foam cells. * P < 0.05.
( C ) The relative expression level of ABCA1 protein in THP-1 and THP-1 foam cells. *P < 0.05. ( D ) The average methylation level of
ABCA1 gene promoter region in THP-1 cells and THP-1 derived foam cells. *P > 0.05. ( E ) The average methylation level of CpG sites in
the promoter region of ABCA1 gene. * P < 0.05
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