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Abstract. Atherosclerosis (As) is a chronic cardiovascular 
disease characterized by abnormal of lipid accumulation and 
cholesterol efflux. The present study aimed to investigate 
whether the micro-RNA (miR)-200b-3p could exacerbate As 
by promoting lipid accumulation and inhibiting cholesterol 
efflux via ATP-binding cassette transporter A1 (ABCA1) 
in macrophage-derived foam cells. Blood samples from 
30 patients with As and 30 healthy people were collected 
at Quanzhou First Hospital. RAW264.7 cells were used to 
establish foam cells using oxidized low-density lipoprotein. 
The expression of miR-200b-3p and ABCA1 was evaluated 
by reverse transcription quantitative PCR and western blot-
ting. Lipid accumulation was analyzed by Oil Red O staining 
and cholesterol content was assessed by ELISA. A targeting 
relationship between miR-200b-3p and ABCA1 was demon-
strated by luciferase reporter assays. Compared with healthy 
volunteers and RAW264.7 cells, the expression level of miR-
200b-3p was significantly increased whereas the expression 
level of ABCA1 was significantly decreased in patients with 

As and foam cells. Furthermore, miR-200b-3p expression was 
negatively correlated with ABCA1 expression in the blood of 
the patients with As. Lipid content was significantly decreased 
and cholesterol efflux was significantly increased in foam 
cells transfected with the miR-200b-3p inhibitor compared 
with inhibitor control cells. In addition, ABCA1 was shown 
to be targeted by miR-200b-3p. Furthermore, the lipid content 
in foam cells transfected with the miR-200b-3p inhibitor and 
small interfering-ABCA1 was significantly increased, while 
the cholesterol efflux was significantly decreased compared 
with foam cells transfected with the miR-200b-3p inhibitor. 
In conclusion, the findings from the present study indicated 
that inhibition of miR-200b-3p may alleviate lipid accumula-
tion and promote cholesterol efflux by targeting ABCA1 in 
macrophage-derived foam cells.

Introduction

Atherosclerosis (As) is a chronic cardiovascular disease that 
seriously endangers human health. Numerous studies have 
confirmed that abnormal levels of blood lipids and cholesterol 
are closely related to the occurrence of As (1). Elevated plasma 
lipids can promote cholesterol to enter and deposit in the arte-
rial wall, leading to thickening of the vessel intima, narrowing 
of the vessels and atherosclerotic lesions (2). The main clinical 
manifestations of As are mononuclear infiltration, foam cell 
formation, lipid accumulation in the vascular wall, plaque 
formation and inflammation (3,4). Foam cell formation is 
characterized by accumulation of lipids and cholesterol efflux 
obstruction in macrophages (4). Reverse cholesterol transport 
(RCT), an important physiological mechanism for maintaining 
intracellular cholesterol balance (5), is also a crucial process in 
the occurrence and development of As.

ATP-binding cassette transporter A1 (ABCA1), an 
integrated membrane protein, promotes the efflux of free 
cholesterol and phospholipids from cells (6). A previous study 
demonstrated that ABCA1 mutations can prevent intracellular 
cholesterol and phospholipids from being transported out of 
the cell, causing accumulation of macrophage-derived foam 
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cells in various tissues, or even resulting in atherosclerotic 
lesions (7). It was reported that metastasis associated lung 
adenocarcinoma transcript 1 inhibition reduces the outflow 
of cholesterol and increases cholesterol accumulation in 
macrophages, accelerating therefore the process of As by 
downregulating the expression of ABCA1 (8). A previous study 
demonstrated that urolithin A can increase ABCA1 expression 
and RCT in macrophages, thus alleviating the progression of 
As (9). Hesperidin can attenuate varenicline-induced oxidized 
low-density lipoprotein (ox-LDL) uptake in RAW264.7 cells by 
upregulating the expression of ABCA1 (10). The accumulation 
of lipids and cholesterol is the first step in As formation (1,2). 
Although ABCA1 plays a crucial role in regulating cholesterol 
efflux (11), the underlying mechanism remains poorly under-
stood.

Micro-RNAs (miRNAs) are non-coding RNAs of 
20-25 nucleotides in length that are involved in gene transcrip-
tion and mRNA stability. miRNAs are expressed throughout 
the body, and abnormal expression of miRNAs is correlated 
with numerous diseases, such as cardiovascular disease (12,13). 
For example, the expression of miR-200b-3p is lower in human 
cytomegalovirus (HCMV)-infected gastrointestinal tract and 
bronchi/lung tissue than in normal tissue, which indicates 
that low levels of miR-200b-3p are associated with inflam-
mation due to HCMV infection in humans (14). miR-200b-3p 
inhibits prostate cancer cell proliferation and promotes cell 
apoptosis by targeting PPKAR2B (15). miR-200b-3p improves 
oxaliplatin resistance and induces migration, growth inhibi-
tion and apoptosis in oxaliplatin-resistant colorectal cancer 
cells by suppressing expression of TUBB3 (16). Liu et al (17) 
demonstrated that miR-200b-3p is highly expressed in lung 
adenocarcinoma tissue and promotes the proliferation and 
metastasis of lung adenocarcinoma cells by targeting ABCA1. 
Furthermore, ABCA1 expression is associated with lipid 
accumulation and RCT in macrophage-derived foam cells 
and regulates the development of As (7). It is however unclear 
whether miR-200b-3p could exacerbate As by promoting lipid 
accumulation and inhibiting cholesterol efflux via ABCA1 in 
macrophage-derived foam cells.

In the present study, the aim was to investigate whether 
miR-200b-3p exacerbates As and the specific mechanism 
of miR-200b-3b-induced lipid accumulation and cholesterol 
efflux inhibition in macrophage-derived foam cells. The 
present study aimed provide a novel basis for targeting miR-
200b-3p as a potential therapeutic strategy for patients with As.

Materials and methods

Clinical samples. Blood samples from 30 patients with As 
and 30 healthy volunteers were collected at Quanzhou First 
Hospital between December 2020 and January 2021. A total 
of 2 ml blood from each individual was collected in an EDTA-
containing anticoagulant tube, then centrifuged at 1,000 x g 
at 4˚C for 10 min. The supernatant (plasma) was collected to 
detect the expression of miR-200b-3p and ABCA1 or stored at 
-20˚C for further experiments. The expression levels of miR-
200b-3p and ABCA1 in these samples were evaluated by revers 
transcription quantitative (RT-q)PCR. The procedures were 
approved by the Institutional Ethics Committee of Quanzhou 
First Hospital (approval no. 2020-05). Patients and volunteers 

signed informed consent and the experiments were conducted 
according to the principles of the Declaration of Helsinki.

Cell culture. RAW264.7 cells were purchased from the 
American Type Culture Collection. Cells were cultured in 
DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% 
penicillin-streptomycin (Sigma-Aldrich; Merck KGaA) placed 
at 37˚C in a humidified incubator containing 5% CO2.

Foam cells formation. RAW264.7 cells were seeded in 6-well 
plates at a density of 5x105 cells/well. When 60% confluence 
was reached, cells were exposed to ox-LDL (50 mg/ml; cat. 
no. 20605ES05; Shanghai Yeasen Biotechnology Co., Ltd.) for 
48 h to induce the formation of foam cells (18,19).

RT-qPCR. Total RNA was isolated from cells and human 
plasma samples using TransZol Up Plus RNA kit (cat. 
no. ER501-01; TransGen Biotech Co., Ltd.) according to the 
manufacturers' protocol. The concentration of total RNA was 
determined by a NanoDrop ND-2000 spectrophotometer 
(Thermo Fisher Scientific, Inc.). RNA was reverse transcribed 
using an EasyScript First-Strand cDNA Synthesis SuperMix 
(AE301-02; TransGen Biotech Co., Ltd.) according to the 
manufacturers' instructions. Finally, the expression level of 
miR-200b-3p and ABCA1 was evaluated using PerfectStart™ 
Green qPCR SuperMix (AQ601-01; TransGen Biotech Co., 
Ltd.) on the Bio-Rad C1000 Touch Thermal Cycler CFX96 
Real-Time System (Bio-Rad Laboratories, Inc.). RT-qPCR 
was performed as follows: Initial denaturation at 95˚C for 
10 min; denaturation at 95˚C for 15 sec and annealing/exten-
sion at 60˚C for 60 sec (40 cycles). The relative expression 
levels of miR-200b-3p and ABCA1 were normalized to the 
endogenous controls 18S and U6 and were expressed as 
2-∆∆Cq (20). The sequences of the primers for miR-200b-3p 
and ABCA1 (Sangon Biotech Co., Ltd.) are presented in 
Table I.

Table I. Sequence of the primers used for reverse transcription 
quantitative PCR.

Primer Sequence (5'-3')

miR-200b-3p
  Forward GCTGCTGAATTCCATCTAATTTCCAAAAG
  Reverse TATTATGGATCCGCCCCCAGGGCAATGGG
ABCA1
  Forward GGCATCGTGTATGAGAAGG
  Reverse CTGTAGGGCAGCAGGTTT
U6
  Forward GCTTCGGCAGCACATATACT
  Reverse GCAGGGTCCGAGGTATTC
18S
  Forward AGAAACGGCTACCACATCCA
  Reverse CACCAGACTTGCCCTCCA

miR, micro-RNA; ABAC1, ATP-binding cassette transporter A1.
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Cell t ransfect ion. miR-200b-3p inhibitor cont rol 
(5'-CAGUACUUUUGUGUAGUACUAA-3'), miR-200b-3p 
inhibitor (5'-UCAUCAUUACCAGGCAGUAUUA-3'), 
small interfering (si)RNA-control (si-control, 5'-TAGT 
TAGACGCGUCACGTAGG-3') and si-ABCA1 (5'-GCAG 
TGCCTTTGTAGCCTATG-3') were synthesized by Shanghai 
GenePharma Co., Ltd. The ox-LDL-induced foam cells were 
seeded in 6-well plates at 5x105 cells/well. When 70-80% 
confluence was reached, cells were transfected with the 
miR-200b-3p inhibitor (2 µg) or co-transfected with miR-
200b-3p inhibitor (1 µg) and si-ABCA1/si-control (1 µg) 
using Lipofectamine™ 3000 Transfection Reagent (cat. 
no. L3000015; Thermo Fisher Scientific, Inc.) according to the 
manufacturers' protocol. The transfected cells were incubated 
for 48 h in an incubator with 5% CO2 at 37˚C. After 48 h, the 
cells were collected for subsequent experiments.

Western blotting. Cells transfected with si-ABCA1 or miR-
200b-3p inhibitor were collected, washed in cold PBS and 
lysed on ice for 30 min using RIPA buffer (cat. no. P0013B; 
Beyotime Institute of Biotechnology) supplemented with 
a protease inhibitor cocktail (cat. no. 04693132001; Roche 
Diagnostics). The cell lysate was centrifuged at 12,000 x g 
at 4˚C for 30 min. The supernatant was collected and the 
protein concentration was quantified by a NanoDrop ND-2000 
spectrophotometer (Thermo Fisher Scientific, Inc.). Proteins 
(50 µg) were separated by 8% SDS-PAGE and transferred onto 
a polyvinylidene fluoride membrane. The membranes were 
blocked with 5% skim milk at room temperature for 1 h and 
then incubated with a mouse anti-ABCA1 antibody (1:1,000; 
cat. no. ab18180; Abcam) and mouse anti-β-actin antibody 
(1:2,000; cat. no. HC201-01; TransGen Biotech Co., Ltd.) at 
room temperature for 2 h. Subsequently, membranes were 
incubated with a secondary anti-mouse antibody (1:5,000; 
cat. no. 7076P2; Cell Signaling Technology, Inc.) at room 
temperature for 1 h. Enhanced chemiluminescence reagent 
(cat. no. 170-5061; Bio-Rad Laboratories, Inc.) was used to 
detect the signal on the membrane. The data were analyzed via 
densitometry using ImageJ software (1.52v, National Institutes 
of Health) and normalized to expression of the internal control 
β-actin.

Oil Red O stain. Oil Red O (0.5%; cat. no. O1391-250ML; 
Sigma-Aldrich; Merck KGaA) was diluted with distilled water 
at a ratio of 3:2 and filtered with filter paper to generate the 
working solution. The cells were fixed with 4% paraformalde-
hyde at room temperature for 30 min and washed three times 
with PBS. The cells were stained with Oil Red O working 
solution at 37˚C for 30 min and then rinsed with 65% isopro-
panol. Finally, the cells were observed under a 10x inverted 
microscope (magnification, x10).

Enzyme-linked immunosorbent assay (ELISA). Total choles-
terol (TC) and free cholesterol (FC) levels were evaluated using 
ELISA kits (cat. nos. E1015-105 and E1016-105, respectively; 
Applygen Technologies, Inc.) according to the manu facturers' 
protocol. Briefly, cells were washed in cold PBS and harvested. 
The cells were mixed with the appropriate lysis buffer and 
allowed to stand for 10 min for lysis. The protein concentra-
tion was measured in some lysates with an Easy II Protein 

Quantitative kit (BCA; TransGen Biotech Co., Ltd.). The rest 
of the lysates was centrifuged at 2,000 x g for 5 min at room 
temperature and supernatants were collected. TC and FC levels 
were measured with a microplate reader (Molecular Devices, 
LLC). The cholesterol ester (CE) level was calculated using 
the following equation: CE=TC-FC. The data were normal-
ized to the total cellular protein concentration.

Luciferase reporter assay. miR-200b-3p mimic, wild-type 
(WT) and mutant (MUT) 3'-UTRs of ABCA1 were synthe-
sized by Sangon Biotech Co, Ltd. The WT and MUT ABCA1 
3'-UTR were inserted into the luciferase reporter vector 
(pGL3; Promega Corporation) to construct pGL3-ABCA1-
WT or pGL3-ABCA1-MUT plasmids, respectively. The 
foam cells were co-transfected with plasmid DNA and 
miR-200b-3p mimic with Lipofectamine 3000 Transfection 
Reagent (cat. no. L300015, Thermo Fisher Scientific, Inc.) 
following the manufacturers' protocol. After transfection for 
48 h, the cells were collected for analysis of luciferase activity. 
Luciferase activity was measured by a microplate reader 
(Tecan Infinite 200, Tecan Group, Ltd.) with Dual Luciferase 
Reporter Gene Assay kit (cat. no. RG027; Beyotime Institute 
of Biotechnology) in according to the manufacturers' protocol. 
The luciferase activity of cells was analyzed using Renilla 
luciferase activity as an internal reference.

Statistical analysis. All data from three independent experi-
ments were presented as the means ± standard deviation and 
analyzed using GraphPad Prism 7.0 software (GraphPad 
Software, Inc.). Comparison between two groups was 
performed using Student's t-test. Spearman correlation analysis 
was used to analyze the correlation between the expression of 
miR-200b-3p and ABCA1 in patients with As. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR-200b-3p expression is upregulated and ABCA1 expres-
sion is downregulated in patients with As and foam cells. 
The expression of miR-200b-3p and ABCA1 in patients 
with or without As was evaluated by RT-qPCR. The results 
demonstrated that miR-200b-3p expression in patients with 
As was significantly higher compared with healthy volunteers 
(Fig. 1A), whereas the expression of ABCA1 in patients with 
As was significantly lower compared with healthy people 
(Fig. 1B). Furthermore, miR-200b-3p expression was nega-
tively correlated with ABCA1 expression (Fig. 1C).

Based on previous research (8,11,18), RAW264.7 cells were 
selected to explore the specific molecular mechanism of miR-
200b-3p in As. RAW246.7 cells were treated with ox-LDL 
for 48 h. To investigate whether foam cells were formed 
following this treatment, lipid content was evaluated by Oil 
Red O staining. The results demonstrated that the number of 
lipid particles was markedly increased in cells treated with 
ox-LDL (Fig. 1D and E), which confirmed the formation of 
RAW264.7-derived foam cells induced by ox-LDL treatment. 
The expression levels of miR-200b-3p and ABCA1 were 
measured by RT-qPCR. As shown in Fig. 1F, miR-200b-3p 
was upregulated whereas ABCA1 was downregulated in 
RAW264.7-derived foam cells compared with RAW264.7 
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cells. In addition, the protein expression of ABCA1 was signifi-
cantly decreased in foam cells compared with RAW264.7 cells 
(Fig. 1G and H).

Inhibition of miR-200b-3p decreases lipid accumulation and 
enhances cholesterol efflux. To investigate the effect of miR-
200b-3p on lipid accumulation and cholesterol efflux, foam 
cells were transfected with a miR-200b-3p inhibitor and the 
expression of miR-200b-3p was measured by RT-qPCR. The 
expression of miR-200b-3p was distinctly decreased in foam 
cells transfected with miR-200b-3p inhibitor compared with 
cells transfected with inhibitor-control (Fig. 2A), suggesting 
the successful transfection. Subsequently, lipid content was 

evaluated by Oil Red O staining. The results demonstrated that 
the number of orange particles in the cytoplasm was decreased 
in cells transfected with the miR-200b-3p inhibitor compared 
with cells transfected with inhibitor control (Fig. 2B and C), 
suggesting that miR-200b-3p inhibition could decrease lipid 
accumulation.

Furthermore, the levels of cholesterol in the foam cells 
and in foam cell culture media were analyzed by ELISA. 
The TC, FC and EC levels in the foam cells transfected 
with the miR-200b-3p inhibitor were significantly decreased 
compared with those in foam cells transfected with the 
inhibitor-control (P<0.05; Table II); however, the EC/TC 
ratio was not significantly changed in foam cells transfected 

Figure 1. Expression of ABCA1 and miR-200b-3p is evaluated in patients with As and in RAW264.7-derived foam cells. Expression of (A) miR-200b-3p and 
(B) ABCA1 was measured by RT-qPCR in patients with or without As (n=30). (C) miR-200b-3p expression was negatively correlated with ABCA1 expression, 
as analyzed by Spearman correlation analysis. RAW264.7 cells were treated with or without 50 mg/l ox-LDL for 48 h. Lipid accumulation was evaluated by Oil 
Red O staining in (D) RAW264.7 and (E) RAW264.7-derived foam cells. Red arrows indicate lipid particles. Data show that lipid accumulation was increased 
in foam cells. (F) Expression of miR-200b-3p and ABCA1 was measured by RT-qPCR in cells. (G and H) Protein expression of ABCA1 was measured by 
western blotting in cells. As, atherosclerosis; miR, micro-RNA; ABAC1, ATP-binding cassette transporter A1; RT-qPCR, reverse transcription quantitative 
PCR.
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with the miR-200b-3p inhibitor (Table II). Furthermore, FC 
level in the culture media of foam cells transfected with the 
miR-200b-3p inhibitor was significantly increased compared 
with that in the culture media of foam cells transfected with 
inhibitor control (P<0.05; Table III). To analyze the effect of 
miR-200b-3p on cholesterol efflux in foam cells derived from 
macrophages, the cholesterol efflux rate of the foam cells was 
calculated according to the following equation: Cholesterol 
efflux rate % = culture media FC/(FC in culture media + FC 

in foam cells) x100%. As seen in Table IV, the cholesterol 
outflow of the foam cells transfected with the miR-200b-3p 
inhibitor was significantly higher than that of the inhibitor-
control cells (P<0,05), which indicated that miR-200b-3p 
inhibition may enhance cholesterol efflux in RAW264.7-
derived foam cells.

Taken together, these findings suggested that inhibition of 
miR-200b-3p may decrease lipid accumulation and enhance 
cholesterol efflux.

Figure 2. Inhibition of miR-200b-3p decreases lipid accumulation in RAW264.7-derived foam cells. (A) Relative expression of miR-200b-3p was measured 
by reverse transcription quantitative PCR in the cells transfected with the miR-200b-3p inhibitor control and the miR-200b-3p inhibitor. Lipid accumulation 
was measured by Oil Red O staining in RAW264.7-derived foam cells. (B) Representative images showing lipid accumulation in the cells. Red arrows indicate 
lipid particles. (C) Inhibition of miR-200b-3p decreased relative lipid accumulation in foam cells. miR, micro-RNA

Table II. Effect of miR-200b-3p on intracellular cholesterol content in foam cells.

 Inhibitor control miR-200b-3p inhibitor P-value

TC (nmol/mg total protein) 362.74±11.04 285.28±8.11 0.0006
FC (nmol/mg total protein) 151.74±5.85 109.28±8.42 0.0020
CE (nmol/mg total protein) 211.00±5.37 176.04±11.30 0.0084
CE/TC (%) 58.17±0.41 61.69±3.04 0.1181

TC, total cholesterol; FC, free cholesterol; CE, cholesterol ester; miR, micro-RNA.
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miR-200b-3p downregulates the expression of ABCA1 in foam 
cells. In human lung adenocarcinoma cell lines, miR-200b-3p 
targets ABCA1 and negatively regulates the expression of 
ABCA1 (17). To investigate whether miR-200b-3p could target 
ABCA1 in RAW264.7-derived foam cells, WT and MUT 
ABCA1 3'-UTRs were designed (Fig. 3A) and co-transfected 
into foam cells. Then, luciferase activity was evaluated. As 
presented in Fig. 3B, luciferase activity in cells transfected 
with miR-200b-3p mimic and the WT ABCA1 3'-UTR was 
decreased compared with that in cells transfected with miR-
200b-3p mimic and MUT ABCA1 3'-UTR.

miR-200b-3p inhibitor alleviates lipid accumulation and 
accelerates cholesterol efflux by upregulating ABCA1 expres-
sion. A rescue experiment was performed to determine the 
relationship between miR-200b-3p and ABCA1. To do so, 
foam cells were co-transfected with a miR-200b-3p inhibitor 
and si-ABCA1. The mRNA and protein expression of ABCA1 
in cells transfected with si-ABCA1 and miR-200b-3p inhibitor 
was partly downregulated (Fig. 4A and B). Furthermore, 
si-ABCA1 partly abrogated the alleviation of lipid accumu-
lation (Fig. 4C and D) and acceleration of cholesterol efflux 
(Table V) induced by miR-200b-3p inhibitor.

Taken together, these data suggested that miR-200b-3p 
inhibitor may alleviate lipid accumulation and accelerate 

cholesterol eff lux by positively regulating ABCA1 in 
RAW264.7-derived foam cells.

Discussion

As is the main cause of cardiovascular and cerebrovascular 
diseases (21,22). The pathogenesis of As involves multiple 
genetic and environmental factors. For example, abnormal of 
SOS3 methylation and histone results in As by disrupting the 

Table III. Free cholesterol level in the culture media of foam cells.

 Inhibitor control miR-200b-3p inhibitor P-value

FC (nmol/mg total protein) 53.73±4.05 82.42±3.29 0.0007

FC, free cholesterol; miR, micro-RNA.

Table IV. Effect of miR-200b-3p on cholesterol efflux in foam cells.

 Inhibitor control miR-200b-3p inhibitor P-value

Cholesterol efflux (%) 26.14±1.16 43.04±0.91 <0.0001

miR, micro-RNA.

Figure 3. miR-200b-3p targets ABCA1 in RAW264.7 macrophages. (A) Sequences of the ABCA1 3'-UTR and miR-200b-3p. Red letters represent the base 
sequence where the 3'-UTR of ABCA1 binds to miR-200b-3p. Blue letters represent the base sequence of the MUT ABCA1 3'-UTR. RAW264.7 cells were 
co-transfected with miR-200b-3p mimic and the WT or MUT 3'-UTR of ABCA1. (B) Relative luciferase activity was measured to verify the direct target 
relationship between miR-200b-3p and ABCA1. miR, micro-RNA; ABAC1, ATP-binding cassette transporter A1; WT, wild-type; MUT, mutant.

Table V. si-ABCA1 partly abrogates miR-200b-3p inhibitor-
induced accelerated cholesterol efflux in foam cells.

 Cholesterol
Groups efflux rate % P-value

miR-200b-3p inhibitor control 27.13±2.67 0.0019
miR-200b-3p inhibitor 47.71±4.12
miR-200b-3p inhibitor + si-control 45.63±3.58 0.0310
miR-200b-3p inhibitor + si-ABCA1 35.31±4.15

miR, micro-RNA; si, small interfering; ABAC1, ATP-binding cas-
sette transporter A1.
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function of vascular endothelium (23). Smoking accelerates 
As formation by impairing endothelial function and increasing 
inflammation/oxidative stress (24). Lipid metabolism disor-
ders are the main pathological bases of As and are mainly 
characterized by macrophage infiltration, foam cell formation, 
lipid accumulation in the blood vessel wall and plaque forma-
tion (3,4,25). Cholesterol outflow disorder is one of the main 
causes of macrophage lipid accumulation and foam cell forma-
tion and it leads to the development of As (25,26). Studying 
cholesterol efflux disorders is therefore beneficial when inves-
tigating the underlying mechanism of As and determining 
strategies for the prevention and treatment of As.

In the early development of As, macrophages aggregate 
under local inflammatory stimulation, excessive lipids 
accumulate intracellularly and cholesterol outflow decreases 
in macrophages, resulting in the formation of macrophage-
derived foam cells (27). Macrophage-derived foam cells 
are a sign of plaque formation and early development of As. 
ABCA1, an integrin on the cytomembrane, plays an important 
role in high density lipoprotein (HDL) and very low-density 
lipoprotein production, inflammation, insulin-glucose imbal-
ance and obesity (28,29). Furthermore, ABCA1 combined 
with the apolipoprotein apoA-I promotes the outflow of FC 
from macrophage cells (30). A previous study on the struc-
ture of ABCA1 protein demonstrated that the C-terminus of 
ABCA1 regulates cholesterol flippase activity and cholesterol 
efflux (31). Previous studies have reported that ABCA1 
mutations can cause Tangier disease (32) and familial HDL 
deficiency (7). Although abnormalities in ABCA1 can cause 
a variety of diseases, the role of ABCA1 in the regulation of 
lipid accumulation and cholesterol efflux is a current focus of 
research. Previous studies have demonstrated that abnormal 

expression of ABCA1 disturbs lipid accumulation and choles-
terol efflux in foam cells, resulting in As (33,34). ABCA1 is 
therefore considered as a biomarker for predicting As and a 
potential target gene for the treatment of As (35,36).

Previous studies have suggested that the targeting of 
ABCA1 by many miRNAs can exacerbate/attenuate the devel-
opment of As, such as miR-30e/92a (37), miR-143/145 (38) and 
miR-148a (39). Therefore, miRNAs can regulate the progres-
sion of As by affecting the expression of ABCA1.

In the present study, RAW264.7 macrophages were treated 
with ox-LDL to induce the formation of RAW264.7-derived 
foam cells. The expression of ABCA1 was significantly 
decreased in the foam cells, whereas the expression of miR-
200b-3p was significantly increased. Results from Oil red 
O staining demonstrated that lipid accumulation in foam cells 
was significantly increased compared with that in RAW264.7 
cells. Furthermore, in RAW264.7-derived foam cells trans-
fected with miR-200b-3p inhibitor, lipid accumulation was 
alleviated, cholesterol efflux was enhanced, which suggested 
that miR-200b-3p may promote lipid accumulation and inhibit 
cholesterol efflux. Subsequently, miR-200b-3p may be consid-
ered as a biomarker for the prediction of As; however, the 
underlying mechanisms of miR-200b-3p remain to be further 
explored. Bioinformatics analysis and luciferase reporter 
experiments verified that miR-200b-3p could target ABCA1 
in RAW264.7 macrophages, which was consistent with 
Liu et al (17). Rescue experiments revealed that miR-200b-3p 
exacerbated lipid accumulation, suppressed cholesterol efflux 
in macrophages and accelerated the formation of foam cells, 
which ultimately led to the formation of As.

This study presented some limitations. Ox-LDL was 
used for foam cell formation, which was recognized by the 

Figure 4. si-ABCA1 partly abolishes the miR-200b-3p inhibitor induced decrease in lipid accumulation in RAW264.7-derived foam cells. miR-200b-3p 
inhibitor or si-ABCA1 was transfected into foam cells. (A) mRNA and (B) protein expression of ABCA1was analyzed by reverse transcription quantitative 
PCR and western blotting. (C) Lipid accumulation in foam cells was analyzed by Oil Red O staining. Red arrows indicate lipid particles. (D) Lipid particles 
were quantified by ImageJ software in cells transfected with the miR-200b-3p inhibitor (inhibitor) control, inhibitor, inhibitor + si-control and inhibitor + 
si-ABCA1. miR, micro-RNA; ABAC1, ATP-binding cassette transporter A1; si, small interfering.
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majority of scientific researchers. However, ox-LDL can elevate 
the oxidative stress in macrophages and potentially affect the 
expression of numerous genes not related to cholesterol efflux. 
Due to this limitation, other triggers, such as acetylated and 
aggregated LDL and intermediate-density lipoprotein, will be 
further assessed in cholesterol and lipid load into macrophages 
in the future. The ABCA1 mediated cholesterol efflux is most 
relevant for As, not only in macrophages, but also in liver, intes-
tine and other organs. The ApoE-/- mice model with As will be 
used to further verify that miR-200b-3p could target ABCA1 to 
promote the formation and progression of As in macrophages, 
liver, intestine and other organs. In addition, regulation of 
cholesterol efflux by miR-200b-3p and ABCA1 in hepatocytes 
and intestinal cells will be investigated in the future.

In summary, the present study demonstrated that inhibition 
of miR-200b-3p alleviated lipid accumulation and promoted 
cholesterol efflux by targeting ABCA1 in macrophage-derived 
foam cells. miR-200b-3p could therefore be considered as a 
potential target gene for treating As.
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