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Up-regulated miR-93 contributes to coronary
atherosclerosis pathogenesis through targeting ABCA1

Yue He?, Lin Lin?, Jiagi Cao?, Xudong Mao?, Yi Qu?, Beili Xi*

1Department of Geriatrics, Shanghai Xuhui Central Hospital, Shanghai Clinical Center, Chinese Academy of Sci-
ences, Shanghai 200031, P.R. China; 2Department of Cardiology, Shanghai Xuhui Central Hospital, Shanghai
Clinical Center, Chinese Academy of Sciences, Shanghai 200031, P.R. China; *Department of Endocrinology,
Shanghai Xuhui Central Hospital, Shanghai Clinical Center, Chinese Academy of Sciences, Shanghai 200031, P.R.
China

Received October 27, 2014; Accepted January 7, 2015; Epub January 15, 2015; Published January 30, 2015

Abstract: Atherosclerosis is a chronic inflammatory disease, starting with the accumulation of white blood cells and
fatty materials in the arterial wall. ABCA1, a gene promotes phospholipid and cholesterol transfer from cells to poorly
lapidated ApoA1, is considered to be related to the pathogenesis of coronary atherosclerosis. Meanwhile, disturbed
miRNAs were reported to be related to coronary atherosclerosis. To understand the relationship between miRNA,
ABCA1 and coronary atherosclerosis pathogenesis, we first screened the miRNAs that may directly target 3'UTR of
ABCA1 and miR-33a was used as positive control. Through dual luciferase assay and western blot, we confirmed
that miR-93 and miR-17 repress ABCA1 expression through directly targeting 3’UTR. The serum miR-33a, miR-93
and miR-17 levels in participants were detected by qRT-PCR and a significant reduction of miR-33a and miR-93 was
found in the coronary patients. After statistical analysis we identified that a negative correlation was existed in the
serum miR-93 and ABCA1 levels in coronary atherosclerosis patients. Meanwhile, our results indicate that the se-
rum miR-93 positively correlates with the serum cholesterol level. This research may give insight into understanding
of coronary atherosclerosis pathogenesis and create an opportunity to the diagnosis of coronary atherosclerosis.
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Introduction

Atherosclerosis is a chronic inflammatory dis-
ease, starting with the accumulation of white
blood cells and fatty materials such as choles-
terol in the arterial wall, is the principal cause
of coronary artery disease coronary atheroscle-
rosis). Plasma high-density lipoprotein (HDL) is
thought to function as a sterol transporter
which is a protective factor against coronary
atherosclerosis. Meanwhile, the inverse corre-
lation between plasma HDL-C and the inci-
dence of coronary atherosclerosis is well estab-
lished [1, 2].

HDL formation occurs in the liver and intestine.
The interaction between lipid poor apolipopro-
tein A1 (ApoA1l) with the ATP binding cassette
Al (ABCA1) mediates this first step in HDL
formation [3]. ABCA1 is a member of the ABC
family of membrane transporters that pro-

motes phospholipid and cholesterol transfer
from cells to poorly lapidated ApoAl. Recently,
genetic association study and functional study
in mice have indicate an important role of
ABCA1 during the pathogenesis of atheroscle-
rosis [4-7].

MicroRNAs (miRNAs) are short non-coding
RNAs which modulate gene expression by bind-
ing to complementary segments present in the
3'UTR of the mRNAs of protein coding genes.
MiRNAs play very important roles in maintain-
ing normal human body physiology conditions,
and abnormal miRNA expressions have been
found related to many human diseases span-
ning from psychiatric disorders to malignant
cancers [8-10]. Increasing numbers of evidence
have shown that the expression of a group of
miRNAs was disturbed in atherosclerosis
patients and some of them related to the patho-
genesis of atherosclerosis [11].
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Table 1. Characteristics of cases and controls

IU/ml penicillin and 10 mg/mL

Characteristics

Cases (n =35) Controls (n=35) Pvalue

streptomycin. All cells were

Age 65

Sex (Male/female) 19/16

Diabetes (n, %) 9 (25.7) 5(14.3)
Hypertension (n, %) 29 (82.8) 21 (60)

maintained at 37°C under an

1
atmosphere of 5% CO,,.

1

0.044 Quantitative RT-PCR analysis of
0.0033 miRNA

Total cholesterol (mmol/L) 4.74 (4.12-5.47) 4.03 (3.48-5.20) < 0.001

HDL-C (mmol/L)
LDL-C (mmol/L)

1.18 (1.05-1.43) 1.25(1.03-1.64) < 0.001
3.09 (2.70-3.45) 2.42(2.04-3.01) < 0.001

Quantitative RT-PCR analysis
was employed to determine the

In the present study, we screened 6 selected
miRNAs that may target the 3'UTR of ABCA1
and found 2 of them repressed ABCA1 expres-
sion via targeting 3’'UTR directly. Subsequently,
the expression levels of selected miRNAs and
ABCA1 were detected in the patients’ serum
samples. A negative correlation was construct-
ed between the serum ABCA1l and mir-93
levels.

Materials and methods
Clinical samples

This study includes 35 consecutive patients
with coronary atherosclerosis and 35 age and
sex paired healthy controls. All the participants
were collected from Xuhui Central Hospital
between September 2012 and November
2013. Clinical diagnosis of coronary athero-
sclerosis was evaluated by percutaneous coro-
nary angiography, reviewed by two experienced
cardiologists. Healthy control subjects, without
coronary atherosclerosis, were selected in the
same period. Written informed consent was
obtained from all participants and this study
was approved by the Ethics Committee of Xuhui
Central Hospital.

10 ml peripheral venous blood was collected
from each participant. Portion of blood sample
was processed for serum separation which was
stored at -20°C until used. The processing of
these blood samples was started within 30 min
after collection.

Cell culture

THP1 cells were cultured in RPMI 1640 supple-
mented with 10% (v/v) fetal bovine serum
(Hyclone, Logan, UT, USA) at 37°C and 5% CO,,.
HEK293T cells were cultured in Dulbecco’s
Modified Eagle Medium containing 10% fetal
bovine serum (Hyclone, Logan, UT, USA), 100
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relative expression level of
selected miRNAs in the serum.
Total RNA was extracted from 100 pl serum
samples, using Trizol LS Reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. The expression level of
miRNAs was detected by TagMan miRNA
RT-Real Time PCR. Single-stranded cDNA was
synthesized by using TagMan MicroRNA
Reverse Transcription Kit (Applied Biosystems,
Foster City, CA, USA) and then amplified by
using TagMan Universal PCR Master Mix
(Applied Biosystems, Foster City, CA, USA)
together with miRNA-specific TagMan MGB
probes (Applied Biosystems, Foster City, CA,
USA). Each sample in each group was mea-
sured in triplicate and the experiment was
repeated at least three times for the detection
of miRNAs.

Dual luciferase assay

Full length of 3325 bp ABCA1 3'UTR were
cloned into downstream of firefly luciferase
coding region in pGLO3 basic plasmid (prome-
ga, Madison, WI, USA) to generate luciferase
reporter vector. For luciferase reporter assays,
HEK293T cells were seeded in 48-well plates.
miRNAs mimics or antagonists and luciferase
reporter vector were co-transfected by using
lipofectamine 2000 (Invitrogen, Carlsbad, CA
USA). pRL-TK plasmid containing renilla lucifer-
ase coding region was used as transfection
control. Two days later, cells were harvested
and assayed with the Dual-Luciferase Assay kit
(Promega, Madison, WI USA). Each treatment
was performed in triplicate in three indepen-
dent experiments. The results were expressed
as relative luciferase activity (Firefly LUC/
Renilla LUC).

Western blotting

Protein extracts were boiled in SDS/B-mer-
captoethanol sample buffer, and 20 yg sam-
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ples were loaded into each lane of 8% poly-
acrylamide gels. The proteins were separated
by electrophoresis, and the proteins in the gels
were blotted onto PVDF membranes (Amersham
Pharmacia Biotech, St. Albans, Herts, UK) by
electrophoretic transfer. The membrane was
incubated with mouse anti-ABCA1 monoclonal
antibody (Abcam, Cambridge, MA, USA), mouse
anti-B-actin monoclonal antibody (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA) for 1 h
at 37°C. The specific protein antibody complex
was detected by using horseradish peroxidase
conjugated rabbit anti-mouse IgG. Detection by
the chemiluminescence reaction was carried
using the ECL kit (Pierce, Appleton, WI, USA).
The B-actin signal was used as a loading
control.

Enzyme linked immunosorbent assay (ELISA)
for estimating ABCA1 protein

Serum ABCA1 level was estimated by using
sandwich ELISA method and rabbit and mouse
anti-ABCA1 antibodies (Abcam, Cambridge,
MA, USA). The relative concentrations were
compared using OD value directly

Blood biochemical indexes

Blood samples were drawn for measurement of
serum levels of TC, HDL-C, LDL-C after a 12-hour
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Figure 1. Screen miRNAs that tar-
get 3'UTR of ABCA1. A. The sche-
matic diagram of ABCA1 3'UTR re-
porter vector construction. B. Dual
luciferase assay. HEK293T cells
were transfected with miRNA mim-
ics with sequence scrambled short
RNA as negative control. 48 hour
post transfection, the cells were
lysed and luciferase activities
were detected. The results were
analyzed by students’t-test and
P < 0.05 was considered statisti-
cally significant. *P < 0.05, **P <
0.01.

overnight fast. Serum levels of TC (mmol/L),
HDL-C (mmol/L), and LDL-C (mmol/L) were
determined by colorimetric enzymatic assays
with use of an Auto-Analyzer.

Statistical analysis

All the results were analyzed by using SPSS
Statistical Package version 16. The data of two
groups were analyzed by student’s t-test and
the correlation analysis was processed by
x?-analysis. P < 0.05 was considered statisti-
cally significant.

Results
MiR-17 and -93 directly target ABCA1 3'UTR

The basic characteristics between the case
and control groups were presented in Table 1.
Coronary atherosclerosis is a chronic inflamma-
tory disease, starting with the accumulation of
white blood cells and fatty materials such as
cholesterol in the arterial wall, and ABCA1, a
gene promotes phospholipid and cholesterol
transfer from cells to poorly lapidated ApoAl is
considered to be related to the pathogenesis of
coronary atherosclerosis. Meanwhile, disturbed
miRNAs were reported to be related to coronary
atherosclerosis. To understand the relationship
between miRNA, ABCA1 and coronary athero-
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Figure 2. ABCA1 is a direct target gene of miR-93 and miR-17. A. HEK293T cells were transfected with ABCA1 3'UTR
reporter vector and the antagonist of miR-93 or miR-17. 48 hours post transfection, the cells were lysed and lucifer-
ase activities were detected. The results were analyzed by students’t-test and p < 0.05 was considered statistically
significant. *P < 0.05, **P < 0.01. B. THP1 cells were transfected with miRNA mimics or antagonists. 48 hours post
transfection, the cells were lysed and the protein level of ABCA1 was detected by western blot. C, D. The schematic
diagram of ABCA1 3’'UTR mutant plasmid construction. E, F. HEK293T cells were transfected with ABCA1 3'UTR
mutant reporter vector and miRNA mimics or antagonists. 8 hours post transfection, the cells were lysed and lucifer-
ase activities were detected. The results were analyzed by students’t-test and p < 0.05 was considered statistically
significant. *P < 0.05, **P < 0.01.

sclerosis pathogenesis, we first screened the cloned into downstream of firefly luciferase
miRNAs that may regulate ABCA1 expression coding region in pGLO3 basic plasmid to gener-
directly. Depending on the results from online ate luciferase reporter vector (Figure 1A). Dual
bioinformatics tool: TargetScan (http://www. luciferase assay was employed to identify the
targetscan.org/) we selected 6 miRNAs (miR- direct interaction between miRNAs and ABCA1
17, miR-19a, miR-93, miR-106a, miR-124 and 3’UTR. HEK293T cells were transfected with
miR-130a). MiR-33a, which has been confirmed ABCA1 3'UTR reporter vector and miRNA mim-
to be reported was used as positive control. ics, with pRL-TK as transfection control. As
The full length of 3325 bp ABCA1 3’'UTR were shown in Figure 1B, miR-93 and miR-17
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repressed the luciferase activity for 56% and
49% compared with miR-control. Furthermore,
the luciferase activity was up-regulated signifi-
cantly by miR-93 and miR-17 antagonist (Figure
2A). These results indicate that miR-93 and
miR-17 target the 3'UTR of ABCA1 leading to
the change of luciferase activities.

MiR-17 and -93 repress endogenous ABCA1
expression

To further identify whether endogenous ABCA1
protein level was repressed by miR-93 and miR-
17, we did the western blot assay. THP1 cells
were transfected with miRNA mimics or antago-
nists. 48 hours after transfection, cells were
lysed and the protein level of ABCA1 was
detected. As shown in Figure 2B, the ABCA1
expression was significantly repressed by miR-
93 and miR-17 mimics, meanwhile, it was sig-
nificantly up-regulated by miR-93 and miR-17
antagonists.
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Seed sequence mutant clone was constructed
to identify the target site of miR-93 and miR-17.
As shown in Figure 2C-F, when 4 nucleotides
mutated, the luciferase activities were not influ-
enced by the mimics or antagonists of miR-93
and miR-17 (P > 0.05). These results indicated
that miR-93 and miR-17 repressed ABCA1
expression through targeting the 3’UTR of
ABCA1 and ABCA1 is a direct target of miR-93
and miR-17.

Disturbed expression of miRNAs and ABCA1
exists in the serum samples of patients

To understand the expression of miRNAs and
ABCA1 in vivo, we detected the serum miRNA
levels via qRT-PCR and examined the serum
ABCA1 level via ELISA. As shown in Figure 3A-C,
the serum levels of miR-93 and miR-17 were
reduced significantly in coronary atherosclero-
sis patients compared with healthy control (P <

Int J Clin Exp Med 2015;8(1):674-681
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Figure 4. Correlation analysis. The correlation analysis was employed to determine the relationship between serum
miR-93 and ABCA1 (A), miR-17 and ABCA1 (B), miR-93 and cholesterol (C), and miR-17 and cholesterol. The results
were analyzed by x>-analysis. P < 0.05 was considered statistically significant.

0.01). Meanwhile, the patients’ serum ABCA1
level had a significant reduction (P < 0.05).

Examine the correlations between serum miR-
NAs, ABCA1 and cholesterol level

To further unveil the relationship between
serum mMiRNA and ABCA1 levels, we did a
correlation analysis. As shown in Figure 4B,
there is a strong negative correlation be-
tween serum miR-93 and ABCA1 levels (r =
-0.408, P = 0.015). However no relation-
ship was found between serum miR-33a and
ABCA1llevels(r=0.011,P=0.96).Subsequently,
correlation analysis was also employed to
examine the relationship between serum miR-
NAs and cholesterol levels in coronary athero-
sclerosis patients. As exhibited in Figure 4C
and 4D, the serum cholesterol level presents
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postive correlations with the serum miR-33a (r
= 0.49, P = 0.0027) and miR-93 (r = 0.41, P =
0.014).

Discussion

Coronary atherosclerosis is a chronic inflamma-
tory disease, starting with the accumulation of
white blood cells and fatty materials in the arte-
rial wall. ABCA1, a gene promotes phospholipid
and cholesterol transfer from cells to poorly
lapidated ApoAl, is considered to be related to
the pathogenesis of coronary atherosclerosis.
Meanwhile, disturbed miRNAs were reported to
be related to coronary atherosclerosis. To
understand whether there are some relations
between miRNA, ABCAL1 and coronary athero-
sclerosis pathogenesis, we first screened the
miRNAs that may directly target 3'UTR of ABCAL

Int J Clin Exp Med 2015;8(1):674-681
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and miR-33a was used as positive control.
Through dual luciferase assay and western
blot, we identified that miR-93 and miR-17
repress ABCA1 expression through directly tar-
geting 3'UTR. The serum miR-33a, miR-93 and
miR-17 levels in participants were detected by
gRT-PCR and a significant reduction of miR-33a
and miR-93 was found in the coronary patients.
After statistical analysis we identified that a
negative correlation was existed in the serum
miR-93 and ABCA1 levels in coronary athero-
sclerosis patients. Meanwhile, our results indi-
cate that the serum miR-93 is positive corre-
late with the serum cholesterol level.

MiR-33a has been reported to be related to
controlling lipoprotein metabolism [12-14].
There are also reports indicated that miR-33a
regulates cholesterol accumulation by affecting
HDL biogenesis (via ABCA1) pancreatic islets
[15]. In this study, we failed to construct a nega-
tive correlation between serum miR-33a and
ABCA1 level in coronary atherosclerosis
patients. However, a positive correlation was
found between serum miR-33a and cholester-
ol. These phenomenon may be results of the
multifunction of miR-33a-miR-33a regulates
serum cholesterol level through pathways
except ABCA1L.

In conclusion, we identified that ABCA1 is a
direct target gene of miR-93 and miR-17.
Meanwhile, up-regulated serum miR-93 is
positive related to raise serum cholesterol
level via targeting ABCA1 in coronary athero-
sclerosis patients. This research may give
insight into understanding of coronary athero-
sclerosis pathogenesis and create an opportu-
nity to approach the diagnosis of coronary
atherosclerosis.
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