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Aim: ATP-binding cassette (ABC) transporters and endonuclease-exonuclease-phosphatase family domain
containing 1 (EEPD1) are reported to regulate cellular cholesterol efflux in macrophages. Bioinformatics analysis
has revealed that ABCG1 and EEPD1 might be potential targets of microRNA (miR)-320b. This study aimed to
elucidate the roles of miR-320b in cholesterol efflux from macrophages and the pathogenesis of atherosclerosis.

Methods: Microarray was conducted to profile microRNA (miRNA) expression, and quantitative real-time
PCR (qPCR) was used to validate the differentially expressed miRNAs in peripheral blood mononuclear cells of
coronary artery disease (CAD) patients and healthy controls. Luciferase assay was conducted to evaluate the
activity of reporter construct containing the 3’-untranslated region (3’-UTR) of target genes. Besides, NBD-
cholesterol efflux induced by high-density lipoprotein (HDL) and lipid-free apolipoprotein Al (apoAl) was
detected using fluorescence intensity, respectively. Apoe”~ mice were injected with adeno-associated virus
(AAV)2-miR-320b or control via tail vein, thereafter fed with 14 week atherogenic diet to study the roles of miR-
320b in vivo.

Results: MiR-320b was highly expressed in CAD patients compared with that in the healthy controls in both
the microarray analysis and qPCR analysis. Iz vitro study showed that miR-320b decreased HDL- and apoAl-
mediated cholesterol efflux from macrophages partly by directly targeting ABCGI and EEPDI genes and partly
via suppressing the LXRa-ABCA1/G1 pathway. Consistently, 7z vivo administration of AAV2-miR-320b into
Apoe™” mice attenuated cholesterol efflux from peritoneal macrophages, which showed reduced expression of
ABCA1/G1 and EEPD1, and increased lipid LDL-C level, with a down-regulation of hepatic LDLR and ABCAL.
AAV2-miR-320b treatment also increased atherosclerotic plaque size and lesional macrophage content and
enhanced pro-inflammatory cytokines levels through the elevated phosphorylation level of nuclear factor-«B p65
in macrophages.

Conclusion: We identify miR-320b as a novel modulator of macrophage cholesterol efflux and that it might be
a promising therapeutic target for atherosclerosis treatment.

See editorial vol. 29: 148-149
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Introduction

Atherosclerosis (AS), characterized by inflammatory
responses and lipid accumulation in the arteries, is the
leading cause of heart disease worldwide!. The
generation of lipid-laden macrophage, also termed as
macrophage-derived foam cell formation, is a hallmark

feature at the early stage of atherosclerotic plaque
development® ?. Besides, the transformation of
monocyte-derived macrophages into foam cells is
directly linked to disturbed cholesterol influx,
endogenous synthesis, and efflux® >, which not only
accumulates lipid but also produces various
chemokines and cytokines to induce inflammation?.
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Recruited macrophages in the vessel intima
readily internalize modified low-density lipoproteins
(LDL) through scavenger receptors such as
macrophage scavenger receptor 1 (MSR1), cluster of
differentiation 36 (CD36), and lectin-like oxidized
LDL receptor 1 (LOX1)?; all of which respond to
local and systemic inflammation and contribute to the
formation of atherosclerotic plaque”. In turn,
excessive uptake of modified lipoproteins results in the
formation of cholesterol-rich foam cells in AS.
Cholesterol efflux is critical in maintaining lipid
homeostasis and is the major step in reverse cholesterol
transport (RCT) process for the delivery of excess
cholesterol to the liver, contributing to the
amelioration of atherogenesis®?. ATP-binding cassette
(ABC) transporters (e.g., ABCAl and ABCGI1) are
known to participate in cholesterol efflux from
macrophages. ABCA1 is implicated in the removal of
free cholesterol to lipid-poor apolipoproteins, notably
lipid-free apolipoprotein Al (apoAl), whereas
ABCG1 is responsible for transporting cholesterol to
high-density lipoprotein (HDL)'*'?. The expression
of ABCAl and ABCGI is regulated by various
factors'*!9, such as interleukin (IL)-22 ', peroxisome
proliferator-activated receptor/cyclic adenosine
monophosphate'”, and endonuclease-exonuclease-
phosphatase family domain containing 1 (EEPD1/
KIAA1706)'®. Among these, EEPDI1 is a newly
identified liver X receptors (LXRs) target gene that
plays a critical role in regulating ABCA1-mediated
cholesterol efflux from macrophagesw) LXRa,
identified as a primary trans-activating factor, plays a
key role in modulating cholesterol homeostasis®”.
Accumulating evidence has demonstrated that
ABCA1/G1 and EEPD1 are the target genes of LXRa
and that LXRa activation directly enhances their
expression'? 2122,

MicroRNAs (miRNAs) are small noncoding
RNA molecules that typically repress gene expression
via binding to the 3 -untranslated region (3’-UTR) of
target mRNAs and regulate the post-transcriptional
expression of target genes?”. Several miRNAs (e.g.,
miR-20a/b™™, miR-150%%, and miR-1552") have been
reported to regulate the progression of macrophage-
derived foam cell formation and AS?®. Additionally,
the drug therapies based on ABCAl and ABCGI
regulated by miRNAs might be clinical strategies for
AS treatment. For instance, puerarin could promote
miR-7/ABCA1-mediated cholesterol efflux?”. Another
report demonstrated that coenzyme Q10 (CoQ10)
could increase macrophage RCT by regulating miR-
378/ABCGI1 expression that contributes to the
prevention of AS*®. Thus, the suppression of
macrophage-derived foam cell formation via the

interaction between miRNAs and ABCA1/G1 has
been considered as an effective strategy for AS
prevention and treatment.

MiR-320b, a member of miR-320 family, is
expressed in human and nonhuman primates, not in
rodents. It was documented that miR-320b was a
modulator of pathological inflammatory responses by
regulating ICAM-1 expression in endothelial cells*.
In this study, we conducted miRNA microarray
analysis to identify differentially expressed miRNAs in
coronary artery disease (CAD). The results showed
that miR-320b was highly expressed in CAD patients
compared with that in the healthy controls. These
findings suggested that miR-320b might play an
important role in the pathogenesis of AS and CAD;
however, the underlying mechanisms remain unclear.

Here, we reported that miR-320b could suppress
cholesterol efflux partly by directly targeting ABCGI
and EEPDI genes and partly via LXRa-ABCA1/G1
pathway in macrophages and that adeno-associated
virus (AAV) 2-mediated miR-320b overexpression
could also attenuate cholesterol efflux and promote
AS progression in Apoe™'~ mice. miR-320b might be a
novel therapeutic target for AS treatment.

Materials and Methods

Study Population

A total of 147 CAD patients and 111 healthy
controls were enrolled. The cohort of subjects for
miRNA microarray profiling included 24 CAD
patients and seven healthy control subjects. The
remaining 123 CAD patients and 104 healthy
controls were used as replication population by qPCR
analysis to validate the differentially expressed
miRNAs identified by microarray profiling.

The study protocol was approved by the Ethics
Committee of Fuwai Hospital in Beijing, China.
Written informed consent was obtained from all
patients or their families under the Declaration of

Helsinki.

Materials

Lipofectamine RNAIMAX, SYBR green, and
TRIzol reagent were purchased from Invitrogen
(Carlsbad, CA, USA). Phorbol 12-myristate 13-acetate
(PMA) and apoAl were purchased from Sigma-
Aldrich (St. Louis, MO, USA). T0901317 was
purchased from MedChemExpress. Oxidatively
modified low-density lipoprotein (oxLDL) (2 mg);
Dil-labeled oxidized LDL, human (Dil-oxLDL) (500
pg); and HDL (2 mg) were purchased from Yiyuan
Biotech (Guangzhou, China). Immunohistochemistry
staining dye and DAB buffer were purchased from
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ZSGB-Biotech. Specific small interfering RNAs
(siRNAs) against LXRa (sense, 5'-GCUUCCACUAC
AAUGUUCUTT-3" and antisense, 5'-AGAACAUU
GUAGUGGAAGCTT-3") were synthesized by the
GenePharma Company (Shanghai, China). miR-320b
mimics (Sense, 5'-AAAAGCUGGGUUGAGAGGG
CAA-3’ and antisense, 5’-TTGCCCTCTCUUCCC
UGCTTTT-3") and miR-320b inhibitor (5’-TTGCC
CTCTCUUCCCUGCTTTT-3") were synthesized by
the RiboBio Company (Guangzhou, China).

Cell Culture and Transfections

THP-1 and RAW264.7 macrophages were both
maintained in Roswell Park Memorial Institute
(RPMI) 1640 medium without phenol red (11835-
030, Sigma-Aldrich, St. Louis, MO, USA) and
supplemented with 10% fetal bovine serum (FBS,
Gibco, Carlsbad, CA) and 1% penicillin—streptomycin
solution (Gibco, Carlsbad, CA) for all experiments.
HepG2, Huh-7, and HEK293T cells were grown in
Dulbecco’s Modified Eagle Medium containing 10%
FBS and 1% penicillin—streptomycin. Vascular
smooth muscle cells (VSMCs) were grown in smooth
muscle cell medium containing 10% FBS and 1%
penicillin—streptomycin. Human umbilical vein
endothelial cells (HUVECs) were cultured in
endothelial cell medium containing 10% FBS and 1%
penicillin—streptomycin. THP-1 cells were
differentiated into macrophages by incubation with
100 ng/L PMA for 48 h, whereas macrophages were
transformed into foam cells by incubation with 50 pg/
mL oxLDL for 48 h. All cells were cultured at 37C in
a humidified atmosphere of 5% CO: and transfected
with miR-320b mimics or inhibitor at the
concentrations of 50 nM using lipofectamine
RNAiMAX according to the manufacturer’s
instructions. All experimental control samples were
treated with an equal concentration of con miR or con
inhibitor.

Microarray Assay

MiR microarray was conducted by using Agilent
Human miRNA (8x60K) array (Agilent
Technologies, Santa Clara, CA, USA) to profile
transcriptome-wide miRNA expression in peripheral
blood mononuclear cells (PBMCs) of 24 CAD
patients and seven healthy controls. Raw data were
normalized by Quantile algorithm, included in the R
package AgiMicroRna®”. Differentially expressed
miRNAs were selected with a fold change of >1.2
and p value of <0.05 as criteria.

Luciferase Assay

The entire 3’-UTR of human ABCA1/G1 and
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EEPD1 was amplified by reverse transcription
polymerase chain reaction (RT-PCR) using Nhel and
Sall restriction sites.

The amplified sequence was cloned downstream
of the firefly luciferase open reading frame in the
pmirGLO (Nhel/Sall) vector (Shanghai Generay
Biotech Co., Ltd). The mutant EEPD1 and ABCG1
3’-UTR luciferase reporter constructs (pmirGLO-
eepd1-mut and pmirGLO-abcgl-mut) were generated
by converting the miR-320b-binding site GCUUUU
to GUCCCC and AGCUUU to UCUCCC,
respectively, using a Multisite-Quickchange kit
according to the manufacturers instructions. All
constructs were confirmed by sequencing,.

HepG2 cells were seeded into 24-well tissue
plates and were co-transfected with 100 ng of
luciferase reporter plasmid, 50 ng of pRL-TK
(Promega, Madison, WI, USA) using lipofectamine
3000 (Invitrogen, USA) and 50 nM of miR-320b
mimics or negative control using Lipofectamine™
RNAiMax (Invitrogen).

The pRL-TK plasmid, which expresses Renilla
luciferase, was used to correct the differences in
transfection efficiency. After incubation for 24 h, cells
were collected and tested for luciferase activities using
the Dual-Luciferase Reporter Assay Kit (Promega)
according to the manufacturer’s instructions.

RNA Isolation and Quantitative Real-time PCR
(qPCR)

Total RNA from cells was extracted using TRIzol
reagent (Invitrogen) according to the manufacturer’s
instructions, and then, 1 mg of total RNA was reverse
transcribed using a Transcriptor First Strand cDNA
Synthesis Kit (Roche, Mannheim, Germany)
according to the manufacturer’s protocols. QPCR was
used to measure the relative fold change of targeted
genes after transfection of miR-320b mimics or
inhibitor. The targeted genes and their primer
sequences are shown in Supplemental Table 1.

To detect the expression of miR-320b, total RNA
was reverse transcribed using the TagMan miRNA
Reverse Transcription Kit (Applied Biosystems).
QPCR was conducted using TagMan Gene Expression
Assays (Applied Biosystems) with U6 snRNA serving
as an internal control.

SYBR green- and TagMan-based qPCR was
conducted on an ABI Vii7 real-time PCR system
(Applied Biosystems, Foster City, CA, USA) under the
following conditions: 95C denaturation for 2 min,
followed by 40 cycles of 95C for 30 s and 60°C for 30
s. Quantitative measurements were determined using
the 2722 method, and GAPDH or U6 snRNA

expression was used as the internal control.
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Western Blot

Cells were lysed in ice-cold lysis buffer added
with Phosphatase Inhibitor Cocktail Tablets and
Protease Inhibitor Cocktail Tablets. Protein
concentrations were determined using the Bradford
Protein Assay Kit (Bio-Rad, Hercules, CA, USA).

Equal amounts of total protein (20 pg per lane)
were resolved by sodium dodecyl sulfate
polyacrylamide gel electrophoresis and transferred
onto nitrocellulose membrane. The membranes were
blocked with 5% fat-free milk for 1 h and incubated
overnight with primary antibodies. The information
of all used antibodies is listed in Supplemental Table
2.

The membranes were then incubated with
horseradish peroxidase-conjugated secondary
antibodies (Santa Cruz Biotechnology) for 1 h.
Immunoreactive bands were visualized by
Chemiluminescence Kit (Thermo Scientific Pierce,
Waltham, MA). Protein expression was quantified by
densitometry using Quantity One software (Science
Imaging System, Bio-Rad, Hercules, CA).

Cellular Cholesterol Efflux and OxLDL Uptake
Assay

To evaluate 22-(N-(7-nitrobenz-2-oxa-1,3-
diazol-4-yl)amino)-23 and 24-bisnor-5-cholen-3
beta-ol (NBD)-cholesterol efflux rate, THP-1-derived
or RAW264.7 macrophages were incubated in phenol
red-free RPMI 1640 medium containing 0.2% BSA
(Solarbio, Beijing, China) and 5 pmol/l NBD-
cholesterol for 4 h at 37°C. Following incubation, cells
were washed with phenol red-free RPMI 1640
medium for three times, and then, THP-1-derived
macrophages were transfected with miR-320b mimics
or inhibitor and RAW264.7 macrophages were
transfected with miR-320b mimics in phenol red-free
RPMI 1640 medium containing 10% FBS. After
incubation for 48 h, cells were washed with phenol
red-free RPMI 1640 medium for three times and then
were incubated with 50 pg/ml HDL or 15 pg/ml
apoAl as lipid acceptors in phenol red-free RPMI
1640 medium containing 0.2% BSA. Subsequently,
cells were harvested for 4 h, and the medium and cell
lysate were collected for the detection of fluorescence
intensity (FI).

To lyse the cells in a 24-well plate, 0.1% Triton
X-100 (Gibco Life Technologies, Carlsbad, CA, USA)
was used, and the cell lysate was homogenized by
pipetting up and down for several times. A total
volume of 600 pl was then aliquoted into three wells
(200 pl per well) of a black polystyrene 96-well plate
(Costar; Corning Incorporated). The measurement of

FI was conducted by Infinite M200 Pro (TECAN,

Switzerland) at a wavelength of 469 nm for excitation
and 537 nm for emission. The percentage of NBD-
cholesterol efflux was calculated by dividing the FI in
the medium by the sum of the FI in the medium and
cell lysate.

Fluorescence-labeled Dil-oxXLDL was used to
evaluate the uptake ability of macrophages. Briefly,
macrophages were treated with miR-320b mimics or
inhibitor for 48 h, followed by 10 pg/mL Dil-oxLDL
at 37C for 4 h. Cells were washed, and lysates were
analyzed by Infinite M200 Pro (TECAN, Switzerland)
using 540 nm excitation laser line and 590 nm
emission filters.

Oil Red O (ORO) Staining and Cholesterol Content
Measurement

THP-1-derived macrophages were transfected
with miR-320b mimics or inhibitor, and RAW264.7
macrophages were transfected with miR-320b mimics
and then incubated with oxLDL (50 pg/mL) for 24 h.
The cells were fixed with 4% paraformaldehyde (PFA)
and then washed with PBS for three times and stained
with ORO (Beijing Solarbio Science & Technology
Co., Ltd) in isopropanol for 30 min at 37C. The cell
morphology covered by distilled water was observed
by Leica DM IL LED microscope (Leica Microsystems
Pty Ltd, USA). The quantification of ORO content
was measured by NIH Image] software (National
Institutes of Health, Bethesda, MD, USA).

Animal Models

The animal experimental protocol was reviewed
and approved by the Animal Care and Use Committee
of Peking Union Medical College and the Chinese
Academy of Medical Sciences (Beijing, China). A total
of 20 male Apoe™™ mice aged 6 weeks (Beijing Vital
River Laboratory Animal Technology Co., Ltd, China)
were housed on a 12 h light/12 h dark cycle with
plenty of food and water. All mice were fed a high-fat
diet (1% cholesterol and 21% fat). After 2 weeks,
mice were randomized into two groups (z=10 per
group): AAV2-GFP (control group) and AAV2-miR-
320b (treatment group), which were injected via tail
vein with AAV2-GFP suspension (5% 10'* vg/ml, 200
pl) and AAV2-miR-320b suspension (510" vg/ml,
200 pl), respectively. Fourteen wecks after AAV2
injection, mice were anesthetized, and then, blood
samples were collected from the retro-orbital plexus
for further analysis. Peritoneal macrophages were
extracted for RNA/protein extraction and cholesterol
efflux rate detection®”. Hearts and proximal aortas
were removed and fixed in 4% PFA overnight and
then embedded in optimal cutting temperature
compound and frozen immediately.
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In vivo Cholesterol Efflux Assay

The mouse was sprayed with 70% ethanol and
mounted on the styrofoam block on its back after
euthanization. Peritoneal macrophages were extracted
by injecting 5 ml of ice-cold PBS (with 3% FCS) into
the peritoneal cavity using a 27 g needle, and then,
the peritoneum was gently massaged. Finally, a 25 g
needle was inserted into the peritoneum, and the fluid
was collected while moving the tip of the needle
gently to avoid clogging by the fat tissue or other
organs, the fluid was collected as much as possible,
and approximately 5-10 million peritoneal cavity cells
(30% macrophages) could be obtained. After
incubation for 4 h at 37C, nonadherent cells were
removed, and adherent cells consisting of macrophages
were kept for future use. After cell purification,
macrophages were cultured with a concentration of
2x10° cells/well in 24-well tissue culture plates in
RPMI 1640 medium containing 10% FBS®". Four
hours after macrophages adhered to the plate, NBD-
cholesterol (5 pmol/l) was added to phenol red-free
RPMI 1640 medium containing 0.2% BSA for 4 h at
377C, and then, cells were incubated with 50 pg/ml
HDL or 15 pg/ml apoA1l as lipid acceptors in phenol
red-free RPMI 1640 medium containing 0.2% BSA.
Subsequently, the cells were harvested after 4 h, and
the medium and cell lysate were collected for the
detection of FI.

Plasma Lipid Profile and Pro-Inflammatory
Cytokines Analysis

Mice were fasted for 12 h before blood samples
were collected. Blood was collected in tubes
containing EDTA and centrifuged for 15 min at 4C.
Plasma samples were separated and stored at —20C
prior to analysis. Triglyceride (TG), total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C),
and HDL-C levels were determined by enzymatic
methods using standard test kits (Beckman) according
to the manufacturer’s instructions (Beckman AU5821,
China). Plasma VCAM-1, ICAM-1, MCP-1, IL-6,
and CXCL5 levels were detected by Quantikine
ELISA kit (R&D systems) according to the

manufacturer’s protocols.

Histology and Immunohistochemistry (IHC) of
Aortas

Hearts and proximal aortas from mice were
removed and fixed. Hearts were cut directly, and
aortas were opened longitudinally from the aortic root
to the iliac bifurcation and fixed in 4% PFA for 24 h.
The ORO stained aorta was scanned with a digital
camera. For IHC, the aortic sinus was embedded in
paraffin and then was divided into 8 pm sections for
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further experiments. Slides in EDTA Antigen Retrieval
solution were boiled for 2 min and cooled for room
temperature. Slides were then blocked in 10% normal
serum with 1% BSA in TBS for 30 min at room
temperature and incubated with specific primary
antibodies (anti-CDG68 and anti-a-SMC-actin,
respectively) overnight at 4C. After recovering to
room temperature, slides were incubated with
secondary antibodies and stained with DAB buffer.
All sections were evaluated with Image] for
quantitative measurements.

Statistical Analysis

All values were expressed as the mean *standard
deviation (SD) of three independent experiments.
Data were analyzed by Student’s #test or ANOVA. All
data were analyzed using GraphPad Prism 7
(GraphPad Software, San Diego, CA, USA). Statistical

significance was determined at »<0.05.

Results

MiR-320b is Upregulated in CAD Patients

To identify differentially expressed miRNAs in
CAD, miRNA microarray was conducted in PBMCs
between 24 CAD patients and seven healthy controls,
and microarray analysis showed that miR-320b was
significantly increased by 1.50-fold change in CAD
patients compared with that in the healthy controls
(Fig. 1A). The clinical characteristics of the 31 study
objects have been described in our previous article®?.

A total of 123 patients and 104 healthy controls
were enrolled in validation analysis. MiR-320b was
significantly upregulated by 1.30-fold change in
PBMC:s of CAD patients compared with that in the
healthy controls (Fig.1B) and showed the same
variation trends as the microarray data, which support
a strong consistency between the microarray analysis
and qPCR analysis. The basic characteristics of the
227 participants are shown in Supplemental Table 3.

MiR-320b Regulates Macrophage-Derived Foam
Cell Formation

To investigate the cell-type distribution of miR-
320b, qPCR assay was conducted to detect the
expression of miR-320b in various types of cultured
cells. As shown in Fig.1C, miR-320b expression was
ubiquitously expressed in HepG2, Huh-7, VSMCs,
HEK293T, THP-1-derived macrophages, and
HUVECs. Subsequently, we explored whether miR-
320b participated in the formation of foam cells,
which was a major characteristic of AS progress. For
this purpose, the effect of oxLDL on miR-320b

expression was examined in THP-1-derived
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Fig. 1. MiR-320b is elevated in CAD samples and in macrophages under oxLDL/LPS treatment
(A) MiR-320b was upregulated in peripheral blood mononuclear cells (PBMCs) of 24 CAD patients compared with those in 7 healthy con-

trols.

(B) QPCR analysis of the expression of hsa-miR-320b in a cohort of 123 CAD patients and 104 healthy controls.

(C) The relative abundance of miR-320b in various human cultured cells.

(D) The expression level of miR-320b in THP-1-derived macrophages after 50 pg/ml oxLDL treatment for 24 and 48 h.
(E) The expression level of miR-320b in THP-1-derived macrophages after 10 ng/pl LPS stimulation for 6 h.
Data were expressed as mean = SD of three independent experiments. *p<0.05, **»<0.01.

macrophages. As shown in Fig.1D, miR-320b
expression was significantly elevated after 24 h and
maintained at a stable level after 48 h for oxLDL
treatment (50 pg/ml), suggesting that miR-320b was
involved in foam cell generation. Gain- and loss-of-
function experiments were conducted to test whether
miR-320b promoted the transformation of oxLDL-
treated macrophages into foam cells. The results
demonstrated that miR-320b modulated lipid
accumulation in macrophages after incubation with
50 pg/ml oxLDL for 48 h, determined by ORO
staining (Supplemental Fig. 1A and B). Direct lipid
analysis further confirmed 76% decrease of TC levels
in THP-1-derived macrophages after transfected with
miR-320b inhibitor and an approximately 2.27- and
2.38-fold change increase of TC levels in miR-320b-
overexpressing THP-1-derived and RAW264.7
macrophages, respectively (Supplemental Fig. 1C and
D). These results demonstrated that miR-320b
promoted the formation of macrophage-derived foam

cells. Furthermore, the stimulation of 10 ng/pl
lipopolysaccharide (LPS) enhanced the expression of
miR-320b by 4.42-fold change in THP-1-derived
macrophages (Fig.1E), indicating that miR-320b
might play a key role in cholesterol homeostasis and

AS progress.

MiR-320b Directly Targets ABCG1 and EEPD1 in
HepG2 Cells

Bioinformatics analysis using the program
TargetScan Human v7.1 (http://www.targetscan.org/)
and miRGator v3.0 (http://mirgator.kobic.re.kr/)
demonstrated that ABCG1 and EEPD1 contained the
putative binding sites for miR-320b in their 3’-UTR
(Fig.2A). Additionally, the free energy scores
according to RNAhybrid prediction (http://bibiserv.
techfak.uni-bielefeld.de/rnahybrid/) for miR-320b-
ABCGI1/EEPDI mRNA hybrids were low (Fig.2B
and C), indicating a high probability for interactions
between miR-320b and the 3’-UTR of ABCG1/
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Fig.2. MiR-320b directly targets ABCG1/EEPD1

(A) The bioinformatics prediction for the potential binding sites of miR-320b in the 3’-untranslated region (3’-UTR) of ABCG1/EEPDI.
(B) Minimum free energy associated with miR-320b/ABCG1 hybridization.

(C) Minimum free energy associated with miR-320b/ EEPD1 hybridization.

(D) Schematic overview demonstrating the pmirGLO reporter vectors containing the wild-type or mutated target site of human ABCG1/

EEPDI 3°-UTR.

(E) Luciferase reporter assay of HepG2 cells transfected with wild-type or mutated 3’-UTR of ABCGI mRNA and miR-320b mimics (50
nM) or negative control. Relative luciferase activities were normalized against the Renilla luciferase activities.

(F) Luciferase reporter assay of HepG2 cells transfected with wild-type or mutated 3’-UTR of EEPDI mRNA and miR-320b mimics (50
nM) or negative control. Relative luciferase activities were normalized against the Renilla luciferase activities.

Data were expressed as mean = SD of three independent experiments. *p<0.05, **»<0.01.

EEPDI mRNA. To test whether miR-320b directly
bound to the predicted targets, we conducted dual-
luciferase reporter activity assays by transfecting
constructs carrying wild-type or mutant ABCG1/
EEPD1 3’-UTR, respectively (Fig.2D). The results
showed that the delivery of miR-320b mimics
significantly reduced the activity of wild-type ABCG1
and EEPD1 3’-UTR reporter, whereas the
mutagenesis of the putative binding sites within the
ABCGI1 or EEPD1 3’-UTR showed no significant
change in the luciferase signal (Fig.2E and F).
Additionally, we conducted a dual-luciferase reporter
activity assay by transfecting constructs carrying wild-
type ABCA1 3’-UTR to test whether miR-320b
directly interact with ABCA1 mRNA. The results
showed that the delivery of miR-320b mimics did not
affect the activity of wild-type ABCA1 3’-UTR
reporter (Supplemental Fig. 1E).
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MiR-320b Regulates ABCA1/G1 and EEPD1
Expression in Macrophages

We then conducted qPCR and immunoblot
analysis to determine the effects of miR-320b on the
expression of its potential targets. The effectiveness of
overexpression and inhibition of miR-320b was
confirmed by qPCR assay (Supplemental Fig. 1F and
G). In THP-1-derived and RAW264.7 macrophages,
miR-320b overexpression decreased ABCA1/G1 and
EEPD1 levels. By contrast, miR-320b inhibition
increased the levels of ABCA1/G1 and EEPDI in
THP-1-derived macrophages (Fig.3A-E). It is
reported that the LXRa plays a critical role in
modulating ABCA1/G1 and EEPD1 expression and
lipid homeostasis'®. We therefore examined whether
LXRa was implicated in miR-320b regulation of
ABCA1/G1 and EEPD1 expression. THP-1-derived

macrophages were treated with or without 3 pmol/L
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Fig.3. MiR-320b negatively regulates the expression of ABCAI/ABCG1/EEPD1 in macrophages

(A) ABCA1/ABCGI/EEPDI mRNA expression level in THP-1-derived macrophages after 50 nmol miR-320b mimics or inhibitor treatment
for 48 h.

(B) ABCAI/ABCGI/EEPDI mRNA expression level in RAW264.7 macrophages after 50 nmol miR-320b mimics or negative control
treatment for 48 h.

(C) ABCA1/ABCGI1/EEPD]1 protein expression level in THP-1-derived macrophages after 50 nmol miR-320b mimics or inhibitor treatment
and in RAW264.7 macrophages after 50 nmol miR-320b mimics treatment for 48 h.

(D)/(E) Relative protein quantification for the data shown in (C).

(F) ABCA1/ABCGI/EEPDI/ LXRae mRNA expression level in THP-1-derived macrophages pretreated with or without 3 pmol/L LXRa
activator T0901317 for 12 h and then transfected with miR-320b mimics for 48 h.

(G) ABCA1/ABCGI/EEPDI/ LXRo: mRNA expression level in THP-1-derived macrophages transfected with 50 nM LXRa siRNA for 12 h
and then transfected with miR-320b inhibitor (50 nM) for 48 h.

(H) THP-1 derived macrophages were pretreated with or without 3 pmol/L LXRa activator T0901317 or transfected with 50 nM LXRa
siRNA for 12 h and then transfected with miR-320b mimics or inhibitor (50 nM) for 48 h.

(I)/(J) Relative protein quantification for the data shown in (H).

Data were expressed as mean = SD of three independent experiments. *p<0.05, **»<0.01.

LXRea agonist T0901317 for 12 h® and then protein levels of ABCA1 and ABCGI after gain- or
transfected with miR-320b mimics or control. We loss-of-function of EEPDI gene in THP-1-derived
found that the treatment of macrophages with LXRa macrophages. The results showed that EEPDI
agonist T0901317 recovered the negative effects of regulated ABCA1 expression but not ABCGI
miR-320b-induced down-regulation of ABCA1/G1 (Supplemental Fig.2 A and B). Additionally, the
and EEPDI expression. By contrast, the transfection expression of MSR1, CD36, and LOX1 remained

of LXRa siRNA attenuated miR-320b inhibitor’s unchanged in response to either the upregulation or
positive effects on the expression of ABCA1/G1 and down-regulation of miR-320b in THP-1-derived
EEPD1 in THP-1-derived macrophages (Fig. 3F-]). macrophages. The similar results were obtained when

EEPDI has been identified as a novel LXRa overexpressing miR-320b in RAW264.7 macrophages

-regulated gene in macrophages. EEPD1 promotes (Supplemental Fig.2 C-E). Hence, we concluded
cellular cholesterol efflux by controlling cellular levels that miR-320b might modulate ABCA1/G1 and
and activity of ABCA1 ' To verify whether EEPD1 EEPD1 expression partly via the LXRa-ABCA1/G1
modulated ABCA1 and ABCGI, we detected the pathway and partly by directly targeting ABCGI and
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(D) Effect of miR-320b overexpression on cholesterol efflux to apoAl in RAW264.7 macrophages.

Data were expressed as mean * SD of three independent experiments. *»<0.05, **»<0.01.

EEPD] genes in macrophages.

MiR-320b Modulates Cholesterol Efflux to HDL
and apoAl from Macrophages

To gain more insight into the regulation of
macrophage-derived foam cell formation, we
examined the effect of miR-320b on cholesterol efflux
and influx in THP-1-derived and RAW264.7
macrophages. As shown in Fig.4, the overexpression
of miR-320b decreased cholesterol efflux to HDL and
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apoAl by 17.13% and 21.64% in THP-1-derived
macrophages and 11.97% and 33.49% in RAW264.7
cells, respectively. By contrast, the inhibition of miR-
320b significantly increased macrophage cholesterol
efflux to HDL and apoAl by 24.70% and 9.76% in
THP-1-derived macrophages, respectively.
Nevertheless, miR-320b did not alter macrophage
lipid influx, determined by Dil-oxLDL uptake assays
(Supplemental Fig.2F and G). Therefore, we
concluded that miR-320b could regulate HDL- and
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Fig.5. MiR-320b modulates cholesterol efflux, inflammatory cytokines and the progress of AS in Apoe™ ™~ mice (7=6 per group)

(A) ABCA1/ABCG1/EEPDI protein expression level in the macrophages of Apoe™ ™ mice after in vivo delivery of miR-320b or miR-control
(tail vein injections of 10 '? vg per mouse on a high-fat diet (1% cholesterol and 21% fat) for 14 weeks).

(B) Effect of miR-320b overexpression on cholesterol efflux to apoAl and HDL in peritoneal macrophages of Apoe™~ mice.

(C) The plasma MCP-1/IL-6 and CXCLS5 expression level in Apoe™'~ mice.

(D) The phosphorylation level of NF-kb P65 and total NF-kb P65 protein expression level in the macrophages of Apoe™
(E) Effect of miR-320b on aorta lipid deposition in Apoe™'~ mice by Oil Red O (ORO) staining.

(F) Effect of miR-320b on aortic sinus lipid deposition in Apoe™~ mice by ORO staining.

(G) Representative immunohistochemistry (IHC) and quantification of CD68-positive macrophages and a-SMC-actin-positive smooth mus-
cle cells in aortic sinus in Apoe™~ mice.

Data were expressed as mean +SD of three independent experiments. *»<0.05, **p<0.01.

'~ mice.

apoAl-mediated cholesterol efflux in macrophages, a were fed with high-fat diet for 14 weeks
critical step in the RCT pathway for the delivery of (Supplemental Fig.3A). The overexpression of miR-
excess cholesterol to the liver”. 320b in peritoneal macrophages was measured by

qPCR assay. The results confirmed a significant

MiR-320b Regulates Cholesterol Efflux from increase of 2.94-fold change in miR-320b expression
Macrophages in Apoe™'~ Mice in AAV2-miR-320b-treated mice compared with those
Previous report has demonstrated that AAV2 in the controls (Supplemental Fig.3B). Meanwhile,
mediated gene overexpression in peritoneal ABCA1/G1 and EEPD1 protein levels in

macrophages was effective in vivo®?. To evaluate the macrophages were decreased (Fig.5A), and apoAl-
effects of miR-320b on cholesterol efflux from and HDL-mediated cholesterol efflux from
macrophages in Apoe™'” mice, we transduced AAV2- macrophages was reduced by 11.3% and 7.8%,
mediated miR-320b or control to peritoneal respectively (Fig.5B).

macrophages by tail vein injection, and then, mice
ges by J
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MiR-320b Alters Plasma Pro-Inflammatory
Cytokines Levels in Apoe™~ Mice

ELISA assay was conducted to determine the
effects of miR-320b on the expression levels of pro-
inflammatory cytokines, and the concentration of
MCP-1, IL-6, and CXCL5 was significantly increased
by 81.7%, 80.4%, and 20.6%, respectively, in AAV2-
miR-320b group compared with that in the controls
(Fig. 5C). However, the plasma levels of VCAM-1 and
ICAM-1 showed no significant statistical difference
(Supplemental Fig.3C and D). The nuclear factor-«
B (NF-«B) transcription factor family is central to
inflammatory process®”. The activation of NF-kB in
macrophages promoted overexpression of
inflammatory cytokines®®”, and inducible
phosphorylation of the NF-«B P65 subunit Ser536
(8§536) is a key mechanism of NF-kB activation in
response to inflammatory stimulation®”. We detected
the phosphorylation level of NF-«B P65 in
macrophages and found a remarkable increase in the
phosphorylation level of NF-«B P65 in the AAV2-
miR-320b-treated mice compared with the control
mice (Fig.5D).

MiR-320b Affects Lipid Profile in Apoe™~ Mice

Given the results that miR-320b regulated
cholesterol efflux from macrophages, which
contributed to RCT process, we investigated the
effects of miR-320b on plasma lipid levels in Apoe™~
mice. Results demonstrated that HDL-C levels were
decreased by 45.4%, whereas LDL-C levels were
increased by 132.6% in the AAV2-miR-320b group
compared with those in the control mice. Similarly,
TC and TG levels were increased by 49.6% and
58.6%, respectively (Supplemental Table 4). Hepatic
expression of LDLR and ABCAI1 is crucial for
maintaining cholesterol homeostasis*”. Reduced
hepatic LDLR expression results in decreased LDL
catabolism and increased levels of plasma LDL-C?¥,
whereas reduced ABCA1 leads to HDL biogenesis
deficiency and lower levels of HDL-C??. Then, we
determined the expression level of ABCA1 and LDLR
in the liver and found that ABCA1 and LDLR
expression in AAV2-miR-320b-treated mice was
decreased by 32% and 44%, respectively, compared
with those in the control group (Supplemental
Fig.3E and F).

MiR-320b Promotes Aortic Lesions in Apoe™’~ Mice

Subsequently, we examined whether miR-320b
accelerated the progress of atherosclerotic lesions. The
assessment of atherosclerotic lesion by ORO staining
revealed a marked promotion in plaque formation by
2.56-fold change in the aorta and aortic sinus in the
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AAV2-miR-320b-treated mice compared with that in
the control mice (Fig. 5E). Sections for ORO staining
demonstrated that more lipid accumulation was
observed in AAV2-miR-320b-treated mice (Fig.5F).
To examine the cell types responsible for the increased
plaque formation, we conducted IHC staining of
VSMCs (a-SMC-actin) and macrophages (CD68) in
mouse aorta. Results showed that the content of
macrophages and VSMCs was significantly increased
in AAV2-miR-320b-treated mice compared with that
in the control groups (Fig.5G), indicating a more
unstable lesion phenotype with increased
inflammation accumulation. Taken together, the
results suggested that overexpression of miR-320b
attenuated cholesterol efflux from plaque
macrophages, enhanced inflammatory process, and
deteriorated lipid profile, leading to increased
atherosclerotic burden.

Discussion

MiRNAs might be served as biomarkers for the
diagnosis, prognosis, and therapy of AS-related
cardiovascular diseases*” “". The functional significance
of differentially expressed miRNAs in AS is not yet
fully understood. In the present study, we found that
hsa-miR-320b was remarkably elevated in CAD
patients compared with that in the healthy
individuals, suggesting an emerging atherogenic role
in the progress of AS. Interestingly, miR-320b was
reported to be significantly increased in diabetic
hearts*?, revealing a potential role in diabetes-related
myocardial damage. However, it should be noted that
studies have reported that the plasma miR-320b
expression level was markedly reduced in patients with
acute myocardial infarction®’ and ischemic
cerebrovascular diseases*”. These conflicting results
may be due to the region discrepancy and different
characteristics of the recruited patients and require
further work to validate the functional role of miR-
320b in AS-related cardiovascular diseases.

In our study, ABCGI mRNA transcripts were
found to contain the potential binding sites of miR-
320b by Targetscan prediction, whereas ABCAI
mRNA contained no potential binding sites within
miR-320b using bioinformatic tools. EEPD1 was also
found to be the target of miR-320b by prediction
(miRGator). Luciferase assay also confirmed that
ABCG1 and EEPDI genes were the direct targets of
miR-320b. Additionally, the expression of ABCA1/G1
and EEPD1 was significantly reduced or increased
after transfecting with miR-320b mimics or inhibitor

in macrophages. LXRa was reported to directly
upregulate ABCA1/G1 abundance in macrophages'® 4
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and directly target EEPD1 to induce ABCA1 '®. We
found that the treatment of macrophages with LXRa
agonist T0901317 recovered the negative effects of
miR-320b-induced down-regulation of ABCA1/Gl
and EEPD1 expression. By contrast, the transfection
of LXRa siRNA attenuated the positive effects of
miR-320b inhibitor on the expression of ABCA1/G1
and EEPD1 in THP-1-derived macrophages, and
EEPDI1 could modulate the expression of ABCA1 but
not ABCGI1. Given that miR-320b could regulate
cholesterol efflux to HDL and apoAl, we concluded
that miR-320b could modulate cholesterol efflux
partly via the LXRa-ABCA1/G1 pathway and partly
by directly targeting ABCGI and EEPDI genes in
macrophages.

ABCA1 and ABCGI are reported to have diverse
roles in mediating cholesterol efflux to HDL particles.
The complete deletion of ABCALI exhibited no impact
on atherosclerotic lesion within Apoe™™ or Ldlr™'~
background mice, whereas ABCA1 ablation in
macrophages seemed to have a pro-atherogenic
effect””. Bone marrow deficiency of ABCGI1 had
contradictory results from various studies®?,
implying the difference in the time of high-fat diet
treatment duration®”. Furthermore, the combination
deletion of ABCAl and ABCGI in macrophages
promoted the initiation and progress of AS via
increased inflammatory responses®® °?. Together,
macrophage cholesterol efflux mediated by both
ABCA1 and ABCGI1 shows an athero-protective
property, and by contrast, deficiency in both ABCA1
and ABCG1 abundance accelerates atherogenesis
through lipid accumulation and inflammatory
infiltration.

Although miR-320b is expressed in human, not
in rodents, the binding sites of hsa-miR-320b in
EEPD1 and ABCG1 3’-UTR are conserved in human
and mouse species. To investigate the role of miR-
320b in regulating cholesterol efflux and AS in vivo,
we conducted gain-of-function study by using AAV2-
mediated delivery of miR-320b into Apoe™'~ mice that
were fed a high-fat diet for 14 weeks. Results showed
that ABCA1/G1 and EEPD1 expression in peritoneal
macrophages was significantly decreased and
cholesterol efflux to HDL or apoAl from peritoneal
macrophages was diminished in the mice infected
with AAV2-miR-320b compared with those infected
with AAV2-control. Previous reports revealed that
cholesterol loading of macrophages could lead to a
raised pro-inflammatory effect, whereas cholesterol
efflux ameliorated this tendency’® . In this study,
AAV2-miR-320b-treated Apoe™” mice showed
increased plasma levels of inflammatory cytokines,

such as MCP-1, IL-6, and CXCL5, which was due to

the elevated phosphorylation level of NF-«B p65 in
macrophages. Moreover, AAV2-miR-320b-treated
mice also displayed increased lipid TC and LDL-C
because of a down-regulation of hepatic LDLR and
decreased lipid HDL-C as a result of the reduction of
ABCALI in the liver. Consistent with this result, ORO
staining revealed an increase in atherosclerotic plaque
size and lesional macrophage in AAV2-miR-320b-
treated mice in comparison with AAV2-controls.

In summary, miR-320b was upregulated in CAD
patients and miR-320b modulated cholesterol efflux
partly by directly targeting ABCG1 and EEPD1 and
partly via LXRa-ABCA1/G1 pathway, with no effects
on cholesterol influx in macrophages. Additionally,
miR-320b-treated Apoe™'~ mice exhibited attenuated
macrophage cholesterol efflux rate, impaired lipid
profile, increased plasma inflammatory responses, and
enhanced atherosclerotic lesion formation 77 vive. Our
findings demonstrated that miR-320b could modulate
lipid homeostasis and atherosclerotic lesion formation,
thus might play an important role in the pathogenesis
of AS. LPS and oxLDL are associated with a
significantly increased risk of CAD’**®. Here we
found that miR-320b was significantly increased after
LPS and oxLDL stimulation in THP-1-derived
macrophages. Reportedly, asperlin inhibits LPS-
induced foam cell formation®” and Vasostatin-1
suppresses oxLDL-induced foam cell formation®” and
prevents AS progress in Apoe”” mice. This offers
opportunities for targeting miR-320b in clinical
practice for the prevention and treatment of AS in the
future.

Highlights

@ MiR-320b attenuates cholesterol efflux to
HDL and apoAl partly by directly targeting ABCGI
and EEPDI genes and partly via suppressing LXRa
-ABCA1/G1 pathway.

® Gain-of-function study by using AAV2-
mediate delivery of hsa-miR-320b into Apoe™'~ mice
fed a high-fat diet shows decreased cholesterol efflux
from peritoneal macrophages, enhanced inflammatory
responses, and increased plasma LDL-C and decreased
plasma HDL-C levels.

® Notably, the accelerated elevation of
atherosclerotic plaque size and lesional macrophage
content are observed in AAV2-miR-320b-treated
mice. Thus, miR-320b might be a promising
therapeutic target for the treatment of AS.
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Supplemental Table 1.

Primers Used For qPCR

Gene Name

Forward primer (5°-3’)

Reverse primer (5’-3’)

ABCA1 (homo)
ABCG]1 (homo)
EEPD1 (homo)
MSR1 (homo)
CD36 (homo)
LOX1 (homo)
LXRa (homo)
GAPDH (homo)
Abcal (mouse)
Abcgl (mouse)
Eepdl (mouse)
Msrl (mouse)
Cd36 (mouse)
Lox1 (mouse)

Gapdh (mouse)

ACCCACCCTATGAACAACATGA
ATTCAGGGACCTTTCCTATTCGG
TGGTGTGCATGACACTCCTGGA
TGCACAAGGCAGCTCACTTTGG
CAGGTCAACCTATTGGTCAAGCC
GAAACCCTTGCTCGGAAGCTGA
CCTTCAGAACCCACAGAGATCC
GTCTCCTCTGACTTCAACAGCG
GCTTGTTGGCCTCAGTTAAGG
GTGGATGAGGTTGAGACAGACC
GGCTGCCATCGCTCTATCC
CGCACGTTCAATGACAGCATCC
GGACATTGAGATTCTTTTCCTCTG
GTCATCCTCTGCCTGGTGTTGT
AGGTCGGTGTGAACGGATTTG

GAGTCGGGTAACGGAAACAGG
CTCACCACTATTGAACTTCCCG
TTCCACTTGCGGATGTTGGGCA
GTGCAAGTGACTCCAGCATCTTC
CCAGAAGTCCCGAGTCAATGG
CAGATCCAGTCTTGCGGACAAG
ACGCTGCATAGCTCGTTCC
ACCACCCTGTTGCTGTAGCCAA
GTAGCTCAGGCGTACAGAGAT
CCTCGGGTACAGAGTAGGAAAG
TAGCCGCTCCTGATTCACCA
GCAAACACAAGGAGGTAGAGAGC
GCAAAGGCATTGGCTGGAAGAAC
TGCCTTCTGCTGGGCTAACATC
GGGGTCGTTGATGGCAACA

Abbreviation: ABCA1: ATP-binding cassette transporters Al; ABCG1: ATP-binding cassette transporters G1; EEPD1: Endonuclease/exonuclease/
phosphatase family domain containing 1; MSR1: macrophage scavenger receptor 1; CD36: cluster of differentiation 36; LOX1: Lectin-Iike oxi-
dized Iow-density lipoprotein recaptor-1; LXRa: liver X receptor & GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

Supplemental Table 2.

Antibodies Catalogue Source Working concentration
mouse anti-ABCA1 ab18180 Abcam 1:500
rabbit anti-ABCG1 ab52617 Abcam 1:1000
rabbit anti-EEPD1 ab220501 Abcam 1:1000
rabbit anti-GAPDH ab181602 Abcam 1:3000
rabbit anti-CD68 ab125212 Abcam 1:200
rabbit anti- a-SMC-actin ab9262 Abcam 1:200
rabbit anti-LDLR ab30532 Abcam 1:1000
rabbit anti- LXRa ab176323 Abcam 1:2000
Rabbit anti-Phospho-NE-kB p65 (Ser536) ab86299 Abcam 1:1000
rabbit Anti-NF-«kB p65 ab16502 Abcam 1:1000
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Supplemental Table 3.
Validation set
Characteristic CAD (n=123) Control (7 =104) P value
Age (years) 55.13+6.98 57.69£3.87 0.0012
BMI (kg/m?) 26.12+3.07 25.56+3.10 0.803
SBP (mmHg) 125.77£15.01 127.61£17.11 0.384
DBP (mmHg) 78.76+10.39 77.22%£9.09 0.215
Hypertension (7, %) 48 (39.0) 49 (47.1) 0.208
Smoking (7, %) 97 (78.9) 9 (8.65) <0.001
Drinking (7, %) 71 (57.7) 11 (10.58) <0.001
TC (mg/dL) 155.37 £41.67 197.83+£32.32 <0.001
TG (mg/dL) 148.46 + 86.87 144.15+74.93 0.739
HDL-C (mg/dL) 37.37+8.03 57.58+14.05 <0.001
LDL-C (mg/dL) 94.02£37.17 111.62%29.19 <0.001
Fasting blood glucose (mmol/L) 5.33+1.22 5.32%0.63 0.774
Serum creatinine (pmol/L) 76.68+12.87 77.43+12.85 0.825

Data were showed as mean = SD or 7 (%)
CAD: Coronary artery disease; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; TC: Total cholesterol; TG: Tri-
acylglycerol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol
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Supplemental Fig. 1.

(A) THP-1-derived macrophages transfected with miR-320b mimics or inhibitor were treated with 50 pg/ml oxLDL and tested for lipid con-
tent by Oil Red O (ORO) staining.

(B) RAW264.7 macrophages transfected with miR-320b mimics were treated with 50 pg/ml oxLDL and tested for lipid content by ORO
staining.

(@) Thge statistical analysis of stained lipids in THP-1-derived macrophages transfected with miR-320b mimics or inhibitor that treated with
50 pg/ml oxLDL.

(D) The statistical analysis of stained lipids in RAW?264.7 macrophage macrophages transfected with miR-320b mimics that treated with 50

pg/ml oxLDL.

(E) Luciferase reporter assay of HepG2 cells transfected with wild-type 3’-UTR of ABCA1 mRNA and miR-320b mimics (50 nM) or nega-
tive control. Relative luciferase activities were normalized against the Renilla luciferase activities.

(F) The expression level of miR-320b after 50 nmol miR-320b mimics treatment for 48 h in THP-1-derived and RAW264.7 macrophages.
(G) The expression level of miR-320b after 50 nmol miR-320b inhibitor treatment for 48 h in THP-1-derived macrophages

Data were expressed as mean = SD of three independent experiments, *p<0.05, **»<0.01.
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Supplemental Fig. 2.
(A) ABCA1/ABCGI1/EEPDI protein expression level after the overexpression or the knockdown of EEPDI gene in THP-1-derived macro-

phages.

(B) Quantification of ABCA1/ABCG1/EEPD1 protein expression level in THP-1-derived macrophages.

(C) MSR1/CD36 and LOX-1 mRNA expression level in THP-1-derived macrophages after transfected with miR-320b mimics or negative
control.

(D) MSRI/CD36 and LOX-I mRNA expression level in THP-1-derived macrophages after transfected with miR-320b inhibitor or negative
control.

(E) MSR1/CD36 and LOX-1 mRNA expression level in RAW?264.7 macrophages after transfected with miR-320b mimics or negative control.
(F) Cholesterol influx rate in THP-1-derived macrophages after transfected with miR-320b mimics or inhibitor.

(G) Cholesterol influx rate in RAW264.7 macrophages after transfected with miR-320b mimics.

Data were expressed as mean = SD of three independent experiments, *p<0.05, **»<0.01.
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Supplemental Fig. 3.

(A) Schematic overview demonstrating 77 vivo experiment in Apoe™ ™ mice after delivery of AAV2-miR-320b or miR-control (tail vein injec-
tions of 10 '? vg per mouse on high-fat diet (1% cholesterol and 21% fat) for 14 weeks)

(B) miR-320b expression level in the macrophages of Apoe™~ mice after iz vivo delivery of miR-320b or miR-control

(C) The plasma VCAM-1 expression level in Apoe™ ™ mice after in vivo delivery of miR-320b or miR-control.

(D) The plasma ICAM-1 expression level in Apoe™'~ mice after in vivo delivery of miR-320b or miR-control.

(E) ABCALI and LDLR protein expression level in the liver of Apoe™ ™ mice after in vivo delivery of miR-320b or miR-control.

(F) Relative protein quantification for the data shown in (E).

Data were expressed as mean = SD of three independent experiments, *p<0.05, **»<0.01.
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Supplemental Table 4. Effects of miR-320b on plasma lipid profile in Apoe™ ™ mice

TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)
AAV2-control 40368 5811 183+ 34 208 +83
AAV2-miR-320b 603+170™ 92 +22** 100 +24™* 484 £170**

Plasma samples from different experimental groups were measured by the enzymatic method. Results were expressed as mean * standard deviation

(n=06 per group). Total cholesterol (TC), triglyceride (T'G), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol
(LDL-C).

*p< 0.05, **]7< 0.01, AAV2-miR-320b group vs. AAV2-control group
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