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Abstract Atherosclerosis is considered to be a chronic
inflammatory disease that can lead to severe clinically impor-
tant cardiovascular events. miR-150 is a small noncoding
RNA that significantly enhances inflammatory responses by
upregulating endothelial cell proliferation and migration, as
well as intravascular environmental homeostasis. However,
the exact role of miR-150 in atherosclerosis remains unknown.
Here, we investigated the effect of miR-150 deficiency
on atherosclerosis development. Using double-knockout
(miR-150""" and ApoE_/ 7) mice, we measured atherosclerotic
lesion size and stability. Meanwhile, we conducted in vivo
bone marrow transplantation to identify cellular-level com-
ponents of the inflammatory response. Compared with
mice deficient only in ApoE, the double-knockout mice had
significantly smaller atherosclerotic lesions and displayed
an attenuated inflammatory response. Moreover, miR-150
ablation promoted plaque stabilization via increases in smooth
muscle cell and collagen content and decreased macrophage
infiltration and lipid accumulation. The in vitro experiments
indicated that an inflammatory response with miR-150 defi-
ciency in atherosclerosis results directly from upregulated
expression of the cytoskeletal protein, PDZ and LIM domain 1
(PDLIM1), in macrophages. More importantly, the decreases
in phosphorylated p65 expression and inflammatory cyto-
kine secretion induced by miR-150 ablation were reversed
by PDLIM1 knockdown.BE These findings suggest that
miR-150 is a promising target for the management of athero-
sclerosis.—Gong, F-H., W-L. Cheng, H. Wang, M. Gao,
J-J. Qin, Y. Zhang, X. Li, X. Zhu, H. Xia, and Z-G. She.
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Cardiovascular disease is the leading cause of death
among a variety of chronic noncommunicable diseases
affecting patients worldwide (1). Atherosclerosis, the
critical pathophysiological process underlying CVD, is
well-recognized as a complex multifactorial disease and is
generally considered a chronic inflammatory response (2)
that can lead to several severe clinical cardiovascular events,
such as myocardial infarction, sudden cardiac death, and
stroke. During the initiation of atherosclerosis, the injured
endothelial cells attract circulating monocytes by express-
ing chemokines and adhesion molecules, which also medi-
ate the adhesion and rolling of monocytes on endothelium.
The monocytes subsequently migrate through the endo-
thelium and differentiate into macrophages, a process that
gives rise to foam cells following the excess engulfment
of oxidized LDL (Ox-LDL). The continuous intensifica-
tion of the inflammatory response from endothelium
and macrophages promotes the expansion of vascular
smooth muscle cells (VSMCs), accumulation of more mac-
rophages, development of atherosclerotic plaques, and the
formation of necrotic cores and vulnerable plaques (3).
Therefore, exploring and targeting the key regulators of
atherosclerosis-related inflaimmation may provide clini-
cians with an effective strategy for preventing atherosclerosis.
The effectiveness of anti-inflammation has been verified
recently by a clinical study (4), further strengthening the
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urgency of elucidating the mechanism underlying the
development of inflammation during atherogenesis.

microRNAs are a class of small noncoding RNAs that are
widely present in eukaryotic organisms and have important
regulatory effects on cell metabolism, cell development,
tumorigenesis, and immune inflammation (5-7). microR-
NAs fulfill their biological functions by negatively regulating
the mRNA of their target molecules and have thus emerged
as novel biomarkers for the diagnosis of various diseases
and regulators of the progression of these diseases (8).
miR-150 is a 22-nucleotide microRNA and is highly
expressed in human lymph nodes, spleen, mature lympho-
cytes, regulatory T cells, and B cells under physiological
conditions (9). miR-150 has also been shown to be upregu-
lated in peripheral blood in patients with coronary heart
disease (CHD) (10, 11). Previous studies have demon-
strated that miR-150 plays important roles in regulating
endothelial cell proliferation and migration and intra-
vascular environmental homeostasis (12-14). In addi-
tion, miR-150-knockout mice displayed exacerbated
obesity, tissue inflammation, and insulin resistance (15).
Ox-LDL-mediated lipoprotein accumulation in macro-
phages is attenuated by miR-150 in vitro (16). Nevertheless,
the specific role of miR-150 in atherosclerosis develop-
ment has not been elucidated.

The present study showed that miR-150 expression was
significantly upregulated in plaques from human patients
with CHD and high-fat diet (HFD)-treated ApoE ' mice.
Specifically, miR-150 expression was upregulated in bone
marrow-derived macrophages (BMDMs) upon Ox-LDL
stimulation. miR-150 deficiency not only attenuated ath-
erosclerotic plaque formation by decreasing inflammatory
cytokine production but also protected against vulnerable
plaque formation. By performing bone marrow transplan-
tation and in vitro experiments, we showed that the effects
of miR-150 on atherogenesis were largely dependent on its
effects in macrophages, phenomena accompanied by in-
flammation alleviation. We noticed that miR-150 abla-
tion reduced phosphorylated p65 expression, inflammatory
cytokine secretion, and macrophage infiltration by di-
rectly upregulating PDZ and LIM domain 1 (PDLIMI)
expression.

MATERIALS AND METHODS

Animals and diets

The animal study procedures were performed in accordance
with the National Institutes of Health Guide for the Care and Use of
Laboratory Animals and were approved by the Animal Care and Use
Committee of the Renmin Hospital. miR-150-knockout mice were
purchased from the Jackson Laboratory (007750). To purify the
background, the female miR-150""" mice on a B6.Cg background
were first cross-bred with male C57BL/6, and then the male F1
generation mice (miR-150 heterozygous) were mated with female
C57BL/6 mice for the F2 generation mice. The F2 generation
mice were then repeatedly crossed with C57BL/6] mice until the
F9 generation (miR-150 heterozygous). Finally, these F9 mice were
then crossed to yield miR-150 "~ (pure C57BL/6] background)

mice. ApoE™’” mice and miR-150""" mice were cross-bred to
obtain miR-150""~"ApoE ™~ mice and ApoE /"~ littermates. Eight-
week-old mice were organized into two groups, which were fed a
HFD (15.8% fat and 1.25% cholesterol) or normal chow (NC),
respectively, for up to 28 weeks. These mice were euthanized via
the intraperitoneal injection of pentobarbital sodium (50 mg/kg)
at the time of tissue collection.

Mouse aorta dissection and en face aortic lesion area
analysis

After receiving a HFD for 16 or 28 weeks, the mice were anes-
thetized through intraperitoneal injections of pentobarbital sodium.
Their arteries were perfused with PBS and/or 4% paraformalde-
hyde through the left ventricle and then carefully separated from
the base of the ascending aorta. For en face analysis, the entire
aorta was stained with Oil Red O and atherosclerotic lesion sizes
were quantified using Image-Pro Plus 6.0 (Image Metrology,
Copenhagen, Denmark) software, as described previously (17).
The heart and ascending aortic arch were subsequently dehy-
drated and embedded in paraffin for histological analysis. Con-
secutive 5 pum sections of the ascending aortic arch and the
atrioventricular valve region of each heart were collected, while
the latter tissues were stained with H&E for morphological analy-
sis, picrosirius red for collagen deposition evaluation, and Oil Red
O for lipid accumulation detection. The plaque stability score =
[smooth muscle cell (SMC) area + collagen area]/(macrophage
area + lipid area) (18).

Immunofluorescence

Aortic sinus cross-sections were used for immunofluorescence
analyses, whose staining protocols were described previously (19).
Tissue slides were blocked in 10% goat serum diluted with PBS for
1 h and then incubated with the following primary antibodies
overnight at 4°C: anti-CD68 and anti-smooth muscle actin. The
tissues were then incubated with the following secondary antibod-
ies: Alexa Flour® 568 donkey anti-rat IgG (1:200 dilution; Invitro-
gen, A11011) and Alexa Flour® 488 donkey anti-rabbit IgG (1:200
dilution; Invitrogen, A11008). Images were acquired with a fluo-
rescence microscope (Olympus, Tokyo, Japan) using DP2-BSW
software (version 2.2) and were analyzed with Image-Pro Plus 6.0.

Determination of serum lipid and inflammatory cytokine
levels

Blood samples were collected from the retro-orbital vein, while
the mice were under isoflurane anesthesia. The supernatants
were obtained by centrifugation at 10,000 g for 20 min at 25°C
and were used to measure lipid metabolism indexes and inflam-
matory cytokine secretion.

Bone marrow transplantation study

In the bone marrow transplantation experiment, male ApoE ~/~
recipient mice aged 8 weeks were lethally irradiated with a total of
11 Gy of radiation (two doses of 5.5 Gy of radiation spaced 4 h
apart). Bone marrow cells from the femurs and tibias of donor
male mice (miR-150"""ApoE™’~ or ApoE™/7) were harvested
under sterile conditions, and then each irradiated mouse was
injected with 5 x 107 bone marrow donor cells through the orbital
venous plexus. After 4 weeks, genomic DNA was collected from
peripheral blood leukocytes and was genotyped using PCR. The
mice were subsequently fed a HFD for an additional 16 weeks for
this study.

Quantitative real-time PCR and Western blotting

Total mRNA was extracted by trichloromethane, dissolved
in DEPC-water, and then reverse transcribed into cDNA with a
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Transcriptor First Strand ¢cDNA synthesis kit (Roche, Basel,
Switzerland; 04897030001) as previously described (20). The
expression levels of the target genes were quantified by real-time
PCR using LightCycler 480 SYBR Green 1 Master Mix and a Light-
Cycler 480 QPCR system (Roche Diagnostics, Indianapolis, IN).
The relative transcription levels of the target genes were normal-
ized against those of reference genes. Protein concentrations
were determined by BCA assay. The proteins were separated by
SDS-PAGE and then transferred to PVDF membranes, which were
blocked in TBS for 1 h at room temperature before being incu-
bated with the appropriate primary antibodies overnight at 4°C.
The membranes were then incubated with the appropriate sec-
ondary antibodies and treated with enhanced chemilumines-
cence reagent (Thermo Scientific) before being visualized with
Molecular Imager ChemiDoc™ XRS+ using Image Lab™ Soft-
ware 5.1 (Bio-Rad, Bio-Legend Scientific Co. Ltd). The expres-
sion levels of specific proteins were normalized against those of
internal references.

Cell culture and siRNA transfection

BMDMs were isolated and harvested from the femurs and tibias
of miR—1507/7Ap0E7/7 andhApoE7/7 mice under sterile condi-
tions. Approximately 5 x 10" nucleated bone marrow cells were
collected from each mouse and then cultured in 10 ml of RPMI
with 10% fetal bovine serum and MCSF (50 ng/ml). The siRNA
specific for PDLIM1 (s79437) and the control siRNA were purchased
from Ambion (Silencer Select). The BMDMs were transfected
with the above siRNA molecules according to the manufacturer’s
protocol. The cells were then stimulated with 15 ng/ml Ox-LDL
for 24 h after 24 h of serum starvation.

Human specimens

All human studies were conducted in accordance with the prin-
ciples outlined in the Declaration of Helsinki and were approved
by the ethics committee of Renmin Hospital of Wuhan University,
China. The right coronary arteries of patients with CHD who had
undergone heart transplantation were the sources of the athero-
matous plaques assessed herein. The normal arteries used for
these experiments were from donors whose hearts were unsuit-
able for transplantation. Written informed consent was obtained
from the relevant families.

Statistical analysis

All statistical data were analyzed using SPSS software version
17.0 and are presented as the mean + SD. Differences between
two groups were analyzed by #tests, while differences among
multiple groups were analyzed by one-way ANOVA. P < 0.05 was
considered statistically significant.

RESULTS

miR-150 expression is upregulated in atheromatous
plaques and macrophages

To determine the role of miR-150 in atherogenesis, we
examined whether miR-150 expression was altered in ath-
erosclerotic plaques. The atherosclerosis-prone regions of
right coronary arteries from donors and patients with CHD
were analyzed to determine the differences in miR-150
expression between the two groups. H&E staining demon-
strated the presence of typical pathological changes in the
arteries from the patients with CHD. The plaques in these
arteries exhibited a thin fibrous cap and lipid cores (Fig. 1A).
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Quantitative (q)PCR analysis revealed that miR-150 expres-
sion was significantly upregulated in the arteries of patients
with CHD (Fig. 1B). To determine whether the trends in
miR-150 expression in the atherosclerotic plaques from the
mouse model were consistent with those in the atheroscle-
rotic plaques from the above patients, ApoE-deficient mice
were fed with either NC for 16 weeks or a HFD for 16 or 28
weeks. HFD-treated ApoE ™~ mice displayed larger plaques
than chow-fed mice, as shown in the representative image
(Fig. 1C). miR-150 expression levels were remarkably up-
regulated in HFD-treated ApoE~~ mice relative to those in
NC-fed mice, which paralleled with duration of HFD ad-
ministration (Fig. 1D). We also assessed the changes in
miR-150 expression in BMDMs and VSMCs. We noted that
miR-150 expression increased significantly in BMDMs (Fig.
1E), but did not change in VSMCs (Fig. 1F) upon Ox-LDL
stimulation. These findings suggest that miR-150 is in-
volved in the development of atherosclerosis by mainly
functioning in macrophages.

miR-150 deficiency attenuates atherosclerotic plaque
formation

To explore the contribution of miR-150 upregulation
to atheromatous plaque formation, we crossed miR-
150-deficient mice with ApoE ™/~ mice and obtained
miRlBO_/_ApoE_/_ mice. We observed that the areas of
the atherosclerotic lesions in the aortic tree were signifi-
cantly decreased in miR—1507/7Ap0E7/7 mice (21.31%)
compared with Ap0E7/7 mice (38.21%) after 28 weeks of
HFD feeding (Fig. 2A), while slightly significant differ-
ences in lesion areas between the two groups were observed
when feeding on NC (5.95% versus 5.18%). We further
assessed plaque formation in the atherosclerosis-prone
regions of the aortic root and aortic arch to assess the effect
of miR-150 on atherogenesis in mice. Quantitative analysis
demonstrated that arch and root lesion sizes were signifi-
cantly decreased in HFD-fed miR-150"" 7ApoE7/ ~ mice
compared with HED-fed ApoE~~ mice (Fig. 2B, C). Dyslip-
idemia is a risk factor for atherosclerosis development;
however, there were no differences between the two groups
with respect to total cholesterol and triglyceride levels and
lipoprotein profiles (VLDL, IDL, LDL, and HDL levels)
after HFD treatment (Fig. 2D).

miR-150 ablation protects against vulnerable plaque
formation

Although large plaques can occlude vessels, the contents
of plaques, including lipids, collagen deposits, SMCs, and
infiltrated macrophages, are more responsible than the
size of plaques for the poor outcomes associated with clini-
cal CVD complications. The composition of the fibrous
cap, containing collagen similar to that found in smooth
muscle, is the core determinant of plaque stability. We
observed that SMC abundance and collagen levels were
increased in miR—l507/7Ap0E7/7 mice compared with
ApoEf/ " mice (Fig. 3A, B). We also noticed that the numbers
of infiltrated macrophages (Fig. 3C) and lipid accumula-
tion (Fig. 3D) were dramatically decreased in the absence
of miR-150. Finally, the improved stability characteristics of
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plaque were found in miR-150 ablation according to the
plaque stability score (Fig. 3E). Taken together, these data
suggested that miR-150 deficiency was effective in main-
taining atherosclerotic plaque stability.

The inflammatory response was ameliorated in miR-150-
deficient mice

Given that inflammation is an important mediator of
atherosclerosis development, we examined the expression
of pro-inflammatory cytokine in the absence of miR-150.
We measured the serum and mRNA levels of secreted cyto-
kines. We found that mRNA levels of TNF-«, interleukin
(IL)-6, IL-1B, and inducible nitric oxide synthase (iNOS)
in the aortas were decreased in miR-150"" _ApoE_/ " mice
compared with ApoE_/ " mice (Fig. 4A). Consistently, se-
rum levels of TNF-a, monocyte chemotactic protein 1
(MCP-1), IL-6, and IL-13 were significantly lower in the
miR—1507/7Ap0E7/7 mice compared with those in the
ApoE7/7 controls (Fig. 4B).

miR-150 deficiency plays an athero-protective role in
macrophages

miR-150 expression was upregulated in BMDMs, as shown
in Fig. 1E, we next investigated whether miR-150 deficiency

in hematopoietic cells contributes to the development of
the phenotype observed in the global-knockout mice. We
transplanted bone marrow from miR-150"/ 7Ap0E7/ ~or
ApoEf/ " donors into lethally irradiated ApoEf/ " recipient
mice and then treated the mice with a HFD for 16 addi-
tional weeks. The success of the chimera generation proce-
dure was determined by analyzing the genomic DNA
isolated from the white blood cells (Fig. 5A). We found
that miR-150 deficiency in macrophages attenuated athero-
sclerotic plaque development throughout the entire aorta
(Fig. 5B) and aortic root (Fig. 5C). Moreover, the assess-
ment of infiltration of macrophages, IL-6 secretion, and
phosphorylated p65 levels indicated that miR-150 defi-
ciency in macrophages significantly ameliorated inflamma-
tory responses (Fig. 5D). These results indicated that the
downregulation of miR-150 expression in bone marrow-
derived cells was vital for the athero-protective effects of
miR-150 deficiency.

miR-150 deficiency in macrophages decreases
inflammatory cytokine secretion and macrophage
attraction

We next assessed the secretion of inflammatory cyto-
kines from BMDMs from miR—lBOf/proEf/f or Ap0E7/7
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mice and observed that several pro-inflammatory media-  signaling pathway activation is widely recognized as an
tors, such as TNF-a, IL-6, IL-1B, and iNOS (Fig. 6A), were important player in the mediation of inflammation in the
downregulated. Nuclear transcription factor-kB (NF-kB) development of atherosclerosis. Western blot analysis showed
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that phosphorylated IkBa and p65 levels were decreased in
BMDMs from miR—1507/7Ap0E7/7 mice compared with
those from Ap0E7/7 mice (Fig. 6B). Interestingly, we also
observed that MCP-1 mRNA expression was reduced in
BMDMs from miR—l507/7ApoE7 " mice (Fig. 6C). MCP-1
is critical for the attraction of monocytes in peripheral
blood and the subsequent formation of macrophages in
plaques. Thus, we tested macrophage infiltration ability
and found that miR-150 deficiency significantly inhibited
macrophage migration (Fig. 6D).

Deletion of miR-150 promotes PDLIM1 expression

To elucidate the mechanism by which miR-150 affected
macrophage activation, we performed bioinformatics anal-
ysis using the program TargetScan. The results indicated
that PDLIMI contained a putative binding site for miR-150
in the 3'UTR (Fig. 7A). Using luciferase reporter assays, we
demonstrated that miR-150 inhibitor transfection pro-
moted PDLIMI luciferase activity and that this effect was
blocked when the predicted binding sites within the
PDLIM1 3'UTR were mutated (Fig. 7B). We also found
that PDLIM1 expression was dramatically upregulated in
the BMDMs of miR-150 '~ ApoE /" mice (Fig. 7C). A pre-
vious study suggested the PDLIMI1 inhibited phosphory-
lated p65 and NF-kB activation, as well as pro-inflammatory
cytokine/chemokine secretion (21). As expected, we ob-
served that phosphorylated p65 expression was increased
by PDLIM1 knockdown and that the decrease in p65 ex-
pression caused by miR-150 ablation was abolished by
PDLIMI1 deficiency (Fig. 7D). We also assessed the expres-
sion of several other potential targets of miR-150, including
CXCL3, SP1, CD276, IL2RA, and CXCL2. These proteins
are also important mediators of inflammatory response.
Interestingly, we observed that CXCL3 and CXCL2 were
significantly downregulated in the BMDMs of miR-
150/ “ApoE ™/~ mice (Fig. 7E), indicating that these mol-
ecules were not direct targets for miR-150 here in BMDMs.
We also assessed whether PDLIMI was involved in the
decreases in pro-inflammatory cytokine/chemokine secre-
tion and macrophage infiltration caused by miR-150 defi-
ciency. We found that PDLIMI1 knockdown reversed the
suppressed expression and macrophage infiltration caused
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Fig. 4. The inflammatory response is inhibited in
the absence of miR-150. A: The mRNA expression lev-
els of secreted cytokines, namely, TNF-a, IL-6, IL-13,
and iNOS, in the entire aortas of ApoEf/ ~ and miR-
150/~ ApoE /" mice were measured by qPCR (n = 4).
#P < 0.05 versus ApoE /"~ group. B: The serum levels
of secreted cytokines in ApoE”/”T and miR-
150/~ ApoE /" mice (n=6). *P< 0.05 versus ApoE "/~
group.

by miR-150 ablation (Fig. 7F, G). Collectively, these find-
ings suggested that the effects of miR-150 deficiency on
atherogenesis were partially mediated by the upregulated
expression of its molecular target PDLIMI.

DISCUSSION

In the current study, we first demonstrated that miR-150
deficiency exhibited anti-atherosclerotic effects, which
were accompanied by ameliorated inflammation and
plaque vulnerability. Furthermore, we also verified that the
effects of miR-150 ablation on atherogenesis were largely
attributed to its effects on macrophages, particularly its
effects on the attenuation of the inflammatory response
and macrophage infiltration. The absence of miR-150 atten-
uated increases in phosphorylated p65 expression, inflam-
matory cytokine secretion and macrophage infiltration by
directly upregulating PDLIMI expression.

During the past decade, multiple studies have demon-
strated that various microRNAs are widely involved in nu-
merous human disorders (7, 22-24), and researchers
believe that most of the human genome is under microRNA
regulation (25). Atherosclerosis is recognized as a complex
multifactorial pathological process, and microRNAs have
emerged as important regulators of atherosclerosis devel-
opment (26). miR-150 is an emerged microRNA of 22 nu-
cleotides in length that is known to be highly expressed in
lymph nodes, the spleen, mature lymphocytes, regulatory
T cells, and B cells (9). However, several published articles
have denoted that miR-150 is also abnormally expressed in
human CVDs. For example, microRNA expression is up-
regulated in patients with acute ST-segment elevation myo-
cardial infarction and unstable angina (27, 28); however,
miR-150 expression is downregulated in patients with heart
failure (29). Additionally, microbubbles isolated from the
serum of patients with atherosclerosis that contain more
miR-150 can promote atherogenesis (12). In our study, we
showed that miR-150 expression was significantly increased
in patients with CHD. We obtained similar results in the
experiments involving HFD-fed mice. These data suggest
that miR-150 is closely related to cardiovascular diseases.
More importantly, previous studies have confirmed that
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miR-150 plays important physiological roles in cell immu-
nity (5) and hematopoiesis (30) and also plays key regula-
tory roles in monocyte migration, pro-inflammatory cell
production, and cardioprotection after acute myocardial
infarction (31). Using global-knockout mice, we deter-
mined that miR-150 deficiency ameliorated atherosclerosis
development by attenuating inflammatory cytokine secre-
tion. Furthermore, we noted that miR-150 expression
increased significantly in BMDMs upon Ox-LDL stimulation
and that the effects of miR-150 ablation on atherogenesis

were largely dependent on its effects on macrophages.
Specifically, miR-150 ablation attenuated the inflammatory
response and macrophage infiltration. Therefore, our study
suggested that the upregulation of miR-150 expression was
involved in the development of atherosclerosis and that
miR-150 mediates atherosclerosis development through its
effects on macrophages. Notably, previous studies have
demonstrated that miR-150 mimics ameliorate neovascu-
larization in atherosclerotic conditions and angiogenesis,
as well as endothelial cell migration. Additionally, miR-150
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can attenuate Ox-LDL-mediated lipoprotein accumulation
in cultured macrophages in vitro. This evidence suggests
that miR-150 may regulate atherogenesis by engaging dis-
tinct downstream pathways in different cell types. Never-
theless, our present study first utilized double-knockout
mice to explore the role of miR-150 deficiency on the de-
velopment of atherosclerosis in vivo. The results indicated
that the effects of miR-150 deficiency on atherogenesis
were largely dependent on its function on inflammatory
response in macrophages.

It is well-known that microRNAs are capable of regulat-
ing target gene expression by binding to the 3'UTRs of
their target mRNAs and that microRNAs are involved in
negatively regulating gene expression at the posttranscrip-
tional level. microRNAs cause the degradation of and/or
inhibit the translation of the target mRNAs and ultimately
affect the pathophysiological regulation of the correspond-
ing cells, tissues, and organs (22, 32, 33). miR-150 seems to
play multiple roles in various pathophysiological processes
by targeting different transcripts. In the immune system,
miR-150 prevents early B cell development by targeting
c-Myb (34), regulates T cell activation by targeting ARRB2
and enhances bone marrow-derived mononuclear cell
mobilization and migration by targeting CXCR4 (35, 36).
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miR-150 deficiency attenuates endothelial cell apoptosis by
targeting ELK1 (37), modulates endothelial cell differen-
tiation by targeting ZEB1, reduces c-Myb expression, and
enhances endothelial cell migration (12, 38). Additionally,
miR-150 inhibits macrophage foam cell formation by tar-
geting adiponectin receptor 2 (16). Using in silico target
prediction analysis and luciferase reporter assays, we ob-
served that PDLIM]1 was the target gene most significantly
upregulated in the BMDMs of miR-150"'"ApoE ™"~ mice
and that PDLIMI luciferase activity was enhanced by miR-
150 inhibitor transfection; however, these changes were
prevented by the mutation of the predicted binding sites
within the PDLIM1 3’UTR. Moreover, we noted that
CXCL3 and CXCL2, which play important roles in macro-
phage recruitment and plaque progression (39-41), were
downregulated in the BMDMs of miR-150 '~ ApoE ™/~ mice.
In a previous study, PDLIM1 decreased phosphorylated
p65 expression and attenuated pro-inflammatory cyto-
kine/chemokine secretions (42). As expected, our results
were consistent with those, as we noted that the decreases
in phosphorylated p65 expression, inflammatory cytokine/
chemokine excretion, and macrophage infiltration caused
by miR-150 deficiency were largely reversed by PDLIMI1
deficiency. Thus, we speculated that miR-150 deficiency
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protects against atherosclerosis in part by upregulating
PDLIMI expression, a change that leads to decreased pro-
inflammatory cytokine and chemokine secretion and
decreased macrophage infiltration.

Atherosclerotic plaque instability is the most important
cause of acute clinical cardiovascular events. Macrophage
engulfment and apoptosis play important roles in plaque
formation and stability (43, 44). Insufficient foam cell

apoptosis secondary to necrosis leads to the formation of
necrotic cores in plaques (45, 46). SMCs in plaques in-
crease the thickness of the fibrous cap; however, SMCs also
promote macrophage apoptosis and thus reduce the size of
the necrotic core (47). Recent studies have indicated that
microRNA expression, namely, miR-146a (48) and miR-
210 (49) expression, may be closely related to plaque
stability. In our study, we observed that miR-150 deficiency
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dramatically increased plaque stability, a change character-
ized by increases in collagen and SMC content and de-
creases in macrophage infiltration and lipid accumulation.
Moreover, miR-150 ablation effectively repressed the re-
lease of inflammatory factors, such as TNF-a, IL-6, IL-1f3,
and iNOS. Collectively, these data suggest that miR-150 de-
ficiency is effective in maintaining atherosclerotic plaque
stability.

In conclusion, we demonstrated that miR-150 deficiency
inhibits atherosclerosis development and inflammatory
factor secretion and promotes plaque stability. The athero-
protective effect of miR-150 ablation was partially reversed
by directly knocking down PDLIMI1 expression. Our study
suggests that miR-150 is an important novel target for the
clinical prevention and treatment of atherosclerosis. il
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