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Endothelial cell (EC) apoptosis is fundamental for the pathophysiology of atherosclerosis, in which microRNAs
(miRNAs) emerge as critical regulators. miR-122 has been shown to regulate the apoptosis of various cell types,
however, whether miR-122 is associated with atherosclerosis and EC apoptosis remains unknown. In this study,

Apoptosis we found that miR-122 expression was increased in the aortic ECs of ApoE ™/~ mice fed with a high-fat diet
ﬁﬁ:rosdemsis (HFD), as compared to normal-diet (ND), implying a potential association between miR-122 elevation and

atherogenesis. In addition, in vitro, miR-122 expression was also induced in human aortic ECs (HAECs) by the
treatment of oxidized low-density lipoprotein (ox-LDL), a common atherogenic factor. Functionally, miR-122
knockdown suppressed ox-LDL-induced apoptosis of HAECs, suggesting a pro-apoptotic role of miR-122 in
HAECs under this pro-atherogenic condition. Further evidence revealed that the X-linked inhibitor-of-apoptosis
protein (XIAP) was directly targeted and suppressed by miR-122 in HAECs, and more importantly, XIAP
knockdown diminished miR-122 effect on apoptosis, thus establishing XIAP as a prominent target that mediates
miR-122 regulation of the apoptosis of HAECs. Together, these results may identify miR-122 as a novel regulator

in EC apoptosis, which offers it as a possible target for therapeutic interventions of atherosclerosis.

1. Introduction

Atherosclerosis is a chronic vascular disorder of the arterial wall,
which represents a major cause of many life-threatening diseases such
as stroke, myocardial infarction and heart failure [1,2]. Although
atherosclerosis is largely caused by the accumulation of lipids in the
arterial wall, other risk factors are also actively involved in its patho-
genesis, including endothelial dysfunction [3], macrophage accumula-
tion [4], vascular smooth muscle cells (VSMCs) dedifferentiation [5],
and production of inflammatory cytokines [6]. It's also established that
the endothelial cell (EC) apoptosis plays vital roles in the initiation of
atherosclerotic lesions through multiple mechanisms: 1) compromising
the normal function of endothelium to dysregulate lipid homeostasis
and inflammation [7-9]; 2) disrupting the integrity of endothelium to
promote lipid deposition into atherogenesis [10]; 3) instabilizing
plaque to predispose to arterial thrombosis [11]. The EC apoptosis can
be induced by low-density lipoprotein (LDL), elevated blood glucose,
reactive oxygen species (ROS)-mediated oxidative stress, and low shear
stress [12]. Nonetheless, little is known about how EC apoptosis is
regulated at the molecular level.

MicroRNAs (miRNAs) are small non-coding RNAs that regulate the
expression of target genes posttranscriptionally [13]. Recently, several

miRNAs have been shown to control EC apoptosis [14,15]. For ex-
ample, miR-429 and miR-365 promote EC apoptosis by downregulating
Bcl-2 expression [16,17]. In addition, miR-26a prevents EC apoptosis by
directly targeting TRPC6 [18], and let-7c regulates ox-LDL-induced EC
apoptosis via inhibiting Bcl-xl expression [19]. The regulation of EC
apoptosis by miRNAs implicates their potentiality in modifying ather-
osclerosis progression.

Previous studies have reported that miR-122 regulates the apoptosis
of a variety of cell types, such as hepatocellular carcinoma [20], T-cell
lymphoma [21], gastric cancer cells [22], and cardiomyocytes [23].
However, to date, whether miR-122 is involved in EC apoptosis and
associated with atherosclerosis are not characterized. Here, we report
that miR-122 expression is increased in the aortic intima of mouse
model of atherosclerosis, and that miR-122 promotes ox-LDL-induced
apoptosis of HAECs by targeting XIAP. Thus, our study uncovers a po-
tential connection between miR-122 and atherogenesis.

2. Materials and methods
2.1. Animals and atherosclerosis model

The apolipoprotein (apo) E is a major apoprotein essential for
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catabolizing triglyceride-rich lipoprotein particles [24], and ApoE ™/~
transgenic mice display atherosclerotic lesions similar to those in hu-
mans, which makes them to be ideal animal models for investigating
atherosclerosis [25]. In this study, twelve-week-old male ApoE_/ -
mice were purchased from the Jackson Laboratory (Bar Harbor, ME,
USA) and maintained under a standard animal facility. Mice were
randomly divided into normal diet (ND) group and high-fat diet (HFD)
group. Each group contains 6 mice. The high-fat diet is comprised of 1%
cholesterol, 3% lard, 10% yolk powder and 86% normal diet, which
were purchased from the Beijing HFK Bioscience Co. Ltd., Beijing,
China. Mice in HFD group were feed a diet with high fat ad libitum for
16 weeks to induce atherosclerosis as previously described [18]. The
pathologic examination of atherosclerosis was performed by staining
the aortic root with HE to visualize the atherosclerotic lesions [18]. All
animal experimental procedures were performed in accordance with
the guideline approved by the Animal Care and Use Committee of
Tianjin Chest Hospital for the welfare of laboratory animals.

2.2. Isolation of aortic intima and endothelial cells

The isolation of aortic intima from the whole aorta was conducted
as described previously [26]. In brief, mice were transcardially perfused
with cold saline, and then aortas were exposed and the surrounding
tissues were removed carefully. After removing perivascular fat, thor-
acic aorta was removed and transferred into a dish with ice-cold saline.
Aorta was cut through and intima was carefully stripped from aorta.
The excised aortic intima was washed twice with PBS, minced and di-
gested with 2% collagenase (Sigma-Aldrich) for 40 min to obtain en-
dothelial cells, which were collected by centrifugation and used for
following extraction of RNA and protein.

2.3. Cell culture, treatment and transfection

HAECs were purchased from ScienCell Research Laboratories
(Carlsbad, CA, USA), and cultured in Endothelial Cell Growth Medium
(Sigma-Aldrich, 211-500) added with Endothelial Cell Growth
Supplement (ECGS) (BD Biosciences, 354006-356006), 10% fetal bo-
vine serum (Invitrogen) and 1% penicillin/streptomycin (ThermoFisher
Scientific, 15140122). HAECs were maintained at 37 °C in an incubator
with 5% CO,. To establish in vitro apoptosis model induced by ox-LDL,
HAECs were treated with ox-LDL (Invitrogen, L34357) at different
concentrations (25, 50, 100 pg/ml) according to our pilot experiments.
The transient transfection of HAECs by miR-122 mimic or miR-NC, or
siNC or siXIAP, was performed using Lipofectamine 2000 reagent
(ThermoFisher Scientific) according to the manufacturer's instructions.
The sequences of NC mimic, miR-122 mimic, NC inhibitor, and miR-
122 inhibitor were described in a previous study [27], and synthesized
by GenePharma (Shanghai, China).

2.4. Real-time quantitative PCR analysis

The total RNAs were isolated from cells using TRIzol reagent
(Invitrogen) according to the manufacturer's instructions. The isolated
total RNAs were reversely transcribed into complementary cDNAs using
SuperScrip IV One-Step RT-PCR System (Invitrogen, 12594100). cDNAs
were used as templates for real-time quantitative PCR (RT-qPCR) ana-
lysis to quantify the expression of miR-122, for which U6 was used as an
internal control. Data were presented as values calculated by 2~ AAC
method [28]. The sequences of primers for amplifying miR-122 and U6
were previously descried [29]. The sequences of primers for amplifying
XIAP and fB-actin are listed as follows: XIAP, 5-CTTGAGGAGTGTCTG
GTAAG-3” and 5-GTGACTAGATGTCCACAAGG-3’. B-actin, 5-AGCCA
TGTACGTAGCCATCC-3’ and 5-CTCTCAGCTGTGGTGGTGAA-3".
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2.5. Western blotting analysis

Western blotting analysis was conducted as described previously
[30]. Briefly, cells were lysed in RIPA lysis buffer (Beyotime) supple-
mented with protease inhibitor Cocktail (Sigma-Aldrich). Protein sam-
ples were collected, separated by SDS-PAGE and transferred to ni-
trocellulose (NC) membranes, which were blocked with 5% non-fat
milk, and then probed with primary antibodies overnight at 4 °C, fol-
lowed by incubation with HRP-labeled secondary antibodies for 1 h at
room temperature. Protein blots were visualized using Pierce Enhanced
Chemiluminescence Reagent (ThermoFisher Scientific). Antibodies
were purchased from the following sources: anti-VEGFR2 (Sigma-Al-
drich, SAB4501645), anti-SM22 (Proteintech, 10493-1-AP), anti-cal-
ponin (Santa Cruz, sc-58707), and anti-cleaved caspase-3 (Cell Sig-
naling Technology, 9664), anti-XIAP (Abcam, ab21278) and anti-f-
actin (Abcam, 8227). The intensity of protein blots was analyzed by
Image J software [31].

2.6. Apoptosis detection

Cell apoptosis was detected by the terminal deoxynucleotidyl
transferase (TdT) terminal deoxynucleotidyl transferase (TdT) dUTP
nick-end labeling (TUNEL), which identifies the blunt ends of double-
stranded DNA breaks by TdT, an enzyme catalyzing the addition of
labeled dUTPs to a 3’-hydroxyl termini of DNA ends, permitting final
visualization using immunohistochemical techniques [32]. HAECs were
seeded on coverslips in 24-well plates. After treatment, cells were fixed
with 4% paraformaldehyde and permeabilized with 0.1% Triton X-100.
Then, TUNEL staining was performed using TUNEL fluorescence FITC
kit (Roche, Indianapolis, IN, USA) according to the manufacturer's
protocols. Cells were counterstained with DAPI to visualize nuclei, and
the stained cells were imaged under FV300 confocal microscope
(Olympus, Japan). Fifteen random fields were counted for each treat-
ment. Cell apoptosis was analyzed as the percentage of TUNEL-positive
cells within total number of cells. Moreover, the apoptosis of aortic ECs
was also detected by the Annexin V/PI staining as previously described
[33].

2.7. Luciferase reporter assay

Luciferase reporter assay was conducted as described in a previous
study [34]. In brief, the wild-type (5’...CUUAAAAUCACUCAGCACUC
CAA...3") and mutant (5’...CUUAAAAUCACUCAGGUGCGAAA... 3)
3’UTR of XIAP was individually inserted into the luciferase reporter psi-
CHECK2 plasmids (Promega, Madison, WI, USA). HEK293 cells were
seeded in 24-well plates and co-transfected wild-type or mutated luci-
ferase reporter plasmids along with miR-122 or miR-NC, or anti-miR-
122 or anti-miR-NC using Lipofectamine 2000 reagent (ThermoFisher
Scientific). Cells were harvested following 48 h of transfection. Luci-
ferase activities were assessed using Dual-Luciferase Reporter Assay
System (Promega) following manufacturer's instructions. The activity of
Renilla luciferase was set as an internal control.

2.8. Statistical analysis

Data were shown as the mean = standard deviation (SD).
Comparisons between two groups were analyzed by Student's t-test, and
comparisons among more than two groups were analyzed by one-way
ANOVA followed by post-hoc Turkey's test. P < 0.05 was considered
statistically significant for all analyses.
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Fig. 1. miR-122 expression is elevated in HAECs from the aortic intima of ApoE ™/~ mice fed with HFD.

(A-E) ApoE’/ ~ mice were fed a high-fat diet (HFD) or normal diet (ND) for 16 weeks. Each group includes 6 mice. (A) The aortic root sections were analyzed by HE
staining. The representative images of each group were presented (left) and the quantification analysis of the atherosclerotic lesion size was also shown (right). (B)
The aortic intima of ApoE™/~ mice was isolated and analyzed by Western blotting to determine the protein expression of endothelia marker PECAM-1, smooth
muscle cell markers SM22 and calponin 1, and apoptotic marker cleaved caspase-3. B-actin was used as a loading control. Blot images were representative of 3 mice
in each group. (C) The level of cleaved caspase-3 expression was quantified and normalized to that of B-actin. (D) The apoptosis of aortic ECs isolated from the aortic
intima was determined by the Annexin V/PI staining analysis. The percentage of apoptotic cells (Annexin V*) was shown. (E) miR-122 expression in the aortic intima
isolated from ApoE ™/~ mice was determined by qRT-PCR analysis. U6 snRNA was used as a reference control. Data are expressed as mean * SD (n = 6). Student's t-

test. “*P < 0.01 vs. ND.

3. Results

3.1. miR-122 is induced in the aortic endothelial cells of ApoE~"~ mice fed
with HFD

To test whether there exists a possible link between miR-122 and
endothelial cell (EC) apoptosis taking place in the process of ather-
ogenesis, a widely-used experimental atherosclerosis model was de-
veloped in ApoE™/~ mice by feeding a high-fat diet (HFD) for
16 weeks, and then, aortic endothelial cells (ECs) were isolated from the
aortic intima of ApoE ~/~ mice for detecting the expression of miR-122
and apoptotic marker cleaved caspase-3. ApoE ™/~ mice fed a normal
diet (ND) were used as controls. First, the successful induction of
atherosclerosis in HFD-fed ApoE~/~ mice was validated by the in-
creased atherosclerotic lesions, as revealed by HE staining of the aortic
root (Fig. 1A). Then, the purity of isolated aortic ECs was confirmed by
the enriched expression of surface protein marker PECAM-1 and the
absent expression of smooth muscle cell (SMC) marker SM22 and cal-
ponin 1 (Fig. 1B) [35]. HFD is known to induce the apoptosis of ECs in
ApoE ™/~ mice [36,37]. Consistently, we found that in contrast to ND
group, the expression of cleaved caspase-3, a marker of apoptosis [38],
was drastically elevated in aortic ECs from ApoE~/~ mice fed HFD
(Fig. 1B-C). The increased apoptosis of aortic ECs in HFD-fed ApoE ™/~
mice was further proven by the Annexin V/PI double staining assay
(Fig. 1D). Meanwhile, qRT-PCR analysis showed that the expression
level of miR-122 was significantly induced in aortic ECs from ApoE ™"~
mice fed HFD (Fig. 1E). Altogether, these results suggest that the
apoptosis of aortic ECs is induced in ApoE~/~ mice fed HFD and miR-
122 expression is simultaneously upregulated, which implies that miR-

122 may be involved in EC apoptosis in the context of atherosclerosis.

3.2. miR-122 is induced in HAECs treated with ox-LDL

We next checked miR-122 expression in ECs by applying an in vitro
system, in which human aortic endothelial cells (HAECs) were treated
with oxidized low-density lipoprotein (ox-LDL), an atherogenic factor
that is thought to play a central role during atherogenesis and capable
of inducing EC apoptosis [39,40]. As expected, ox-LDL treatment dose-
dependently induced the apoptosis of HAECs, as shown by increased
expression of cleaved caspase-3 (Fig. 2A). In addition, in these ox-LDL-
treated HAECs, the expression of miR-122 was also markedly induced
(Fig. 2B). Moreover, the expression levels of cleaved caspase-3 (Fig. 2C)
and miR-122 (Fig. 2D) were synchronously increased in HAECs by ox-
LDL treatment in a time-dependent manner. Collectively, these data
point to a positive association between miR-122 expression and apop-
tosis induction in ox-LDL-treated HAECs, which is reminiscent of miR-
122 upregulation in aortic ECs from ApoE ~/~ mice with atherosclerosis
induced by HFD.

3.3. Inhibition of miR-122 suppresses apoptosis of HAECs induced by ox-
LDL

miR-122 regulates apoptosis in cancer cells and cardiomyocytes
[20,21,41], however it's unknown whether miR-122 affects ox-LDL-in-
duced apoptosis in HAECs. In order to address this issue, we inhibited
miR-122 in ox-LDL-treated HAECs by transfecting antisense oligonu-
cleotides (miR-122 inhibitor) (Fig. 3A). The apoptosis of HAECs was
then assessed by TUNEL assay, which showed that the extent of ox-LDL-
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Fig. 2. miR-122 expression is elevated in HAECs
treated with ox-LDL.

(A-B) HAECs were treated with increasing con-
centrations of ox-LDL for 2 days as indicated. (A) The
protein expression of cleaved caspase-3 was de-
termined by Western blotting analysis. B-actin was
used as a loading control. Representative images
from 3 independent assays are depicted. (B) miR-122
expression was determined by gqRT-PCR analysis. U6
snRNA was used as a reference control. (C-D) HAECs
were treated with 100 ug/ml ox-LDL for increasing
time periods. The expression levels of cleaved cas-
pase-3 (C) and miR-122 (D) were analyzed as in
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induced apoptosis in HAECs was significantly attenuated when trans-
fected with miR-122 inhibitor, as compared with negative control (NC)
inhibitor (Fig. 3B), indicating that miR-122 knockdown reduces ox-
LDL-induced apoptosis in HAECs. Additionally, in accordance with this
result, ox-LDL-induced expression of cleaved caspase-3 was also de-
creased by miR-122 inhibitor (Fig. 3C), further confirming the anti-
apoptotic function of miR-122 knockdown in ox-LDL-treated HAECs.
Altogether, these findings suggest that miR-122 may serve as a positive
regulator of EC apoptosis induced by atherogenic factors.

3.4. miR-122 targets XIAP in HAECs

To understand how miR-122 regulates ox-LDL-induced apoptosis in
HAECs, we took advantage of TargetScan algorithm (http://www.
targetscan.org) to predict potential targets of miR-122. Among these
predicted candidates, the X chromosome-linked inhibitor of apoptosis
(XIAP) attracted our attention due to its critical role in the regulation of
apoptosis by binding and inhibiting caspases (Fig. 4A) [42]. To examine
whether XIAP contributes to miR-122 regulation of ox-LDL-induced
apoptosis in HAECs, we first verified whether XIAP is a direct target of
miR-122 through conducting luciferase reporter assay. As shown, miR-
122 overexpression in HEK293 cells strikingly reduced the luciferase
activity of wild-type XIAP construct, but did not have similar effect on
that of the mutant XIAP construct (Fig. 4B). Conversely, miR-122
knockdown significantly increased the luciferase activity of wild-type
XIAP construct, and no similar effect was observed for the mutant XIAP
construct either (Fig. 4C). Hence, these observations indicate that miR-
122 directly targets the mRNA of XIAP. miRNAs are known to suppress
the expression of mRNA targets [43]. Indeed, we found that miR-122
overexpression led to reduced expression of XIAP in HAECs, and con-
versely, miR-122 knockdown caused an increased expression of XIAP,
at both mRNA (Fig. 4D) and protein levels (Fig. 4E). Furthermore, in

24 36 48

ox-LDL (hrs)

vivo, contrary to the elevated expression of miR-122, XIAP expression
was significantly decreased in aortic ECs from ApoE~’~ mice fed HFD
(Fig. 4F). Taken together, these lines of evidence illustrate that miR-122
directly targets and suppresses XIAP expression in ECs, which may be
associated with induced EC apoptosis in atherosclerosis.

3.5. XIAP suppression mediates the pro-apoptotic role of miR-122 in ox-
LDL-treated HAECs

At last, to clarify whether the regulation of XIAP contributes to miR-
122 knockdown-attenuated apoptosis in HAECs under ox-LDL treat-
ment, we depleted XIAP expression through transfecting specific small
interfering RNA (siRNA). Consistently, as a target of miR-122, XIAP
expression was increased in ox-LDL-treated HAECs by miR-122 inhibi-
tion (Fig. 5A, lane 1 vs. lane 2). Further, compared with scrambled
control siRNA (siCtrl), the transfection of siRNA targeting XIAP
(siXIAP) resulted in efficient depletion of XIAP (Fig. 5A, lane 3 vs. lane
4). Strikingly, TUNEL assay showed that miR-122 knockdown-atte-
nuated apoptosis in HAECs was completely recovered along with XIAP
depletion (Fig. 5B), indicating that this anti-apoptotic role is dependent
on XIAP upregulation. Moreover, this concept was further supported by
the recovered expression of cleaved caspase-3 when XIAP was depleted,
as analyzed by Western blotting assay (Fig. 5C). Thus, these mechan-
istic studies show that the functional role of miR-122 in ox-LDL-induced
apoptosis in HAECs is dependent on its suppressive regulation of XIAP.

4. Discussion

It has long been recognized that EC apoptosis plays several detri-
mental roles in the pathogenesis of atherosclerosis [44,45]. Therefore,
the development of strategies for preventing or reducing EC apoptosis
would provide clinical benefit in modifying the progression of
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Fig. 3. miR-122 knockdown suppresses ox-LDL-induced apoptosis of HAECs.

(A-C) HAECs were transfected with negative control (NC) inhibitor or miR-122 inhibitor. One day after transfection, HAECs were further treated with or without
100 pg/ml ox-LDL for 2 days as indicated. (A) miR-122 expression was determined by qRT-PCR analysis. U6 snRNA was used as a reference control. Data are
expressed as mean = SD (n = 3). (B) The apoptosis of HAECs was measured by TUNEL staining. The representative images (left) and quantification analysis (right)
of the percentage of TUNEL positive cells are shown. Nuclei were stained blue with DAPI. Data are expressed as mean * SD (n = 15). Scale bar, 100 pM. (C) The
protein expression of cleaved caspase-3 was determined by Western blotting analysis. B-actin was used as a loading control. The level of cleaved caspase-3 expression
was quantified. Data are expressed as mean + SD (n = 3). Student's t-test. **P < 0.01 vs. NC. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

atherosclerosis. Whereas, the molecular mechanisms leading to EC
apoptosis are not well understood, which impedes the development of
targeted therapies. In recent years, miRNAs are emerging as important
regulators of atherosclerosis-associated EC apoptosis [46-49]. But, to
date, our understanding of the regulation of EC apoptosis by miRNAs is
still limited. In the current study, we uncover a novel role of miR-122 in
promoting ox-LDL-induced EC apoptosis by directly targeting XIAP,
which may offer a therapeutic implication for intervening athero-
sclerosis or other associated vascular diseases through reducing EC
apoptosis.

The biological function of miR-122 is often referred to the regula-
tion of hepatic physiology and pathology, including lipid metabolism,
hepatocellular carcinoma (HCC) and hepatitis C infection [50,51]. The
downregulation of miR-122 is frequently present in human HCC, and
the restored expression of miR-122 suppresses the growth, induces cell
cycle arrest and promotes apoptosis of HCC cells [20,52,53]. Although
miR-122 is considered to be a liver-specific miRNA, its role has recently
been extended to other circumstances, such as activating p53 transla-
tion in primary fibroblasts [54], ameliorating intestinal epithelial cell
injury in Crohn's disease [55], suppressing aggressive phenotypes in
breast cancer [56], glioma [57] and non-small-cell lung cancer cells
[58], and impeding angiogenic properties of endothelial cells [59].
These findings indicate that miR-122 participates in a broad range of
activities which are beyond previously thought. Due to the positive
regulation of miR-122 in ox-LDL-induced apoptosis revealed in our
study, it is very likely that the upregulated miR-122 would aggravate
ox-LDL-induced apoptosis, which could create a positive feed-back loop
between miR-122 upregulation and EC apoptosis. As far as we know,

this is the first time that miR-122 is positively connected to EC apop-
tosis in the context of atherosclerosis, therefore extending its functional
role to atherosclerosis pathology. Yet how exactly the expression of
miR-122 is controlled remains largely unclear. Three major mechan-
isms performing at different levels including transcription, processing
and post-synthesis 3’-uridylation modification are supposed to regulate
miR-122 [60]. Further studies would be required to address the reg-
ulatory mechanisms of miR-122 expression in ECs in response to
atherogenic stimuli.

As known, young ApoE /~ mice develop spontaneous athero-
sclerotic lesions even on a ND in a time-dependent manner [25,61],
which means that compared with wild-type mice, the baseline levels of
atherosclerotic severity and apoptosis in aortic ECs would be higher in
ApoE ™/~ mice fed a ND. Notably, ApoE ™/~ mice fed a ND displayed a
certain degree of apoptotic cells and expression of cleaved caspase-3,
although largely lower than those fed a HFD (Fig. 1), presumably
suggesting that in these mice, early signs of spontaneous atherosclerosis
have already appeared. However, it should be noted that in animal
experiments, we did not synchronously analyze wild-type mice because
of intended experimental purposes, which undoubtedly limits our un-
derstanding of the baseline expression and functional results of miR-
122 in mice. Relevant animal studies are required to fully address this
issue in the future.

The physiologic concentration of ox-LDL is around 5 pug/ml [62]. It's
known that Ox-LDL induces apoptosis in a concentration dependent
manner in the cells [63]. Previous studies have shown that low phy-
siologic concentrations of ox-LDL (< 5 pg protein/ml) not only do not
cause apoptosis, but are associated with endothelial cell proliferation
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(A) Sequence alignment of miR-122 and 3'UTR of XIAP, which shows the complementarity (matched bases marked in red letters). The mutant sites are also shown.
(B) Luciferase activity of wild-type (WT) or mutant (MUT) 3"UTR of XIAP in HEK293 cells transfected with negative control (NC) mimic or miR-122 mimic for 2 days.
(C) Luciferase activity of WT or MUT 3’UTR of XIAP in HEK293 cells transfected with NC inhibitor or miR-122 inhibitor for 2 days. (D-E) HAECs were transfected
with NC mimic, miR-122 mimic, NC inhibitor, or miR-122 inhibitor for 2 days. (D) XIAP mRNA expression was determined by qRT-PCR analysis. 3-actin was used as
a reference control. (E) XIAP protein expression was determined by Western blotting analysis. B-actin was used as a loading control. Representative images from 3
independent assays are depicted. (F) HAECs isolated from the aortic intima of ApoE ™/~ mice fed a HFD or normal diet for 16 weeks were analyzed by Western
blotting to determine XIAP protein expression. B-actin was used as a loading control. Blot images were representative of 3 mice in each group. The quantification

analysis of XIAP expression is shown below. Data are expressed as mean *

SD (n = 3). Student's t-test. **P < 0.01; NS, not significant. (For interpretation of the

references to colour in this figure legend, the reader is referred to the web version of this article.)

[64,65]. But, on the other hand, higher concentrations (30-50 pg/ml)
have been shown to reduce the viability of vascular cells and induce cell
apoptosis [66,67]. In the current study, we established an in vitro
apoptosis model of HAECs by treating them with 25, 50, and 100 pg/ml
ox-LDL, which exceed the physiologic range. These concentrations of
ox-LDL were also used in many other studies reported by other groups
[18,68-71]. Although our cell culture studies may indeed bear only
partial relevance to pathophysiological mechanisms present in vivo,
they possess important implications for understanding the relation be-
tween ox-LDL-induced HAECs apoptosis and miR-122.

XIAP belongs to IAP proteins and is the exclusive endogenous
mammalian inhibitor of caspases that inhibits the execution of apop-
tosis through binding active caspases 3 and 7 with its BIR2 domain and
the linker region domain, and binding the processed caspase-9 with its
BIR3 domain [72]. Consistently, the transgenic overexpression of XIAP
protects against caspase activation and tissue death following neonatal
hypoxia-ischemia [73], and reversely, the loss of XIAP or deletion of
RING domain causes excessive cell death [74]. We noticed decreased
expression of XIAP in aortic ECs from ApoE ™/~ mice fed HFD, implying
that the XIAP-conferred anti-apoptotic machinery may be impaired in
aortic ECs in the development of atherosclerosis, whereby promoting
the apoptosis of aortic ECs. In agreement with XIAP negative regulation

of EC apoptosis, we demonstrate that as a direct target of miR-122, the
relieved suppressive regulation of XIAP expression upon miR-122
knockdown accounts for the attenuated ox-LDL-induced apoptosis in
HAECs, which underscores a critical role of miR-122/XIAP axis in the
regulation of EC apoptosis. Coincidently, miR-122 was also reported to
target XIAP in colorectal cancer cells [75]. Mechanistically, we found
that the expression of cleaved caspase-3 was increased when XIAP was
silenced by siRNA, therefore, at least suggesting that the inhibition of
caspases 3 cleavage is one of the major mechanisms that could explain
its anti-apoptotic role in ECs. It's noteworthy that in addition to XIAP,
other downstream targets of miR-122 have been reported to mediate its
regulatory role in apoptosis, albeit under different circumstances, such
as DJ-1 [76], RUNX2 [77], Bcl-w [78] and GATA-4 [41]. It is interesting
to examine whether these targets contribute to miR-122 regulation of
EC apoptosis. Addressing this issue could provide useful hint to advance
our understanding of miR-122 function involved in the pathogenesis of
atherosclerosis.
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Fig. 5. miR-122 knockdown-suppressed ox-LDL-induced apoptosis of HAECs relies on upregulating XIAP.

(A-C) HAECs were cotransfected siRNA control (siCtrl) or siRNA XIAP (siXIAP) with NC inhibitor (inh) or miR-122 inh. One day after transfection, HAECs were
further treated with 100 pg/ml ox-LDL for 2 days. (A) The protein expression of XIAP was determined by Western blotting analysis. B-Actin was used as a loading
control. Representative images from 3 independent assays are depicted. The quantification analysis of XIAP expression is shown right. Data are expressed as
mean * SD (n = 3). (B) The apoptosis of HAECs was measured by TUNEL staining. The representative images (left) and quantification analysis (right) of the
percentage of TUNEL positive cells are shown. Nuclei were stained blue with DAPI. Data are expressed as mean * SD (n = 15). Scale bar, 100 uM. (C) The protein
expression of cleaved caspase-3 was determined by Western blotting analysis. 3-Actin was used as a loading control. Representative images from 3 independent
assays are depicted. The quantification analysis of cleaved caspase-3 expression is shown right. Data are expressed as mean * SD (n = 3). One-way ANOVA followed
by post-hoc Turkey's test. **P < 0.01; NS, not significant. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version
of this article.)
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