














Role of miR-1907 in AS

Figure 4. Ox-LDL-treated HAECs recapitulate the findings in HFD mice. HAECs were treated with or without 100 pg/
ml ox-LDL to induce cell apoptosis. (A, B) Analyses of cell apoptosis by FITC Annexin V Apoptosis assay, shown by
representative flow charts (A), and by quantification (B). (C, D) Analyses of cell apoptosis by TUNEL assay, shown by
representative images (C), and by quantification (D). (E) Quantification of viable cell number in a CCK-8 assay. (F)
Western blotting for Bcl-2. (G) RT-qPCR for miR-1907. *P < 0.05. N=5.

detected significantly lower levels of CD31 by
mRNA (Figure 1D), and by Western blot (Figure
1E) in aortic arch from HFD mice, compared to
ND mice. Moreover, we detected significantly
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higher levels of a-SMA and Vimentin by mRNA
(Figure 1D), and by Western blot (Figure 1E).
Together, these data suggest that HFD induces
AS in ApoE (-/-) mice.
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Increased endothelial cell apoptosis occurs in
HFD mice

To specifically study endothelial cells in the aor-
tic arch, we isolated CD31+ cells from the dis-
sociated mouse aortic arch by flow cytometry
(Figure 2A). We found that the percentage of
CD31+ endothelial cells in the aortic arch from
HFD mice was significantly lower than that in
ND mice (Figure 2B), suggesting that the low
CD31 levels in the aorta of HFD mice may result
from reduced endothelial cells. In order to
understand the mechanism, the isolated
CD31+ cells were further subjected to FITC
Annexin V Apoptosis essay. We detected a sig-
nificantly higher percentage of apoptotic CD31+
endothelial cells in HFD mice, compared to ND
mice, shown by representative flow charts
(Figure 2C), and by quantification (Figure 2D).
Thus, HFD induces endothelial cell apoptosis in
ApoE (-/-) mice. To figure out the apoptotic fac-
tors that may be involved, we examined the
major candidates BAD, Bax, Bid and Bcl-2.
Although pro-apoptotic proteins were not sig-
nificantly altered, we detected significantly
lower levels of anti-apoptotic proteins Bcl-2 in
endothelial cells from HFD mice, compared to
ND mice (Figure 2E). Thus, we focused on Bcl-2
in the current study. To our surprise, mRNA lev-
els of Bcl-2, unlike the protein levels, were not
significantly altered in endothelial cells from
HFD mice, compared to ND mice (Figure 2F),
suggesting that the alteration of Bcl-2 protein
levels may be due to post-transcriptional regu-
lation, such as by miRNAs.

HFD-induced upregulation of miR-1907 sup-
presses protein translation of Bcl-2

Next, we examined the underlying mechanisms.
All Bcl-2-targeting miRNAs were then deter-
mined by bioinformatics analyses, from which
we found that miR-1907 levels were significant-
ly increased in CD31+ endothelial cells in HFD
mice (Figure 3A). MiR-1907 targets the 3-UTR
of Bcl-2 mRNA at one binding site (Figure 3B).
MiR-1907 mimics, antisense for miR-1907 (as-
miR-1907) and null controls (null) were then
prepared to transfect human aortic endothelial
cells (HAECs) to confirm the potential of modifi-
cation of miR-1907 levels by these plasmids
(Figure 3C). Next, luciferase reporters contain-
ing the 3’-UTR of Bcl-2 or a mutated 3'-UTR of
Bcl-2 in the miR-1907 binding site were con-
structed and transfected into HAECs (Figure
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3B). We found that miR-1907 markedly inhibit-
ed the luciferase activity of the vector contain-
ing the wild-type binding site, whereas the as-
miR-1907 increased luciferase activity (Figure
3D). Moreover, transfection of miR-1907 or as-
miR-1907 did not affect the luciferase activity
of the reporter carrying the mutated miR-1907
binding site (Figure 3E). Together, these data
suggest that HFD-induced upregulation of miR-
1907 may suppress protein translation of
Bcl-2.

Ox-LDL:-treated HAECs upregulate miR-1907
and increase apoptosis

HAECs were treated with 100 pg/ml oxidized
low-density lipoprotein (ox-LDL) as an in vitro
model to study endothelial cells in the setting
of AS. First, we confirmed that ox-LDL signifi-
cantly increased cell apoptosis, by FITC Annexin
V Apoptosis essay (Figure 4A, 4B), and by
TUNEL assay (Figure 4C, 4D). Moreover, endo-
thelial cell apoptosis resulted in a significant
reduction in viable cell number in a CCK-8
assay (Figure 4E). Furthermore, ox-LDL signifi-
cantly decreased Bcl-2 protein levels (Figure
4F), and significantly increased miR-1907 lev-
els (Figure 4G).

Depletion of miR-1907 reduces ox-LDL-in-
duced apoptotic death of HAECs

Finally, we examined whether depletion of miR-
1907 may inhibit or attenuate the apoptotic
cell death of HAECs by ox-LDL. HAECs were
thus transfected with null or as-miR-1907, and
then exposed to ox-LDL. We found that deple-
tion of miR-1907 significantly decreased ox-
LDL-induced cell apoptosis, by FITC Annexin V
Apoptosis essay (Figure 5A, 5B), and by TUNEL
assay (Figure 5C, 5D), resulting in increases in
viable endothelial cell number by ox-LDL treat-
ment in a CCK-8 assay (Figure 5E), seemingly
through increases inBcl-2 protein (Figure 5F).
Thus, depletion of miR-1907 reduces ox-LDL-
induced apoptotic death of HAECs.

Discussion

During vascular homeostasis, the endothelium
helps to mediate vasodilation, suppression of
smooth muscle cell outgrowth, and inhibition of
aberrant inflammatory responses [3-7]. Ample
evidence has highlighted endothelial dysfunc-
tion as an early characteristic of AS, since there
is endothelial cell dysfunction and injury before
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Figure 5. Depletion of miR-1907 reduces ox-LDL-induced apoptotic death of HAECs. HAECs were first transfected
with null or as-miR-1907 plasmids, and then treated with or without 100 pg/ml ox-LDL to induce cell apoptosis.
(A, B) Analyses of cell apoptosis by FITC Annexin V Apoptosis assay, shown by representative flow charts (A), and
by quantification (B). (C, D) Analyses of cell apoptosis by TUNEL assay, shown by representative images (C), and by
quantification (D). (E) Quantification of viable cell number in a CCK-8 assay. (F) Western blotting for Bcl-2. *P < 0.05.

N=5.

the onset of structural alterations to the vessel
wall [3-7]. On the other hand, many risk factors
predisposing to AS have been demonstrated to
induce endothelial dysfunction, including upre-
gulation of nitric oxide production or activity, as
well as reduction of oxidative stress [3-7].
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Mechanistically, interactions among endotheli-
al cells and other cell types like T lymphocytes,
macrophages and smooth muscle cells coordi-
nate the pathogenesis of AS. Itis likely that pro-
atherosclerotic factors are produced and
secreted to induce endothelial cell apoptosis
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[3-7]. However, the detailed molecular signaling
remains ill-defined.

Aberrantly expressed miRNAs have recently
been reported to play a role in the regulation of
endothelial cell survival/death in the setting of
AS. For example, miR-26a was revealed to be
an anti-apoptotic miRNA which prevents endo-
thelial cell apoptosis in the development of AS
[17]. In this study, the authors ascertained that
miR-26a is a novel anti-apoptotic miRNA which
directly targets TRPCG6 in vascular endothelial
cells, but is dysregulated in AS. AS-related
endothelial cell apoptosis is regulated in a
pathway involving miR-26a, TRPC6, intracellu-
lar calcium, cytochrome ¢ and caspase 3 [17].
Moreover, AS-associated endothelial cell apop-
tosis has also been attributed to the down-reg-
ulation of Bcl-2, through increased miR-429
that binds to and suppresses the translation of
Bcl-2 mRNA [18]. However, targets other than
TRPC6 and Bcl-2 that are associated with
AS-related endothelial cell apoptosis have not
been reported.

Here, we found that ApoE (-/-) mice treated with
12 weeks of HFD developed AS, while the con-
trol ApoE (-/-) mice fed with ND did not. HFD
mice displayed typical features of AS. When we
analyzed major apoptosis-associated proteins
by Western blot in CD31+ endothelial cells from
those mice, we found that Bcl-2 was sup-
pressed in CD31+ endothelial cells from HFD
mice.

Since the mRNA levels of Bcl-2 appeared
unchanged, we proposed that Bcl-2 might be
regulated by a miRNA. All Bcl-2-targeting miR-
NAs were then determined by bioinformatics
analyses, and we screened all these miRNAs
and found that miR-1907 levels were signifi-
cantly increased in CD31+ endothelial cells
from HFD mice. We thus performed an in vitro
analysis on the role of miR-1907 in an experi-
mental model of AS, and confirmed this regula-
tion loop in the control of AS-associated endo-
thelial cell apoptosis by a loss-of-function
approach. MiR-1907 is a miRNA, the function
of which is poorly understood. First, haplo
insufficiency of the gene appears to be associ-
ated with craniofacial abnormalities [19].
Moreover, elevated expression of circulating
miR-1907 has been shown to be a specific
response to severe EV71 infections [20]. Our
study should provide additional insight into the
biological function of miR-1907.
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In summary, our study identified a new role for
miR-1907 in the regulation of endothelial cell
apoptosis during AS, and sheds new light that
may facilitate the development of innovative AS
therapies.
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