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ABSTRACT

Background: Heart failure (HF) is a major public health problem worldwide. The development of HF was related
to coronary microvessel dysfunction. Whether miRNAs participate in HF by regulating coronary microvessel
function remain unclear.

Methods: The potential targets of miR-665 were predicted by rnahybrid software, then verified through anti-
Ago2 co-immunoprecipitation, Western blotting and luciferase reporter assays. rAAV9 system was used to
manipulate the expression of miR-665 in vivo.

Results: Significant increase of miR-665 was observed in endothelial cells of human heart with heart failure. In
vitro over-expression of miR-665 in endothelial cells resulted in decreased proliferation but enhanced
apoptosis. rAAV-mediated delivery of miR-665 reduced coronary microvessel angiogenesis and cardiac
microvessel density, then further impaired cardiac function in vivo. Furthermore, CD34 was confirmed as one of
the miR-665 targets. Consistently, re-expression of CD34 attenuated miR-665-mediated damage effects in vitro
and in vivo. We also found that Sp1 regulated miR-665 expression in endothelial cells.

Conclusion: Our findings demonstrated that miR-665 played an important role in heart failure via damaging
coronary microvessel angiogenesis, and suggested that miRNA-based therapeutics may protect against
coronary microvessel dysfunction and heart failure.

INTRODUCTION

Heart failure (HF) is a major public health problem,
which is defined as a complex syndrome that results
from various structural or functional impairment of
ventricular filling or ejection of blood [1]. HF remains a
stubborn problem, with a prevalence of over 5.8 million
in the USA, and over 23 million worldwide [2]. Despite
recent advances in pharmacologic therapies and tech-
nology products, approximately 50% patients diagnosed
with HF will die within 5 years [3].

Clinical observations showed that the status of the
coronary vasculature played an important role in
controlling cardiac function under stress, and the
microvessel density of normal hearts was significantly
higher than that of diseased hearts [4]. Moreover, the
imbalance between coronary angiogenesis and cardio-
myocyte growth participates in cardiac function
regulation, and impaired vasculature may contribute to
the transition from compensated to decompensated
cardiac hypertrophy, and finally lead to heart failure [5].
Thus, stimulation of coronary angiogenesis may be an
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advantageous strategy for preventing or reversing heart
failure.

MicroRNAs (miRNAs) are a class of endogenous,
single-stranded non-coding, post-transcriptional RNAs
of 19-25 nucleotides, which play an important role in
many essential biological processes [6]. MiRNAs
negatively regulate gene expression through two major
mechanisms: inhibition of translation or cleavage of the
target mRNA, depending on the binding ability to their
mRNA targets, while other criteria still being defined
[7]. Increasing evidences demonstrated that miRNAs
were involved in diverse physiological/pathological
processes, and miRNAs could be powerful diagnostic
and therapeutic tools in various disorders, including
angiogenesis and vascular development [8-10]. Our
previous study has demonstrated that the expression
level of miR-665 was significantly increased in patients
with chronic heart failure (CHF) both in heart and
plasma, and was negatively correlated with CHF seve-
rity, which indicated a promising diagnostic biomarker
for CHF [11]. Besides, recent studies showed that miR-
665 involved in the suppression of odontoblast
maturations [12]. However, the biological function of
miR-665 in heart failure remains elusive.

CD34 is a transmembrane cell surface glycoprotein,
which is selectively expressed in hematopoietic stem
cells (HSCs) and progenitor cells [13]. It was reported
that CD34 also expressed in the endothelial tip cell
filopodia during angiogenesis in human embryogenesis
and tumors [14]. Positive expression of CD34 in endo-
thelial cells has been used to identify sprouting endo-
thelial tip cells during angiogenesis in vitro and in vivo
[15]. Recently, it was found that CD34 promoted
angiogenic sprouting induced by VEGF in vitro, and
was involved in neovascularization of epi-retinal [16].
In the present study, we observed that miR-665
involved in the process of heart failure by reducing
coronary microvessel angiogenesis via CD34.

RESULTS

MiR-665 is up-regulated in endothelial cells of
human heart with heart failure

Our previous work reported that miR-665 was up-
regulated in the heart and plasma of CHF patients [11],
which indicated that miR-665 may participate in heart
failure. RNA fluorescence in situ hybridization
demonstrated that the endogenous miR-665 was enrich-
ed in CD3l-positive microvessels of human left
ventricular (LV) specimens, and significantly increased
miR-665 was observed in human hearts with heart
failure (Figure 1A). Immunohistochemical assays
showed that the numbers of CD31-positive cells were

markedly decreased in human heart with heart failure
(Figure 1B). These data suggested that miR-665 may
act as a novel regulator of endothelium dysfunction in
heart failure.

MiR-665 impairs endothelium function in vitro

To explore the role of miR-665 in cultured endothelial
cells, gain/loss-of-function analysis was conducted by
transfection of miR-665 mimics or inhibitor. HUVEC
cell line and HCMEC primary cells with miR-665
transfection exhibited impaired cell migration and tube
formation, while knocking down of endogenous miR-
665 showed opposite effects (Figure 2A, 2B and Sup-
plementary Figure 1A). Meanwhile, Annexin V/PI
staining assay in HUVEC cells showed that miR-665
increased, while miR-665 inhibitor decreased apoptosis
in endothelial cells (Figure 2C). Furthermore, EdU
assay revealed that down-regulation of miR-665 by
miRNA inhibitor enhanced cell proliferation, while
miR-665 mimics resulted in opposite effect both in
HUVEC and HCMEC cells (Figure 2D and
Supplementary Figure 1B). Proliferation of endothelial
cells is essential for the activation of angiogenesis. Very
recently, impaired cardiac angiogenesis was considered
as a key event in the development of heart failure. Our
data indicated that miR-665 may aggravate the
development of heart failure via reducing angiogenesis.

MiR-665 directly targets CD34 by interaction with
the 3° UTR

To gain insight into the specific molecular target of
miR-665 in vascular function, we employed rnahybrid
software ( http :// bibiserv.techfak.uni-bielefeld.de/rna
hybrid/submission.html) to predict the potential angio-
genesis-related targets of miR-665. Specifically, four
genes, CD34 molecule (CD34), insulin like growth
factor 1 (IGF1), vascular endothelial growth factor A
(VEGFA) and AKT serine/threonine kinase 3 (AKT3)
were suggested as targets of miR-665 (Supplementary
Figure 2).

By performing RNA co-immunoprecipitation with anti-
Ago2, we found that Ago2 showed increased
association with the CD34 mRNA (but not IGFI,
VEGFA or AKT3) after miR-665 transfection in
HUVEC cells (Figure 3A). Co-immunoprecipitated
products detected by Western blotting showed that the
anti-Ago2 antibody could isolated Ago2 specifically
(Figure 3B). Consistently, CD34 expression was
significantly decreased in human heart with heart failure
as detected by immunohistochemical assays (Figure
3C). Multiple sequence alignment of miR-665 indicated
a binding site within the 3’ UTR of the human CD34
gene (Figure 3D). Luciferase reporter experiments
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Figure 1. MiR-665 is up-regulated in endothelial cells of human heart with heart failure. (A) miR-665 increased a
lot in endothelial cells of human heart by RNA fluorescent in situ hybridization (FISH) assay (CD31 is a maker for endothelial
cells). (B) Representative immunohistochemical staining of CD31 in human heart (control, n = 2; heart failure [HF], n = 5).

showed that miR-665 mimics transfection significantly
suppressed luciferase activity, while miR-665 inhibitor
enhanced luciferase activity in human CD34 3" UTR,
but luciferase activity in mutated human CD34 3’ UTR
remained unaltered after miR-665 mimics or inhibitor
transfection in HUVEC cells (Figure 3E). Moreover,
Western Dblotting showed that miR-665 inhibitor
transfection significantly increased CD34 level in
HUVECs, while miR-665 mimics reduced CD34 level
in HUVEC cells (Figure 3F). Further, the effects of
miR-665 on CD34 mRNA stability was detected, and
results showed that CD34 mRNA was promoted to
decay by miR-665 (Figure 3G).

These results suggested that miR-665 inhibited CD34
expression by directly binding its 3" UTR.

Down-regulation of CD34 impairs endothelium
function in vitro

To verify the function of CD34 in cultured endothelial
cells, siRNA against CD34 was transfected into
HCMEC and HUVEC cells. The knockdown efficiency
of the siRNA was almost 50% at the protein level in
HUVEC cells (Figure 4A). Similarly, knockdown of
CD34 impaired endothelial function, proved by
reduced cell migration (Figure 4B and Supplementary
Figure 3A) and damaged tube formation both in
HUVEC cells (Figure 4C). As expected, knockdown of
CD34 not only led to endothelial cells impairment, but
also resulted in increased apoptosis (Figure 4D) and
decreased proliferation (Figure 4E and Supplementary
Figure 3B).
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Figure 2. MiR-665 impairs endothelium function in vitro. (A) Migration evaluated by transwell experiment in HUVEC
cells. (B) Tube formation determined on Matrigel in HUVEC cells. (C) Apoptosis measured by Annexin V/PI flow cytometric

analysis in HUVEC cells. (D) Proliferation detected by EdU incorporation assays in HUVEC cells. Data are representative of four
experiments, n=4. Data are expressed as mean = SEM.
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Figure 3. MiR-665 directly targets CD34 by interaction with the 3’ UTR. (A) Real-Time PCR analysis of mRNA in association
with Ago2 in HUVEC cells. Results from control were set to 1 (n=4). (B) Ago2 protein levels in co-immunoprecipitated products
measured by Western blotting. (C) Representative immunohistochemical staining of CD34 in human heart (control, n = 2; heart
failure [HF], n = 5). (D) Schematic representation of predicted target sites of miR-665 in the 3’ UTR of CD34. (E) Regulation of miR-
665 on 3’ UTR of CD34 in HEK293 cell by luciferase reporter assay (n=4). (F) CD34 protein levels in treated HUVEC cells detected by

Western blotting (n=4). (G) Stability curves of CD34 mRNA in treated HUVEC cells (n=3). Data are expressed as mean + SEM.

WwWw.aging-us.com

2463

AGING



HUVEC

s
> 15
A 110KD — W — CD34 % 0.0436
o= p=
g 1.0
. Q
40KD  <ammeammm ammme s [-actin ®os
®
N Q N ™ kol
L o L ) o8
oo& 0,19 (,O& & & & & &
WQ & & x4 O
AN ‘«S{Z’ K S D)
& X
Q\ )
&

HUVEC

p<005

Relative migrated
cell number

B
0.5
0.0
o) N S 0
S "PQ R o&
& & 2
&
Cc control lipo 2000 si-negtive control si-CD34 - HUVEC
£
[ 4
°
»
o
2
[
2.
-- ©
o
oz o
D control lipo2000 si-negative con si-CD34 % s
*Tim z <4 = ST — ST - 15
§ p<0.05
10
]
S
. g
<
Pl i L .
: caman anmet s Miad
: b e O&@\ @QQ o&@\ o&h
Annexin V c @ _\\\\ef' &
&
&
E control lipo2000 si-negtive control si-CD34
HUVEC
EdU e
E
<0.05
t 1.0 SRR
3
fin}
DAPI B o0s
c
R
N N
& & &8
< <
Merge & §o &
&
o

Figure 4. Down-regulation of CD34 impairs endothelium function in vitro. (A) CD34 protein levels in treated HUVEC cells
detected by Western blotting. (B) Migration evaluated by transwell experiment in HUVEC cells. (C) Tube formation determined on
Matrigel in HUVEC cells. (D) Apoptosis measured by Annexin V/PI flow cytometric analysis in HUVEC cells. (E) Proliferation detected
by EdU incorporation assays in HUVEC cells. Data are representative of four experiments, n=4. Data are expressed as mean + SEM.
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Figure 5. Re-expression of CD34 reverses miR-665 induced endothelium dysfunction in vitro. (A) CD34 protein levels in
treated HUVEC cells detected by Western blotting (n=4). (B) Migration evaluated by transwell experiment in HUVEC cells (n=3).
(C)Tube formation determined on Matrigel in HUVEC cells (n=4). (D)Apoptosis measured by Annexin V/PI flow cytometric analysis in
HUVEC cells (n=4). (E) Proliferation detected by EdU incorporation assays in HUVEC cells (n=4). Data are expressed as mean + SEM.
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Re-expression of CD34 reverses miR-665 induced
endothelium dysfunction in vitro

To further verify the role of miR-665/CD34 pathway in
endothelial cell impairment and anti-angiogenic
response, we re-expressed CD34 in miR-665 mimics-
treated HUVEC cells using pcDNA3.1-CD34. As
shown in Figure 5A, pcDNA3.1-CD34 restored CD34
expression as verified by Western blotting in HUVEC
cells (Figure 5A). As expected, transwell experiment
and tube formation assay showed that restored CD34
expression markedly improved cell migration and tube
formation in miR-665 mimics-treated HUVEC and
HCMEC cells (Figure 5B, 5C and Supplementary
Figure 4A). Similarly, re-expressed CD34 in miR-665
mimics-treated HUVEC and HCMEC cells exhibited
decreased apoptosis (Figure 5D) and increased
proliferation (Figure SE and Supplementary Figure 4B).

Inhibition of miR-665 or re-expression of CD34
improves cardiac dysfunction via angiogenesis in
TAC mice

To investigate the effects of miR-665 in heart failure in
vivo, TAAV9 system were used to manipulate the
expression of miR-665 in mice. Meanwhile, we re-
expressed CD34 in rAAV9-miR-665-treated TAC mice
using rAAV9-CD34. Results showed that cardiac miR-
665 was increased in TAC-induced heart failure mice
compared to normal controls. Besides, rAAV9-miR-665
treatment induced miR-665 over-expression in TAC
mice, while rAAV9-miR-665 TUD delivery decreased
the expression of cardiac miR-665 (Figure 6A and
Supplementary Figure 5A). We found that miR-665 did
not affect heart function detected by echocardiographic
assessments and Millar cardiac catheter system under
normal conditions (Supplementary Figure 5B and 5C).

Figure 6. Inhibition of miR-665 or re-expression of CD34
improves cardiac dysfunction via angiogenesis in TAC
mice. (A) Relative cardiac expression of miR-665 detected by
real-time PCR. (B) Relative CD34 expression level in heart
detected by real-time PCR. (C) Representative images of
immunohistochemical staining for CD31 and CD34 in heart
tissues. (D) Representative images of Pulsed-wave Doppler of
coronary artery at baseline or under hyperemic conditions
induced by inhalation of 1% or 2.5% isoflurane, respectively. The
coronary flow reserve is calculated as the ratio of hyperemic
peak diastolic flow velocity to baseline peak diastolic flow
velocity. (E) Echocardiographic detection in treated mice. (F)
Hemodynamic analysis measured by Millar cardiac catheter
system in treated mice. (G) Gross morphology by hematoxylin
and eosin (H&E) staining and picrosirius red staining of hearts
from treated mice. (H) Histological analysis of surface area of
cardiomyocytes by H&E staining and collagen deposition in heart
by picrosirius red staining. The numbers of mice tested are
showed in the bars. Data are expressed as mean + SEM.
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Then we explored the role of miR-665 under stress
conditions. Real-time PCR showed that cardiac CD34
mRNA level was decreased in TAC-induced heart
failure mice, and then was further reduced in rAAVO9-
miR-665-treated TAC mice, while rAAV9-miR-665
TUD treatment showed the opposite effect. However,
rAAV9-CD34 restored CD34 expression in rAAV9-
miR-665-treated TAC mice (Figure 6B). To investigate
the effects of miR-665 on coronary microvessel and
angiogenesis in heart failure, protein levels of CD31
and CD34 in heart were detected. The reduced
expressions of CD31 and CD34 in response to TAC
were aggravated in rAAV9-miR-665-treated mice,
while down-expression of miR-665 exhibited
significant increased protein levels of CD31 and CD34
(Figure 6C). However, restored CD34 expression in
rAAV9-miR-665-treated mice attenuated these effects
(Figure 6C). The coronary microvascular function was
detected by the coronary flow reserve (CFR) assays.
TAC-treated mice showed a marked decrease in CFR
compared to normal control, while over-expression of
miR-665 aggravated the decrease of CFR. In addition,
rAAV9-miR-665 TUD-treated TAC mice showed
improvement in CFR comparing to TAC controls, and
restored CD34 expression in TAAV9-miR-665-treated
mice relieved the damage effects of miR-665 (Figure
6D). The echocardiographic assessments showed that
over-expression of miR-665 aggravated impaired LV
ejection fraction (EF) and percentage of fractional
shortening (FS) induced by TAC compared with control
TAC mice, while restored CD34 expression in rAAV9-
miR-665-treated mice eliminated the damage effects. In
contrast, rTAAV9-miR-665 TUD attenuated the severity
of EF value and FS value (Figure 6E). Using Millar
cardiac catheter system, we found that rAAV-miR-665
TUD alleviated cardiac dysfunction of TAC mice by
down-regulating miR-665, while miR-665 over-
expression exacerbated cardiac dysfunction. However,
restored CD34 expression in rAAV9-miR-665-treated
TAC mice abolished the impairment effects of miR-665
over-expression (Figure 6F).

Down-expression of miR-665 significantly reversed the
enlarged heart size, cardiomyocytes size and collagen
accumulation induced by TAC, while rAAV-miR-665
showed opposite effects (Figure 6G and 6H).
Meanwhile, restored CD34 expression in rAAV9-miR-
665-treated mice eliminated the damage effects of miR-
665 (Figure 6G and 6H).

Together, these findings showed that in vivo down-
expression of miR-665 increased endothelial cells
proliferation and coronary microvessel density, then
further improved the heart function.

Sp1 regulates miR-665 in vitro

By bioinformatic prediction, the promoter region of
miR-665 contains several binding sites for the
transcription factor Spl. Might transcription factor Spl
induce the elevation of miR-665 in cardiac endothelial
cell? Western blotting showed cardiac Sp1 protein level
was increased in TAC-induced heart failure mice
(Figure 7A). Moreover, Western blotting also showed
that the knockdown efficiency of si-Spl was almost
70% (Figure 7B). Then, a marked decrease in miR-665
level was accompanied with si-Sp1, further suggesting
that the overexpression of miR-665 in heart failure is
induced by Spl (Figure 7C). Thus, we cloned different
length of the putative 5'-promoter region of miR-665 to
pGL3 vector. Four plasmids pGL3-2000(-2000/0),
pGL3-1500(-1500/0), pGL3-1000bp (-1000/0) and
pGL3-500bp (-500/0) were constructed (Figure 7D).
After co-transfected pGL3-miR-665-promoter into
HEK293 cell with si-Spl, significantly reduced
fluorescence signal was observed compared with siRNA
negative control. Moreover, fluorescence signal could
be observed in the cells transfected with pGL3-2000bp
similarly as the cells transfected with pGL3-1500bp,
and the cells transfected with pGL3-1000bp similarly as
the cells transfected with pGL3-500bp (Figure 7D and
7E). These results indicated that the promoter region of
miR-665 between -500bp to Obp contained the binding
site of transcription factor Spl1.

These results indicated that transcription factor Spl
level increased miR-665 in heart failure then further
aggravated the development of heart failure through
damaging endothelial cells function.

Moreover, a model was used to illustrate the roles of
Sp1, miR-665 and CD34 in heart failure (Figure 7F).

DISCUSSION

Our previous study showed that expression of miR-665
was increased both in the heart and plasma of patients
with CHF, and circulating miR-665 level was
negatively correlated with LVEF% [11]. In the current
study, we confirmed a miR-665-mediated anti-
angiogenesis effect during heart failure.

It is well known that a same miRNA may play different
roles in different cell types. For example, miR-21 has
exhibited a protective effect in cardiomyocytes, but
systemic inhibition of miR-21 showed effective against
myocardial fibrosis and dysfunction [17]. So, it is
important to make clear the target cell of certain
miRNA in various pathological processes. Here, our
study showed that the expression of miR-665
significantly increased in endothelial cells of human
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heart with heart failure. These data indicated that miR-
665 may involve in heart failure through endothelial
cells.

Over-expression of miR-665 decreased proliferation
and angiogenesis, and increased apoptosis in cultured
endothelial cells. Consistently, rAAV9-mediated down-
expression of miR-665 alleviated impairment of cardiac
angiogenesis in TAC-treated mice. Moreover, CD34
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Both cardiac function and heart size depended on
angiogenesis, and the imbalance between angiogenesis
and cardiomyocyte hypertrophy lead to the progression
from adaptive cardiac hypertrophy to heart failure [5].
Pressure overload leads to an upregulation both in capil-
larization and myocyte growth, but the increase in
capillarization did not keep pace with myocyte growth
[4, 18]. Previous studies have demonstrated that pro-
tection of cardiac vasculature improved cardiac function
while vascular damage aggravated myocardial
depression [19], which was consistent with our present
work. Over-expression of miR-665 reduced coronary
angiogenesis, then resulted in decreased capillary
density, contractile dysfunction, and transition from
pathological hypertrophy to heart failure.

rAAV gene delivery is a highly promising and prevalent
system for gene therapy because of its low toxicity and
immunogenicity [20, 21]. In the present study, rAAV9
was used for delivery of miR-665, which showed a
preference for cardiac targeting rather than systemic
effect [22]. Besides, HUVEC cells exhibited high levels
and prolonged phases of gene expression after rAAV9
delivery compared to H9¢c2 cells and fibroblasts [23].

CD34, a marker of vascular endothelial cell, usually
was positively stained in physiologic and pathologic
vessel. It was also recognized as the most qualified
indicator to evaluate microvascular density because of
its good immunoreactivity [24]. Apart from functioning
as a cell marker, CD34 also plays important roles in
inflammatory disease development and intracellular
signaling[25]. When expressed on high endothelial
venule, CD34 mediates inflammatory through binding
L-selectin [26]. When expressed on satellite cells, CD34
promotes the activity of satellite cell into proliferation,
then further facilitate the efficient regeneration of
skeletal muscle [27]. On endothelial cells, CD34 play an
important role in vessel development and function [28].
CD34 could mediate the integrity/stability of endo-
thelial cell contacts because it is well-known to
modulate both adhesive [29], and anti-adhesive/inva-
siveness functions [30]. It was reported that CD34-
knockout mice also showed increased vascular
permeability in the joints at onset of autoimmune
arthritis [28]. Nowadays, miRNAs have emerged as
promising therapeutic targets for diseases. Previous
studies reported that miR-144 and miR-431 were
identified as potential regulators of CD34 [31].

In this study, we found that blocking of CD34 not only
induced HUVEC cells proliferation inhibition and
apoptosis promotion, but also impaired physiological
functions of endothelial cell, including migration and
tube formation. On the other hand, over-expression of
CD34 in HUVEC cells showed the opposite effects. In

vivo, we showed that endothelial cells proliferation,
coronary microvessel density and CFR were impaired in
rAAV-miR-665-treated mice. And restoration of CD34
expression in rAAV-miR-665-treated mice abolished
the damage effects induced by miR-665 overexpression.
These findings further verify a key role of miR-
665/CD34 in regulating coronary microvessel angio-
genesis via mediating endothelial cells proliferation.

There was a close relationship between CFR and
capillary density. A decreased capillary density may
aggravate the perfusion abnormalities in patients with
congestive heart failure, which led to recurrent or
persistent myocardial ischemia and exacerbated
progression of the disease. And the immunochemically
staining with anti-CD34 was used to estimate capillary
density in myocardial biopsy specimens [32]. The
coronary circulation within the myocardium contains
about one-third of the total blood volume, while nearly
90% of this myocardial blood volume is in the
capillaries [33]. Capillary resistance is the major factor
of coronary blood flow during hyperemia, playing key
roles in the regulation of CFR [32]. In the present study,
our results showed that miR-665 over-expression
aggravated reduction in CFR in TAC-treated mice,
while TAAV9-miR-665 TUD-treated mice exposed to
TAC developed promotion in CFR relative to TAC
controls. This phenomenon may result from reduction in
coronary microvessel density caused by miR-665.

To explore the upstream regulation of miR-665, we
found that transcription factor Spl up-regulated the
expression of miR-665. Therefore, increased Spl in
TAC-induced heart failure mice may lead to an increase
of miR-665, then reduce CD34 level, finally aggravate
heart failure.

In summary, we demonstrated a suppressive function of
miR-665 in heart failure. MiR-665 negatively regulated
endothelial cells proliferation, and damaged coronary
microvessel angiogenesis through targeting CD34.
These results revealed a mechanism by which miR-665
modulates gene and protein expressions and cell
proliferation in endothelial cells, providing a novel
therapeutic strategy for preventing the conversion from
cardiac hypertrophy to heart failure by modulating
coronary microvessel angiogenesis.

MATERIALS AND METHODS
Reagents

HEK293 cell line was obtained from American Type
Culture Collection (Washington, DC). Cell culture
medium (H-DMEM and OPTI-MEM) and fetal bovine
serum (FBS) were obtained from GIBCO (Life
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Technologies Corporation, Carlsbad, CA). Human
endothelial cells (HCMEC, ScienCell research
laboratories, Carlsbad, CA) were maintained in
Endothelial Cell Medium (ECM, Cat. #1001). MiRNA
mimics, siRNAs and their controls were synthesized by
Ribobio Corporation (Guangzhou, China). The primers
of PCR were synthesized by BGI (Shenzhen, China).
Prestained protein markers and DNA ladders were
purchased from Fermentas (Thermo Fisher Scientific
Inc., Glen Buenie, MD). Polyvinylidene difluoride
(PVDF) membranes were obtained from Millipore
(Merck KGaA, Darmstadt, Germany). Endotoxin-free
plasmid purification kits were from TIANGEN
(Beijing, China). All other reagents were obtained from
Sigma-Aldrich Shanghai Trading Co., Ltd (Shanghai,
China) unless otherwise noted.

Construction of plasmids and preparation of
recombinant adeno-associated virus (rAAYV)

To manipulate the expression of miR-665 and CD34 in
vivo, the TAAV system (type 9) were employed. The
oligonucleotides and their complementary ones were
synthesized by BGI Tech (Shenzhen, China), then
annealed and ligated into rAAV vectors. For the
expression of CD34, the full-length sequence of its
protein coding sequence (CDS) was synthesis, and then
ligated into rAAV vectors. For the expression of miR-
665 and miR-665 TUD were designed as Supplementary
Table 1. The packaging of rAAV were performed and
then purified as described previously [21].

Animals

The study was approved by the Institutional Animal
Research Committee of Tongji Medical College. All
animal experimental protocols complied with the Guide
for the Care and Use of Laboratory Animals published
by the United States National Institutes of Health.
Anaesthetization of mice was performed with
intraperitoneal injection of xylazine (5 mg/kg) and
ketamine (80 mg/kg) mixture, and all efforts were made
to minimize suffering. Male C57BL/6 mice (22-25 g)
were obtained from the Experimental Animal Center of
Wuhan University (Wuhan, China). Experimental
animals were housed at the animal care facility of
Tongji Medical College at 25°C with 12/12-h light/dark
cycles and allowed free access to normal mice chow
and water throughout the study period. After 1 week of
adaptation period, mice were randomly assigned into
different treatment groups (n=20) as follows: Sham,
TAC, TAC + rAAV-GFP, TAC + rAAV-miR-665,
TAC + rAAV-miR-665-TUD, and TAC + rAAV-miR-
665 + rAAV-CD34. For gene delivery, a single
intravenous injection of corresponding virus (110"

virion particles in 100 puL of saline solution) was given
via tail vein. Two weeks after the rAAV injection,
pressure overload was induced by transverse aortic
constriction (TAC) in mice as described previously
[34]. Four weeks after the operation, all the animals
were sacrificed, and organs were collected and frozen in
liquid nitrogen, followed by storage at -80°C. Mean-
while, a portion of the organs were fixed with
neutralizing formalin for histological analysis.

Human heart tissues

Human heart tissues were studied according to the
protocol approved by the Clinical Research Committees
of Tongji Medical College. The investigation also
conformed to the principles outlined in the Declaration
of Helsinki. The subjects recruited in the study provided
informed consent.

We collected heart samples from five recipients of heart
transplantation who suffered end-stage heart failure
(Supplementary Table 2), as well as two normal hearts
of victims of traffic accidents. Tissue samples were
formalin-fixed and paraffin-embedded until use.

RNA Fluorescence in-situ hybridization (FISH)

Formalin-fixed human hearts were embedded in
paraffin and sectioned into 4mm slices. Heart sections
underwent deparaffinization/rehydration and antigen
unmasking. Then, heart sections were washed with 1x
PBS and treated with pre-hybridization buffer (3% BSA
in 4x SSC) for 20min at 55°C. Hybridization was
carried out using locked nucleic acid (LNA) detection
probe (Exiqon) at 55°C for 1 h in hybridization buffer
(10% dextran sulfate in 4x SSC). After incubated with
the miR-665 probe, heart sections were washed 3 times
with 0.1% Tween-20 in 4x SSC, 1 time with 2x SSC
and 1 time with 1x SSC. Then, heart sections were
washed 1 time with PBS and treated with anti-DIG
antibody (Perkin-Elmer, Waltham, MA) for 1 h at 37°C.
The application of tyramide signal amplification
(Perkin-Elmer, Waltham, MA) were used for improving
FISH detection. Endothelial cell marker CD31 antigen
(1:50) and Hoechst were performed on sectioned heart,
and then processed to confocal imaging.

Western analysis

Western blotting was performed using the specific
antibodies as described previously [35]. Antibodies
against CD34 and B-actin were purchased from Boster
(Wuhan, China). Anti-Sp1 antibody was from ABclobal
(Wuhan, China).
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The intensities of individual bands were analyzed by
densitometry using Image J (National Institutes of
Health software).

Cell culture and treatments

For in vitro experiment, human umbilical vein endo-
thelial cells (HUVEC) were routinely maintained in
RPMI 1640 with 10% FBS at 37°C in an atmosphere of
5% CO,. The transfection of miRNA mimics, siRNA
and relative controls was performed with Lipofectamine
2000 reagent (Invitrogen, Carlsbad, CA), according to
the manufacturer’s instructions. For luciferase assays,
HEK?293 cells were cultured in H-DMEM with 10%
FBS, and were co-transfected in 24-well plates by
Lipofectamine 2000 with 200ng of the corresponding
luciferase pMIR constructs and 10ng of pRL-TK
plasmid (Promega, Madison, WI). In addition, miR-665
mimics or inhibitor and corresponding controls were co-
transfected with reporter plasmids at a final
concentration of 100nM.

Co-immunoprecipitation of RNA with anti-Ago2
antibody

HUVEC were lysed and then immunoprecipitated with
anti-Ago2 antibody (Abnova, Taiwan, China) by protein
G Sepharose beads as previously described [36].

EdU assay

Treated HUVEC cells were labeled with EdU (5-
ethynyl-2'-deoxyuridine) according to the manufac-
turer’s protocol (Ribobio Corporation, Guangzhou,
China).

Apoptosis

To evaluate cell apoptosis, Annexin V/PI Apoptosis
Detection Kit (Invitrogen, Carlsbad, CA) was
employed. The cells were analyzed with a FACStarPlus
flow cytometer (BD, Franklin Lakes, NJ).

Tube formation

Cells were plated in a 96-well plate pre-coated with
100pul growth factor-reduced Matrigel Matrix (Corning
Life Sciences, Corning, NY). After 8 hours incubation,
images were taken by inverted microscope.

Migration
Transwell inserted with 8um-pore size membrane

(Corning Life Sciences, Corning, NY) were used. The
cells were incubated for 12 hours in the upper chamber

and then fixed and stained with crystal violet. After the
upper surface of transwell insert membrane was wiped,
the migrated cells were counted in five random fields by
microscopy.

Quantitative real-time PCR analysis

Total RNA from animal hearts and HUVEC cells were
extracted using Trizol Reagent Kit (Invitrogen,
Carlsbad, CA), and were reverse-transcribed with the
specific RT primer (Ribobio, Guangzhou, China) by
EasyScript First-Strand c¢cDNA Synthesis SuperMix
(Transgen Biotech Corporation, Beijing, China).
Quantitative real-time PCR was performed with specific
primers according to the manufacturer’s protocol
(Ribobio, Guangzhou, China). Expression of U6 small
nuclear RNA was used as an internal standard, and
miRNAs expression was normalized to U6. Each
reaction was performed in triplicate, and analysis was
performed as described previously [37].

Luciferase reporter plasmids construction

The 3" UTR of human CD34 gene was amplified by
PCR using the CD34 3" UTR primers, and then was
mutated by Fast Mutagenesis System (Transgen Biotech
Corporation, Beijing, China) according to the
instructions. To construct luciferase reporter plasmids,
the 3" UTR and the mutant 3" UTR of CD34 was
respectively inserted into the pMIR-REPORT™
Luciferase Vector (Ambion, Carlsbad, CA). To
construct pGL3-luciferase reporter plasmids, the 5’
fragments of hsa-mir-665 were inserted into pGL3.0
Vector (Promega Beijing, China) according to the
manufacturer’s protocol.

Dual luciferase assay

Forty-eight hours after transfection, luciferase activity
was analyzed by using the Dual-Luciferase Reporter
Assay System (Promega, Madison, WI) according to the
manufacturer’s protocol. Renilla luciferase activities
were used to normalize the transfection efficiency and the
internally controlled firefly luciferase activity.

Cardiomyocyte size measure and histological
analysis

Formalin-fixed hearts were embedded in paraffin and
sectioned into 4 mm slices. Heart sections were stained
with haematoxylin/eosin, picrosirus red and masson as
previously described [38]. To commit histological
analysis, tissue sections were stained with the specific
antibodies and then visualized by light microscopy and
photographed.
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Cardiac function detection

After anesthetization, echocardiographic analyses were
performed as described previously [39]. Hemodynamic
analyses were performed before sacrifice as described
previously [40].

Ultrasound measurement of coronary flow reserve

Coronary flow reserve was measured as previously
described [41]. Ratios of peak velocities at low (1%)
and high (2.5%) dose isoflurane were reported as
coronary flow reserve.

mRNA stability

mRNA stability assays were performed as previously
reported [42]. Actinomycin D (0.5 pg/mL, Sigma-
Aldrich, St.Louis, MO) treated HUVEC were harvested.
Total RNA was isolated from each sample, then real-time
PCR was performed as described above. The half-life
was calculated from the first order equation t;,, = In2/k.

Statistical analysis

Data are presented as mean + SEM. Student’s t tests and
ANOVA were performed to determine statistical
significance among different treated groups. All statis-
tical calculations were performed by SPSS 17.0 software
and p<0.05 was considered as statistically significant.

Clinical perspectives

Our findings demonstrate that miR-665 plays an
important role in heart failure via damaging coronary
microvessel angiogenesis.

Translational outlook

Our findings suggest miRNA-based therapeutics may
protect against coronary microvessel dysfunction and
heart failure.

Abbreviations

HF: heart failure; CHF: chronic heart failure; miRNA:
microRNAs; HSCs: hematopoietic stem cells; CD34:
CD34 molecule; IGF1: insulin like growth factor 1;
VEGFA: vascular endothelial growth factor A; AKT3:
AKT serine/threonine kinase 3

AUTHOR CONTRIBUTIONS

JF designed the study, analyzed, interpreted the data and
drafted the paper; HL designed and analyzed the data;
XN, ZY, YZ, XZ, SY and YL participated in acquiring

the data; CC and DWW designed the work and drafted
the paper.

ACKNOWLEDGEMENTS

We thank colleagues in Dr. Wang’s group for various
technical help and stimulating discussion during the
course of this investigation.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.
FUNDING

This work was supported by grant from the National
Natural Science Foundation of China (Nos. 81822002,
91439203, 81630010, 31771264, 31571197 and
31800973). The funders had no role in study design,
data collection and analysis, decision to publish, or
preparation of the manuscript.

REFERENCES

1. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr,
Drazner MH, Fonarow GC, Geraci SA, Horwich T,
Januzzi JL, Johnson MR, Kasper EK, Levy WC, et al.
2013 ACCF/AHA guideline for the management of
heart failure: executive summary: a report of the
American College of Cardiology Foundation/American
Heart Association Task Force on practice guidelines.
Circulation. 2013; 128:1810-52.
https://doi.org/10.1161/CIR.0b013e31829e8807

2. Braunwald E. Research advances in heart failure: a
compendium. Circ Res. 2013; 113:633-45.
https://doi.org/10.1161/CIRCRESAHA.113.302254

3. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry
JD, Borden WB, Bravata DM, Dai S, Ford ES, Fox CS,
Franco S, Fullerton HJ, Gillespie C, et al, and American
Heart Association Statistics Committee and Stroke
Statistics Subcommittee. Heart disease and stroke
statistics--2013 update: a report from the American
Heart Association. Circulation. 2013; 127:e6-245.
https://doi.org/10.1161/CIR.0b013e31828124ad

4. lzumiya Y, Shiojima I, Sato K, Sawyer DB, Colucci WS,
Walsh K. Vascular endothelial growth factor blockade
promotes the transition from compensatory cardiac
hypertrophy to failure in response to pressure
overload. Hypertension. 2006; 47:887-93.
https://doi.org/10.1161/01.HYP.0000215207.54689.31

5. Shiojima |, Sato K, Izumiya Y, Schiekofer S, Ito M, Liao
R, Colucci WS, Walsh K. Disruption of coordinated
cardiac hypertrophy and angiogenesis contributes to

WWWw.aging-us.com

2472

AGING



10.

11.

12.

13.

14.

15.

16.

the transition to heart failure. J Clin Invest. 2005;
115:2108-18. https://doi.org/10.1172/1CI24682

Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell. 2004; 116:281-97.
https://doi.org/10.1016/50092-8674(04)00045-5

Winter J, Jung S, Keller S, Gregory RI, Diederichs S.
Many roads to maturity: microRNA biogenesis
pathways and their regulation. Nat Cell Biol. 2009;
11:228-34. https://doi.org/10.1038/ncb0309-228

Pasquinelli AE. MicroRNAs and their targets:
recognition, regulation and an emerging reciprocal
relationship. Nat Rev Genet. 2012; 13:271-82.
https://doi.org/10.1038/nrg3162

Latronico MV, Catalucci D, Condorelli G. Emerging
role of microRNAs in cardiovascular biology. Circ Res.
2007; 101:1225-36.
https://doi.org/10.1161/CIRCRESAHA.107.163147

Yin Z, Zhao Y, Li H, Yan M, Zhou L, Chen C, Wang DW.
miR-320a mediates doxorubicin-induced
cardiotoxicity by targeting VEGF signal pathway.
Aging (Albany NY). 2016; 8:192-207.
https://doi.org/10.18632/aging.100876

Li H, Fan J, Yin Z, Wang F, Chen C, Wang DW.
Identification of cardiac-related circulating microRNA
profile in human chronic heart failure. Oncotarget.
2016; 7:33-45.
https://doi.org/10.18632/oncotarget.6631

Heair HM, Kemper AG, Roy B, Lopes HB, Rashid H,
Clarke JC, Afreen LK, Ferraz EP, Kim E, Javed A, Beloti
MM, MacDougall M, Hassan MQ. MicroRNA 665
Regulates Dentinogenesis through  MicroRNA-
Mediated Silencing and Epigenetic Mechanisms. Mol
Cell Biol. 2015; 35:3116-30.
https://doi.org/10.1128/MCB.00093-15

Krause DS, Fackler MJ, Civin ClI, May WS. CD34:
structure, biology, and clinical utility. Blood. 1996;
87:1-13.

Wood HB, May G, Healy L, Enver T, Morriss-Kay GM.
CD34 expression patterns during early mouse
development are related to modes of blood vessel
formation and reveal additional sites of hemato-
poiesis. Blood. 1997; 90:2300-11.

Siemerink MJ, Klaassen |, Vogels IM, Griffioen AW,
Van Noorden CJ, Schlingemann RO. CD34 marks
angiogenic tip cells in human vascular endothelial cell
cultures. Angiogenesis. 2012; 15:151-63.
https://doi.org/10.1007/s10456-011-9251-z

Siemerink MJ, Hughes MR, Dallinga MG, Gora T, Cait
J, Vogels IM, Yetin-Arik B, Van Noorden CJ, Klaassen |,
McNagny KM, Schlingemann RO. CD34 Promotes
Pathological Epi-Retinal Neovascularization in a

17.

18.

19.

20.

21.

22.

23.

24.

25.

Mouse Model of Oxygen-Induced Retinopathy. PLoS
One. 2016; 11:e0157902.
https://doi.org/10.1371/journal.pone.0157902

Ramanujam D, Sassi Y, Laggerbauer B, Engelhardt S.
Viral vector-based targeting of miR-21 in cardiac non-
myocyte cells reduces pathologic remodeling of the
heart. Mol Ther. 2016; 24:1939-48.
https://doi.org/10.1038/mt.2016.166

Sano M, Minamino T, Toko H, Miyauchi H, Orimo M,
Qin Y, Akazawa H, Tateno K, Kayama Y, Harada M,
Shimizu 1, Asahara T, Hamada H, et al. p53-induced
inhibition of Hif-1 causes cardiac dysfunction during
pressure overload. Nature. 2007; 446:444-48.
https://doi.org/10.1038/nature05602

Qi XL, Stewart DJ, Gosselin H, Azad A, Picard P,
Andries L, Sys SU, Brutsaert DL, Rouleau JL.
Improvement of endocardial and vascular endothelial
function on myocardial performance by captopril
treatment in postinfarct rat hearts. Circulation. 1999;
100:1338-45.
https://doi.org/10.1161/01.CIR.100.12.1338

Chen C, Wang, Yang S, Li H, Zhao G, Wang F, Yang L,
Wang DW. MiR-320a contributes to atherogenesis by
augmenting multiple risk factors and down-regulating
SRF. J Cell Mol Med. 2015; 19:970-85.
https://doi.org/10.1111/jcmm.12483

Xie J, Ameres SL, Friedline R, Hung JH, Zhang Y, Xie Q,
Zhong L, Su Q, He R, Li M, Li H, Mu X, Zhang H, et al.
Long-term, efficient inhibition of microRNA function
in mice using rAAV vectors. Nat Methods. 2012;
9:403-09. https://doi.org/10.1038/nmeth.1903

Suckau L, Fechner H, Chemaly E, Krohn S, Hadri L,
Kockskamper J, Westermann D, Bisping E, Ly H, Wang
X, Kawase Y, Chen J, Liang L, et al. Long-term cardiac-
targeted RNA interference for the treatment of heart

failure restores cardiac function and reduces
pathological  hypertrophy.  Circulation.  2009;
119:1241-52.

https://doi.org/10.1161/CIRCULATIONAHA.108.783852

Zhai H, Chen QJ, Gao XM, Ma YT, Chen BD, Yu ZX, Li
XM, Liu F, Xiang Y, Xie J, Yang YN. Inhibition of the NF-
kKB pathway by R65 ribozyme gene via adeno-
associated virus serotype 9 ameliorated oxidized LDL
induced human umbilical vein endothelial cell injury.
Int J Clin Exp Pathol. 2015; 8:9912-21.

Jasek E, Furgal-Borzych A, Lis GJ, Litwin JA, Rzepecka-
Wozniak E, Trela F. Microvessel density and area in
pituitary microadenomas. Endocr Pathol. 2009;
20:221-26.
https://doi.org/10.1007/s12022-009-9091-1

Allergen NC. Inc.'s Fifth Annual Research Conference:

WWWw.aging-us.com

2473

AGING



26.

27.

28.

29.

30.

31.

32.

33.

34.

Innovation from Cell to Society Quebec City, QC,
Canada. 7-9 February 2010. Abstracts. Allergy Asthma
Clin Immunol. 2010 (Suppl 3); 6:1-P38.

Collett C, Munro JM. Selective induction of endothelial
L-selectin ligand in human lung inflammation.
Histochem J. 1999; 31:213-19.
https://doi.org/10.1023/A:1003558318903

Alfaro LA, Dick SA, Siegel AL, Anonuevo AS, McNagny
KM, Megeney LA, Cornelison DD, Rossi FM. CD34
promotes satellite cell motility and entry into
proliferation to facilitate efficient skeletal muscle
regeneration. Stem Cells. 2011; 29:2030-41.
https://doi.org/10.1002/stem.759

Blanchet MR, Gold M, Maltby S, Bennett J, Petri B,
Kubes P, Lee DM, McNagny KM. Loss of CD34 leads to
exacerbated autoimmune arthritis through increased
vascular permeability. J Immunol. 2010; 184:1292—-
99. https://doi.org/10.4049/jimmunol.0900808

Sassetti C, Tangemann K, Singer MS, Kershaw DB,
Rosen SD. Identification of podocalyxin-like protein as
a high endothelial venule ligand for L-selectin:
parallels to CD34. J Exp Med. 1998; 187:1965-75.
https://doi.org/10.1084/jem.187.12.1965

Drew E, Merzaban JS, Seo W, Ziltener HJ, McNagny
KM. CD34 and CD43 inhibit mast cell adhesion and
are required for optimal mast cell reconstitution.
Immunity. 2005; 22:43-57.
https://doi.org/10.1016/j.immuni.2004.11.014

Fang L, Du WW, Yang X, Chen K, Ghanekar A, Levy G,
Yang W, Yee AJ, Lu WY, Xuan JW, Gao Z, Xie F, He C,
et al. Versican 3'-untranslated region (3-UTR)
functions as a ceRNA in inducing the development of
hepatocellular carcinoma by regulating miRNA
activity. FASEB J. 2013; 27:907-19.
https://doi.org/10.1096/fj.12-220905

Tsagalou EP, Anastasiou-Nana M, Agapitos E, Gika A,
Drakos SG, Terrovitis JV, Ntalianis A, Nanas JN.
Depressed coronary flow reserve is associated with
decreased myocardial capillary density in patients
with heart failure due to idiopathic dilated
cardiomyopathy. J Am Coll Cardiol. 2008; 52:1391-98.
https://doi.org/10.1016/j.jacc.2008.05.064

Kaul S, Ito H. Microvasculature in acute myocardial
ischemia: part [|: evolving concepts in patho-
physiology, diagnosis, and treatment. Circulation.
2004; 109:146-49.

https://doi.org/10.1161/01.CIR.0000111582.02736.CD

Takimoto E, Champion HC, Li M, Belardi D, Ren S,
Rodriguez ER, Bedja D, Gabrielson KL, Wang Y, Kass
DA. Chronic inhibition of cyclic GMP phospho-
diesterase 5A prevents and reverses cardiac

35

36

37

38.

39.

40.

41.

42.

hypertrophy. Nat Med. 2005; 11:214-22.
https://doi.org/10.1038/nm1175

.Yang S, Chen C, Wang H, Rao X, Wang F, Duan Q, Chen
F, Long G, Gong W, Zou MH, Wang DW. Protective
effects of Acyl-coA thioesterase 1 on diabetic heart
via PPARa/PGCla signaling. PLoS One. 2012;
7:e50376.
https://doi.org/10.1371/journal.pone.0050376

. Wang WX, Wilfred BR, Hu Y, Stromberg AJ, Nelson PT.
Anti-Argonaute RIP-Chip shows that miRNA trans-
fections alter global patterns of mRNA recruitment to
microribonucleoprotein  complexes. RNA. 2010;
16:394-404. https://doi.org/10.1261/rna.1905910

. Jiang JG, Ning YG, Chen C, Ma D, Liu ZJ, Yang S, Zhou J,
Xiao X, Zhang XA, Edin ML, Card JW, Wang J, Zeldin
DC, Wang DW. Cytochrome p450 epoxygenase
promotes human cancer metastasis. Cancer Res.
2007; 67:6665-74. https://doi.org/10.1158/0008-
5472.CAN-06-3643

Odenbach J, Wang X, Cooper S, Chow FL, Oka T,
Lopaschuk G, Kassiri Z, Fernandez-Patron C. MMP-2
mediates angiotensin Il-induced hypertension under
the transcriptional control of MMP-7 and TACE.
Hypertension. 2011; 57:123-30.
https://doi.org/10.1161/HYPERTENSIONAHA.110.159
525

Wu J, Bu L, Gong H, Jiang G, Li L, Ma H, Zhou N, Lin L,
ChenZ,YeY, NiuY, Sun A, Ge J, Zou Y. Effects of heart
rate and anesthetic timing on high-resolution

echocardiographic assessment under isoflurane
anesthesia in mice. J Ultrasound Med. 2010;
29:1771-78.

https://doi.org/10.7863/jum.2010.29.12.1771

Cingolani OH, Yang XP, Cavasin MA, Carretero OA.
Increased systolic performance with diastolic
dysfunction in adult spontaneously hypertensive rats.
Hypertension. 2003; 41:249-54.

https://doi.org/10.1161/01.HYP.0000052832.96564.0B

Chintalgattu V, Ai D, Langley RR, Zhang J, Bankson JA,
Shih TL, Reddy AK, Coombes KR, Daher IN, Pati S,
Patel SS, Pocius IS, Taffet GE, et al. Cardiomyocyte
PDGFR-beta signaling is an essential component of
the mouse cardiac response to load-induced stress. J
Clin Invest. 2010; 120:472-84.
https://doi.org/10.1172/1CI39434

Phatak P, Byrnes KA, Mansour D, Liu L, Cao S, Li R, Rao
IN, Turner DJ, Wang JY, Donahue JM. Overexpression
of miR-214-3p in esophageal squamous cancer cells
enhances sensitivity to cisplatin by targeting survivin
directly and indirectly through CUG-BP1. Oncogene.
2016; 35:2087-97.
https://doi.org/10.1038/0nc.2015.271

WWWw.aging-us.com

2474

AGING



SUPPLEMENTARY MATERIAL

SUPPLEMENTARY FIGURES
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Supplementary Figure 1. MiR-665 impairs endothelium function in vitro. (A) Migration evaluated by
transwell experiment in HCMEC cells. (B) Proliferation detected by EdU incorporation assays in HCMEC cells.
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Supplementary Figure 2. Predicted targets of miR-665. The Bielefeld Bioinformatics Server was used to search
for mRNA that could interact with miR-665. CD34, IGF1, VEGFA and AKT3 were suggested as targets of miR-665.
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Supplementary Figure 3. Down-regulation of CD34 impairs endothelium function in vitro. (A) Migration
valuated by transwell experiment in HCMEC cells. (B) Proliferation detected by EdU incorporation assays in HCMEC cells.
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Supplementary Figure 4. Re-expression of CD34 reverses miR-665 induced endothelium dysfunction in

vitro. (A) Migration evaluated by transwell experiment in HCMEC cells. (B) Proliferation detected by EdU incorporation
assays in HCMEC cells.
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Supplementary Figure 5. MiR-665 does not affect heart function under normal conditions. (A)
Relative cardiac expression of miR-665 detected by real-time PCR. (B) Echocardiographic detection in treated
mice. (C) Hemodynamic analysis measured by Millar cardiac catheter system in treated mice.
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SUPPLEMENTARY TABLES

Supplementary Table 1. List of PCR primers.

Forward Reverse

Hsa-AKT3 5'-AGTGTGTGCCCACTGAGGA-3' 5'-GTGCTGTAGGAAGCTCATCTC-3'

Hsa-VEGFA 5'-TGCATGTGCAGACTCCTTTC-3' 5'-CCAACAAAACAATGGAGCCT-3'

Hsa-IGF1 5'-TGCATGTGCAGACTCCTTTC-3' 5'-GAGGACAAGGCTGAGGTCTG-3'
Hsa-CD34 5'-TGCATGTGCAGACTCCTTTC-3' 5'-AGCTTGATCAAAGTAGGCAGGACCA-3'
Hsa-CD34-3' UTR 5'-AGGGGCCTCAGCCTCCTGGTTTCAAGA-3' 5'-AGCTTGATCAAAGTAGGCAGGACCA-3'

miR-665 5'-AGGGGCCTCAGCCTCCTGGTTTCAAGAGAACCAGGAGGCTG AGGCCCCT-3'
miR-665 TUD GGATCCGACGGCGCTAGGATCATCAACAGGGGSCCTCAATCTGCCTCCTGGTCAAGT ATTCTGGTCA

CAGAATACAACAGGGGCCTCAATCTGCCTCCTGGTCAAGATGATCCTAGCGCCGTCTTTTTTCCGC
GGCCGC-3'

Supplementary Table 2. Clinical characteristics of patients with heart failure.

Patient Gender Age (years) Diagnosis LVEF (%)
1 Male 40 DCM 28
2 Male 47 DCM 29
3 Male 58 DCM 30
4 Male 61 DCM 31
5 Male 66 DCM 22

DCM, dilated cardiomyopathy
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