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ABSTRACT

Remote ischemic conditioning (RIC) is a promising therapeutic strategy to protect heart against ischemic-
reperfusion injury. Exosomes have been proved to be an important regulator in many pathological
processes. Whether the exosomes derived from RIC could improve cardiac remodeling and function after
myocardial infarction (MI) has not been reported. Ml animal model was established by ligating the left
coronary artery. The bilateral hindlimbs of rats were subjected to RIC treatment using tourniquets.
Exosomes were isolated from the plasma of RIC rats and identified by transmission electron microscope.
The proliferation, migration, and apoptosis of endothelial cells were measured by CCKS8, traswell, and flow
cytometry. Western blotting, and gRT-PCR were applied to measure the expression of angiogenesis-related
molecules, and immunohistochemistry staining was used to observe the expression of vWF. RIC and RIC
exosomes remarkably facilitated cardiac function, cardiac cell remodeling, and angiogenesis. RIC exosomes
markedly increased the cell ratio in the G1 phase, cell migration, cell proliferation, tube formation, and
inhibited cell apoptosis through Hsp70. The expression of eNOS, iNOS, HIF-1a, Ang-1, and VEGF was
markedly increased by RIC exosomes. RIC exosomes significantly improved cardiac function, cardiac
remodeling, and angiogenesis after Ml, and they accelerated angiogenesis through increasing the levels of
angiogenesis-related molecules.

INTRODUCTION

Cardiac dysfunction after myocardial infarction (M) is
one of the major causes of morbidity and mortality in
the world [1]. Although significant improvement of
therapeutic strategies has elevated the survival of Ml
patients, treatment such as timely reperfusion still
commonly causes ischemia-reperfusion injury, which
could result in a systemic inflammatory response and
even organ dysfunction [2]. The temporary ischemia-
reperfusion event in the leg or distant organ is known as

remote ischemic conditioning (RIC), which has been
believed to be a potential method to relieve ischemia-
reperfusion injury [3]. Several reports demonstrated that
treatment with RIC before MI (Pre-RIC) or after the
onset of reperfusion (Post-RIC) could exert a cardio-
protective effect on Ml [4].

Exosomes are known as biological nanovesicles,
characterized by 40-120 nm in diameter [5].
Exosomes are secreted from different kinds of cells,
and able to transport microRNA and messenger RNA
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to relative receptors [6]. Exosomes have been
confirmed to be a vital regulator in the process of
neovascularization, cell proliferation, and apoptosis
[7]. Meanwhile, the exosomes isolated from different
types of stem cells have presented a cardioprotective
effect on ischemia-reperfusion injury [8]. However,
whether the exosomes isolated from the plasma of
RIC rats could exert protective influence on MI has
not been investigated.

Heat-shock proteins can be stimulated by different
kinds of factors including ischemia, glucose
deprivation, heat shock, and hypoxia [9]. The 70-kDa
Hsp (Hsp70) are investigated extensively, and they have
been proved to be an important regulator in protein
synthesis, folding, assembly, and trafficking between
different cells [10]. It has been reported that Hsp70 was
reported to be closely linked with angiogenesis [11].
Meanwhile, Hsp70 acted a key role in regulating the
angiogenic effects caused by interleukin-5 (IL-5)
through endothelial nitric oxide synthase (eNOS)
signaling pathway [12], which has been considered to
be a producer of nitric oxide (NO), a type of vasoactive
substances, during neoangiogenesis via vascular
endothelial growth factor (VEGF). However, whether
RIC exosomes could improve cardiac remodeling and
angiogenesis after MI through targeting Hsp70 or other
targets remains unknown.

Endothelial cells act a vital role in regulating vascular
function through releasing vasoactive substances
including VEGF, NO, angiopoietin-1 (Ang-1), and
hypoxia-inducible factor 1 a (HIF-1 o) [13, 14]. The
dysfunction of endothelial cells is closely linked with
bad clinical outcomes after ischemia-reperfusion injury
[15]. In the present study, cardiac microvascular
endothelial cells (CMVECs) were selected to measure
the influence of RIC exosomes on angiogenesis and
endothelial cell function. Meanwhile, we investigated
the effect of RIC exosomes on cardiac remodeling and
angiogenesis based on the MI animal model. This study
unfolds the potential therapeutic function of RIC
exosomes on MI damage and may provide a novel
insight into the prevention and treatment of MI.

In the present study, we identified the protective effect
of RIC on cardiac remodeling and function. Meanwhile,
we firstly proved that the exosomes derived from RIC
rats could also significantly improve the cardiac
remodeling and angiogenesis after MI. Hsp70 and other
angiogenesis related molecules including eNOS, iNOS,
HIF-1a, Ang-1, and VEGF might be the regulatory
molecules exosomes mediating angiogenesis and
improvement of MI damage. This study provides a
novel therapeutic strategy for the improvement of Ml
damage.

RESULTS

RIC remarkably promoted cardiac cell remodeling
and angiogenesis after myocardial infarction

Morphological changes were measured with HE and
Masson staining (Figure 1A). In the group MI, the
arrangement of cardiomyocytes was disordered, and the
gap between cells was enlarged remarkably, but
treatment with RIC significantly improved this
morphological change (Figure 1A). Meanwhile, Masson
staining was applied to evaluate myocardial fibrosis,
which could accelerate cardiac dysfunction. Remarkable
interstitial collagen deposition was found in Ml rats, but
therapy with RIC markedly decreased the density of
collagen (Figure 1A). The results of infarction ratio
analyzed by image J were in line with the Masson
staining view. The infarction ratio was remarkably
decreased after treatment with RIC (Figure 1B).
Moreover, the angiogenesis in the myocardial tissues
was investigated by measuring the expression of vVWF.
Newly formed small blood vessels could be observed in
the group Pre-RIC and Post-RIC (Figure 1A). Similar
findings were observed in terms of left ventricular
fractional shortening (LVFS) and left ventricular
ejection fraction (LVEF). In group MI, both LVFS and
LVEF were significantly decreased compared with
group sham. However, either pre-treatment or post-
treatment with RIC could markedly increase the levels
of LVEF and LVFS compared with group MI (Figure
1C and 1D).

Isolation of exosomes from RIC rats

The exosomes were isolated from the plasma of RIC
rats. The isolated exosomes were spherical shape and
uniform size identified by TEM (Figure 2A). The
average particle size was 76.23 nm, and 30-150 nm of
exosomes accounted for 98.37% of the total particles
(Figure 2B). The concentration of prepared exosomes
was 5.25E+10 particlessmL measured by flow
cytometry (Figure 2C). Specific antibodies, CD9 and
CD81 were also investigated by western blotting
(Figure 2D).

Exosomes from RIC rats significantly promoted
cardiac remodeling and angiogenesis after myo-
cardial infarction

We examined the morphological changes of myocardial
tissues at different time points after treatment with RIC
exosomes or normal saline. The increase of myocyte
cross-sectional area and loose arrangement of cells were
found in the group control, and no significant
improvement was observed after 28 days (Figure 3A).
However, after 28 days’ treatment with RIC exosomes,
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cardiomyocytes arranged regularly and the intercellular
space narrowed remarkably (Figure 3A). The results of
Masson staining indicated that the collagen deposition
was significantly decreased in the group RIC exosomes
at the 14" and 28" days compared with group control
(Figure 3A). The results of Masson were in line with the
analysis of infarction ratio suggesting that the infarction
ratio was remarkably suppressed after treatment with
RIC exosomes (Figure 3C). Meanwhile, VWF IHC
staining indicated that a significant increase of small
blood vessels was observed after treatment with RIC
exosomes on the 28" day (Figure 3B). Moreover,
therapy with RIC exosomes markedly increased the
levels of LVEF and LVFS compared with control
(Figure 3D and 3E).
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Exosomes from RIC markedly improved the cell
viability and angiogenesis through promoting Hsp70

To further unfold the potential mechanism, we
measured the expression of Hsp70 after treatment with
RIC exosomes, and si-Hsp70 was used to knockdown
the level of Hsp70. We found that significant increase
of Hsp70 expression was achieved after incubation with
RIC exosomes, but simultaneous treatment with RIC
exosomes and si-Hsp70 remarkably suppressed Hsp70
compared with group RIC exosomes (Figure 4A).
Besides, the cell cycle, apoptosis, cell migration, and
tube formation were investigated. RIC exosomes
markedly increased the cell percentage in the G1 stage,
cell migration, cell proliferation, tube formation, and
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Figure 1. RIC remarkably promoted cardiac remodeling and angiogenesis after myocardial infarction. (A) Histopathological
analysis of heart tissues by HE, Masson, VWF IHC staining, respectively (scale bar= 100 um); (B) RIC treatment significantly decreased the
infarction ratio; (C) RIC treatment significantly increased left ventricular ejection fraction; (D) RIC treatment significantly increased left
ventricular fractional shortening. Data were shown as the mean + SD (n = 5/each group), * P<0.05 compared with the group M.
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inhibited cell apoptosis (Figure 4B-4F). However,
simultaneous treatment with RIC exosomes and si-
Hsp70 remarkably reversed the influence caused by
RIC exosomes indicating that Hsp70 should be a
functioning target of RIC exosomes.

The expression increase of angiogenesis-related
molecules after incubation with exosomes through
targeting Hsp70

Several other molecules linked with angiogenesis were
also investigated. Significant protein expression
promotion of eNOS, iINOS, HIF-1a, Ang-1, and VEGF
was achieved by RIC exosomes (Figure 5A, 5B).
However, co-incubation with si-Hsp70 could reverse
these trends, and similar results in terms of the influence
of RIC exosomes and si-Hsp70 on mRNA expression of
eNOS, iNOS, HIF-1a, Ang-1, and VEGF were observed
(Figure 5C). These findings indicated that RIC

exosomes might improve cardiac remodeling and
angiogenesis by targeting Hsp70.

DISCUSSION

The mortality and morbidity of MI remain high despite
timely reperfusion [16], and RIC has been proved to a
promising treatment to decrease myocardial infarct size,
improve cardiac function, and reduce the risk of heart
failure in animal models [17, 18]. LVEF is the ratio
between output per stroke and the volume of end
diastolic ventricle, LVFS is an index parameter of left
ventricular systolic function. They are all important
indicators to judge cardiac function. Any disease that
affects myocardial function damage could change
LVEF and LVFS. Our findings in this study
demonstrated that RIC markedly improved cardiac cell
remodeling, decreased infarction ratio, promoted
angiogenesis, increased LVEF and LVFS (Figure 1),
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Figure 2. Isolation of exosomes from RIC rats. (A) Exosomes identification by TEM; (B) Measurement of exosomes particle size;
(C) Measurement of exosomes concentration by flow cytometry; (D) Identification of CD9 and CD81 by western blotting.
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which are in line with previous reports. The protective
effect of RIC on cardiac cells has been confirmed to be
related to its improvement to the antioxidant system by
promoting the levels of catalase, superoxide dis-
mutase, and GSH peroxidase [19, 20]. However, a
single-blind, randomized controlled trial concluded
that RIC did not improve clinical outcomes
(hospitalization or cardiac death for heart failure) at 12
months in patients with ST-elevation acute myocardial
infarction undergoing primary percutaneous coronary
intervention [21]. The simplicity of the animal MI
model and the difference between animals and humans
may account for the different outcomes of RIC on
animals and humans.
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Meanwhile, RIC may also exert a protective effect on
target organs through promoting the secretion of
microRNAs, circular RNA, transcription factors,
chemokines, and cytokines, which are encased in the form
of exosomes. However, the influence of exosomes
isolated from RIC plasma on MI has not been reported.
We proved that the RIC exosomes significantly improved
cardiac cell remodeling, inhibited collagen deposition,
decreased infarction ratio, facilitate angiogenesis,
increased LVEF and LVFS (Figure 3). Therefore, the
protective effect of RIC on MI might be contributed by
exosomes. However, the specific components in the
exosomes contributing to the improvement of heart
function after MI needs to be investigated further.
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Figure 3. Exosomes from RIC rats significantly promoted cardiac remodeling and angiogenesis after myocardial infarction. (A)
Histopathological analysis of heart tissues by HE and Masson (scale bar= 100 um); (B) Investigation of angiogenesis after RIC exosomes
treatment by vWf IHC staining (scale bar= 100 um); (C) RIC exosomes treatment significantly decreased the infarction ratio; (D) RIC treatment
significantly elevated left ventricular ejection fraction; (E) RIC treatment significantly promoted left ventricular fractional shortening. Data
were shown as the mean % SD (n = 3/each group), * P<0.05 compared with respective time point in the control group, # P<0.05 compared

with 7 days’ time point in the group RIC exosomes.
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We also found that RIC exosomes remarkably promoted
the proliferation and migration of endothelial cells,
increased the cell percentage in the G1 stage, suppressed
apoptosis and facilitate tube formation (Figure 4). More-
over, several microRNAs including microRNA-130a

[22]and microRNA-10a [23] have presented a similar
effect on the viability of endothelial cells. Therefore, the
expression of these microRNAs in the RIC exosomes and
whether RIC exosomes protect the heart function through
these microRNAs need further study.
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Figure 4. Exosomes from RIC markedly improved the cell viability and angiogenesis through promoting Hsp70. (A) RIC
exosomes remarkably elevated the expression of Hsp70; (B) RIC exosomes significantly accelerated cell proliferation; (C) RIC exosomes
remarkably increased the ratio of cell in G1 stage; (D) RIC exosomes significantly inhibited cell apoptosis; (E) RIC exosomes remarkably
promoted cell migration (scale bar= 500 um); (F) RIC exosomes significantly increased tube formation (scale bar= 500 um). * P<0.05
compared with the control group. # P<0.05 compared with group si-Hsp70+ RIC exosomes.
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Vicencio JM et al. has demonstrated that exosomal
HSP70 could present -cardioprotective effect by
stimulatingTLR4 signaling, activating ERK1/2 and
p38MAPK, and then phosphorylating HSP27 [24]. Our
findings that both RIC and RIC exosomes could
remarkably improve the cardiac function by regulating
Hsp70 are consistent with the results of Vicencio JM
et al. Meanwhile, we investigate the the influence of
RIC exosomes on cell viability of CMVECs, angio-
genesis, and angiogenesis related molecules.
Angiogenesis is beneficial to alleviate functional and
structural damage caused by ischemia-reperfusion, and
further facilitate cardiac recovery [25]. Therefore,
treatment promoting myocardial angiogenesis has been
viewed as a potential therapeutic strategy for patients
with MI. Significant increase of VWF expression in
vivo and tube branches in vitro after RIC exosomes
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porcine MI model through promoting cardiomyocyte
proliferation and angiogenesis, inhibiting apoptosis
[26]. HIF-1a plays an important role in improving
vascular function after MI through regulating
interleukin-10 (IL-10) [20]. Significant expression
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caused by RIC exosomes and inhibition of them after
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targeting these molecules, but the specific mechanism
needs to be investigated further.
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In summary, we identified the improvement of cardiac
function and angiogenesis by Pre-RIC and Post-RIC
treatment after MI. Meanwhile, the RIC exosomes
remarkably accelerated the recovery of cardiac function,
improved cardiac remodeling, and promoted new small
vessel formation. We firstly demonstrated that RIC
exosomes could markedly promote the cell ratio in G1
stage, cell proliferation, cell migration, new tube
formation, and inhibited cell apoptosis in vitro through
si-Hsp70. Besides, RIC exosomes might accelerate
angiogenesis by promoting the expression of
angiogenesis-related molecules. This study unfolds the
possible therapeutic mechanism of RIC exosomes on
MI damage and provides a new thought on the
prevention and treatment of MI.

MATERIALS AND METHODS

Isolation, preparation, and identification of RIC
exosomes

Plasma of RIC rats was used to isolate exosomes. The
plasma was centrifuged at 2000 g for 20 min at 4 °C.
After careful removal of supernatant, the plasma was
centrifuged again at 12,000 g for 40 min at 4 °C to
remove bigger vesicles. Then, supernatant was filtered
using a 0.45 pm membrane. The filtered solution was
centrifuged at 110,000 g for 70 min at 4 °C, after
removing supernatant cold PBS was used for re-
suspension. The mixed solution was centrifuged again
at 120,000 g for 70 min at 4 °C. Remove the
supernatant and re-suspend solution with cold PBS. The
particle size and concentration were analyzed using
Flow NanoAnalyzer (NanoFCM, Nottingham, UK). The
specific biomarkers (CD81 and CD9) were measured
using western blot.

Cell culture

We purchased CMVECs from Life line cell technology
(Oceanside, CA, US). The hypoxia model was
established with a specific incubator (5% CO2, 1% O,
and 94% Nj). CMVECs were culture in this incubator
for 12 h. The prepared exosomes were diluted 10 times
with PBS buffer and then applied for cell culture. The
cells were incubated with RIC exosomes + siRNA of
Hsp70 (si-Hsp70) or RIC exosomes for an additional 24
h. The treated cells were applied to other experiments.
The si-Hsp70 was designed and synthesized by
GenePharma Co., Ltd (Shanghai, China). The specific
information of siRNA was listed as follows: scrambled
SiRNA:5-CCUCGUGCCGUUCCAUCAGGUAGUU-3
(Sense) and 5-CUACCUGAUGGAACGGCACGA
GGUU-3 (antisense); HSP70-1: 5-CCAUCUUACG
ACUAUUUCUUU-3 (Sense) and 5-AGAAAUAG
UCGUAAGAUGGUU-3 (antisense).

Establishment of M1 animal model and drug
administration

The Wistar rats used in this study were purchased from
Charles River (Beijing China). The animal
experiments were approved by the Institutional Animal
Care and Use Committee of Fujian Medical University
(Approved number: 2018036). These rats were fed on
water ad libitum and laboratory diet, and kept in the
cage with 35 - 45%, 23 - 26 °C temperature, 12-h
light/ dark cycle.

For the RIC treatment experiment, 40 Wistar rats
(male, 8-week-old, 280-300 g) were randomly
divided into 4 groups, Sham, myocardial infarction
(M1I),  Pre-conditioning  (Pre-RIC), and Post-
conditioning (Post-RIC). MI was induced by ligating
the left coronary artery permanently with a 5-0
polypropylene suture as described previously [27].
Chloral hydrate (10%, 150 mg/kg) was used for
anesthesia. Penicillin and morphine were used after
surgery to prevent infection and reduce pain. Same
procedure was performed for the rats in the group
sham excluding the ligation of the left coronary
artery. For the group Pre-RIC, the rats were
anesthetized adequately, and the bilateral hindlimbs
were subjected to RIC treatment (10 cycles of 2 min
reperfusion and 2 min bilateral hindlimb ischemia
using tourniquets, at 20-second intervals) 2 weeks
before MI administration (Once every two days) RIC
treatment was performed once every two days. For
the group Post-RIC, the animals were subjected to
RIC treatment once every two days for 2 weeks after
MI administration.

For the RIC exosomes treatment, 18 Wistar rats (male,
8-week-old, 280-300 g) were randomly divided into 2
groups, group control, and group RIC exosomes. Ml
model was established as described above. Then, the
rats in the group RIC exosomes were injected with RIC
exosomes through a caudal vein once every three days.
The same dose and administration frequency of normal
saline was used for group control. The animals were
sacrificed at different time points (7, 14, 28 days) for
additional experiments.

Flow cytometry analysis

Flow cytometry analysis was conducted as described
previously [28]. 1x10° cells were harvested by
centrifuging at 1000 g/min for 5 min within cell stain
buffer (Biolegend, 420201). After incubation with the
corresponding antibodies for 30 min at 4°C, the
reaction was stopped by washing twice with cell stain
buffer, and cell apoptosis was measured through flow
cytometry.
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Detection of cell cycle

Cells (5x10* each well) were seeded into 6-well plates
and cultured 24 h. After culture with RIC exosomes and
si-Hsp70 for 48 h, cells were harvested and fixed in
70% ethanol for 4 h. After washing 3 times by PBS,
cells were stained by 50 pL Pl at 4°C for 1 h. Then, the
cell cycle was measured by flow cytometry.

RNA isolation and real-time PCR

The RNA isolation and real-time PCR were conducted
as described previously [29]. TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) was used to isolate
RNA. 50 ng RNA was reverse-transcribed into cDNA
using ReverTra Ace qPCR RT Master Mix with gDNA
Remover (TOYOBO). Amplification was conducted for
40 cycles using THUNDERBIRD SYBR gPCR Mix
(TOYOBO). The primer information was listed as
follows: (1) GAPDH: forward: 5-ACAACAGCCT
CAAGATCATCAG-3' and reverse: 5-GGTCCACCA
CTGACACGTTG-3'; (2) eNOS: forward: 5'-GGTCAA
CTATTCCCTGTCC-3" and reverse: 5'-ACACCACA
TCATACTCATCC-3’; (3) inducible nitric oxide
synthase (iNOS): forward: 5'-ATATACCTCCTGAGT
GAAG-3" and reverse: 5-GGTCCTTGGTTGT
AGATA-3"; (4) HIF-1a : forward: 5'-CAGAAGATAC
AAGTAGCCTC-3' and reverse: 5'-CTGCTGGAATAC
TGTAACTG-3; (5) Ang-1: forward: 5-TATGCCA
GAACCCAAAAAGG-3" and reverse: 5-GGGCACA
TTTGCACATACAG-3'; (6) VEGF: forward: 5'-
ATGAACTTTCTGCTGTCTTGGG-3' and reverse: 5'-
CTGTATCAGTCTTTCCTGGTGAG-3'. Relative
expression of target genes was calculated using the 2
AACt method. AACt=ACt experiment - ACt control,
ACt=Ct target gene - Ct control gene. The fold change
between the experimental group and the control
group=244¢t,

Western blot analysis

Western blot analysis was performed as described [30].
Tissues were lysed in RIPA lysis buffer, and Bradford
kit (Bio-Rad, Hercules, USA) was used for measuring
protein concentration. Same amount of protein was
separated by 8% SDS-PAGE gels and transferred to
polyvinylidene fluoride membranes (Merck Millipore,
Darmstadt, Germany). The membranes were blocked in
Tris-buffered saline containing 5% skim milk for 1 h
and cultured with primary antibodies at 4 °C overnight.
After washing 3 times with PBS, the membranes were
incubated with a secondary antibody (1:1500) at room
temperature for 2 h. The protein grey was visualized
using the LAS-3000 Iluminescent image analyzer
(Fujifilm, Tokyo, Japan) and analyzed with Quantity
One software (Bio-Rad Laboratories, Hercules, USA).

The antibodies information was listed as follows: Hsp70
(1:800, ab2787, Abcam, UK); eNOS (1:1000, ab76198,
Abcam, UK); iNOS (1:1000, ab49999, Abcam, UK);
HIF-1a (1:500, ab6489, Abcam, UK), Ang-1 (1:1500,
ab49694, Abcam, UK), and VEGF (1:800, ab9540,
Abcam, UK).

Transwell assay

Cell migration was detected with transwell assay
through polycarbonate membrane Boyden chambers in
a transwell apparatus (Costar, USA). Cells (2x10° each
well) were plated to the up chamber, and 3 mL DMEM
containing 15% FBS was used to cover the lower
chamber. After 48 h, the lower chamber was fixed with
4% polyformaldehyde for 30 min. After washing 3
times, the lower chamber was stained by Giemsa for 20
min. Then the migrated cells in the three fields were
counted with an inverted microscope (Olympus
CKX31, Japan).

Hemodynamic assessment

Hemodynamic assessment of left ventricular function
was conducted through transthoracic echocardiography
with a Xario ultrasound device (Toshiba Medical
Systems, Tokyo, Japan). Briefly, rats were anesthetized
with chloral hydrate, and the cannulation was done to
the left wventricle. Biofunction experiment system
MP100-CE (BIOPAC Systems, Santa Barbara, USA)
was used to record hemodynamic parameters. After the
hemodynamic assessment, the heart tissues were
excised for histopathological analysis.

Histopathological analysis

After the sacrifice of rats, the heart tissues were
collected and fixed in 4% paraformaldehyde for 24 h.
Paraffin was used for tissue embedding, and 8-um thick
sections were cut from each segment and stained with
Masson trichrome and hematoxylin-eosin (HE). Three
slides were chosen for each specimen, and three views
were selected for each slide. Zeiss AxioVision (Jena,
Germany) was used for capturing.

Immunohistochemistry staining

The immunohistochemistry staining was performed as
described previously [31]. Then heart tissue sections
were de-paraffin firstly. Then, sections were
successively treated by microwave heating for antigen
repair, tissue washing (3 times, 3 min/time), and
incubation with 3% HO, (10 min). After washing 2
times (5 min/time), 5% goat serum was used for
blocking. Then the primary antibody (VWF, 1:40,
DAKO) was applied to incubate tissue overnight at 4°C.
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After washing, the tissues were incubated with
secondary antibody for 2 h at room temperature. Then
DAB regent was used to incubate tissues, and an
inverted microscope (Olympus CKX31, Japan) was
used for capturing.

Transmission electron microscope (TEM)

The prepared RIC exosomes were identified by TEM.
Briefly, the prepared exosomes were suspended in PBS,
and placed on the heated and carbon-coated copper
grids. Then the grids were then placed on a drop of 2%
glutaraldehyde for 10min. The morphology of
exosomes was investigated using HT 7700 TEM
(Hitachi, Tokyo, Japan).

Tube formation

Tube formation assay was used to assess angiogenesis.
100 pL Matrigel (BD Biosciences, USA) was added
into p-Plate Angiogenesis 96-well to form a solid
structure. Then the 150 pL suspended cells (2 x
10%/mL) with DMEM were plated into wells, and
cultured for 24 h at 37°C. Then, tube formation was
observed under a light-field microscope. The number of
tube branches was counted in three fields.

Cell proliferation

CCK-8 assay (Nanjing Jiancheng, Nanjing, China) was
used to measure cell proliferation. Briefly, cells were
plated at 5x10%well into 6-well-plate and incubated for
24 h. After administration with RIC exosomes and
Hsp70 siRNA for 24 h, 10 pL reagent was added. After
incubation for 2 h, the optical density (450 nm) was
measured.

Statistical analysis

Results are shown as the mean * standard deviation
(SD). Statistical analysis was calculated using SPSS
19.0 (SPSS Co., Ltd., USA). Student's t-test was applied
to analyze the statistical significance of the difference
between the two groups. P < 0.05 means statistically
significant.
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a: hypoxia-inducible factor 1 a; CMVECs: cardiac
microvascular endothelial cells; HE: hematoxylin eosin;
TEM: Transmission electron microscope; SD: Standard

deviation; IL-10: interleukin-10; si-Hsp70: siRNA of
Hsp70; LVEF: left ventricular ejection fraction; LVFS:
left ventricular fractional shortening.

AUTHOR CONTRIBUTIONS

QC and XZ conceived and designed the experiments;
QC, MH, JW, and QJ performed the experiments; MH
and XZ wrote the paper. All authors read and approved
the final manuscript.

CONFLICTS OF INTEREST

The authors declare that they have no conflict of
interest.

FUNDING

The study was supported by The Natural Science
Foundation of Fujian Province, China (2017J01294)
and Health of young talents cultivation project in Fujian
Province, China (2019-ZQN-79)

REFERENCES

1. Adameova AD, Bhullar SK, Elimban V, Dhalla NS.
Activation of 6;-adrenoceptors may not be involved in
arrhythmogenesis in ischemic heart disease. Rev
Cardiovasc Med. 2018; 19:97-101.
https://doi.org/10.31083/j.rcm.2018.03.3181
PMID:31054558

2. Peet C, lvetic A, Bromage DI, Shah AM. Cardiac
monocytes and macrophages after myocardial
infarction. Cardiovasc Res. 2019. [Epub ahead of print].
https://doi.org/10.1093/cvr/cvz336 PMID:31841135

3. Groennebaek T, Sieljacks P, Nielsen R, Pryds K,
Jespersen NR, Wang J, Carlsen CR, Schmidt MR, de
Paoli FV, Miller BF, Vissing K, Bgtker HE. Effect of Blood
Flow Restricted Resistance Exercise and Remote
Ischemic Conditioning on Functional Capacity and
Myocellular Adaptations in Patients With Heart Failure.
Circ Heart Fail. 2019; 12:e006427.
https://doi.org/10.1161/CIRCHEARTFAILURE.119.0064
27 PMID:31830830

4. Kitagawa K, Saitoh M, Ishizuka K, Shimizu S. Remote
Limb Ischemic Conditioning during Cerebral Ischemia
Reduces Infarct Size through Enhanced Collateral
Circulation in Murine Focal Cerebral Ischemia. J Stroke
Cerebrovasc Dis. 2018; 27:831-38.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.0
9.068 PMID:29395650

5. Zhao L, Jiang X, Shi J, Gao S, Zhu Y, Gu T, Shi E.
Exosomes derived from bone marrow mesenchymal
stem cells overexpressing microRNA-25 protect spinal

WWW.aging-us.com 3691

AGING


https://doi.org/10.31083/j.rcm.2018.03.3181
https://www.ncbi.nlm.nih.gov/pubmed/31054558
https://doi.org/10.1093/cvr/cvz336
https://www.ncbi.nlm.nih.gov/pubmed/31841135
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006427
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006427
https://www.ncbi.nlm.nih.gov/pubmed/31830830
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.068
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.068
https://www.ncbi.nlm.nih.gov/pubmed/29395650

10.

11.

12.

cords against transient ischemia. J Thorac Cardiovasc
Surg. 2019; 157:508-17.
https://doi.org/10.1016/j.jtcvs.2018.07.095
PMID:30224076

Tao SC, Guo SC, Li M, Ke QF, Guo YP, Zhang CQ.
Chitosan Wound Dressings Incorporating Exosomes
Derived from MicroRNA-126-Overexpressing Synovium
Mesenchymal Stem Cells Provide Sustained Release of
Exosomes and Heal Full-Thickness Skin Defects in a
Diabetic Rat Model. Stem Cells Transl Med. 2017;
6:736—47.

https://doi.org/10.5966/sctm.2016-0275
PMID:28297576

Wang Y, Zhao R, Liu D, Deng W, Xu G, Liu W, Rong J,
Long X, Ge J, Shi B. Exosomes Derived from miR-214-
Enriched Bone Marrow-Derived Mesenchymal Stem
Cells Regulate Oxidative Damage in Cardiac Stem Cells
by Targeting CaMKIl. Oxid Med Cell Longev. 2018;
2018:4971261.
https://doi.org/10.1155/2018/4971261
PMID:30159114

Wang Y, Zhang L, Li Y, Chen L, Wang X, Guo W, Zhang
X, Qin G, He SH, Zimmerman A, Liu Y, Kim M,
Weintraub NL, Tang Y. Exosomes/microvesicles from
induced pluripotent stem cells deliver cardioprotective
miRNAs and prevent cardiomyocyte apoptosis in the
ischemic myocardium. Int J Cardiol. 2015; 192:61-69.
https://doi.org/10.1016/j.ijcard.2015.05.020
PMID:26000464

Sharp FR, Zhan X, Liu DZ. Heat shock proteins in the
brain: role of Hsp70, Hsp 27, and HO-1 (Hsp32) and
their therapeutic potential. Transl Stroke Res. 2013;
4:685-92.
https://doi.org/10.1007/s12975-013-0271-4
PMID:24323422

Chidlow G, Wood JP, Casson RJ. Expression of inducible
heat shock proteins Hsp27 and Hsp70 in the visual
pathway of rats subjected to various models of retinal
ganglion cell injury. PLoS One. 2014; 9:e114838.
https://doi.org/10.1371/journal.pone.0114838
PMID:25535743

Jang J, Kim MR, Kim TK, Lee WR, Kim JH, Heo K, Lee S.
CLEC14a-HSP70-1A interaction regulates HSP70-1A-
induced angiogenesis. Sci Rep. 2017; 7:10666.
https://doi.org/10.1038/s41598-017-11118-y
PMID:28878328

Park SL, Chung TW, Kim S, Hwang B, Kim JM, Lee HM,
Cha HJ, Seo Y, Choe SY, Ha KT, Kim G, Yun SJ, Park SS,
et al. HSP70-1 is required for interleukin-5-induced
angiogenic responses through eNOS pathway. Sci Rep.
2017; 7:44687.

https://doi.org/10.1038/srep44687

PMID:28317868

13.

14.

15.

16.

17.

18.

19.

20.

Gonzalez-Gonzalez A, Gonzalez A, Alonso-Gonzélez C,
Menéndez-Menéndez J, Martinez-Campa C, Cos S.
Complementary actions of melatonin on angiogenic
factors, the angiopoietin/Tie2 axis and VEGF, in
co-cultures of human endothelial and breast cancer
cells. Oncol Rep. 2018; 39:433-41.
https://doi.org/10.3892/0r.2017.6070
PMID:29115538

Ismail H, Mofarrahi M, Echavarria R, Harel S, Verdin E,
Lim HW, lJin ZG, Sun J, Zeng H, Hussain SN.
Angiopoietin-1 and vascular endothelial growth factor
regulation of leukocyte adhesion to endothelial cells:
role of nuclear receptor-77. Arterioscler Thromb Vasc
Biol. 2012; 32:1707-16.
https://doi.org/10.1161/ATVBAHA.112.251546
PMID:22628435

Zhang X, Liu S, Weng X, Zeng S, Yu L, Guo J, Xu Y. Brgl
deficiency in vascular endothelial cells blocks
neutrophil recruitment and ameliorates cardiac
ischemia-reperfusion injury in mice. Int J Cardiol. 2018;
269:250-58.
https://doi.org/10.1016/].ijcard.2018.07.105
PMID:30049497

Bagai A, Dangas GD, Stone GW, Granger CB.
Reperfusion strategies in acute coronary syndromes.
Circ Res. 2014; 114:1918-28.
https://doi.org/10.1161/CIRCRESAHA.114.302744
PMID:24902975

Pilz PM, Hamza O, Gidl6f O, Gongalves IF, Tretter EV,
Trojanek S, Abraham D, Heber S, Haller PM, Podesser
BK, Kiss A. Remote ischemic perconditioning
attenuates adverse cardiac remodeling and preserves
left ventricular function in a rat model of reperfused
myocardial infarction. Int J Cardiol. 2019; 285:72-79.
https://doi.org/10.1016/j.ijcard.2019.03.003
PMID:30904281

Kristiansen J, Grove EL, Rise N, Neergaard-Petersen S,
Wiirtz M, Kristensen SD, Hvas AM. Effect of remote
ischaemic conditioning on coagulation and fibrinolysis.
Thromb Res. 2016; 141:129-35.
https://doi.org/10.1016/j.thromres.2016.03.017
PMID:27018926

Andreadou |, lliodromitis EK, Rassaf T, Schulz R,
Papapetropoulos A, Ferdinandy P. The role of
gasotransmitters NO, H2S and CO in myocardial
ischaemia/reperfusion injury and cardioprotection by
preconditioning,  postconditioning and remote
conditioning. Br J Pharmacol. 2015; 172:1587-606.
https://doi.org/10.1111/bph.12811

PMID:24923364

Majumder A, Singh M, George AK, Homme RP, Laha A,
Tyagi SC. Remote ischemic conditioning as a
cytoprotective strategy in vasculopathies during

WWW.aging-us.com

3692

AGING


https://doi.org/10.1016/j.jtcvs.2018.07.095
https://www.ncbi.nlm.nih.gov/pubmed/30224076
https://doi.org/10.5966/sctm.2016-0275
https://www.ncbi.nlm.nih.gov/pubmed/28297576
https://doi.org/10.1155/2018/4971261
https://www.ncbi.nlm.nih.gov/pubmed/30159114
https://doi.org/10.1016/j.ijcard.2015.05.020
https://www.ncbi.nlm.nih.gov/pubmed/26000464
https://doi.org/10.1007/s12975-013-0271-4
https://www.ncbi.nlm.nih.gov/pubmed/24323422
https://doi.org/10.1371/journal.pone.0114838
https://www.ncbi.nlm.nih.gov/pubmed/25535743
https://doi.org/10.1038/s41598-017-11118-y
https://www.ncbi.nlm.nih.gov/pubmed/28878328
https://doi.org/10.1038/srep44687
https://www.ncbi.nlm.nih.gov/pubmed/28317868
https://doi.org/10.3892/or.2017.6070
https://www.ncbi.nlm.nih.gov/pubmed/29115538
https://doi.org/10.1161/ATVBAHA.112.251546
https://www.ncbi.nlm.nih.gov/pubmed/22628435
https://doi.org/10.1016/j.ijcard.2018.07.105
https://www.ncbi.nlm.nih.gov/pubmed/30049497
https://doi.org/10.1161/CIRCRESAHA.114.302744
https://www.ncbi.nlm.nih.gov/pubmed/24902975
https://doi.org/10.1016/j.ijcard.2019.03.003
https://www.ncbi.nlm.nih.gov/pubmed/30904281
https://doi.org/10.1016/j.thromres.2016.03.017
https://www.ncbi.nlm.nih.gov/pubmed/27018926
https://doi.org/10.1111/bph.12811
https://www.ncbi.nlm.nih.gov/pubmed/24923364

21.

22.

23.

24,

25.

hyperhomocysteinemia: an  emerging research
perspective. J Cell Biochem. 2019; 120:77-92.

https://doi.org/10.1002/jcb.27603 PMID:30272816

Hausenloy DJ, Kharbanda RK, Mgller UK, Ramlall M,
Aarge J, Butler R, Bulluck H, Clayton T, Dana A, Dodd
M, Engstrom T, Evans R, Lassen JF, et al, and CONDI-
2/ERIC-PPCI Investigators. Effect of remote ischaemic
conditioning on clinical outcomes in patients with
acute myocardial infarction (CONDI-2/ERIC-PPCI): a
single-blind randomised controlled trial. Lancet. 2019;
394:1415-24.
https://doi.org/10.1016/5S0140-6736(19)32039-2
PMID:31500849

Lu C, Wang X, Ha T, Hu Y, Liu L, Zhang X, Yu H, Miao J,
Kao R, Kalbfleisch J, Williams D, Li C. Attenuation of
cardiac dysfunction and remodeling of myocardial
infarction by microRNA-130a are mediated by
suppression of PTEN and activation of PI3K dependent
signaling. J Mol Cell Cardiol. 2015; 89:87-97.
https://doi.org/10.1016/j.yjmcc.2015.10.011
PMID:26458524

Kumar S, Williams D, Sur S, Wang JY, Jo H. Role of flow-
sensitive microRNAs and long noncoding RNAs in
vascular dysfunction and atherosclerosis. Vascul
Pharmacol. 2019; 114:76-92.
https://doi.org/10.1016/j.vph.2018.10.001
PMID:30300747

Vicencio JM, Yellon DM, Sivaraman V, Das D, Boi-Doku
C, Arjun S, Zheng Y, Riquelme JA, Kearney J, Sharma V,
Multhoff G, Hall AR, Davidson SM. Plasma exosomes
protect the myocardium from ischemia-reperfusion
injury. J Am Coll Cardiol. 2015; 65:1525-36.
https://doi.org/10.1016/j.jacc.2015.02.026
PMID:25881934

Luo F, Wu P, Chen J, Guo Y, Wang J, Li X, Fang Z.
ANGPTL3 possibly promotes cardiac angiogenesis
through improving proangiogenic ability of endothelial

26.

27.

28.

29.

30.

31

progenitor cells after myocardial infarction. Lipids
Health Dis. 2018; 17:184.
https://doi.org/10.1186/512944-018-0835-0
PMID:30086775

Rufaihah AJ, Johari NA, Vaibavi SR, Plotkin M, Di Thien
DT, Kofidis T, Seliktar D. Dual delivery of VEGF and
ANG-1 in ischemic hearts using an injectable hydrogel.
Acta Biomater. 2017, 48:58—67.
https://doi.org/10.1016/j.actbio.2016.10.013
PMID:27756647

Pan Y, Zhou Z, Zhang H, Zhou Y, Li Y, Li C, Chen X, Yang
S, Liao Y, Qiu Z. The ATRQPB-001 vaccine improves
cardiac function and prevents postinfarction cardiac
remodeling in mice. Hypertens Res. 2019; 42:329-40.
https://doi.org/10.1038/s41440-018-0185-3
PMID:30587854

Wu X, Wang Y, SunZ,Ren S, Yang W, Deng Y, Tian C, Yu
Y, Gao B. Molecular expression and functional analysis
of genes in children with temporal lobe epilepsy. J
Integr Neurosci. 2019; 18:71-77.
https://doi.org/10.31083/].jin.2019.01.13
PMID:31091851

Amanda PB, Albuquerque MB, Reis CA, Beltrao El.
Identification of appropriate housekeeping genes for
quantitative RT-PCR analysis in MDA-MB-231 and NCI-
H460 human cancer cell lines under hypoxia and serum
deprivation. J Mol Clin Med. 2018; 1:127-34.
https://doi.org/10.31083/j.jmcm.2018.03.001

Park DW, Lee IH, Park CW, Seo JT. The effects of
vaginal lubricants on the human vagina: an in vitro
analysis. Clin Exp Obstet Gynecol. 2019; 46:427-33.
https://doi.org/10.12891/ceog4671.2019

Tas ZA, Yaldiz M, Dolapcioglu K. MMP7 and YKL-40
expression in endometrial endometrioid carcinomas.
Eur J Gynaecol Oncol. 2019; 40:123-29.
https://doi.org/10.12892/ejg04515.2019

WWW.aging-us.com

3693

AGING


https://doi.org/10.1002/jcb.27603
https://www.ncbi.nlm.nih.gov/pubmed/30272816
https://doi.org/10.1016/S0140-6736%2819%2932039-2
https://www.ncbi.nlm.nih.gov/pubmed/31500849
https://doi.org/10.1016/j.yjmcc.2015.10.011
https://www.ncbi.nlm.nih.gov/pubmed/26458524
https://doi.org/10.1016/j.vph.2018.10.001
https://www.ncbi.nlm.nih.gov/pubmed/30300747
https://doi.org/10.1016/j.jacc.2015.02.026
https://www.ncbi.nlm.nih.gov/pubmed/25881934
https://doi.org/10.1186/s12944-018-0835-0
https://www.ncbi.nlm.nih.gov/pubmed/30086775
https://doi.org/10.1016/j.actbio.2016.10.013
https://www.ncbi.nlm.nih.gov/pubmed/27756647
https://doi.org/10.1038/s41440-018-0185-3
https://www.ncbi.nlm.nih.gov/pubmed/30587854
https://doi.org/10.31083/j.jin.2019.01.13
https://www.ncbi.nlm.nih.gov/pubmed/31091851
https://doi.org/10.31083/j.jmcm.2018.03.001
https://doi.org/10.12891/ceog4671.2019
https://doi.org/10.12892/ejgo4515.2019

