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Cardiac progenitor cell-derived exosomes promote
HIC2 cell growth via Akt/mTOR activation
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Abstract. Exosomes are cell-derived vesicles released from
a variety of mammalian cells that are involved in cell-to-cell
signalling. It has been reported that cardiac progenitor cells
(CPCs) derived from an adult heart are one of the most
promising stem cell types for cardioprotection and repair.
The mammalian target of rapamycin (mTOR) signalling
pathway is a pivotal regulator in CPCs, therefore, CPC-derived
exosomes were used in the present study to investigate whether
it can promote H9C2 cell growth through the protein kinase
B (PKB, or Akt)/mTOR signalling pathway. The CPCs were
isolated from Sprague-Dawley hearts. Following treatment
with a specific medium, the exosomes were purified and iden-
tified by electron micrograph and western blot assays, using
CD63 and CD81 as markers. The methyl-thiazolyl-tetrazolium
and 5-ethynyl-2'-deoxyuridine methods were used to detect
HO9C2 cell growth. The expression of Akt and mTOR were
detected by western blot analysis following treatment with
200 or 400 pg/ml of exosomes for 24 or 48 h, respectively.
It was found that, compared with higher concentrations of
exosomes, prolonging the duration of exposure promoted cell
growth. Accordingly, CPC-derived exosomes stimulated the
expression of Akt to a marked degree; groups treated with
exosomes for 48 h showed higher expression of Akt than
those treated for 24 h at the same concentration. mMTOR was
also stimulated by CPC-derived exosomes. The activation of
mTOR increased in accordance with the treatment time at
an exosome concentration of 200 ug/ml and decreased with
treatment time at an exosome concentration of 400 pg/ml. In
conclusion, the present study demonstrated that CPC-derived
exosomes promoted HI9C2 cell growth via the activation of
Akt/mTOR in a time-dependent manner at a relatively low
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exosome concentration, which may provide a novel therapy for
cardiovascular disease.

Introduction

Cardiovascular disease is one of the most significant contribu-
tors to morbidity and mortality rates in children around
the world. Damaged cardiac tissue is unable to repair itself
following injury, warranting the development of alterna-
tive therapies. An increasing number of studies have found
that exosomes, a group of membrane vesicles with a certain
volume that are naturally derived from mammalian cells, may
be essential in cardiac cell communication and repair (1,2),
although their precise cellular origin and mechanism of action
remain to be fully elucidated.

Exosomes, which range between 30 and 100 nm in size,
are a type of extracellular vesicle; ultracentrifugation on
a linear sucrose gradient (2-0.25 M sucrose) revealed that
they have a density ranging between 1.13 and 1.19 g/ml (3,4).
They are set apart from other extracellular vesicles, including
apoptotic bodies and microvesicles, owing to their unique
qualities (5). Exosomes can transfer molecules from one cell
to another via membrane vesicle trafficking and can perform
the vital function of cell-to-cell communication in physi-
ological and pathophysiological conditions (6,7). Exosomes
have potential applications as novel bio-carriers for gene and
drug delivery (8), which depend on their inner materials,
including proteins, microRNAs (miRNAs) and cytokines,
and their cell types.

Wau et al reported that gastric cancer-derived exosomes can
promote tumour cell proliferation by stimulating the nuclear
factor-kB pathway (9). Another study found that fibroblasts
exhibited uptake of exosomes derived from human amniotic
epithelial cells (hAECs-Exo0), and the migration and prolifera-
tion functions of these exosomes were promoted by hAECs-Exo
via the activation of matrix metalloproteinase-1 (10). These
studies focused on different exosomes, however, a number
of discussed the roles of CPC-derived exosomes and their
mechanisms. CPCs derived from adult hearts have gradually
emerged as one of the most promising stem cell types for
cardioprotection and repair through inducing differentiation
and paracrine effects (11). Therefore, CPC-derived exosomes
are involved in treating cardiovascular diseases, including
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protecting the ischemic myocardium from acute ischemia or
reperfusion injury (11), inhibiting cardiomyocyte (CM) apop-
tosis and improving cardiac function following myocardial
infarction (2). However, further investigations are required to
better understand the underlying mechanisms.

The Akt/mammalian target of rapamycin (mTOR) signal-
ling pathway is an important regulator in cell differentiation,
growth and apoptosis, angiogenesis, and protein synthesis and
degradation. Akt is a serine/threonine-specific protein kinase
that is involved in multiple cellular processes, including
glucose metabolism, apoptosis, cell proliferation, transcrip-
tion and cell migration, through different downstream factors.
The Akt kinase family contains three members with a broadly
similar structure: Aktl, Akt2 and Akt3. All three consist of a
conserved N-terminal pleckstrin homology domain, a central
catalytic domain and a C-terminal regulatory hydrophobic
motif. Although they have similar mechanisms of exhibiting
regulation function, they possess unique features (12). Aktl
and Akt2 are widely expressed in various mammalian cells,
whereas Akt3 exhibits a tissue-specific expression. An early
study demonstrated that cancer-derived exosomes promote
tumour cell proliferation via the activation of Akt (13).
mTOR, an important regulator of the cell cycle and protein
synthesis, is a critical component in several signalling
pathways, including phosphoinositide 3-kinase (PI3K)/Akt.
mTOR regulates cell growth by accepting exogenous growth
factors and insulin stimulation, which affects factors
including the feeling of changes in energy and nutritional
status. The present study focused on the roles of CPC-derived
exosomes in rat heart cell growth, and the communication
between CPC-derived exosomes and the Akt/mTOR signal-
ling pathway during this growth.

Materials and methods

Animals. All experiments were conducted in accordance
with the IRB of The Third Xiangya Hospital, Central South
University (Changsha, China; No. 2015-S001). The study was
performed on 15 8-week-old male Sprague-Dawley (SD) rats
purchased from Hunan Silaike Jingda Experimental Animal
Co., Ltd. (Changsha, China). The rats, having a body weight of
200+10 g, were fed on a standard diet with tap water and main-
tained in environmentally controlled rooms at 22+2°C under a
relative humidity of 50+10% with a 12/12h light-dark cycle.

Isolated CPCs. The isolated adult CMs were prepared from
the hearts of 2-month-old male SD rats. First, the rat heart
tissue was aseptically isolated on a clean bench, washed with
sterile phosphate-buffered saline (PBS) containing Heparin
several times and then placed in a Petri dish. The tissue was
sliced with scissors and a scalpel as finely as possible, and the
tissue debris was loaded into a 15-ml tube. Subsequently, 5 ml
of type IV collagenase digestion (1 mg/ml, containing DNase I)
was added and digested for 5 min at 37°C, three times in total.
Following standing for 5 min at 4°C or being briefly centrifuged
for 3 min at 4°C (980 x g), the supernatant was discarded. The
tissue block was cleaned with PBS three times, resuspended in
CEM (IMDM containing 20% FBS, 1% penicillin-streptomycin,
2 mM L-glutamine, 0.1 mM 2-hydroxy-1-ethanethiol) and
inoculated in a 20-ug/ml FN-coated petri dish; the medium was
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replaced once every 2-3 days. Following 14 days of incubation,
the dishes were gently washed three times with PBS and then
digested for 1-2 min with a 0.05% trypsin solution preheated
to 37°C; the cells were then collected. Finally, the cells were
transferred to the culture bottle, and the medium was replaced
once every 2-3 days.

Exosome isolation. CPC-exosome isolation was performed
using ExoQuick-TC™ Exosome Isolation reagent (System
Biosciences, Palo Alto, CA, USA), following the procedure
outlined by the manufacturer. To prepare the exosome media
prior to ExoQuick treatment, the concentration was increased
from 50 to 130 ul using an Amicon Ultra filter (EMD
Millipore, Billerica, MA, USA) with a 100,000-molecular
weight cutoff (14).

Exosome labelling with DioC,g3) (DiO). The purified
CPC-derived exosomes were labelled with a DiO green fluo-
rescent labelling kit (Yeasen Company, Shanghai, China) in
accordance with the manufacturer's protocol. The DiO concen-
tration for exosome labelling was 0.5 yM/ul of exosomes from
1x10* cells. The labelled exosomes were stained with DiO dye
in 100 ul of dimethyl sulfoxide (DMSO) diluted with 100 ul
of Dulbecco's modified Eagle's medium (DMEM; Hyclone;
GE Healthcare Life Sciences, Logan, UT, USA) for 20 min
at 37°C, and an equal volume of serum without exosomes
was added to terminate the labelling. HOC2 cardiomyocytes
are a clonal heart muscle cell line derived from embryonic rat
hearts, which can retain several cardiomyocyte phenotypes. In
the present study, the HOC2 cells were obtained from the Cell
Bank of the Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China) and incubated with the labelled
CPC-exosomes for 12 h at 37°C and washed with PBS. The
uptake of labelled exosomes by the HOC2 cells was detected
using a fluorescence microscope (Olympus Corporation,
Tokyo, Japan).

Transmission electron microscopy (TEM). The ultrastructure of
exosomes was observed using TEM, according to the methods
described in a previous study (15). Briefly, a resuspended
pellet (3 ml) of exosomes was fixed with 2.5% glutaralde-
hyde, post-fixed in buffered 1% osmium tetroxide with 1.5%
potassium ferrocyanide, embedded in 1% agar and processed
according to the standard EPONS812 embedding procedure.
The exosomes were visualised in thin (60-nm) sections using
TEM (FEI Company, Eindhoven, The Netherlands) at 80 kV.

Methyl-thiazolyl-tetrazolium (MTT) assay. The HOC2 cells
were seeded at 1x10* cells/well in 96-well plates and treated
with CPC-derived exosomes at 0, 50, 100, 200 and 400 pg/ml,
respectively. The cells were grown at 37°C in a humidified
incubator with 5% carbon dioxide (CO,) for 12, 24 and 48 h.
The medium was then replaced with serum-free DMEM, and
20 ul of MTT solution was added. Following further growth
at 37°C in a humidified incubator with 5% CO, for 4 h, the
supernatant was carefully discarded, following which 150 ul
of DMSO was added to each well. Following vibrating for
10 min, the optical density of each well was measured on an
enzyme-linked immunosorbent detector at a wavelength of
560 nm.
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5-Ethynyl-2'-deoxyuridine (EAU) assay. The H9C2 cells were
seeded in 96-well plates at 1x10* cells per well and cultured
to the normal growth stage. Subsequently, the cells were
treated with CPC-derived exosomes for 24 and 48 h with final
concentrations of 0, 200 and 400 yxg/ml. The EdU solution
(reagent A) was diluted with 1:1,000 cell medium to prepare
the appropriate concentration of EAU medium (50 xM). EDU
medium (100 ul) was added to each well, and the medium was
discarded following 2 h of incubation. Subsequently, 50 ul of
fixative solution (4% paraformaldehyde) was added to each
well and incubated at room temperature for 30 min. Following
washing with PBS for 5 min, 100 ul of penetrant was added to
each well, incubated for 10 min with a decolourisation shaker
and then washed once with PBS for 5 min. Following this,
100 pl of 1X Apollo was added to each well and incubated with
a decolourisation shaker in the dark at room temperature for
30 min. Following incubation, 100 ul of penetrant and 100 yul
of methanol were added to each well and washed. Reagent F
was diluted with deionised water at a ratio of 1:100 to prepare
an appropriate concentration of 1X Hoechst 33342 reaction
solution, of which 100 ul was added to each well and incu-
bated for 30 min; subsequently, the reactant was washed. The
cells were observed immediately following staining under an
Olympus microscope (Olympus Corporation) equipped with a
Metamorph® image acquisition system (DP2-BSW software;
version 2.1 Olympus Corporation).

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) analysis. The HOC2 cells in different groups were
collected at each scheduled time point, and mRNA were
extracted using an RNA extraction kit (Omega Bio-Tek, Inc.,
Norcross, GA, USA). The mRNA was reverse transcribed into
cDNA following the RevertAid™ First Strand cDNA Synthesis
kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
The real-time fluorescence RT-qPCR analysis was accom-
plished using a SYBR Green PCR Master mix kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.) containing 2 ul
cDNA and 0.5 ul each primer (10 uM), according to the
manufacturer's protocol, with the following thermal cycling
conditions for 40 cycles in total: 10 min at 95°C, 15 sec at
95°C and 30 sec at 60°C. The primer sequences are listed in
Table I. The signal of a gene was standardised with B-actin
using the following formulas: ACq=Cq target-Cq reference;
and AACq = mean value of ACq control - ACq sample. Finally,
the 2444 method (16) was used to calculate the differences in
mRNA transcription levels.

Western blot analysis. The CPC-derived exosome samples,
rat lymphocytes and H9C2 cells from different groups were
harvested and maintained on ice for 10 min following being
washed twice with ice-cold PBS. Lysis buffer (80-u1; Beyotime
Institute of Biotechnology, Haimen China) containing 0.1%
phenylmethylsulfonyl (CWBio, China) was added to each well.
The cell lysates were collected using a scraper and centrifuged
at 13,780 x g for 15 min (4°C), and the supernatant was obtained.
The protein concentration was detected using an enhanced
BCA protein assay kit (Beyotime Institute of Biotechnology).
Subsequently, 30 ug of extracted protein was fractionated
on 10-12% sodium dodecyl sulphatepolyacrylamide gels,
electrophoretically transferred onto 0.45-¢m PVDF membranes
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Table I. Primer sequences used for reverse transcription-quan-
titative polymerase chain reaction analysis.

Gene Primer sequence

Rat-mTOR F: 5' CCTCGGCACATCACTCCCTT 3'
R: 5' GCTCCTACATTTCAGCACCCACT 3'

Rat-Aktl F: 5 TACCTGAAGCTACTGGGCAAGGG 3'
R: 5' CGGTCGTGGGTCTGGAATGAG 3'

Rat-Akt2 F: 5' GATGGTAGCCAACAGTCTGAAGCA 3'
R: 5' CCCTTGCCGAGGAGTTTGAGATA 3'

[-actin F: 5' AAGATCAAGATCATTGCTCCTCC 3'

R: 5' TAACAGTCCGCCTAGAAGCA 3'

mTOR, mammalian target of rapamycin; F, forward; R, reverse.

(EMD Millipore), and blocked with PBS containing 0.5%
Triton-100 (CWBio) and 5% non-fat dry milk for 1 h. The
membrane was then incubated with a specific primary anti-
body at 4°C overnight, as follows: Monoclonal anti-CD63
(1:500; cat no. ab108950; Abcam, Cambridge, MA, USA),
monoclonal anti-CD-81 (1:200; cat no. sc-9158; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA), monoclonal anti-Akt
antibody (1:1,000; cat no. #9272; Cell Signaling Technology,
Inc., Danvers, MA, USA), monoclonal anti-phosphorylated
(p-)Akt antibody (1:2,000; cat no. #4060; Cell Signaling
Technology, Inc.), monoclonal anti-mTOR antibody (1:1,000;
cat no. #2983; Cell Signaling Technology, Inc.), monoclonal
anti-p-mTOR antibody (1:1,000; cat no. #5536; Cell Signaling
Technology, Inc.) and monoclonal anti-B-actin antibody
(1:4,000; cat no. 60008-1; ProteinTech Group, Inc., Chicago,
IL, USA). This step was followed by incubation with horse-
radish peroxidase-conjugated secondary antibodies (1:6,000;
goat anti-rabbit; cat no. SAO0001-2; ProteinTech Group, Inc.)
for 1 h at room temperature. Ultimately, the protein expres-
sion level was determined by enhanced chemiluminescence
(Pierce; Thermo Fisher Scientific, Inc.) and analyzed using
Quantity One software (version 4.6.2; Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Statistical analysis. Two-way analysis of variance was
performed with multiple comparisons and paired Student's
t-tests with the statistical software SPSS v22.0 (IBM Corp.,
Armonk, NY, USA). Data are presented as the mean + standard
error of the mean. P<0.05 was considered to indicate a
statistically significant difference.

Results

Identification of CPC-derived exosomes. To extract the
exosomes, the CPCs were first isolated from the SD rat heart
tissue (Fig. 1A). When the exosomes had been prepared and
purified using the ExoQuick-TC™ method, they were observed
by TEM, and the markers were characterised by western
blot analysis. As shown in previous studies, the exosomes
were, ~35.61+£3.89 nm in diameter (Fig. 1B). Comparing the
CPC-derived exosomes with the lymphocyte lysates, which
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Figure 1. Identification of CPC-derived exosomes. (A) CPCs were isolated from Sprague-Dawley rat heart tissue (magnification, x200). (B) Exosomes were
prepared and purified using the ExoQuick-TC™ method, and observed using transmission electron microscopy, showing small vesicles of 35.61+3.89 nm in
diameter. Scale bar=100 nm. The arrows indicate exosomes. (C) Marker proteins CD63 and CD81 of exosomes were examined via western blot analysis, using
rats lymphocyte lysate as a control. CPCs, cardiac progenitor cells; Exos, exosomes.

have been shown to contain a large number of exosomes,
revealed that the tetraspanin molecules CD63 and CDS81 were
abundant in the former (Fig. 1C).

Exosome labelling and uptake of exosomes by H9C?2 cells. To
determine whether CPC-derived exosomes were taken up by
HOC2 cells, the exosomes were labelled with DiO, a fluores-
cent cell linker compound that is incorporated into the cell
membrane by selective partitioning. Following incubation of
the H9C2 cells with the exosomes labelled with DiO, green
fluorescence was observed in the cytoplasm of almost every
HOC2 cell (Fig. 2), indicating that significant quantities of
CPC-derived exosomes had been taken up by the HIC2 cells.

CPC-derived exosomes promote H9C2 cell growth in a time-
and concentration-dependent manner. Exosomes are now
considered to be an important catalyst in cell proliferation and
tissue repair. To investigate the effect of CPC-derived exosomes
on CMs, the present study determined H9C2 cell growth via
MTT and EdU assays with different exosome concentrations
and treatment durations. It was found that the CPC-derived
exosomes promoted H9C2 cell growth. In addition, at a
relatively low concentration, the higher the concentration, the
more marked the stimulation effect under the same treatment
time. In turn, the longer the treatment time, the more marked
the stimulation effect at the same concentration (Fig. 3A-D).

CPC-derived exosomes stimulate the expression and
phosphorylation of Akt. The PI3K/Akt/mTOR signalling
pathway is important for cell proliferation. However, due
to its frequent dysregulation, Akt is typically accepted as a

promising anticancer therapeutic target (17). This signalling
pathway is activated by various extracellular growth factors,
including epidermal growth factor, insulin-like growth
factor 1 and insulin, and simulates downstream mTOR
signalling (18). To investigate whether it can be activated by
CPC-derived exosomes in CMs, the HOC2 cells were treated
with 200 and 400 pg/ml of exosomes for 24 and 48 h, respec-
tively. Following this, the mRNA and protein expression levels
of Akt were analysed by RT-qPCR and western blot analyses.
In these experiments, it was found that the mRNA and protein
expression levels of Akt were increased; furthermore, the
phosphorylation was increased in the two groups, and stimula-
tion in the groups treated with 200 and 400 pg/ml of exosomes
for 48 h was more marked than that in the groups treated with
the same exosome concentrations for 24 h. Compared with the
groups treated with 200 pg/ml of exosomes, the activation in
the 400 pg/ml group was higher at 24 h (Fig. 4A-D).

CPC-derived exosomes stimulate the expression and
phosphorylation of mTOR at a relatively low exosome
concentration. mTOR has been reported to regulate homeo-
stasis by directly influencing gene transcription, protein and
lipid synthesis, and organelle biogenesis and maintenance in
response to multiple extra- and intracellular signals, including
growth factors and nutrients. This serine/threonine kinase has
long been known as a critical regulator of cell proliferation.
In the present study, the expression of mTOR was determined
by RT-qPCR and western blot analyses, using HOC2 cells
treated with 200 and 400 pxg/ml of exosomes for 24 and 48 h,
respectively. Following exosome treatment, the mRNA expres-
sion of mTOR was stimulated, and the stimulation increased
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Figure 2. Exosome labeling and uptake of exosomes by HOC2. Uptake of DioC g(3)-labelled exosomes by HIC2 in vitro (magnification, x400). HOC2 cells
incorporated DioC 4(3)-labelled exosomes from CPCs following incubation for 12 h. Green dots indicate CPC-derived exosomes incorporated in HOC2 cells.

CPCs, cardiac progenitor cells.
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Figure 3. CPC-derived exosomes promote HOC2 cell growth in a time- and concentration-dependent manner. HOC2 cells were treated with CPC-exosomes at 0,
50,100,200 and 400 pg/ml respectively. (A) Following incubation for 12,24 and 48 h, cell growth was examined using a methyl-thiazolyl-tetrazolium assay. At
the same concentration, cell growth in the 48 h group was higher than that in the 24 h group, which was higher than that in the 12 h group, and the differences
were statistically significant (P<0.05). At the same treatment duration of 48 h, cell growth with 200 xg/ml CPC-derived exosomes was higher than that in the
other groups (P<0.05), and each group at 48 h was significantly different compared with the control (0 zg/ml) (P<0.05). In the 24 h group, activation of cell
growth with 400 pg/ml of exosome was significantly higher (P<0.05), compared with that in the control (0 xg/ml). Following treatment with CPC-exosomes
for 24 and 48 h with the different final concentration of 0, 200 and 400 ug/ml, cell proliferation was determined using the EAU method. (B) Compared with the
control (0 ug/ml), stimulation of cell proliferation in the 200 and 400 yug/ml groups differed significantly ('P<0.03, vs. control). At the same concentration, acti-
vation in the 48 h groups differed significantly (P<0.05). CPC, cardiac progenitor cells; Exos, exosomes; OD, optical density; EdU, 5-ethynyl-2'-deoxyuridine.

corresponding to an increase in treatment time. The protein
expression and phosphorylation of mTOR were activated by
exosomes, however, the results were not the same as those for
mRNA. In the 200 pg/ml group, the protein expression and
phosphorylation were increased in correspondence with an
increase in time, however, the opposite was true for protein
expression in the 400 pg/ml group. At the different concen-
trations, the expression levels were higher in the 200 pg/ml
groups than in the 400 yg/ml groups at 48 h (Fig. 5A-C).

Discussion

Cardiovascular disease remains a major contributor to rates
of morbidity and mortality worldwide. CPCs derived from
adult hearts appear to be a promising type of stem cell for
myocardial regeneration and repair. This assumption is based
on the hypothesis that CPCs can engraft, differentiate and
replace damaged cardiac tissues. Increasing evidence has
revealed the therapeutic benefits of CPC paracrine secre-
tion (19). Following transplantation into an injured heart,
CPCs can contribute to myocardial repair through direct and
indirect mechanisms, including direct transdifferentiation into
CMs and vascular cells, secretion of paracrine factors that may
regulate the hyperplasia proliferation of existing CMs, and
cell fusion between transplanted cells and existing CMs (20).
Furthermore, numerous studies have shown that transplanted

CPCs can secrete a number of functional factors to reduce
tissue injury and/or enhance tissue repair (2,11).

Exosomes are small membrane vesicles that are actively
released by cells in physiological and pathological states (6,7).
Exosomes contain various molecular constituents of RNA
and soluble proteins and may be involved in cell-to-cell
signalling. Exosomes deliver a cargo of RNA molecules,
including mRNA and miRNAs, which have multiple biolog-
ical effects and regulate gene expression within recipient
cells (8). It is widely recognised that exosomes can mediate
between paracrine signals within the cardiovascular system,
for example, between endothelial cells and vascular smooth
muscle cells (VSMCs) (21), between cardiac fibroblasts and
CMs (22), and between VSMCs (23). Exosomes from the
cardiovascular system also exist in pericardial fluid (24)
and in the circulation (25), revealing their potential role in
endocrine signalling.

In the present study, CPC-derived exosomes were extracted
to investigate whether they can affect H9C2 cell growth
to examine the associated signalling pathways. The results
demonstrated that the CPC-derived exosomes promoted
HOC2 cell growth in a time- and concentration-dependent
manner. The H9C2 cells exhibited an increased growth
capacity following treatment with a higher concentration of
CPC-derived exosomes or a longer acting time. Zhang et al
reported that exosomes derived from H9C2 cells carry certain
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Figure 3. Continued. CPC-derived exosomes promote HOC2 cell growth in a time- and concentration-dependent manner. Cell proliferation in the (C) 24 h
and (D) 48 h groups was observed using fluorescence microscope following staining (magnification, x100). When treated with the same cardiac progenitor
cell-derived exosomes, cell proliferation was simulated as treatment time increased. EdU, 5-ethynyl-2'-deoxyuridine.

cardioprotective miRNAs, which repress hypoxia-induced
apoptosis. Among the hypoxia-induced exosomal miRNAs,
miR-152-3p and let-7i-5p exert an anti-apoptotic function by
targeting autophagy related 12 and Fas ligand, respectively (26).
Cui et al confirmed that adipose-derived mesenchymal stem
cell exosomes protect the ischemic myocardium from isch-
emia/reperfusion injury via activation of the Wnt/p-catenin
signal pathway (27). Shao et al found that MSC-derived
exosomes (MSC-Exo) inhibit cardiac fibrosis and inflamma-
tion, and improve cardiac function. The MSC-Exo facilitated
the proliferation of HIC2 cells, suppressed apoptosis induced
by H,O, and inhibited the transformation of fibroblast

cells into myofibroblasts induced by transforming growth
factor-f (28). Xiao et al revealed that CPC-derived exosomal
miR-21 had an inhibitory function in the apoptotic process
by downregulating the expression of programmed cell death
4 (PDCD4). Therefore, CPC-derived exosomes protected CMs
against oxidative stress-related apoptosis by restoring the
miR-21/PDCD4 pathway (29).

In the present study, it was found that CPC-derived
exosomes stimulated the expression and phosphorylation of
Akt, with the treatment concentration and time demonstrating
an effect. Furthermore, CPC-derived exosomes facilitated the
expression and phosphorylation of mTOR at a relatively low
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Figure 4. CPC-derived exosomes stimulate the expression of Akt and its phosphorylation. HOC2 cells were treated with CPC-exosomes with final concentra-
tions of 0, 200 and 400 ug/ml. Cell lysates were harvested at 24 and 48 h, and expression of Akt was determined by RT-qPCR and western blot analyses.
mRNA expression levels of (A) Aktl and (B) Akt2 were determined by RT-qPCR analysis (mean + standard error of the mean, n=3) and normalized to the
internal control B-actin, which was arbitrarily set to a value of 1.0. Compared with the control (0 zg/ml), expression levels of Aktl and Akt2 in the 200 and
400 pg/ml groups were significantly higher ("P<0.05). At the same concentration, expression levels of Aktl and Akt2 in the 48 h groups were significantly
higher than those in the 24 h group (P<0.05). (C) Samples were immunoblotted with B-actin to ensure equal protein loading and (D) results are shown in
graphs (mean + standard error of the mean, n=3). Compared with the control (0 xg/ml), expression levels of Akt and p-Akt in the 200 pyg/ml 48 h group,
400 pg/ml 24 group and 400 pg/ml 48 h group were significantly higher ('P<0.05). Compared with the 200 yg/ml group, activation of Akt and p-Akt in the
24 h group was significantly higher in the 400 ug/ml group (“P<0.05). At the same concentration, the expression of Akt and p-Akt in the 48 h group, and the
ratio of p-Akt/Akt in the 48 h group were significantly different ("P<0.05). p-, phosphorylated; RT-qPCR, reverse transcription-quantitative polymerase chain
reaction; CPC, cardiac progenitor cells; Exos, exosomes.
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Figure 5. CPC-derived exosomes stimulate the expression of mTOR and its phosphorylation in a relatively low exosome concentration. HOC2 cells were
treated with CPC-exosomes with final concentrations of 0, 200 and 400 ug/ml. Cell lysates were harvested at 24 and 48 h, and the expression of mTOR was
determined by RT-qPCR and western blot analyses. (A) mRNA expression levels were determined by RT-qPCR analysis (mean + standard error of the mean,
n=3) and normalized to the internal control $-actin, which was arbitrarily set to a value of 1.0. Compared with the control (0 zg/ml), expression levels of mMTOR
in the 200 and 400 pg/ml groups were significantly higher ("P<0.05). (B) Samples were immunoblotted with an antibody to -actin to ensure equal protein
loading and (C) results are shown in graphs (mean + standard error of the mean, n=3). Compared with the control (0 zg/ml), expression levels of mTOR and
p-mTOR in the 200 pg/ml 48 h group and 400 pg/ml group 24 and 48 h, and the ratio of p-mTOR/mTOR at 48 h were significantly higher ("P<0.05). Compared
with the 200 pg/ml 24 and 48 h groups, the expression levels of mTOR and p-mTOR in the 400 pg/ml group were significantly different (¥P<0.05). At the
same concentration at different times, the expression levels of mTOR and p-mTOR and ratio of p-mTOR/mTOR were significantly higher ("P<0.05). mTOR,
mammalian target of rapamycin; p-, phosphorylated; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; CPC, cardiac progenitor cells;
Exos, exosomes.

exosome concentration (200 pg/ml). Therefore, the results  cell growth via the activation of Akt/mTOR in a relatively
showed that CPC-derived exosomes may promote H9C2  time- and concentration-dependent manner.
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The PI3BK/AKT/mTOR intracellular signalling pathway
is important in regulating the cell cycle and is essential to
promote the growth, proliferation and differentiation of adult
stem cells, specifically (30). The activation of Akt has vital
effects on the CMs, including increasing cell size, inhibiting
apoptosis and altering glucose metabolism (31). In addition,
several studies have revealed that the PI3K/Akt/mTOR signal-
ling pathway may contribute to cardioprotection, although
the mechanisms remain to be fully elucidated. Li ef al found
that tanshinone IIA activated the PI3K/Akt/mTOR signal-
ling pathway and protected against myocardial ischemia
reperfusion injury (32). Another finding suggested that
nerve growth factor exerts a cardioprotective effect by a
variety of mechanisms that restore autophagic flux and the
attenuation of protein ubiquitination through activation of
the PI3K/AKT/mTOR pathway (33). Zhang et al provided
evidence that sevoflurane-induced postconditioning, as a
mechanism of cardioprotection, was mediated by activa-
tion of the PI3K/AKT/mTOR pathway, which included an
anti-apoptotic effect on CMs and the protection of mitochon-
dria from injury (34). Wang et al found that basic fibroblast
growth factor had an effect on myocardial cell death in vivo
and in vitro and required activation of the PI3K/Akt/mTOR
signalling pathway (35).

A previous investigation indicated that jujuboside
A has a potential protective effect on isoproterenol
(ISO)-induced damage in H9C2 cells by accelerating activa-
tion of the PI3K/Akt/mTOR signalling pathway (36). The
PI3K/Akt/mTOR pathway is also involved in promoting
autophagy in H9C2 cells induced by low-after-high
glucose (37). In addition, two studies have revealed that
the PI3K/Akt/mTOR signalling pathway is involved in
cardioprotection by inhibiting CM apoptosis and autophagy.
Radix Paeoniae Rubra terpene glycosides may protect
the heart from ISO-induced myocardial ischemia by
improving cardiac energy metabolism and inhibiting CM
apoptosis via activation of the PI3K/AKT/mTOR signalling
pathway (38). Apigenin may have a protective effect against
adriamycin-induced cardiotoxicity by inhibiting apoptosis
and autophagy via activation of the PI3K/AKT/mTOR
pathway (39). A previous study in mice suggested that
macrophage migration inhibitory factor facilitated the
survival of mouse cardiac stem cells, and the proliferation
and differentiation of endothelial cells via activation of the
PI3K/Akt/mTOR signalling pathway (40). These studies
demonstrate that the PI3K/AKT/mTOR pathway has an
important regulatory function in cardioprotection.

The results of the present study provide a novel approach
for investigating the role of CPCs and cardiosphere-derived
cells in heart disease research. CPCs are a compounded group
of cells distributed throughout cardiac tissue that can be acti-
vated and can differentiate into new muscle or vascular cells
following stress or injury (20). The present study provided
evidence that CPC-derived exosomes promoted HIC2 cell
growth. However, further investigations are required to
determine the exact mechanism underlying the effect of
CPC-derived exosomes in cardioprotection, including the role
of specific miRNAs transferred in exosomes, the regulation
effect of CPC-derived exosomes on energy metabolism, and
the apoptosis and autophagy of CMs.
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