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Abstract

Human amniotic membrane mesenchymal stem cells-derived conditioned medium (hAM-MSCs-CM) has positive effects
against myocardial ischemia/reperfusion (MI/R) injury. However, it needs further investigations how hAM-MSCs-CM leads
to the cell survival under MI/R via modulation of autophagy. The purpose of this study is investigating the effects of hAM-
MSCs-CM in a rat model of MI/R injury by focusing on the role of autophagy as one of its possible mechanisms. Male Wistar
rats (44 rats, 175-200 g) were randomly divided into four groups: Sham, MI/R, culture media-receiving and conditioned
medium-receiving. MI/R was induced by 30 min of left anterior descending coronary artery ligation. After 15 min reperfu-
sion, culture media or hAM-MSCs-CM (150 pl) were injected intramyocardially. At the end of the experiment, CK-MB,
autophagy markers, phosphorylated and total forms of mTOR and ULK1, cardiac function and fibrosis were measured.
hAM-MSCs-CM significantly decreased CK-MB levels (P <0.0001), and also the mRNA levels of Beclinl (P <0.0001), LC3
(P=0.012) and p62 (P=0.003). In addition, hAM-MSCs-CM significantly reduced Beclinl, LC3II/LC3I and p62 protein
levels (P <0.0001), and increased p-mTOR/mTOR (P=0.022) and p-ULK1/ULKI1 (P <0.0001) expressions. Moreover,
hAM-MSCs-CM improved cardiac function and decreased fibrosis (P <0.0001). This study showed cardioprotective effects
of hAM-MSCs-CM against MI/R injury through modulation of autophagy via mMTOR/ULK1 pathway. Based on these find-
ings, it can be concluded that hAM-MSCs-CM can be offered as an attractive candidate for attenuation of MI/R injury in
future, but needs further investigations.
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Introduction

Ischemic heart diseases (IHD) are known as common causes
of cardiac dysfunction, heart failure (HF) and even death in
the world. Although reperfusion of ischemic myocardium
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is a primary goal for treatment of acute myocardial infarc-
tion (MI) in patients, but it causes myocardial ischemia/
reperfusion (MI/R) injury [1]. Since myocardial I/R injury
mechanisms are not fully understood, evaluating signaling
pathways and molecular mechanisms which effectively pro-
tect the myocardium against reperfusion injury may lead to
identify new therapeutic targets to improve cardiac remod-
eling and HF following acute MI [1-3].

Autophagy is an intracellular metabolic self-digestive
process in which lysosomes abolish impaired organelles
and cytoplasmic misfolded proteins. It has been shown
that autophagy takes part in energy production, metabo-
lism and survival of the cell [4]. During myocardial I/R
injury, autophagy can antagonize or contribute to further
myocardial pathogenesis. But its associated mechanisms are
still under debate. The debate emphasizes on the damag-
ing effects of accelerated autophagy in reperfusion injury.
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Therefore, the therapeutic goal is suppressing excessive lev-
els of autophagy, but maintaining its basal levels [5].

Studies have revealed that mesenchymal stem cells
(MSCs) can repair heart tissue, improve cardiac function and
limit the progression of HF [6]. Recent studies have reported
that MSCs can secrete and release paracrine agents called
conditioned medium (CM; consisting of different groups of
soluble peptides and proteins) by which they can exert their
therapeutic effects [7]. It has been confirmed that by CM
therapy, it can be avoided from number of limitations related
to stem cell therapy including ectopic tumors, immune
incompatibility, budgets and waiting time for ex vivo devel-
opment [8]. Amniotic membrane, as an easily accessible
source of stem cells for treatment of many diseases, has
attracted much attention in recent years [9]. An in vitro study
showed that human amniotic membrane mesenchymal stem
cells-derived CM (hAM-MSCs-CM) could protect cardiac-
like cells against hypoxia/reoxygenation injury by activating
ERK1/2 MAPK pathway and inhibiting SAPK/JNK and p38
MAPK pathways. Likewise, hAM-MSCs-CM prevented the
activation of pro-apoptotic genes in cardiac cells. In line
with these findings, in vivo experiment also showed that
hAM-MSCs-CM reduced infarct size, as well as cardiac
apoptosis [10]. Another study proved that dental pulp stem
cells-derived CM decreased myocardial injury and improved
heart function by reducing apoptosis and inflammation in
mice model of myocardial I/R [11]. Besides, we recently
examined the effects of hAM-MSCs-CM on oxidative stress
in myocardial I/R injury in rats. We proved that hAM-MSCs-
CM has cardioprotective effects through improving cardiac
histological changes, decreasing malondialdehyde (MDA)
and increasing superoxide dismutase (SOD) and glutathione
peroxidase (GPx) levels [12]. Therefore, it can be said that
CM therapy may be an appropriate candidate in the future
researches for reducing cardiac remodeling and improving
clinical outcomes.

Despite the clinical success of coronary revascularization
in order to save damaged myocardium, there are rarely effec-
tive treatment options for prevention of myocardial necrosis
following MI. Even with the best and most effective drugs
in many patients, increased infarct size and left ventricular
remodeling have been developed [10]. Due to the limited
time window to prevent cardiac I/R injury, CM therapy has
attracted a lot of attention [6]. Despite studies and advances
in the therapeutic potentials of hAM-MSCs-CM in heart
diseases, it is clinically important to study specific mecha-
nisms by which hAM-MSCs-CM leads to the cardioprotec-
tive effects under I/R injury conditions. Although hAM-
MSCs-CM has been shown to act through several signaling
pathways, the exact mechanism of its therapeutic effects
on autophagy flux in myocardial I/R injury setting is still
unclear. So we thought to examine the effects of intramyo-
cardial injection of hAM-MSCs-CM on autophagy flux by
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focusing on the mTOR/ULK1 pathway in a rat model of
myocardial I/R injury with assessment of clinically relevant
end points.

Methods
Selection of animals

Adult male Wistar rats (44 rats, 175-200 g) were purchased
from the animal laboratory of Iran University of Medical
Sciences. Rats had free access to water ad libitum and stand-
ard pellet chow in an animal room with controlled tempera-
ture (22 +2 °C) and humidity (55%) with 12 h dark-light
cycles. This study was performed in consistent with the
Guide for the Care and Use of Laboratory Animals pub-
lished by the US National Institutes of Health (8th Edition,
NRC 2011) and were approved by the local animal care
committee. Animal Ethical Committee of Iran University
of Medical Sciences approved all the experiments and pro-
tocols (Ethical code: IR.IUMS.FMD.REC.1397.234).

Preparation of hAM-MSCs-CM

MSC:s isolating was done in accordance with our previous
work [13]. Amniotic membranes (AMs) were isolated from
decidua tissues. For several times, the AMs were washed
with cold phosphate-buffered saline (PBS), so vessels and
blood clots were eliminated. Then AMs were fragmented
by means of a mechanical technique. After homogenizing
and centrifuging small pieces of AMs (400Xg, 5 min), the
supernatant was removed and 30 ml of medium supple-
mented with type 1 collagenase (Sigma-Aldrich, St. Louis,
MO, USA) was added to the pellet and then was incubated
at 37 °C in a humidified 5% CO, incubator for 60 min.
Thereafter, by centrifuging the samples (400xg, 5 min), the
supernatant was removed and trypsin (0.25% containing
1 ml EDTA) was added to the pellet. The suspension was
incubated at 37 °C and 5% CO, for 30 min, then washed
several times. Finally, the cell pellet containing hAM-MSCs
was resuspended in an adequate volume of dulbecco’s modi-
fied eagle media (DMEM, Gibco Company, New York,
USA), supplemented with 10% fetal bovine serum (FBS,
Gibco Company, New York, USA). MSCs were cultured
at 1x10° cells/cm? in a medium consist of a-MEM sup-
plemented with 2 mM L-glutamine, 100 U/ml penicillin,
100 pg/ml streptomycin and 10% FBS overnight. At passage
3, the medium was replaced with DMEM without antibiot-
ics and FBS. Thereafter, cells were incubated for 48 h at the
optimal conditions. For removing detached cells, cell culture
supernatant was centrifuged (400xg, 10 min) and filtered
through 0.22 pm membrane.
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MSCs identification

Analyzing of cultured MSCs was done by fluorescence-acti-
vated cell sorting (FACS). Briefly, antibodies in PBS per
1 x 10° cells were added to the trypsinized MSCs and then
were incubated in the dark for 20 min at 25 °C. The anti-
bodies were fluorescein isothiocyanate (FITC)-conjugated
mouse anti-human CD105, phycoerythritin (PE)-conjugated
mouse anti-human CD73 and PE-conjugated mouse anti-
human CD34 (Dako Company, USA). Finally, after fixa-
tion of samples in 1% paraformaldehyde solution (Sigma-
Aldrich, St. Louis, MO, USA), a flow cytometer (Partec Pas
III, Germany) was used for quantification of FACS results.

Rat model of myocardial I/R

First, animals were anesthetized by intraperitoneally (i.p)
injection of a combination of ketamine (60 mg/kg) and xyla-
zine (5 mg/kg). Next, animals were positioned in supine. A
thermal pad and heating lamp were used for maintaining
the body temperature as close as possible to 37 °C. After
intubation of rats, they were connected to a small animal
ventilator (2-3 ml tidal volume and 65-70/min respiratory
rate; Harvard Apparatus VentElit, USA), and ventilated by
room air. Under sterile conditions, a lateral incision at the
level between the 4th and 5th ribs on the left side of the
sternum was performed. Then the chest was opened. With
minimal manipulation, the pericardium was removed and
the left anterior descending (LAD) coronary artery was
ligated by 6.0 silk suture. Successful occlusion of LAD was
approved by the pale discoloration of the affected myocar-
dium and elevation of ST segment in lead II ECG. 30 min
after LAD occlusion, the LAD ligature was removed and
reperfusion to the ischemic region was confirmed. Finally,
the chest was closed in layers with 2.0 silk suture. The lungs
were inflated by increasing positive end expiratory pressure.
When animals start making attempts to breathe spontane-
ously, they were dissociated from the ventilator, allowed to
recover. Sham-operated rats experienced the above opera-
tion, without LAD ligation.

Experimental design

Animals were randomly placed in 4 groups (n=11 per
group): Sham, MI/R, MI/R + Culture media (MI/R +receiv-
ing 150 pl culture media following 15 min of reperfusion)
and MI/R+CM (MI/R +receiving 150 pl conditioned
medium following 15 min of reperfusion). Culture media or
CM were injected into three different sites of infarct border
zone. After 24 h reperfusion, 5 rats per group were sacrificed
for biochemical assessments. The remaining rats (n==6 per
group) were examined by echocardiography on the 28th day
of reperfusion for evaluation of cardiac function and then

were sacrificed for evaluation of cardiac fibrosis (Supple-
mentary Fig. 1).

Blood sampling and tissue preparation
for biochemical assessments

After 24 h reperfusion, anesthetization of rats (n=35 per
group) were performed by i.p injection of ketamine (60 mg/
kg) and xylazine (5 mg/kg). After collecting cardiac blood
samples, the hearts were rapidly removed and washed in
normal saline. Next, left ventricle (LV) of Sham, and peri-
infarct region of LV in other groups were rapidly frozen
in liquid nitrogen, then stored in — 80 °C for further bio-
chemical assessments. After centrifuging blood samples
(5000 rpm, 15 min, 4 °C), serums were collected and stored
at — 80 °C until biochemical assessments.

CK-MB assay

CK-MB serum levels were evaluated by colorimetric method
with specific kit (Pars Azmoon, Tehran, Iran) by means of
auto analyzer (Roche Hitachi Modular DP Systems; Man-
nheim, Germany) in accordance with the instructions of
manufacturer. Values were presented in I.U/L.

Real-time polymerase chain reaction (real-time PCR)

Beclinl, LC3 and p62 mRNA levels in cardiomyocytes were
examined by real-time PCR. In order to extract total RNA,
frozen samples were powdered and then were homogenized
in Trizol Reagent (Invitrogen Company, San Diego, CA,
USA) on ice. By means of Dart cDNA kit (EURx Company,
Poland), RNA series were converted to cDNA in accordance
with manufacturer’s protocol. For running real-time PCR on
a Rotor-Gene Q 5plex HRM System, the SYBR® Premix
Ex Taq ™ II (Tli RNaseH Plus, RR820Q) was used. The
internal control for this study was Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH). 2722¢T method was used
for calculation of relative changes in gene expression [14].
The specific primers sequences of the present work are listed
in Supplementary Table 1.

Western blotting

For western blotting analysis, fresh-frozen samples were
dissected and homogenized in radio-immunoprecipitation
assay (RIPA) lysis buffer (Sigma-Aldrich, St. Louis, MO,
USA). After centrifuging the resulting solutions (13,000xg,
20 min) and collecting the supernatants, concentration of
total protein was determined by UV 3000 ultraviolet spec-
trophotometer (NanoDrop, Wilmington, DE). Next, equal
amounts of proteins (50 pg) were loaded into the elec-
trophoresis chamber in 10-15% SDS-PAGE. Thereafter,
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transferring of separated soluble proteins to a polyvinylidene
difluoride membrane (PVDF, Sigma-Aldrich, St. Louis,
MO, USA) was performed. In order to block non-specific
bindings, membranes were incubated for 2 h at room tem-
perature with 5% non-fat dry milk solution in Tris buffered
saline-Tween 20 (TBST, pH 7.4). Then, the membranes were
incubated with primary antibodies at 1:1000 against Beclinl,
p62, phospho-mTOR (Ser2448) and mTOR (Abcam, Cam-
bridge, MA, USA), LC3B (Sigma-Aldrich, St. Louis, MO,
USA), phospho-ULK1 (Ser757) and ULK1 (Cell Signaling
Technology, USA), diluted in blocking buffer overnight at
4 °C on a shaker. To control for equal loading, membranes
were also incubated for GAPDH antibody (1:1000, Cell
Signaling Technology, USA), diluted in TBST overnight
at 4 °C. Then blots were incubated with goat anti-rabbit
horseradish peroxidase conjugated IgG for 1 h at room
temperature. Following incubation with enhanced chemi-
luminescence (ECL) substrate (Millipore) for detecting the
immunoreactivity, the bands were exposed by the ChemiDoc
Imaging System. Quantification of protein bands intensity
in the blots was performed by densitometry analysis and
normalized with GAPDH band intensity as loading control.
The measured values are presented in arbitrary unit (AU).

Evaluation of cardiac function

Evaluation of cardiac function was done by echocardiogra-
phy on the 28th day of reperfusion. Animals were anesthe-
tized with i.p injection of ketamine (10-20 mg/kg). M-mode
transthoracic echocardiography by an echocardiographic
apparatus equipped with 12 MHz transducer connected to
an ultrasound system (SSD-5500; Aloka, Tokyo, Japan) was
done in all rats by an echocardiographist who was blinded to
the experimental groups. Ejection fraction (EF), fractional
shortening (FS), left ventricular inner diameter in end sys-
tole (LVIDs), left ventricular inner diameter in end diastole
(LVIDA), left ventricular posterior wall thickness in end sys-
tole (LVPWs), and left ventricular posterior wall thickness
in end diastole (LVPWd) were evaluated from three cardiac
cycles.

Measurement of myocardial fibrosis

After echocardiography, animals were sacrificed under deep
anesthesia. Sternotomies were performed, then hearts were
quickly removed and washed in normal saline. After fixa-
tion of hearts in 10% neutral buffered formalin for 2 days,
the hearts were embedded in paraffin. Then paraffin embed-
ded segments were cut into transverse Sects. (5 um) by a
microtome. After deparaffinization of sections, they were
stained with Masson’s trichrome (Sigma-Aldrich, St. Louis,
MO, USA) and were observed under a light microscope with
high magnification (Labomed Inc., USA). Representative
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areas were photographed using a DeltaPix microscope cam-
era. Photoshop software (Version 7.0, Adobe System, San
Jose, CA, USA) was used for quantification of collagen vol-
ume fraction of LV. Cardiac fibrosis was presented as a mean
percentage of fibrotic zone to LV area in 5 sections per heart.
All these assays were performed in a blinded manner.

Statistical analysis

Values were presented as mean + standard deviation (SD).
To compare differences among the experimental groups,
one-way analysis of variance (ANOVA) followed by Tukey
post hoc test was used. P value less than 0.05 (P <0.05) was
considered to be statistically significant.

Results
Characterization of MSCs

As shown in Supplementary Fig. 2, FACS analysis showed
that the MSCs markers (CD105 and CD73) were highly
expressed in cultured cells at 4th passage. Whereas hemat-
opoietic progenitor marker (CD34) did not show significant
expression. These results showed a highly purified isolating
of MSCs.

Effects of hAM-MSCs-CM on CK-MB serum levels

As shown in Fig. 1, CK-MB levels in MI/R and MI/R + Cul-
ture media groups were significantly higher than Sham group
(P <0.0001 for both). Treatment with hAM-MSCs-CM
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Fig.1 The effects of hAM-MSCs-CM on CK-MB serum lev-
els in different groups (n=5 per group). The data were expressed
as Mean+SD. **P<0.01 and ***P<0.0001 vs. Sham group,
##P <0.0001 vs. MI/R group, ¥4%4pP<0.0001 vs. MI/R + Culture
media group). hAM-MSCs-CM Human amniotic membrane mesen-
chymal stem cells-derived conditioned medium, CK-MB Creatine
kinase-MB, MI/R myocardial ischemia/reperfusion, CM conditioned
medium
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decreased CK-MB levels as compared to MI/R and
MI/R + Culture media groups (P <0.0001 for both). In addi-
tion, there was a significant difference between MI/R + CM
and Sham groups (P=0.006). Furthermore, treatment with
culture media couldn’t significantly decrease CK-MB levels
as compared to MI/R group (P=0.473).

Effects of hAM-MSCs-CM on Beclin1, LC3 and p62
mRNA levels in the heart

Statistical analysis showed significant elevation of Beclinl
mRNA levels in MI/R and MI/R + Culture media groups as
compared to Sham group (P <0.0001 for both), and hAM-
MSCs-CM treatment significantly reduced Beclinl mRNA
levels in comparison with MI/R and MI/R + Culture media
groups (P <0.0001 for both). There was no significant dif-
ference between MI/R + CM and Sham groups (P=0.933).
Treatment with culture media couldn’t markedly reduce Bec-
linl mRNA levels as compared to MI/R group (P=0.853,
Fig. 2a).

The mRNA levels of LC3 were significantly increased
in MI/R and MI/R + Culture media groups as compared
to Sham group (P=0.003 and P=0.009 respectively).
LC3 mRNA levels in MI/R + CM group were significantly
lower as compared to MI/R (P=0.012) and MI/R + Culture
media (P=0.037) groups. Furthermore, there was no sig-
nificant difference between MI/R + CM and Sham groups
(P=0.892). Treatment with culture media couldn’t markedly
reduce mRNA levels of LC3 as compared to MI/R group
(P=0.939, Fig. 2b).

The mRNA levels of p62 were significantly increased
in MI/R and MI/R + Culture media groups as compared
to Sham group (P=0.001 and P=0.002 respectively).
While hAM-MSCs-CM treatment significantly decreased
mRNA levels of p62 as compared to MI/R (P=0.003) and
MI/R + Culture media (P =0.006) groups. There was no sig-
nificant difference between MI/R + CM and Sham groups
(P=0.882). Also there was no significant difference between
MI/R and MI/R + Culture media treated animals in mRNA
levels of p62 (P=0.982, Fig. 2¢).

Effects of hAM-MSCs-CM on Beclin1, LC3II/LC3lI,
p62, p-mTOR/mTOR, and p-ULK1/ULK1 protein
expressions in the heart

Expressions of Beclinl, LC3II/LC3I and p62 were signifi-
cantly higher in MI/R (P <0.0001 for all) and MI/R + Cul-
ture media (P <0.0001 for all) groups as compared to
Sham group. Treatment with hAM-MSCs-CM significantly
decreased Beclinl, LC3II/LC3I and p62 expressions as
compared to MI/R (P <0.0001 for all) and MI/R + Cul-
ture media (P <0.0001 for all) groups. Statistical analysis
also showed that there was a significant difference between
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MI/R + CM and Sham groups in Beclinl and p62 expres-
sions (P <0.0001 for both), but there was no significant
difference between MI/R + CM and Sham groups in LC31I/
LC3I expression (P> 0.999). Furthermore, Beclinl, LC3II/
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LC3I and p62 expressions were still high in treatment group
with culture media and there was no significant difference
between MI/R and MI/R + Culture media groups (P =0.960,
P=0.234 and P=0.933 respectively, Fig. 3a—c).

Figure 3d shows that protein expression of p-mTOR/
mTOR was significantly decreased in MI/R and
MI/R + Culture media groups as compared to Sham group
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(e) correlated to the GAPDH band in different groups (n=5 per
group). The data were expressed as Mean +SD. (**P <0.01 and ****

@ Springer

(P=0.006 and P=0.009 respectively). hAM-MSCs-CM
treatment could increase the expression of p-mTOR/mTOR
in MI/R + CM group as compared to MI/R (P=0.022)
and MI/R + Culture media (P =0.033) groups. There was
no significant difference between MI/R + CM and Sham
groups (P=0.755). Treatment with culture media couldn’t
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significantly increase the expression of p-mTOR/mTOR as
compared to MI/R group (P=0.991).

Figure 3e shows that protein expression of p-ULK1/
ULKI1 was significantly decreased in MI/R and MI/R + Cul-
ture media groups as compared to Sham group (P <0.0001
for both). hAM-MSCs-CM treatment could increase the
expression of p-ULK1/ULK1 in MI/R + CM group as com-
pared to MI/R and MI/R + Culture media groups (P <0.0001
for both). Furthermore, there was a significant difference
between MI/R +CM and Sham groups (P=0.001). Treat-
ment with culture media couldn’t significantly increase the
expression of p-ULKI1/ULKI1 as compared to MI/R group
(P=0.893).

Effects of hAM-MSCs-CM on cardiac function

Figure 4a shows representative echocardiogram record-
ings from different groups. Figure 4b—g shows changes in
echocardiographic parameters in different groups. Statistical
analysis showed that EF and FS were significantly decreased
in MI/R (P <0.0001 for both) and MI/R + Culture media
(P <0.0001 for both) groups as compared to Sham group.
hAM-MSCs-CM treatment increased EF and FS in com-
parison with MI/R (P <0.0001 for both) and MI/R + Culture
media (P <0.0001 for both) groups. In addition, our results
showed that there were no significant differences between
MI/R +CM and Sham groups in EF (P=0.881) and FS
(P=0.791) parameters. Also, there were no significant dif-
ferences between MI/R and MI/R + Culture media groups
in EF (P=0.368) and FS (P=0.109) parameters (Fig. 4b
and ¢).

Figure 4d and e show that LVIDs and LVIDd were
significantly increased in MI/R (P <0.0001 for both) and
MI/R + Culture media (P <0.0001 for both) groups com-
pared with Sham group. In addition, our results showed
that LVIDs and LVIDd in MI/R + CM group were lower
than MI/R (P <0.0001 for both) and MI/R + Culture media
(P<0.0001 for both) groups. There were no significant dif-
ferences between MI/R +CM and Sham groups in LVIDs
(P=0.243) and LVIDd (P =0.426). Also, there were no sig-
nificant differences between MI/R and MI/R + Culture media
groups in LVIDs (P=0.101) and LVIDd (P=0.263).

No significant differences were found between different
groups in LVPWs and LVPWd changes (Fig. 4f and g).

Effects of hAM-MSCs-CM on cardiac fibrosis

Figure 5a shows ventricular collagen deposition by
Masson’s trichrome staining in different groups. We
also calculated interstitial fibrosis percentage com-
pared with whole LV area (Fig. 5b). Fibrosis was sig-
nificantly increased in MI/R and MI/R + Culture media
groups as compared to Sham group (P <0.0001 for both).

Treatment with hAM-MSCs-CM markedly reduced fibro-
sis compared to MI/R and MI/R + Culture media groups
(P <0.0001 for both). Furthermore, there was a signifi-
cant difference between MI/R + CM and Sham groups
(P <0.0001). However, treatment with culture media
couldn’t significantly reduce fibrosis compared to MI/R
group (P=0.122).

Discussion

The present study revealed the therapeutic potentials of
hAM-MSCs-CM in a rat model of cardiac I/R injury. By
examining clinically relevant end points, we proved that
hAM-MSCs-CM is able to reduce cardiac interstitial fibrosis
and improve left ventricular function following I/R. Besides,
decreased CK-MB serum level is another evidence for the
therapeutic potentials of hAM-MSCs-CM. It seems that the
above mentioned effects are partly mediated by the effect
of hAM-MSCs-CM on autophagy flux. In details, our data
showed that these beneficial effects of hAM-MSCs-CM
may be caused by suppression of excessive autophagy flux
through reduction of Beclinl, LC3 and p62 at both mRNA
and protein levels. Moreover, hAM-MSCs-CM was found
to suppress excessive autophagy flux by activating upstream
mTOR/ULKI signaling pathway.

Positive properties of CM derived from different MSCs
in MI models have been carried out in previous experimen-
tal studies [6, 8, 10—12]. However, we need to comprehen-
sively study the effects of hAM-MSCs-CM on intracellular
parameters to achieve clinical goals in the future. Although
several studies have reported cardioprotective effects of
MSCs-derived CM by evaluation of different cellular sign-
aling pathways, but the mechanism of therapeutic effects of
hAM-MSCs-CM on autophagy flux via mTOR/ULKI1 sign-
aling pathway in cardiac I/R requires further investigations
in depth. It seems that specific modulation of autophagy by
hAM-MSCs-CM might be a novel strategy to increase sur-
vival under I/R injury and protect against myocardial death
from reperfusion injury. By evaluating clinically relevant
end points, we found that I/R led to the enhancement of
CK-MB levels, cardiac fibrosis, cardiomyocyte damage, and
finally development of systolic and diastolic dysfunctions.
Interestingly, intramyocardial injection of hAM-MSCs-CM
reduced I/R injury, which was confirmed by improving all
of the above mentioned indexes. So it can be demonstrated
that hAM-MSCs-CM can increase cardiac resistance against
reperfusion injury, and plays an important role in preven-
tion of post-ischemic remodeling after I/R injury. Our study
revealed that these beneficial effects of hAM-MSCs-CM
in I/R injury were accompanied by its positive effects on
autophagy flux through downregulation of autophagy-related
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factors such as Beclinl, LC3 and p62 at both mRNA and
protein levels, as well as elevation of p-mTOR and p-ULK1
expressions as autophagy upstream regulators.
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It has been demonstrated that examinations of LC3II and
p62 are useful tools in order to monitor the whole autophagy
flux. p62 has been suggested to interact with ubiquitinated
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«Fig. 4 Representative echocardiogram recordings in different groups.
Similar results were observed in at least 20/24 rats (a). The effects
of hAM-MSCs-CM on EF (b); FS (c); LVIDs (d); LVIDd (e);
LVPWs (f); and LVPWd (g) in different groups (n=6 per group).
The data were expressed as Mean+SD. (¥***P <0.0001 vs. Sham,
##¥P <0.0001 vs. MI/R group, ¥#%%P <0.0001 vs. MI/R + Culture
media group). hAM-MSCs-CM: Human amniotic membrane mesen-
chymal stem cells-derived conditioned medium; EF ejection fraction;
FS fractional shortening, LVIDs left ventricular inner diameter in end
systole, LVIDd left ventricular inner diameter in end diastole, LVPWs
left ventricular posterior wall thickness in end systole, LVPWd left
ventricular posterior wall thickness in end diastole, MI/R myocardial
ischemia/reperfusion, CM Conditioned medium

substrates and LC3, and serves as a link between them,
and is involved in the aggregation of proteins. LC3 plays
an important role in autophagosome elongation step. The
ratio of conversion of LC3I to LC3II is associated with
autophagosome formation and is often used as an indicator
of autophagy induction [15, 16]. Studies have revealed that
when LC3II and p62 are enhanced, initiation of autophagy
is elevated, but impairment of autophagosome-lysosome
fusion is occurred, and the clearance of autophagosome is
blocked [17]. LC3 operates as downstream of Beclinl. It
has been demonstrated that Beclinl has an important role
in autophagosome formation, especially during the reper-
fusion phase [5]. In consistent with previous studies, our
data revealed that I/R led to excessive autophagy activ-
ity via elevation of Beclinl, LC3II/LC3I and p62 levels
[17-19], and although the autophagy flux was not evalu-
ated in our study because of some limitations, but according
to our related data it seems indirectly that I/R injury could
increase autophagosome formation and block autophago-
some clearance and impair autophagy flux. Therefore, it can
be concluded that this accelerated autophagy flux caused an
increase in myocardial damage following I/R, or in other
words, a decrease in cardiac resistance to reperfusion injury.
Interestingly, injection of hAM-MSCs-CM could prevent
cardiac I/R-induced elevation of Beclinl, LC3II/LC3I and
p62 levels.

mTOR, as a gate-keeper in autophagy, is the major inhibitor
of autophagy [16]. It has been demonstrated that overexpres-
sion of mMTOR can inhibit cardiomyocyte necrosis and inflam-
matory response in I/R injury and is sufficient to protect the
heart against I/R [20]. mTOR complex 1 negatively regulates
autophagy by direct phosphorylation of ULK1 [21]. Our study
revealed that I/R caused a significant decrease in expressions
of p-mTOR/mTOR and p-ULK1/ULKI1 as upstream proteins
in autophagy flux, which were essential step for autophagic
cell death in cardiomyocytes. So it can be said that I/R caused
excessive autophagy activity by reducing mTOR/ULKI inhibi-
tory effect on Beclinl, LC3II/LC3I and p62 levels, which was
associated with the increased cardiac injury in comparison
with healthy hearts. However, treatment with hAM-MSCs-
CM led to increased phosphorylations of mTOR and ULKI1.

Thus, it seems that the inhibitory effect of hAM-MSCs-CM
on autophagy flux was associated with increased mTOR and
ULKI1 phosphorylations as its cardioprotective effect. So it can
be said that the positive effect of hAM-MSCs-CM on cardiac
I/R injury may be attributed in part to prevented excessive
autophagy via mTOR/ULKI activation.

Conforming to our study, Timmers et al. reported that
human embryonic stem cells-derived CM has cardioprotec-
tive effects through reducing acaspase-3 and modulating
TGF-p signaling in a porcine model of I/R [6]. In another
study they demonstrated that MSCs-derived CM treatment
enhanced capillary density, reduced myocardial infarct size
and preserved systolic and diastolic functions following MI
[8]. Moreover, Yamaguchi et al. showed that CM secreted
by MSCs can improve heart function by reducing apopto-
sis and decreasing IL-6, IL-1p and TNF-a expressions in
cardiomyocytes [11]. In general, increasing evidences sug-
gest that CM is able to protect the myocardium against IR
injury. In agreement with these studies, our work showed
that hAM-MSCs-CM promoted cardioprotection in myocar-
dial IR injury partly by preventing accelerated autophagy
flux, as confirmed by improved end points following I/R
injury. In the present study, the involvement of autophagy
flux in the cardioprotective effects of hAM-MSCs-CM was
investigated. Evaluating the contribution of the other sign-
aling pathways may lead to the accurate understanding of
hAM-MSCs-CM effects in cardioprotection.

Finally, it should be noted that despite the success of
many drugs in clinic for MI treatment, however myocardial
infarct size has been increased and cardiac remodeling has
been occurred in many patients. In addition, many therapeu-
tic interventions for cardiac ischemia such as angioplasty,
coronary artery bypass surgery and thrombolytic drugs may
result in I/R damage [10]. Therefore, hAAM-MSCs-CM as
an attractive potential therapeutic agent can be considered
a promising therapeutic candidate for reducing cardiac I/R
damage. In addition, its protective effects have been revealed
in several in vitro and in vivo experimental studies [10, 12].
Therefore, hAM-MSCs-CM can be recommended as a prom-
ising therapeutic option for future clinical applications, but
needs more investigations. In the present study, hAM-MSCs-
CM was injected directly into myocardial infarct border
zone. However, intramyocardial injection of hAM-MSCs-
CM has limitations in clinical setting. So we recommend
evaluating the protective effects of intravenous infusion of
hAM-MSCs-CM in the future studies.

Conclusion
Our study disclosed that IR-induced autophagy and myo-

cardial dysfunction were attenuated by mTOR/ULKI1 acti-
vation after hAM-MSCs-CM treatment. hAAM-MSCs-CM
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has cardioprotective effect which is partly mediated
through modulation of autophagy flux including downreg-
ulation of Beclinl, LC3II and p62 via activation of mTOR/
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ULKI1 pathway. So hAM-MSCs-CM can be proposed
as a potential and promising therapeutic candidate for
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reduction of myocardial I/R injury severity in the future,
but needs more researches.

Limitations and suggestions

It is important to mention that our study had some limita-
tions. Besides mMTOR/ULK1 dependent mechanism, other
possible candidates may also trigger autophagy inhibition
by hAM-MSCs-CM, which needs further investigations.
We also suggest to examine the effect of hAM-MSCs-CM
on the chronic phase of myocardial ischemia. As well as,
we recommend to evaluate the effects of hAM-MSCs-CM
in the presence of cardiovascular risk factors which may
impact on MI outcome.
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