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Abstract

Autophagy, an intracellular bulk degradation process of proteins and organelles, can be induced by myocardial ischemia in the
heart. However, the causative role of autophagy in the survival of human cardiac fibroblasts and the underlying mechanisms are
incompletely understood. Oxidative stress can induce autophagy in cultured cells upon hydrogen peroxide (H,O,) exposure.
Because hydrogen sulfide (H,S) regulates reactive oxygen species (ROS) and apoptosis, we hypothesize that H,S may have a
cardioprotective function. To examine our hypothesis, we investigated the regulation of autophagy by the H,S donor sodium
hydrosulfide (NaHS), using a cell model of human cardiac fibroblasts from adult ventricles (HCF-av) that suffered from
endoplasmic reticulum (ER) stress by H,O,. In the present study, we found that the apoptosis and autophagy were induced
along with ER stress by H,O, in the primary cultured HCF-av cells. In contrast, H,S suppressed HCF-av cell apoptosis and

autophagic flux, in part directly by inhibiting ROS production and preserving mitochondrial functions.
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Introduction

The normal heart is a highly organized structure comprising
four major cell types: cardiomyocytes (CMs), cardiac fibro-
blasts (CFs), endothelial cells (ECs), and vascular smooth
muscle cells (VSMCs)'. The proportion of each cell type
varies in different species, but overall CFs occupy the myo-
cardium predominantly, accounting for approximately two-
thirds of the cell populations. CFs synthesize and organize
collagens, fibronectins, and other interstitial components to
maintain cardiac integrity during physiologic proliferation
and extracellular matrix (ECM) turnover, as well as cardiac
remodeling. Because the adult mammalian heart has a neg-
ligible regenerative capacity, cardiac injury provides a great
challenge for the reparative mechanisms after the loss of
CMs, resulting in the formation of a collagen-based scar.
Due to their abundance, CFs play an important role during
normal and pathologic wound healing following myocardial
ischemia, heart failure, and atrial fibrillation>>. Therefore,
fibroblasts represent an attractive therapeutic candidate for
heart disease.

Autophagy is a dynamic process of intracellular bulk
degradation. The cytosolic proteins and organelles are

sequestered into double-membrane vesicles, called autopha-
gosomes, to be fused with lysosomes for degradation®. Pri-
marily, autophagy is a survival mechanism that allows a
starving cell or a cell deprived of growth factors to survive.
Theoretically, autophagy serves to regulate protein and orga-
nelle abundance and quality. Autophagy occurs at basal lev-
els in the normal condition but is substantially increased in
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several heart diseases, such as acute and chronic ischemia,
heart failure, and cardiac hypertrophy’ ’. Furthermore,
nutritional status, hormonal factors, and other conditions like
temperature, oxygen concentration, and cell density are also
involved in autophagy regulation®°.

Although H,S has been considered as a noxious gas with
wide-ranging cytotoxic effects, the accumulating scientific
evidence shows that H,S plays a pivotal role in cellular
signaling and functions, similar to nitric oxide (NO) and
carbon monoxide (CO). Our previous preliminary study
found that the exogenous H,S donor, sodium hydrosulfide
(NaHS), has potent anti-inflammatory effects in a heart that
has suffered from acute myocardial infarction in vivo, which
may be in part due to the limitation of the recruitment of
CD11b"Gr-1" myeloid cells'®!". Moreover, we also inves-
tigated whether NaHS prevented TGF-B1-induced prolifera-
tion, migration, regulation of cell growth, transformation to
myofibroblasts, and collagen synthesis in human cardiac
fibroblasts-to-myofibroblasts assay'>. Despite the impor-
tance of fibroblasts in cardiac pathologies, the direct effects
of exogenous H,S on autophagy in human CFs upon oxida-
tive stress have not been well elucidated. In the present
study, we attempted to determine whether the exogenous
H,S protected human cardiac fibroblasts-adult ventricular
(HCF-av) against hydrogen peroxide (H,0O,)-induced endo-
plasmic reticulum (ER) stress. We used this in vitro model to
mimic the ER stress injury to the heart and focused on apop-
tosis and autophagy. We found that H,S markedly inhibited
apoptosis and autophagic flux following ER stress induced
by H,O,, supporting that H,S could be used as a new ther-
apeutic reagent for treating oxidative-related diseases.

Materials and Methods
Cell Culture

HCF-av cells were obtained from ScienCell Research Labora-
tories (Cat# 6310, San Diego, USA) and cultured in fibroblast
medium (FM) supplemented with 2% fetal bovine serum
(FBS), 1% fibroblast growth supplement (FGS), and 1% peni-
cillin/streptomycin solution (P/S) according to the manufactur-
er’s protocol. The cells were maintained in a humidified, 37°C
incubator with 5% CO, and 95% air. Cells were subcultured
when they became more than 90% confluent. Cells were used
for all the in vitro ER stress induction and treatment, measure-
ment of reactive oxygen species (ROS) production, measure-
ment of mitochondrial membrane potential (A\), and activity
of the lysosomal compartment experiments'.

Animal Study, Transverse Aortic Constriction (TAC)
Protocol, and DATS Administration

Male C57BL/6 J mice (10 weeks old) were purchased from
the Shanghai Laboratory Animal Center of the Chinese Acad-

emy of Science (SLAC, Shanghai, China). Animal care and
experimental procedures were approved by the Ethics

Committee on Animal Research of Hubei University of Med-
icine and the Institutional Animal Care and Use Committee of
Cleveland Clinic. The TAC procedure was described previ-
ously'?. Briefly, the mice were anesthetized with an intraper-
itoneal injection of sodium pentobarbital (50 mg/kg). To
create pressure overload of the heart, the chest was opened
via minithoracotomy to expose the aortic arch and TAC pro-
cedure was performed in 12-week-old mice by placing a 7-0
silk suture around the aortic arch between the brachiocephalic
trunk and the left carotid artery. The suture was ligated around
a 27-gauge blunt needle and the needle was quickly removed
after ligation. Animals that did not survive after the surgeries
were excluded from further experiments.

For H,S therapy, the diallyl trisulfide (DATS) was
obtained from LKT Laboratories (St. Paul, MN, USA) and
stored at —20°C before use. The mice were injected intra-
peritoneally once per day for 12 weeks after TAC with
DATS (200 pg/kg) or vehicle (1% DMSO). The dose of
DATS was used for the mice on the basis of previous expe-
rience investigating DATS in murine models of cardiac
ischemia/reperfusion injury'>.

In Vitro ER Stress Induction and Treatment

The HCF-av cells were cultured in serum-free FM for 16 h
before treatment and then were challenged with H,O, (100
UM, Sigma-Aldrich, St. Louis, MO, USA) for 24 h to mimic
ER stress injury'*'® in the presence or absence of the exo-
genous NaHS (100 uM, Sigma-Aldrich). The untreated cells
were served as the control group and were used in the follow-
ing experiments.

Measurement of ROS Production

For measurement of intracellular ROS, the dihydroethidium
(DHE, Sigma-Aldrich) was used to monitor ROS production
upon different treatments in accordance with the manufac-
turer’s protocol. Briefly, the subconfluent cells were pre-
treated with or without NaHS (100 pM) for 30 min and
then subjected to H,O, (100 uM) treatment for 24 h. Cells
were incubated with the DHE (5 pM) at 37°C for 30 min and
the fluorescence was observed with a Nikon fluorescence
microscope (TE-2000U, Nikon, Melville, NY, USA).

Measurement of Mitochondrial Membrane
Potential (A\)

For measurement of mitochondrial membrane potential
(MMP), a mitochondria-specific cationic dye JC-1 (100 nM,
Life Technologies, Carlsbad, CA, USA) was used to
monitor the MMP under different treatments according to
the manufacturer’s protocol. Briefly, the HCF-av cells were
treated with or without H,O, and then were incubated with
JC-1 for 10 min in pre-warmed culture medium. Subse-
quently, the cells were washed three times with pre-
warmed culture medium and the MMP was observed with
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a Nikon fluorescence microscope (TE-2000U, Nikon). Both
red and green fluorescence emissions were analyzed after
JC-1 staining with Image J software (developed at the
National Institutes of Health, Bethesda, MD, USA).

Activity of the Lysosomal Compartment

LysoTracker Deep Red is an ideal fluorescent acidotropic
probe that selectively labels vacuoles with low internal pH.
Thus, it can be used to label and track functional lysosomes.
Briefly, the cells were treated with H,O, in the presence or
absence of NaHS and were then incubated with the Lyso-
Tracker Deep Red (70 nM, Life Technologies) in a
pre-warmed medium at 37°C for 30 min. Subsequently, the
solution was replaced with fresh medium, and the cells were
observed using a fluorescence microscope (TE-2000U,
Nikon). The activity and intracellular distribution of cathe-
psin B, a predominant lysosomal protease, was assessed with
Magic Red Cathepsin B Detection Kit (Immunochemistry
Technologies, LLC, Bloomington, MN, USA). The cells
were stained with MagicRed Cathepsin B substrate for
30 min at 37°C and then washed twice with phosphate buf-
fered saline (PBS). Finally, the cells were stained with DAPI
(1 pg/ml, Sigma-Aldrich) for 10 min and observed with a
fluorescence microscope (TE-2000U, Nikon).

Cell Apoptosis Assay

The cell apoptosis was detected with propidium iodide (PI)/
Annexin V assay kit (BD Biosciences, San Jose, CA, USA)
according to the manufacturer’s instruction. Briefly, the cells
were washed twice with cold PBS and resuspended in 1 x
binding buffer at a concentration of 1 x 106 cells/ml. Next,
100 pl cell suspension (1 x 105 cells) was transferred to a
1 ml tube and stained with 5 pl FITC-Annexin V reagents for
30 min and then the cells were stained with 10 pl PI for 10 min
at room temperature. Finally, 400 pl 1 x binding buffer was
added to each tube. Flow cytometry was performed with the
FACScanto II flow cytometer (Becton Dickinson, Mountain
View, CA, USA) with excitation at 488 nm. Fluorescent emis-
sion of FITC was measured at 515-545 nm and that of DNA—
PI complexes at 564—-606 nm. Cell debris was excluded from
the analysis by an appropriate forward light scatter threshold
setting. Compensation was used wherever necessary.

Transmission Electron Microscopy (TEM)

For TEM analysis, the cells were rinsed in PBS and fixed
with 2.5% glutaraldehyde in PBS (pH 7.4) for 1 hat4°C. The
cells were washed three times with PBS and then were post-
fixed in 1% osmium tetroxide (OsO,4) with 1% potassium
ferricyanide. Next, the cells were washed with PBS and
dehydrated in a gradient of alcohol (30%, 50%, 70%, and
90%) before embedding in epon. TEM was performed with a
Philips CM10 (Andover, MA, USA) at 80 kV on ultra-thin

sections (100 nm on 200 mesh grids) stained with uranyl
acetate and counterstained with lead citrate.

Western Blot Analysis

Western blot analysis was performed as previously
described'®. Briefly, the cells were washed twice with ice-
cold PBS and proteins were extracted using lysis buffer
(20 mM Tris, pH 7.4, 150 mM NaCl, 2 mM EDTA, 2 mM
EGTA, 1 mM sodium orthovanadate, 50 mM sodium fluor-
ide, 1% Triton X-100, 0.1% SDS, and 100 mM phenyl-
methylsulfonyl fluoride). The extracted proteins were
separated in SDS-polyacrylamide gels and transferred to
PVDF membranes (PVDF, Millipore, Burlington Massachu-
setts, USA ). The membranes were washed three times for 10
min each time with TBST and incubated with primary anti-
bodies at 4°C overnight. The primary antibodies used in this
study are listed below: activated caspase 3 pl7 (Bioworld;
1:1000 dilution Dublin, OH, USA), BiP (Cell Signaling
Technology; 1:1000 dilution Danvers, MA, USA), C/EBP
homologous protein (CHOP) (Cell Signaling Technology;
1:1000 dilution), LC3 (Sigma-Aldrich; 1:1000 dilution),
Beclinl (Abcam; 1:1000 dilution, Cambridge, UK), P62/
SQSTMI1 (Cell Signaling Technology; 1:1000 dilution),
Puma (Cell Signaling Technology; 1:1000 dilution), and
Ubiquitin (Cell Signaling Technology; 1:1000 dilution). The
membranes were washed with TBST followed by incubation
with indicated horseradish peroxidase (HRP)-conjugated
secondary antibodies (Jackson Immunoresearch, West
Grove, PA, USA). Detection was performed using enhanced
chemiluminescence (ECL) Western blotting detection
reagent (G&E) and the data were quantified by
densitometry.

Proteasome activity assay. Proteasome activity was measured
by aminomethylcoumarin (AMC)-linked synthetic peptide
substrates: Ac-Gly-Pro-Leu-Asp-AMC and Suc-Leu-Leu-
Val-Tyr-AMC (Proteasome Substrate Pack, Enzo Life
Sciences, Farmingdale NY, USA). Proteins were extracted
from treated or untreated cells with lysis buffer (50 mM
HEPES pH 7.5, 5 mM EDTA, 150 mM NaCl, 1% Triton
X-100, and 2 mM ATP). Next, 200 pl of lysate containing
equal amounts of protein (5 pg) were incubated for 30 min at
37°C in a dark environment with 2.5 pl of each substrate.
The reaction was stopped by stop buffer (ice-cold 96% etha-
nol). The proteasome activity was detected by Tecan Infinite
M200 Plate Reader (380 nm excitation and 460 nm emission,
Mannedorf, Switzerland).

Statistical analysis. All experiments were carried out in tripli-
cate under identical conditions and data were represented as
means + standard error of the mean (SEM). For animal
studies, experiments were performed in duplicate and each
group included three mice. Statistical analysis was per-
formed with SPSS software (IBM Corp., Armonk, NY,
USA). Different groups were compared by one-way analysis
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Figure |. The effect of H,O, on HCF-av cell vitality. The HCF-av
cells were treated with different concentrations of H,O, for 24 h
and then the cell vitality was determined by CCK-8 kit (n = 3). *P <
0.05, P < 0.0l vs. control.

of variance (ANOVA), followed by Tukey’s or Bonferroni
post-hoc test when applicable. Comparisons between the two
groups were assessed by the 7 test. A P value less than 0.05
was considered significant.

Results

The Effect of H,0, on Cell Proliferation of HCF-av
Cells

HCF-av cells were treated with H,O, at different concentra-
tions (0-200 uM) for 24 h. Cell vitality was measured by a Cell
Counting Kit (CCK-8, Dojindo, Rockville, MD, USA) accord-
ing to the manufacturer’s protocol. H,O, exhibited cytotoxicity
in HCF-av cells in a dose-dependent manner. There was no
significant loss of vitality with 0 or 25 uM H,0, in HCF-av
cells. In contrast, decreases of nearly 14%, 28%, and 77% cell
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Figure 2. H,S ameliorates H,O,-induced ER stress in HCF-av cells. (a) Western blot analysis of HCF-av cells upon different treatments was
performed to detect BiP and CHOP. B-actin served as the loading control. (b,c) Quantitative analysis of the changes of BiP and CHOP in
treated cells. Data represent mean + SEM (n = 3. *P < 0.05 vs. control; #P < 0.05 vs. NaHS). (d) Representative Western blot analysis for
BiP, CHOP, Puma, and caspase 3 expression in hearts from vehicle- and DATS-treated mice. B-actin served as the loading control.
(e) Quantitative analysis of the changes of BiP and CHOP in treated cells. Data represent mean + SEM (n = 3. *P < 0.05 vs. TAC + Vehicle).
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Figure 3. H,S restores H,O,-induced reduction of Ay. (a) The A\ loss was determined by the lipophilic cationic probe JC-I. Red signal
indicated JC-1 in mitochondria. Green signal indicated cytosolic JC-1. Magnification, x400. (b) Quantitative analysis of membrane potential

(n = 3). *P < 0.01 vs. control; #P < 0.01 vs. NaHS; #P < 0.01 vs. H,O0,.

vitality occurred in HCF-av cells exposed to 50 pM, 100 pM,
and 200 uM H,O, for 24 h, respectively (Figure 1). Therefore,
we used 100 pM H,0, for the next experiments.

H,S Reduces ER Stress Induced by H,0, and TAC

The ER stress was induced by H,O, in cultured HCF-av
cells, which was assessed by the ER stress protein markers

immunoglobulin binding protein (BiP) and CHOP. H,0,
challenge provoked a significantly increased Expression of
BiP and CHOP compared with the control cells (Figure 2(a—
¢)). Interestingly, H,S treatment effectively abrogated ER
stress by reducing the expression levels of BiP and CHOP
induced by H,O,. To further confirm our results, we evalu-
ated the effects of H,S on the ER stress in heart tissues
from mice after TAC. As shown in Figure 2(d,e), the ER
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Figure 4. H,S suppresses superoxide anion production induced by H,O,. (a) Intracellular superoxide anion production was detected with
dihydroethidium and observed by fluorescent microscopy. (b) The fluorescent signal was measured and quantified (n = 6). P < 0.0l vs.

control; #P < 0.01 vs. NaHS; #P < 0.01 vs. H,0,.

stress-related markers (BiP, CHOP, and Puma) and caspse-3
were significantly induced by TAC. Strikingly, BiP, CHOP,
Puma, and caspase-3 was markedly reduced by H,S after
TAC. Altogether, these results demonstrate that H,S
protected heart cells against ER stress.

H,S Prevents Loss of MMP Induced by H,0,

Mitochondrial function is highly susceptible to oxidative dam-
age. Therefore, we investigated whether H,S protected mito-
chondria from H,0O,-induced ER stress. Mitochondria in
control cells stained with JC-1 exhibited bright orange fluor-
escence. However, when cells were exposed to H,O,, they
showed fewer and less intense JC-1 fluorescence in mitochon-
dria (Figure 3(a)), which was greatly improved by pretreatment
of H,S (Figure 3(b)). These results suggested that H,S could
prevent the loss of mitochondrial A\s upon oxidative stress.

H,S Suppresses ROS Production Induced by H,0,

To determine the effect of H,S on H,O,-induced ROS pro-
duction from ER and mitochondria, DHE, a specific fluor-
escent probe for O, , was used to track cellular ROS
generation (Figure 4(a)). HCF-av cells were subjected to
H,0, treatment and ROS production was significantly
enhanced compared with the control. Conversely, this ele-
vation was markedly suppressed by pretreatment of cells
with H,S (Figure 4(a,b)). No significant difference in ROS

production was observed with NaHS treatment alone. These
results indicated that H,S abrogated ROS production in
HCF-av cells.

H,S Attenuate Cell Apoptosis Induced by H,0,

ROS production is known to promote apoptosis. To evaluate
the effect of H,S on ER stress-induced apoptosis, HCF-av
cells were subjected to different treatments and the cell death
was analyzed by flow cytometry. As shown in Figure 5(a,b),
oxidative stress induced by H,O, resulted in significant cell
death (Annexin V*/PI" cells) compared with the control
cells. By contrast, pretreatment of NaHS dramatically
reduced cell death induced by H,O,. These results were
consistent with the level of activated caspase 3, a cell apop-
totic marker (Figure 5(c,d)).

H;S Ameliorates Lysosomal Activity in HCF-av Cells
Induced by H,0,

To investigate the role of lysosomal activity on cell apopto-
sis and damage of ER or mitochondria, HCF-av cells were
subjected to different treatments and then incubated with
LysoTracker Deep Red, which labeled the highly acidic
lysosomal vacuoles and monitored activity of the vacuolar
H"-ATPase (v-ATPase). We found that H,O, exposure
markedly increased the LysoTracker red staining. However,
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Figure 5. H,S attenuates cell apoptosis in HCF-av cells induced by H,O,. Cell death analysis of treated cells was performed by flow
cytometry with Annexin V/Pl double staining (a,b). Representative images and quantitative analysis were shown in (c) and (d), respectively.
Data represent mean + SEM (n = 3; “P < 0.05 vs. control cells, *P < 0.05 vs. indicated cells).

this fluorescent signal was significantly decreased by pre-
treatment of NaHS (Figure 6(a,b)).

H;S Prevents H,0,-Induced Autophagy

To investigate whether the autophagy was activated in the
period following increased lysosomal activity in HCF-av

cells undergoing oxidative stress, the expression level of
cathepsin B was examined using Magic Red staining. As
shown in Figure7(a), H,O,-induced ER stress caused
approximately three-fold increase in fluorescence intensity
of cathepsin B in HCF-av cells compared to the control cells.
Consistent with this finding, cells treated with H,O, dis-
played an increased abundance of multilamellar



Feng et al

1229

(a) Control NaHS

(b)

¥

~

=

3

2 s

-]

T

Eo 4

= £ 3 *

| . —] 4

R ‘
;U 2] #
Ig ==
Il

ESS

) 01— .

B N

=

H,0,

NaHS+H102

Figure 6. H,S ameliorates lysosomal activity in HCF-av cells induced by H,O,. (a) Cells were subjected to different treatments and then
stained with 70 nM LysoTracker® Deep Red (magnification, x400). (b) The fluorescent signal (red) was measured and quantified (n = 6).

*P < 0.0l vs. control; #P < 0.01 vs. NaHS; #P < 0.01 vs. H,O,.

autophagosomes (Figure 7(b)). Strikingly, these phenomena
were significantly diminished when the cells were treated
with NaHS (Figure 7(c,d)).

H,S Regulates the Expression of LC3-ll, Beclinl, and
P62 During Autophagy

The expression levels of LC3-I/II, Beclinl, and P62 play
vital roles for autophagic activity'”'°. To further investigate
the role of H,S-regulated autophagy induced by H,0,,
HCF-av cells were subjected to different treatments and the
autophagy-related proteins were detected. As shown in
Figure 8(a), the expression levels of Beclinl, LC3-II/LC-I
ratio, and P62 were robustly increased when cells were
treated with H,O,. Meanwhile, the increases of these key
proteins were diminished in cells pretreated with H,S
(Figure 8(a—d)). Because p62 plays a key role in both
autophagy and the ubiquitin proteasome system, we further
investigate the effects of H,S on the ubiquitin proteasome
system upon H,0, treatment in HCF-av cells. As shown in
Figure 8(e—g), the proteasome activity and ubiquitin expres-
sion did not change when cells were treated with or without
H,S plus H,0,. These results suggested that H,S could reg-
ulate the autophagic activity but not proteasome activity in
HCF-av cells under H,O, treatment.

Discussions

Recent studies indicated that H,S was a powerful endogenous
second messenger, capable of modulating a variety of physio-
logical or pathophysiological events in mammalian cells and
tissues”®!. These results prompted us to investigate the poten-
tial role of H,S as a cardioprotective reagent. Previous studies
indeed suggest that H,S was a potent cardioprotective signal-
ing molecule reagent for heart disease”**>. Current studies
have shown that H,S can regulate the activation of ion channel,
and upregulate antioxidant, anti-apoptotic, and anti-
inflammatory signaling pathways'®2*2%_In the present study,
we evaluated effects of NaHS on the in vitro ER stress cell
model. H,O, is one kind of ROS and has been widely used in
experiments to mimic the situation of oxidative stress. Differ-
ent concentrations of H,O, have been widely used in different
cell types, and different cell types have showed different
responses to oxidative stress induced by H,0,?’. In the present
study, the HCF-av cells were exposed to H,O, to mimic in vivo
ER stress. BiP expression level was robustly increased,
which revealed ER stress induced by H,O, in HCF-av cells
(Figure 2). This result is consistent with the accumulation of
CHOP (also known as growth-arrest and DNA damage indu-
cible gene 153) in HCF-av cells induced by H,O,, which was a
transcription factor and activated at multiple levels during ER
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Figure 7. H,S blocks autophagy in HCF-av cells induced by H,O,. (a) Cells were subjected to different treatments and then stained with
Magic Red® Cathepsin B Detection Kit (magnification, x200). (b) Representative TEM micrographs upon H,O, treatment. (c) The
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linked substrate peptides under different treatments (n = 3). (f) Representative Western blot analysis for ubiquitin expression. B-actin
served as the loading control. (g) Quantitative analysis of the changes of ubiquitin in treated cells (n = 3).
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stress>® . Because ER stress is closely related to cell apopto-
sis, we have found that ER stress significantly elevated the
activated caspase 3 level in HCF-av cells induced by H,0,
(Figure 5). Importantly, the activated caspase 3 level is abro-
gated by H,S treated HCF-av cells induced by H,0,.

Mitochondria played pivotal roles in the two types of cell
death: apoptosis and necrosis®'. However, autophagy, a cel-
lular stress response, is involved in a variety of diseases and
has recently been proposed as a third distinct mode of cell
death. Autophagy is a dynamic process involving the rear-
rangement of subcellular membranes to sequester cytoplasm
and organelles which are delivered to the lysosome or
vacuole, and then the sequestered cargo is degraded and
recycled®. Accumulated evidence indicates that autophagy
may constitute an important physiological response to car-
diac stresses, ischemia, or pressure overload, which are fre-
quently encountered in patients with coronary artery disease,
hypertension, aortic valvular disease, and congestive heart
failure. The accumulation of autophagosomes has been
noted in cardiac biopsy tissues of patients with these disor-
ders, rodent models of these cardiac diseases, and isolated
stressed cardiomyocytes®. Autophagy participated in the
constitutive turnover of mitochondria in oxidative tissues,
and removal of damaged organelles®*~>. One of the conclu-
sions of our study is that the protective mechanism of H,S
may be involved in stabilization of the mitochondria in
H,0,-induced cell death. Changes of the mitochondrial per-
meability transition (MPT) and loss of AV triggered autop-
hagic scavenging. Our findings suggested that H,O,
exposure reduced JC-1 aggregates in HCF-av cells, indicat-
ing mitochondria Ay was decreased. Conversely, pretreat-
ment of H,S restored the mitochondria A\ induced by H,O,.
Furthermore, autophagic flux was significantly increased
following H,O, exposure, as shown by the multilamellar
autophagosomes and the increased LC3-II/LC-I ratio,
Beclinl, and p62 protein level. In contrast, exogenous H,S
completely abrogates these phenomena.

In eukaryotic cells, the lysosome is a major organelle that
contains a lot of enzymes, which can degrade essentially any
subcellular component by hydrolases such as proteins, lipids,
nucleic acids, and carbohydrates®*. Lysosomal enzymes also
play a role in the activation of certain types of caspase,
which are involved in cell apoptosis. Lysosomes have been
referred to as “suicide bags,” as they contribute to autopha-
gic cell death®>~°. Moreover, ROS can induce lysosomal
permeabilization before mitochondrial dysfunction.
Although oxidative stress induces many alterations within
the cell, mitochondria may be the first organelle to be
demerged by ROS. Lysosomal enzymes have been found
to act on mitochondria and promote mitochondrial ROS
generation, creating a feedback loop and leading to more
lysosomal permeabilization. Our studies determined the
effect of H,S on the autophagic activity induced by H,O,.
Autophagy was involved in the delivery of autophagosomes
and their contents to lysosomes and accomplished the cata-
bolic processes of autophagy. We found that cellular

lysosomal activation and the expression level of cathepsin
B are both increased in cells with ER stress induced by H,O,,
but are diminished by NaHS treatment.

Recent studies have shown that H,S is a strong promoter
of angiogenesis®’** and stimulates cell replication, migra-
tion, and tube formation®’. Furthermore, H,S also promotes
angiogenesis in vivo®® and the proangiogenic effects of H,S
on chronic vascular disease have been reported*’. However,
the protective role of H,S in ER stress and autophagy
induced by oxidative stress in the heart is still obscure.
A previous study reported that H,S attenuates oxidative
stress in the heart through activation of nuclear factor
E2-related factor (Nrf2)*', because Nrf2 regulates a large
number of gene expressions for enzymes that serve to detox-
ify pro-oxidative stressors*?, such as GPx1 and HO-1, via
binding to the antioxidant response element found in the
gene’s promoter region*’. Maybe that is why H,S can pre-
vent ER stress, autophagy, and heart cell apoptosis induced
by H,0O,. In the current study we demonstrated that H,S
treatment dramatically repressed ER stress marker and
autophagy marker expression and cell apoptosis induced
by H,O, using an in vitro model (HCF-av cells). Further-
more, the in vivo model also suggested that ER stress-related
markers and heart cell apoptosis were significantly blocked
by H,S treatment (Figure 2(d)). Further investigations are
needed to determine the precise mechanism by which H,S
prevents ER stress, autophagy, and cell apoptosis induced by
oxidative stress in the heart.

In summary, H,S pretreatment efficiently protects HCF-
av cells from H,0,-induced ER stress, apoptosis, and autop-
hagy, which maintains mitochondria membrane integrity
and prevents the activation of caspase 3. Our study suggests
that H,S could potentially be a therapeutic reagent for sup-
pressing ER stress in the heart.
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