Journal of Cellular Biochemistry 114:212-219 (2013)

Mitochondrial Accumulation Under Oxidative Stress is
Due to Defects in Autophagy
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ABSTRACT

Mitochondrial dynamics maintains normal mitochondrial function by degrading damaged mitochondria and generating newborn mito-
chondria. The accumulation of damaged mitochondria influences the intracellular environment by promoting mitochondrial dysfunction,
and thus initiating a vicious cycle. Oxidative stress induces mitochondrial malfunction, which is involved in many cardiovascular diseases.
However, the mechanism of mitochondrial accumulation in cardiac myoblasts remains unclear. We observed mitochondrial dysfunction and
an increase in mitochondrial mass under the oxidative conditions produced by tert-butyl hydroperoxide (tBHP) in cardiac myoblast H9c2
cells. However, in contrast to the increase in mitochondrial mass, mitochondrial DNA (mtDNA) decreased, suggesting that enhanced
mitochondrial biogenesis may be not the primary cause of the mitochondrial accumulation. Therefore, we investigated changes in a number of
proteins involved in autophagy. Beclin1, Atg12-Atg5 conjugate, Atg7 contents decreased but LC3-II accumulated in tBHP-treated H9c2 cells.
Moreover, the capacity for acid hydrolysis decreased in H9c2 cells. We also demonstrated a decrease in DJ-1 protein under the oxidative
conditions that deregulate mitochondrial dynamics. These results reveal that autophagy became defective under oxidative stress. We therefore
suggest that defects in autophagy mediate mitochondrial accumulation under these conditions. J. Cell. Biochem. 114: 212-219, 2013.
© 2012 Wiley Periodicals, Inc.
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|\ /I itochondria couple oxidative phosphorylation with respi-
ration to satisfy most energy requirements for cells to

metabolize and proliferate. In addition, mitochondria play vital roles
in the production of endogenous reactive oxygen species (ROS) and
in apoptosis. Thus, mitochondria play critical roles in both cell
life and death. Mitochondrial functions vary with changes in their
shape, size, and abundance in different environments. Mitochon-
drial dynamics, including mitochondrial biogenesis, fusion, fission,
transport, and mitophagy, is involved in many diseases [Zorzano
et al., 2009a], such as obesity [Zorzano et al., 2009b], diabetes [Yoon
et al., 2011], neurodegenerative diseases [Chen and Chan, 2009],
and cardiovascular disease [Hausenloy and Ong, 2010; Rothermel
et al., 2010; Lavandero et al., 2011]. Involvement of mitochondrial
dynamics is especially notable when the pathological changes
occurring in these diseases are associated with oxidative stress.

Mitochondria are not only the main intracellular sources for ROS,
but also the immediate targets. Oxidative stress induces mitochon-
drial fragmentation and dysfunction. Many researchers have found
that mitochondrial mass increases under conditions of oxidative
stress [Lee et al., 2000, 2002, 2005; Apostolova et al., 2010].
Mitochondrial biogenesis and involvement of protein kinase C3 are
considered to be the main causes of increases in mitochondrial mass
and DNA (mtDNA) [Lee and Wei, 2005; Lee et al., 2006].

Autophagy is a process by which cells regulate the turnover of
long-lived proteins and eliminate dysfunctional organelles. The
autophagosome, a structure bounded by a double-membrane,
matures by fusion with lysosomes. Following fusion, autolysosomes
and lysosomes can then release the acidic hydrolases that digest
waste materials [Uchiyama et al., 2008]. The selective autophagy of
mitochondria is called mitophagy [Lemasters, 2005] and is a process
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common to yeast and mammals [Tolkovsky, 2009; Goldman et al.,
2010]. Mitophagy can eliminate damaged mitochondria and thus
help prevent cell death [Codogno and Meijer, 2005]. Dysfunction of
autophagy results in the accumulation of waste materials and
mitochondria, and in consequence induces aging [Stroikin et al.,
2004], neurodegenerative diseases [Cuervo and Wong, 2010],
muscle disorders [Long et al., 2010], and heart diseases [Otsu
et al., 2007].

Aberrant mitochondrial biogenesis may cause an increase in
mitochondrial mass [Lee and Wei, 2005]. Furthermore, a recent
review suggests that effective quality control of mitochondria
should involve maintenance of a balance between biogenesis of
healthy mitochondria and degradation of dysfunctional mitochon-
dria [Michel et al., 2011]. Oxidative stress plays a vital role in the
pathogenesis of heart failure, accompanied by mitochondrial
damage [Nojiri et al., 2006; Dai et al., 2011]. The rat cardiac
myoblast cell line H9c2 is used frequently as an in vitro
cardiovascular diseases model, mainly because its response to
stimulative stress is similar to that of primary neonatal cardio-
myocyte cells [Watkins et al., 2011]. We hypothesize that defects in
autophagy are the primary factors underlying damage to cardiac
myoblasts resulting from acute oxidative stress. To test this, we
exposed cardiac myoblast H9c2 cells to oxidative stress by treatment
with tert-butyl hydroperoxide (tBHP), and then measured mito-
chondrial mass and mtDNA content, and assessed changes in
autophagic function.

MATERIALS

High glucose Dulbecco’s modified Eagle’s medium (DMEM),
penicillin, streptomycin, MitoTracker® Green FM, LysoTracker
Red DND-99, trypsin, Acridine Orange (AO) and 5,5,6,6'-
tetrachloro-1,1’,3,3'-tetraethylbenzimidazolylcarbocyanine iodide
(JC-1; CBIC2(3)) were purchased from Invitrogen (Carlsbad, CA).
tBHP was obtained from Sigma (St Louis, MO). HRP conjugated anti-
mouse/rabbit/goat IgG antibodies and fetal bovine serum (FBS)
were purchased from Jackson ImmunoResearch Laboratories
(West Grove, PA) and PAA Laboratories GmbH (Linz, Austria),
respectively.

CELL CULTURE AND TREATMENT

Rat cardiac myoblast H9c2 cells were cultured in high glucose
DMEM medium containing 10% FBS, 100 units/ml penicillin and
100 wg/ml streptomycin. Cell cultures were maintained in a
37°C, humidified 5% CO, incubator (Thermo Fisher Scientific,
Inc., Waltham, MA). H9c2 cells were treated either with different
concentrations (0, 100, 200, 300, or 400 wmol/L) of tBHP for 4 h, or
with 300 pmol/L tBHP for different time (0, 0.5, 1, 2, 3, or 4 h).

ASSAY FOR MITOCHONDRIAL MASS

Mitochondrial mass were measured with a probe targeting to
mitochondria [Agnello et al., 2008]. Briefly, for flow cytometry
analysis, cells were detached by trypsin and incubated with
100 nmol/L mitotracker green FM at 37°C for 30 min, and then
centrifuged at approximately 300g for 5min at 4°C. The fluores-

cence labeled cells were suspended in PBS and analyzed by a BD
FACSCalibur Flow Cytometry System (excitation: 485 nm; emission:
530 nm) (BD Biosciences, San Diego, CA). For fluorescent images of
mitochondria, cells were incubated with 100 nmol/L mitotracker
green for 30 min at 37°C, and then washed with PBS three times. The
fluorescent images of mitochondria were recorded with a fluores-
cence microscope (Olympus IX71).

ASSAY FOR MITOCHONDRIAL MEMBRANE POTENTIAL

Cells were detached by trypsin and incubated with 5 wmol/L JC-1 at
37°C for 30 min, and then centrifuged at approximately 300¢g for
5min at 4°C. The fluorescence labeled cells were suspended in PBS
and analyzed by a BD FACSCalibur Flow Cytometry System
(excitation: 485 nm; emission: 530 nm, 590 nm) (BD Biosciences).
The ratio of fluorescence at 590 nm versus 530 nm emission was
used for quantitating the mitochondrial membrane potential, just as
described previously [Salvioli et al., 1997] and instructions from
invitrogen.

ASSAY FOR OXYGEN CONSUMPTION RATE

Intracellular oxygen consumption rate was assessed using a BD
Oxygen Biosensor System (BD Biosciences) [Guarino et al., 2004].
According to the manufacturer’s instructions, cells were detached
and suspended in fresh media in BD Oxygen Biosensor System plate
(BD Biosciences). The plate was sealed with parafilm and recorded by
a plate reader (Thermo Fluoroskan Ascent FL) at 37°C for 30 min
(excitation: 485 nm; emission: 630 nm). The fluorescence data, due
to the reaction of ruthenium-based fluorophore (tris 4,7-diphenyl-
1,10-phenanthroline ruthenium (II) chloride (Ru(DPP);Cl,)) and
dissolved oxygen, were normalized by cell numbers which were
determined by hemacytometer counts.

ASSAY FOR INTRACELLULAR ADENOSINE 5’-TRIPHOSPHATE (ATP)
LEVELS

ATP contents were assayed based on a bioluminometric assay
method [Khan, 2003]. Briefly, cells were lysed by 0.5% Triton X-100
in 100 mmol/L glycine buffer (pH 7.4), and then centrifuged at
approximately 15,000g for 10min at 4°C. According to the
manufacturer’s instructions, the supernatants were removed and
transferred to ATP assay mix working solution (Sigma), and the
amount of light emitted was measured with a luminometer (Thermo
Scientific Luminoskan Ascent) immediately. The luminescence data
were normalized by sample protein amounts.

ASSAY FOR MITOCHONDRIAL DNA CONTENT

Mitochondrial DNA (mtDNA) was assessed by real-time quantitative
PCR, using 18S rRNA as an endogenous reference gene and
mitochondrial D-loop as target gene, just as described previously
[Shen et al., 2008]. Each volume of quantitative PCR reaction
mixture (10 wl) contained 5 pl SYBR Premix Ex Taq™ from TaKaRa
Biotechnology (Dalian) Co., Ltd, 0.5 ul of each primer (10 pmol/L)
and 2.5ng template (DNA) or no template (NTC), and RNase-free
water. The conditions for PCR were: initial denaturation at 95°C for
5 min, followed by 40 cycles of 95°C for 30s, 55°C for 30 s and 72°C
for 20 s. Mitochondrial D-loop forward, 5'-AAGTGGCTGTGCAGA-
CATTC-3’, reverse 5'-TCTGTCTTTGATTCCTGCCT-3’; and 18S rRNA
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forward: 5-TCTCCTACTTGGATAACTGTGG-3’, reverse: 5'-
GGCGACTACCATCGAAAGTTG-3’, were used as primer pairs.
mtDNA content was determined as the ratio of mitochondrial D-
loop to 18S rRNA.

VISUALIZATION OF AUTOPHAGIC VACUOLES (AUTOPHAGOSOMES
AND AUTOLYSOSOMES)

Monodansylcadaverine (MDC) is incorporated selectively into
autophagosomes and autolysosomes, and where its fluorescence
detects autophagic vacuoles [Biederbick et al., 1995]. Aggregates of
AO fluoresce bright red in the acidic environment of autophagic
vacuoles, but fluoresce bright green in the cytoplasm and nucleus
[Stankiewicz et al., 1996]. Lysotracker red labels acidic organelles
(mainly lysosomes) [Chazotte, 2011]. Briefly, cells were incubated
with 50 pwmol/L MDC, 5 pg/ml AO, or 50 nmol/L lysotracker red for
15min at 37°C, and then washed with PBS three times. The
fluorescent images of autophagic vacuoles were recorded with a
fluorescence microscope (Olympus IX71).

WESTERN BLOT ANALYSIS

H9c2 cells were lysed with buffer (Beyotime Biotechonology) at 4°C
for 30 min and centrifuged at 17,0004 for 15 min. The BCA™ Protein
Assay kit was used to determine protein concentrations. Samples of
about 20 g protein were separated by SDS polyacrylamide gel
electrophoresis. Proteins were transferred to nitrocellulose mem-
branes (Millipore) and blocked with 5% nonfat milk/TBST. The
membranes were incubated with primary antibodies against Beclin1,
Atg12, Atg7, LC3 (cell signaling), B-actin (Sigma), OxPhos Complex
I subunit NDUFS3, OxPhos Complex II 30kDa subunit, OxPhos
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Complex II 70kDa subunit, OxPhos Complex III subunit core 1,
OxPhos Complex IV subunit I, OxPhos Complex V (F1FO-ATP
synthase) subunit « (Invitrogen) and followed by incubation with
secondary antibody for 1 h at room temperature. Western blots were
developed using chemiluminescent HRP substrate.

STATISTICAL ANALYSIS

Data represent means+ SEM from at least three independent
experiments. The data were analyzed using IBM SPSS Statistics. For
three or more than three experimental groups, one-way analysis of
variance (ANOVA) followed by Fisher's LSD test was used to
evaluate statistical significance of differences; moreover, for two
experimental groups, Student’s test was used to assess statistical
significance of differences. Significant changes are denoted as
follows: *P < 0.05; **P < 0.01.

MITOCHONDRIAL DYSFUNCTION AND ACCUMULATION OF
MITOCHONDRIA

We verified that cardiac myoblast mitochondria become dysfunc-
tional when subjected to oxidative stress, as has been reported
previously many times. There were significant decreases in
mitochondrial membrane potential, oxygen consumption, and
intracellular ATP content. However, mitochondrial mass increased
when cardiac myoblast H9c2 cells were treated with 300 wmol/L
tBHP for 4h (Fig. 1a,b). To confirm the abnormal increase in
mitochondrial mass, levels of respiratory chain complex proteins
were assessed by Western blot analysis. After H9c2 cells were treated
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Mitochondrial dysfunction and increased mitochondrial mass in H9c2 cells treated with tert-butyl hydroperoxide (tBHP). H9c2 cells were treated with 300 pmol/L

tBHP for 4 h, and then (a) mitochondrial function: mitochondrial membrane potential (n =7), oxygen consumption rate (n=5) and intracellular ATP level (n=7), and
(b) mitochondrial mass (n = 3) were measured. "P< 0.05 **P< 0.01 versus Control. c: Western blot analysis of mitochondrial respiratory chain complexes I, Il, lll, IV, and V.
c1: Representative blots from eight different experiments. c2: Semi-quantified statistics. The semi-quantified statistics for Western blot was analyzed by Quantity One software

and normalized with B-actin. P < 0.05, “*P< 0.01 versus untreatment group.
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with tBHP for 4h, concentration-dependent increases in all
respiratory chain complex proteins were observed (Fig. 1c).

MITOCHONDRIAL DNA MAINTENANCE

We evaluated changes in mtDNA contents in response to tBHP
treatment in H9c2 cells. Quantitative real-time PCR was used to
determine changes in the relative copy number of mtDNA. After
cells were treated with a low, non-fatal concentration (100 pwmol/L)
of tBHP for 4h, the copy number of mtDNA increased. From that
level, however, it decreased in a concentration-dependent manner at
higher concentrations ranging from 200 to 400 pmol/L (Fig. 2a).
After cells were treated with 300 wmol/L tBHP for various time
periods, mtDNA copy number followed a similar but time dependent
pattern (Fig. 2b).

AUTOPHAGIC DYSFUNCTION

Initiation, nucleation, and elongation are the early events that
promote formation of autophagosomes. We assayed some proteins
that play important roles in the formation of autophagosomes in
order to assess autophagy status. DJ-1, a protein associated with
Parkinson’s disease, regulates autophagic progression in many cells.
Microtubule-associated protein light chain 3 II (LC3-1I) is widely
used for monitoring autophagic flux. As shown in Figure 3a,
treatment of H9c2 cells with tBHP induced remarkable concentra-
tion-dependent decreases in levels of Beclinl, the Atgl12-Atg5
conjugation complex, Atg7 and DJ-1. However, exposure of H9c2
cells to tBHP for 4 h resulted in a concentration-dependent decrease
of LC3-I accompanied by an accumulation of LC3-II (Fig. 3b).
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Fig. 2. Mitochondrial DNA (mtDNA) changes in H9c2 cells treated with
tBHP. H9c2 cells were treated with (a) 0, 100, 200, 300, or 400 pwmol/L
tBHP for 4 h (n =5), and (b) 300 wmol/L tBHP for 0, 0.5, 1, 2, 3, or 4 h (n = 4);
then relative mtDNA contents were determined by Real-time quantitative PCR.
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Fig. 3. Autophagy-associated proteins in H9c2 cells treated with tBHP.
a: Protein markers for nucleation and elongation of autophagosomes.
b: Autophagosome marker LC3. H9c2 cells were treated with 0, 100, 200,
300, or 400 wmol/L tBHP for 4 h, and then autophagy was assessed by Western
blot analysis (n=4).

DESTRUCTION OF AUTOPHAGIC VACUOLES AND IMPAIRMENT OF
LYSOSOMES

Autophagy consists of five events altogether: initiation, nucleation,
elongation, maturation, and degradation. Autophagosomes, auto-
lysosomes, and lysosomes are acidic vesicles, which can degrade
materials deposited in the vacuoles. Acidic dyes, MDC, AO, and
lysotracker red, were used to stain autophagic vacuoles and
lysosomes specifically. As shown in Figure 4, there were con-
centration- and time-dependent decreases in fluorescent intensities
in tBHP-treated H9c2 cells, showing impairment in autophagic
degradation. Relevant to cessation of lysosome activity, there was a
remarkable increase in mitochondrial mass (Fig. 4a3,b3).

Oxidative stress stimulates changes in mitochondrial mass and
mtDNA [Lee et al., 2000, 2002, 2005; Apostolova et al., 2010]. Wei
and coworkers have summarized the factors enhancing mitochon-
drial biogenesis [Lee and Wei, 2005]. However, oxidative stress
nearly always induces mitochondrial dysfunction and ROS
production [Ballinger, 2005; Beal and Lin, 2006; Victor et al.,
2009], except for one study in human cells conducted in Yau-Huei
Wei's lab [Lee et al., 2000]. Autophagy plays a vital role in the
clearance of dysfunctional mitochondria [Tolkovsky, 2009; Gold-
man et al., 2010]. The aim of the present work was to explore the
phenomenon of mitochondrial mass increase induced by oxidative
stress from a perspective differing from that reported by the Wei lab
in a later study [Lee and Wei, 2005].

Our results imply a mechanism differing from the one reported by
the Wei lab. We believe that this difference in mechanism may be
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autophagic vacuoles was assessed with MDC and AO staining, and densities and distribution of mitochondria and lysosomes were assessed with Mitotracker Green FM and

LysoTracker Red, respectively.
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due to differences in the models chosen [Lee et al., 2000, 2002, 2005,
2006; Lee and Wei, 2005]. Our research utilizes an acute stress
model, that is, treatment with tBHP for a short time (4 h maximum).
However, Wei’s group treated their cells for longer times, as long as
72h. Typically, the length of time and intensity of treatment
determine the response pattern cells choose for modulating the
physiological changes that minimize damage. Acute heart damage
always accompanies myocardial ischemia, so the acute damage
model is appropriate for revealing the relevant mechanisms.

Atherosclerosis is the underlying cause of ischemic heart disease,
which results in some disorders such as angina pectoris, myocardial
infarction, and heart failure. Such disorders invariably lead to acute
heart damage, particularly myocardial necrosis. Oxidative stress is
the main cause of ischemia-reperfusion (hypoxia-reoxygenation)
injury in cardiovascular diseases. The H9c2 cell line, a subclone
derived from an embryonic rat ventricle [Kimes and Brandt, 1976],
has been used to investigate the molecule mechanisms underlying
the cellular response to oxidative stress. tBHP consists of a tertiary
butyl group and a hydridodioxygen group. As an organic
hydroperoxide, tBHP is more stable than hydrogen peroxide
(H,0,), and it selectively inhibits mitochondrial function [Haidara
et al., 2002; Drahota et al., 2005; Krivakova et al., 2007], induces
membrane lipid peroxidation [Uchida et al., 1994; Gorbunov et al.,
1998], and promotes nucleotide degradation and adenosine
formation [Andersson et al., 1996]. When H9c2 cells are treated
with tBHP, the morphology of their mitochondria changes from long
filaments to small, round fragments [Sardao et al., 2007]. Based on
the relatively well-defined mechanisms of tBHP action, we chose
tBHP-treated H9c2 cells as a biological model likely to result in
mitochondrial dysfunction in response to oxidative stress.

Nuclear DNA and mtDNA together regulate mitochondrial
protein synthesis to ensure proper mitochondrial assembly.
Therefore, mtDNA copy number can be wused to evaluate
mitochondrial biogenesis. Mitochondrial function was destroyed
in H9c2 cells treated with 300 wmol/L tBHP for 4h (Fig. 1a).
Moreover, content of mitochondrial mass and respiratory chain
complex proteins increased significantly (Fig. 1b,c). However, the
increase of electron transfer subunits was not in a neatly coordinate
ratio, which will destroy the correct assembly to be respirasomes
(Fig. 1c).

The copy numbers of mtDNA at first quickly increased under
oxidative stimulation, but then decreased in a time- and
concentration-dependent manner, to levels even less than in the
untreated group (Fig. 2). This finding is similar to a report from
Shokolenko et al., which provided evidences in oxidatively damaged
mtDNA degradation processes. When ROS generates in an
enzymatic mode, or base excision repair of oxidative/alkylating
DNA damage is inhibited, mtDNA degradation will be induced or
enhanced, respectively [Shokolenko et al., 2009]. Taken together,
exogenous oxidative stress may impair the replication or accelerate
the degradation of mtDNA, resulting in a decrease of mtDNA copy
number.

The mammalian mtDNA encodes 13 peptides for electron transfer
complex subunits (complex I (ND1, ND2, ND3, ND4, ND4L, ND5,
ND6), complex III (Cyt b), complex IV (COI, COII, COII), and
complex V (Atp6, Atp8)) as well as 22 tRNAs and 2 rRNAs (128, 16S)

[Anderson et al., 1981]. Mitochondrial biogenesis is a complex
cellular event requiring the coordinated synthesis of proteins
encoded on mtDNA and nuclear DNA. When mtDNA content
decreases, the ability of mitochondrial biogenesis should accord-
ingly cut down. Mitochondrial dynamics (fission and fusion)
regulate the changes in the mitochondrial morphology (discrete
tubules or interconnected networks), but not the contents or ratios of
mitochondrial components. Taken together, it implies that there is a
positive correlation between mtDNA content and mitochondrial
mass (or mitochondrial components contents). However, that the
changes in mitochondrial mass and mtDNA copy number are in
opposite directions indicates that the decrease in mitochondrial
degradation, not the increase in mitochondrial biogenesis, may play
a more important role in mitochondrial accumulation in response to
oxidative stress. Dysfunctional mitochondria can be digested by
autophagy (which then may be termed mitophagy) [Tolkovsky,
2009]. We utilized Western blot analysis and fluorescence labeling
to evaluate autophagic flux.

The steps in the autophagic process include induction, auto-
phagosome formation, maturation, degradation, and materials reuse
[He and Klionsky, 2009]. The proteins involved and their stepwise
interactions have been identified. Beclin1, a subunit of the class III
PI3-kinase complex, participates in membrane nucleation. Atg7, an
E1 enzyme that activates ubiquitination, catalyzes the covalent
coupling of Atg12 with Atg5. The Atg12-Atg5 conjugate interacts
with Atg16 and forms a complex attached to a phagophore. Atg7
and the Atg12-Atg5 conjugate facilitate LC3-I activation. Activated
LC3-I then conjugates with the target lipid phosphatidylethanol-
amine (PE) on the outer membrane, forming LC-II. Finally, LC3-II is
cleaved to LC3-I and released back to the cytosol or degraded upon
autophagosome maturation [He and Klionsky, 2009]. Autophago-
somes mature upon fusion with lysosomes, and are then referred to
as autolysosomes or autophagolysosomes. So fused, they employ
acid hydrolases to degrade the wastes (which are enclosed in
vacuoles) [Mizushima, 2007]. DJ-1, a protein associated with
Parkinson’s disease, has been implicated in maintaining mitochon-
drial function under oxidative stress through regulation of
autophagy [Zhang et al., 2005; Hayashi et al., 2009; Giasson
et al.,, 2010; Krebiehl et al., 2010; Thomas et al.,, 2011]. The
occurrence of mitochondrial dysfunction in DJ-1-mutant mice
[Giasson et al., 2010], the presence of defects in mitochondrial
fusion, and the accumulation of markers of autophagy in DJ-
1deficient cells [Thomas et al., 2011] suggest that DJ-1 regulates
mitochondrial dynamics and autophagy indirectly [Cookson and
Mccoy, 2011]. Krebiehl et al. [2010] found that autophagy is
impaired in DJ-1-knockout cells, and that dysfunctional mitochon-
dria accumulate in them.

Figure 3a shows significant concentration-dependent decreases
in autophagy marker proteins (Beclinl, Atg12-Atg5 conjugation
complex and Atg7) in tBHP-treated H9c2 cells. These results indicate
that a reduction in autophagosome formation or capacity for
autophagy occurred. In contrast, LC3-II, conventionally used for
assessing autophagic flux, increased in a concentration-dependent
manner (Fig. 3b). The contradiction between these two sets of results
indicates that autophagy became defective, that is, that a reduction
in the induction, maturation and degradation of autophagy was
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induced. Therefore, we assessed the degradative activity in tBHP-
treated H9c2 cells with a set of fluorescent dyes—MDC, AO, and
lysotracker red. These fluorescent dyes can label acid vacuoles
that utilize acid hydrolases to degrade the materials enclosed
within them. Concentration- and time-dependent decreases in the
fluorescent intensities of these dyes were observed (Fig. 4). Inversely
related to the decreases in these acid vacuole markers, the
fluorescent intensity of mitotracker green increased (Fig. 4a3,b3)
(This dye is an indicator of mitochondrial mass regardless of
membrane potential). Furthermore, the reduction of autophagic
degradation capacity would provide a reasonable explanation for
the accumulation of LC3-II (Fig. 3b). Finally, the decrease in DJ-1
content induced by oxidative stress in H9c2 cells may play a vital
role in the regulation of mitochondrial mass via defects in
autophagy.

In conclusion, our observations indicate that oxidative stress
induced accumulation of mitochondria in H9c2 cells. Changes in
mtDNA copy number showed that mitochondrial biogenesis may
not directly determine the increase in mitochondrial mass. Rather,
aberrant autophagy has been observed in the present work. These
defects in the induction, maturation, and degradation of autophagy
can induce mitochondrial accumulation as measured by fluorescent
labels.
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