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Abstract
Prolonged cardiac overexpression of the mitochondrial biogenesis regulatory transcriptional
coactivator PGC-1α disrupts cardiac contractile function and its genetic ablation limits cardiac
capacity to enhance work-load. In contrast, transient induction of PGC-1α alleviates neuronal cell
oxidative stress and enhances skeletal myotube antioxidant defenses. We explored whether transient
upregulation of PGC-1α in the heart protects against ischemia-reperfusion injury. The transient
induction of PGC-1α in the cardiac-restricted inducible PGC-1α transgenic mouse, increased
PGC-1α protein levels 5-fold. Following 25 minutes of ischemia and 2 hours of reperfusion on a
Langendorff perfusion apparatus, contractile recovery and the rate pressure product was significantly
blunted in mice overexpressing PGC-1α vs. controls. Affymetrix gene array analysis showed a 3-
fold PGC-1α-mediated upregulation of adenine nucleotide translocase 1 (ANT1). As ANT1
upregulation induces cardiomyocyte cell death we investigated whether the induction of ANT1 by
PGC-1α contributes to this enhanced ischemia-stress susceptibility. Infection with adenovirus
harboring PGC-1α into cardiac-derived H9c2 cells significantly upregulates ANT1 without changing
basal cell viability. In response to anoxia-reoxygenation injury cell death is significantly increased
following PGC-1α overexpression. This detrimental effect is abolished following siRNA knockdown
of ANT1. Similarly, the attenuation of ANT-1 in the presence of PGC-1α overexpression preserves
the mitochondrial membrane potential in response to hydrogen-peroxide stress. Interestingly, the
isolated knockdown of ANT1 also protects H9c2 cells from anoxia-reoxygenation injury. Taken
together these data suggest that transient induction of PGC-1α in the murine heart decreases ischemia-
reperfusion contractile recovery and diminishes anoxia-reoxygenation tolerance in H9c2 cells. These
adverse phenotypes appear to be mediated, in part, by PGC-1α induced upregulation of ANT1.
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Mitochondrial homeostasis and regulatory adaptations are recognized as central to the
myocardial capacity to tolerate both ischemic and oxidative stress [1,2]. In light of our increased
understanding of the molecular programs governing mitochondrial homeostasis it is postulated
that modulation of mitochondrial biology may be a feasible strategy to enhance tolerance to
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mitochondrial stress with concomitant cellular survival advantage [3,4]. The most extensively
investigated mitochondrial regulator is the mitochondrial biogenesis master regulator
peroxisome proliferator activated receptor gamma coactivator 1 alpha (PGC-1α). The genetic
deletion of PGC-1α results in diminished cardiac mitochondrial enzyme activities, diminished
ATP production, blunted cardiac postnatal growth, diminished chronotropic capacity and an
inability to appropriately augment cardiac workload in response to exercise or to β-adrenergic
stimulation [5,6]. In contrast, unfettered cardiac overexpression of PGC-1α results in a
progressive and uncontrolled increase in mitochondrial number with resultant disruption in
cardiomyocyte sarcomeric structure and myocardial contractile function [7]. Collectively these
data show that robust bidirectional modulation in PGC-1α levels in the heart severely disrupts
mitochondrial homeostasis resulting in adverse myocardial function and stress-susceptibility.
In contrast, transient overexpression of PGC-1α has been shown to enhance anti-oxidant
enzymes in skeletal myotubes and to protect neuronal cells against oxidative stress [8,9].
Moreover, in delayed cardiac ischemic preconditioning PGC-1α is temporarily induced during
the transient ischemic stress which is then associated with subsequent enhanced myocardial
ischemia-reperfusion tolerance [10]. We therefore investigated whether transient upregulation
of PGC-1α in the heart confers protection against ischemia-perfusion injury.

Methods
Animal Studies

Double transgenic, TRE-PGC1α MHC-rtTA mice were kindly provided by Dr. Daniel Kelly.
Briefly, TRE-PGC1α mice were crossed with mice harboring the reverse tetracycline
transactivator downstream of the α-myosin heavy chain promoter (MHC-rtTA) on a FVB/N
background [11]. To transiently induce cardiac-specific PGC-1α expression doxycycline
supplemented drinking water (2g/L Doxycycline, 5% sucrose) was provided to the TRE-
PGC-1α MHC-rtTA mice. Control mice (MHC-rtTA) were similarly given 2g/L doxycycline
and 5% sucrose in their drinking water. Mice were sacrificed after three days and their hearts
removed for subsequent studies. All animal procedures were approved by the Animal Care and
Use Committee of the National Heart, Lung, and Blood Institute, National Institutes of Health.

RNA isolation and expression levels
H9c2 RNA was prepared using RNeasy RNA isolation kit (Qiagen). RNA was quantified and
used for RT-PCR following first strand synthesis and for gene array analyses. H9c2 RNA
amplification and gene array analysis were performed using mouse genome microarrays
(Affymetrix). Real-time quantitative PCR was performed using SYBR Green PCR Master Mix
(Applied Biosystems) with a MJ Research DNA Engine Opticon 2 fluorescence detection
system. Ribosomal 18s and Tbp1 primers were used as internal standards.

Protein analysis
Primary antibodies: goat ANT (Santa Cruz); mouse actin (Ambion); mouse ANT1
(MitoSciences); rabbit PGC1α (gift from D. Kelly) and mouse NDUFa9 (Abcam). H9c2 cells
were harvested and lysed in RIPA buffer containing protease inhibitors. Mouse cardiac
mitochondria protein was prepared as described above. Samples were used for SDS PAGE and
Western immunoblotting.

Cardiac response to ischemia-reperfusion injury
TRE-PGC-1α MHC-rtTA and control mice were anesthetized with an intraperitoneal injection
of 0.10 cc pentobarbital sodium diluted 1:5 in perfusate. The abdominal cavity was exposed
with a transverse incision and 0.05 cc heparin was administered to the inferior vena cava. The
heart was quickly isolated and placed in ice-cold Krebs-Heinseleit (KH) buffer (25 mM
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NaHCO3, 120 mM NaCl, 11 mM glucose, 4.7 mM KCl, 1.2 mM KH2PO4, 1.2 mM MgSO4,
and 1.75 mM CaCl2) to arrest the heart. The heart was perfused via the aorta. A water-filled
latex balloon was inserted into the left ventricle to measure hemodynamic parameters using a
PowerLab 2/25 and Chart v5.5 software (AD Instruments, Colorado Springs, CO). All hearts
were perfused with KH buffer gassed with 95% O2 and 5% CO2 and maintained at 37°C for
30 min before being subjected to 25 min of no-flow ischemia followed by 2 h of reperfusion.
Recovery of left ventricular developed pressure (LVDP) and rate pressure product (RPP; LVDP
× heart rate), expressed as a percentage of the initial values prior to ischemia, were measured
at 2 h of reflow. Infarct size was determined with triphenyltetrazolium chloride stain (TTC) as
previously described [12].

Mitochondria isolation and respiration
In brief, all mitochondria isolation procedures and buffers were kept cold on ice. Mouse cardiac
ventricles were homogenized in KE buffer (0.18 M KCl, 0.01M EDTA, pH 7.4) using a Dounce
homegenizer. Samples were then centrifuged at 2380rpm for 5 minutes to pellet cellular debris.
Supernatants were centrifuged for 5 minutes at 4500rpm and the mitochondria pellet
resuspended in KE buffer and used immediately for experiments. Mitochondria respiration was
measured using fiber-optic oxygen spectrophotometry (Instech Laboratories). Mitochondria
(0.5 mg/mL) were resuspended in respiration buffer (0.25M sucrose, 25mM Tris-HCl, 8.5mM
K2HPO4, pH 7.4) and basal state 3 respiration determined in the presence of 5 mM glutamate,
5 mM malate, and 500 μM ADP.

To evaluate mitochondria copy number the ratio of mitochondrial gene expression to nuclear
gene expression was calculated. Genomic DNA was isolated from mouse heart using a DNeasy
tissue DNA isolation kit (Qiagen). Real time quantitative PCR for mitochondrial genes ND1,
cyt.b, and the nuclear gene 18s was performed as described above.

Cell culture and transfection
H9c2 rat myoblasts (ATCC) were cultured in 10% FBS in DMEM with 1% penicillin/
streptomycin at 37 °C, 5% CO2. Cells were transfected with control siRNA (Invitrogen) or
ANT1 siRNA (Qiagen) using Lipofectamine RNAiMAX (Invitrogen) and were cultured 48
hours prior to experiments. Transient transfection in H9c2 with a control vector pcDNA3.1
(Invitrogen) or pcDNA3.1-ANT1 was performed using Lipofectamine 2000 (Invitrogen) 48
hours prior to experiments. For flow cytometry experiments, transient transfection of a flag
tagged PGC1α construct [13] was accomplished with Fugene HD (Roche, Indianapolis, IN).

Adenoviral vectors
H9c2 cells were infected with adenoviral vectors encoding for full-length mouse PGC-1α-Ad-
Track-FLAG-HA-PGC-1α, kindly provided by P. Puigserver (Harvard Medical School,
Boston, MA). Adeno-GFP used for infection controls was kindly provided by K. Walsh (Boston
University School of Medicine, Boston, MA).

Mitochondrial membrane potential and flow cytometry
H9c2 cells were provided with siRNA and DNA plasmids as described. After 72 hours, cells
were given 1 mM H2O2 for 30 minutes, trypsinized, and incubated with 50 nM Tetramethyl
Rhodamine Methyl Ester (TMRM; Invitrogen, Molecular Probes) in DMEM cell media for 15
minutes at 37°C. The cells were then washed with 1X PBS and resuspended in 1X PBS with
1% BSA. The suspended cells were then analyzed on a FACScalibur flow cytometer (BD
Biosciences). FCS Express V3 software (De Novo Software) was used to analyze FACS data.
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ATP assay
ATP assays were performed using the ATP determination kit (Invitrogen) per manufacturer’s
instructions. Data was recorded with a Tecan GENios Plus plate reader.

Cell viabilit
H9c2 were subject to anoxia-reoxygenation injury as previously described [14]. In brief,
transfected cells were exposed to 17-h anoxia in DMEM media (no glucose, pyruvate, or
antibiotics), using a GasPak EZ system (Becton–Dickenson). Following anoxia, normal growth
medium was added and cells incubated for an additional 2 hours. Cellular injury was
determined using a LDH cell viability assay (CytoTox 96, Promega) with subsequent analysis
on a Tecan microtiter plate reader.

Statistical Analysis
Gene array expression levels were analyzed after segregation to exclude gene probesets
employing a false discovery rate (FDR) of <20% and a fold change >1.2. Differences between
groups were evaluated for significance using the Student t-test. Analyses to assess cell death
were evaluated for significance using ANOVA. P < 0.05 was considered statistically
significant. Data are expressed as mean ± S.E.M.

Results
PGC-1α was upregulated in the cardiac-restricted inducible double transgenic mice following
the addition of doxycycline to the drinking water. Three-days of doxycycline treatment were
found to be the shortest time period necessary to obtain a consistent increase in PGC-1α protein
levels (Figure 1A). At three days of PGC-1α induction mitochondrial genomic copy number
was unchanged (Figure 1B), mitochondrial respiration in response to glutamate/malate and to
palmitoylcarnitine was unchanged (data not shown) and the gene transcript levels of numerous
PGC-1α target genes were upregulated less than 2 fold in the double-transgene versus the
vehicle treated control mice (Figure 1C). To assess ischemia-reperfusion tolerance, isolated
mouse hearts were interrogated using the Langendorff perfusion apparatus and contractile
recovery and infarct size were assessed at numerous time points of ischemia followed by two
hours of reperfusion. Following 25 minutes of ischemia and 2 hours of reperfusion
(experimental protocol shown in Figure 2A), the recovery of left ventricular developed pressure
(LVDP, Figure 2B) and rate pressure product (RPP, Figure 2C) were significantly more
depressed in the PGC-1α transgene (LVDP 33.57 ± 7.07%; RPP 27.4 ± 5.2%) compared to
their littermate controls (LVDP 52.4 ± 6.45 %; RPP 45.0 ± 4.6) (n=12 per group, p < 0.03 for
both parameters). Despite these significant changes, a clear difference in ventricular infarct
size was not evident comparing the PGC-1α transgenic mice to littermate controls in this same
study sample (Figure 2D).

In light of the adverse effect of acute upregulation of PGC-1α in the heart, which contrasts to
salutary effects in other tissues, we employed Affymetrix gene array analysis to identify
putative targets that could mediate this effect. The heat map and gene array data are shown as
supplemental figures 1 and table 1 respectively. As would be expected the gene expression
profiles of numerous mitochondrial regulatory proteins and mitochondrial metabolic genes
were modestly induced in response to upregulation of PGC-1α. Two findings that were
intriguing with respect to the possible adverse response to PGC-1α upregulation included the
downregulation of the uncoupling protein 3 (UCP3) and the upregulation of adenine nucleotide
translocator - ANT1. As we have previously shown the requirement of UCP3 in protecting
both cardiac cells and skeletal muscle against oxidative stress [15, 16] we investigated whether
ANT1 induction contributes to PGC-1α-mediated reduction in oxidative stress tolerance.
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We initially employed RT-PCR to confirm the induction of ANT1 in the doxycycline inducible
mice. Following seventy-two hours of doxycycline administration ANT1 was shown to be
upregulated approximately 5-fold in the PGC-1α inducible mice compared to the doxycycline
treated control mice (Figure 3A). In order to manipulate ANT1 and PGC-1α in concert,
subsequent studies were performed in cardiac derived H9c2 cells. These cardiac cells have
previously been employed to study mechanisms modulating anoxia-reoxygenation tolerance
[16]. Infection of H9c2 cells with an adenoviral construct harboring PGC-1α resulted in a
significant upregulation of the transcript encoding for ANT1 (Figure 3B) with a parallel and
robust induction of the steady-state protein levels of ANT1 (Figure 3C). siRNA targeting of
ANT1 was employed to evaluate whether the knockdown of this mitochondrial protein would
modulate PGC-1α-induced effects on H9c2 cell viability. In parallel with the overexpression
of PGC-1α, the knockdown of ANT1 reduces ANT1 levels by ≈ 15 percent, p = 0.001 (Figure
3D) which functionally results in a similar percent reduction in cellular ATP levels compared
to the overexpression of PGC-1α and scrambled siRNA, p = 0.013 (Figure 3E).

To delineate the functional effect of ANT1 induction in response to PGC-1α, we explored the
differential effects of manipulating these proteins on H9c2 cell viability in response to anoxia-
reoxygenation and to the ability to maintain the mitochondrial membrane potential in response
to H2O2 induced oxidative stress. In parallel with the murine findings, the infection of H9c2
cells with PGC-1α resulted in increased cell injury versus adenoviral control vector treated
H9c2 cells in response to an anoxia-reoxygenation insult (Figure 4A). Interestingly, the
knockdown of ANT1 alone enhanced resilience to anoxia-reoxygenation injury and the
combined overexpression of PGC-1α with the depletion of ANT1 restores anoxia-
reoxygenation tolerance to control levels (Figure 4A). As the knockdown of ANT1 has recently
been shown to desensitize the mitochondrial permeability transition in the brain [17], we
investigated whether the knockdown of ANT1 would blunt the loss of the mitochondrial
membrane potential in PGC-1α-overexpressing cells in response to oxidative stress. In
response to H2O2, the reduction in ANT1 levels in PGC-1α infected cells maintained their
relative mitochondrial membrane potential to a greater degree compared to PGC-1α infected
cells in the presence of scrambled siRNA (Figure 4B). Taken together, these data implicate the
induction of ANT1 levels as a mediator of the adverse stress-tolerant phenotype in cardiac
derived H9c2 cells in response to transient robust upregulation of PGC-1α and would support
a similar action in the intact heart, although this was not directly assessed.

Discussion
The major findings in this paper show that despite salutary effects in other tissues, transient
induction of PGC-1α in the heart diminishes cardiac contractile recovery in response to an
ischemia-reperfusion insult. Furthermore, these data implicate the upregulation of ANT-1 in
response to PGC-1α induction as a component of this adverse phenotype. The role of ANT-1
in this stress-tolerance program is validated in cardiac derived H9c2 cells as ANT-1 knockdown
abolishes the detrimental response to PGC-1α following anoxia-reoxygenation cell injury and
in response to H2O2 stress.

As PGC-1α is a transcriptional coactivator, its induction is associated with a plethora of gene
regulatory events that modulate mitochondrial biogenesis [7,18], metabolic substrate
utilization [19] and antioxidant defense programs [9]. Robust or chronic induction of this
transcriptional coactivator has been shown to be detrimental in the heart, as it promotes the
excessive proliferation of mitochondria that are thought to structurally impede the
cardiomyocyte contractile machinery [7]. However, transient induction has been shown to
evoke ameliorative effects against neuronal cell oxidative stress [8], in improving skeletal
muscle insulin resistance [13,19] and in upregulating anti-oxidant enzymes in skeletal muscle
[9]. Moreover, in delayed ischemic preconditioning in the heart, the transcript of PGC-1α and

Lynn et al. Page 5

J Mol Cell Cardiol. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cognate target protein levels are transiently induced by the sublethal transient ischemic
preconditioning stress [10]. Based on these collective data, we hypothesized that the isolated
and transient induction of PGC-1α in the heart would have salutary effects against ischemia-
reperfusion injury. This hypothesis was tested in transgenic mice with cardiac restricted
doxycycline inducible induction of PGC-1α for a 72 hour period. Despite no robust effect on
mitochondrial biogenesis, this regulatory perturbation worsened post-ischemic contractile
function in the isolated perfused mouse heart. This detrimental effect was probably not related
to the model system in that infection of cardiac derived H9c2 cells also show diminished
tolerance to anoxia-reoxygenation and oxidative stress. Hence, despite the advantageous effect
of transient induction of this regulatory coactivator in other cell types, these salutary effects
are not operational in the heart or in cardiac-derived transformed myoblasts. Although the role
of PGC-1α has not been functionally validated, the difference in these data with the transient
induction of PGC-1α in response to delayed ischemic preconditioning may hypothetically be
explained by the myriad of additional ‘triggers’ induced by delayed preconditioning (reviewed
[20,21]) that are likely not present with the isolated induction of PGC-1α.

As the murine results invalidated our initial hypothesis, we employed unbiased techniques to
identify potential candidates that could confer stress susceptibility. In addition to
transcriptional regulation PGC-1α has previously been shown to function by binding to, and
promoting alternative splicing of RNA [22]. To evaluate whether the regulation of alternatively
splice transcripts could be implicated in this phenotype we isolated RNA from the cardiac
tissue of the doxycycline induced PGC-1 overexpressing and control heart tissue. Interestingly,
at least in the heart, no evidence of alternate splice variants were identified using the Affymetrix
exon array chips (data not shown). We then explored gene array profiles by Affymetrix
expression array analysis. Multiple nuclear encoded mitochondrial transcripts were induced
by PGC-1α and these are shown in the supplemental data. The two most interesting transcripts
with respect to putative affectors of the phenotype found were the significant downregulation
of UCP3 and the induction of ANT1 following PGC-1α overexpression. We focused on ANT1
as the overexpression of this translocator isoform has previously been shown to promote cell
death in numerous transformed cell lines [23]. More recently the overexpression of ANT1 in
cardiomyocytes has been shown to induce a gene-dose dependent increase in cell death,
independent of mitochondrial permeability transition [24]. In parallel, in ANT1 knockout mice,
brain mitochondria show increased resistance to calcium-induced mitochondrial permeability
transition [17]. Furthermore, data suggests that an increase in the ratio of ANT1 to ANT2 may
have detrimental effects [25]. This change in ratio has been shown to diminish the efficiency
of nucleotide transfer [26] and a change in this ratio of ANT1 to ANT2 has recently been
implicated in skeletal muscle mitochondrial dysfunction in pacing-induced heart failure in dogs
[27]. Finally, the activation of ANT has been shown to be instrumental in mitochondrial
uncoupling associated with ischemia-reperfusion injury in the heart [28]. Although the majority
of data suggest an increase in ANT is detrimental, one study with transgenic overexpression
of ANT1 in the mouse heart has been shown to have a beneficial effect in preventing contractile
dysfunction in response to severe hyperglycemia in streptozotocin induced diabetic mice
[29]. In this study, the induction of ANT1 following short-term PGC-1α activation is modest,
and is not associated with any change in contractile function at baseline in these mice. In
parallel, the upregulation of ANT1 in H9c2 cells in response to infection with PGC-1α is not
associated with reduced basal cell viability. However, cardiac contractile recovery and cell
viability and the maintenance of the mitochondrial membrane potential in H9c2 cells following
ischemia-reperfusion, anoxia-reoxygenation and H2O2 stress respectively is attenuated in
association with this induction of ANT1. The direct implication of ANT1 in this phenotype is
shown in the H9c2 cells, where genetic knockdown of ANT1 in parallel with PGC-1α infection
rescues this detrimental phenotype.
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The adverse effects of PGC-1α induction appear to be operational in the model systems
employed in this study. However, several limitations of this study need to be recognized.
Firstly, and most importantly, the adverse effects of transient isolated PGC-1α induction in the
heart is primarily evident as diminished contractile recovery and was not replicated by an
increase in the degree of myocardial infarction. Possible explanations for this discrepancy
include that as PGC-1α primarily regulates metabolic programs it is feasible that its effect
predominantly modulates the degree of stunning [30] following ischemia/reperfusion rather
than infarct size. Additionally, as the FVB strain of mouse has been shown to exhibit greater
resistance to infarction following myocardial ischemia compared to the more commonly used
C57Bl/6 strain [31], and as the inducible PGC-1α transgene is incorporated into the FVB
background in this study, it may be possible that the capacity to demonstrate a difference in
infarct size in this strain is less robust. The second limitation to this study is the use of the H9c2
myoblast cell line. Although these cells are derived from the heart and include numerous
cardiomyocyte characteristics [32], it is a transformed dividing cell line which is quite distinct
from the predominantly post-mitotic heart. Moreover, the H9c2 line is known not to be a faithful
reporter of the heart phenotype in that it expresses both cardiac and skeletal muscle calcium
channels [33]. Hence, a caveat exists with respect to extending the findings from this cell line
to the intact heart and our findings need to be interpreted in this context.

In conclusion, studies to date suggest that the modest and transient induction of PGC-1α does
have salutary effects in multiple tissue types and in response to various biological stressors.
These data have even stimulated the search for small molecular activators of PGC-1α [34].
However, our data cautions whether even lows levels or transient isolated induction of
PGC-1α is appropriate as a putative adaptive mediator in cardiac ischemia-reperfusion and/or
oxidative stress. Furthermore, this study demonstrates that the deleterious effect of PGC-1α
induction is mediated, at least in part, by the upregulation of ANT1 in cardiac derived H9c2
cells.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A) Western blot analysis shows upregulation of the PGC-1α after 72 hours of doxycycline
administration to the mice. The lower non-specific band shows equal loading. B) Mitochondrial
copy number as measured by the ratio of mitochondrial genomic transcripts (ND1 or cyt B) to
genomic DNA (18s). ND1 – NADH dehydrogenase subunit 1, cyt B – cytochrome B. C)
Relative transcript induction following doxycycline administration to mice. The grey shaded
box represents the controls normalized to = 1. UCP2 – uncoupling protein 2, cyt c – cytochrome
c, NRF1 – nuclear respiratory factor 1.
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Figure 2.
A) Schematic of time frame of study to investigate cardiac contractile recovery in the isolated
perfused mouse hearts. B) Recovery of LVDP after a 25-minute ischemic period and 2-hour
reperfusion. C) Recovery of rate pressure product following a 25-minute ischemic period and
2-hour reperfusion. Asterisk represents a p value of < 0.03 in both histograms versus their
respective controls. D) Infarct size determination following the same ischemic-reperfusion
insult. Twelve mice were used in each group for these experiments.
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Figure 3.
A) RT-PCR analysis of ANT1 expression in mouse hearts following 3-day doxycycline-
induced PGC1α expression. ANT1 expression is normalized to 18s and expressed as percentage
of controls. N=6, * p < 0.05 versus control mice. B) RT-PCR analysis of ANT1 in H9c2 after
48 h infection with either adenoviral PGC-1α (Ad-PGC) or adenoviral GFP (Ad-GFP) control.
Results were normalized versus 18s and expressed as fold-change versus Ad-GFP. N = 6, * p
< 0.05 versus Ad-GFP. C) Densitometric quantification of ANT1 protein in H9c2 after 48 h
infection by Ad-PGC-1α or Ad-GFP, measured by Western immunoblot analysis. Actin was
used to evaluate protein loading. Upper panel, representative Western immunoblot. N = 3
experiments in duplicate, * p < 0.05 versus Ad-GFP. D) Western blot of ANT1 expression in
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PGC-1α transfected H9c2 cells with or without ANT1 siRNA after 72 hours. Densitometric
quantification of ANT1 protein in H9c2 mitochondria. NDUFa9 expression shows
mitochondrial protein levels (n = 4 per group, * p < 0.01 versus scrambled siRNA) E) ATP
levels in H9c2 cells used in experiments show decreased ATP with knockdown of ANT1. n =
4–5 per group, * p < 0.05 versus scrambled siRNA.
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Figure 4.
A) Relative LDH release in H9c2 treated with Ad-PGC-1α or ANT1 siRNA, or both in
combination. After 48 h treatment, H9c2 were subject to 17 h anoxia – 2 h reperfusion with
subsequent determination of LDH release. N = 6, * p < 0.05 versus control (Con), ** p < 0.05
versus Ad-PGC. B) Mitochondrial membrane potential in H9c2 cells as measured by flow
cytometery with TMRM. At 72 hours post-transfection, cells were treated with 1 mM H2O2
for 30 minutes. The graph is a comparison of geometric means between 3–5 experiments
relative to the control geometric mean. * p <0.05 versus control and ** p<0.05 versus
PGC1α with H2O2.
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