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Abstract
The role of caspase-independent apoptotic events in heart failure is largely unknown. The present
study examined the response of apoptotic factors, which can function independently of caspase
machinery including AIF, EndoG, and HtrA2/Omi to high salt diet-induced pathologic heart failure
and exercise-induced physiologic cardiac hypertrophy. Following ~4 months of a daily diet
containing 6% salt, animals developed clinical evidence of heart failure accompanied by changes in
AIF, EndoG, and HtrA2/Omi. Assessment of the mitochondria-free cytosolic fraction revealed
cytosolic accumulations of AIF and processed HtrA2/Omi in the failed ventricle muscles. The
subcellular translocation of AIF from mitochondria to cytosol and nuclei was supported by
immunofluorescent analysis using confocal microscopy. However, according to our RT-PCR
analyses, AIF and EndoG mRNA were decreased, rather than elevated, in the failed heart relative to
control heart. No difference in any of the measured parameters of AIF, EndoG, and HtrA2/Omi was
found in the ventricle muscle of either exercise-trained or 6 weeks high salt diet fed animals compared
to controls. These findings are consistent with the hypothesis that caspase-independent events are
involved in cardiac apoptosis during the late remodeling stage of pathologic heart failure.
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INTRODUCTION
A growing body of evidence suggests that cardiac apoptosis plays an important role in the
development of heart failure [1,2]. Specifically, it has been proposed that the activation of the
apoptotic program is a transitional process during which the heart is remodeled from early
cardiac hypertrophy to the decline of contractile performance [3]. It is important that
accelerated cardiac apoptosis not only detrimentally influences the physiologic function of the
heart by causing non-replaceable lose of vital cardiomyocytes, but that continuing cardiac cell
death also exacerbates the situation by introducing further compensatory overload and
hypertrophy in the existing cardiomyocytes, thus hastening the pathologic transition of the
remaining cardiac tissue. Based on the tightly regulated biochemical nature of apoptosis, it is
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to be hoped that regimens effectively remedying fatal heart failure would emerge on the
discovery of methods to rectify aberrant cardiac apoptosis. Consequently, it is crucial to fully
understand the regulatory mechanisms that contribute to the promotion of the apoptotic
signaling during heart failure.

In addition to the intrinsic mitochondrial and extrinsic death receptor apoptotic pathways, the
signaling events contributing to apoptosis can be further sorted into caspase-dependent and
caspase-independent pathways. With respect to the caspase-independent pathway, a cluster of
cellular factors including apoptosis-inducing factor (AIF), endonuclease G (EndoG) and high
temperature requirement protein A2 (HtrA2/Omi) have been shown to be able to induce
apoptosis without the mediation of the caspases, the central apoptosis executing proteases
[4–6]. Some suggest that AIF, a mitochondrial flavoprotein, has both oxidoreductase and
apoptosis-inducing activities [7]. Although its precise physiologic functions are unclear, the
apoptotic character of AIF has been well demonstrated and it is believed that its apoptotic trait
might be attributable to a putative DNA binding site responsible for chromatin condensation
and DNA fragmentation [8]. EndoG, an evolutionarily conserved, nuclear-encoded
endonuclease, has also been shown to have chromosomal DNA cleavage ability in a caspase-
independent manner [6]. In contrast, the mechanistic properties of serine protease HtrA2/Omi
in causing apoptosis are relatively ambiguous. It has been thought that, similar to Smac/
DIABLO, HtrA2/Omi promotes apoptosis by inhibiting the apoptosis-suppressing activities
of inhibitor of apoptosis proteins (IAPs) through a caspase-associated process [9]. However,
there are also data suggesting that HtrA2/Omi might be able to induce apoptosis by means of
its proteolytic activity without caspase activation [10,4]. Due to the scarcity of the existing data
on the apoptotic function of AIF, EndoG and HtrA2/Omi in pathologic cardiac conditions, the
precise regulatory mechanisms and the interdependence of these cellular factors in caspase-
independent pro-apoptotic signaling are largely unclear. Nevertheless, it is known that these
caspase-independent factors are normally resident in mitochondrial intermembrane space. In
response to apoptotic stimuli, their apoptotic functions are activated following their release to
the cytosol by a less defined mechanism [4–6].

Although the activation of apoptosis and caspase-related apoptotic factors have been
demonstrated in high salt (HS) diet-induced heart failure [11], it is uncertain whether the
apoptotic factors that can function independently of caspase dependent mechanisms may also
be involved. Therefore, this study investigated the responses of AIF, EndoG, and HtrA2/Omi
to pathologic heart failure induced by HS diet and physiologic cardiac hypertrophy as induced
by exercise training. The rationale of examining AIF, EndoG and HtrA2/Omi is based on their
evidently shown capabilities in mediating the pro-apoptotic pathway and the activation of
apoptosis without the involvement of caspases. We tested the hypothesis that caspase-
independent apoptotic factors are responsive to heart failure induced by a pathologic stimulus,
but not during physiologic cardiac hypertrophy.

MATERIALS AND METHODS
Animal models

Experiments were conducted using female Dahl salt-sensitive rats (Harlan, Indianapolis, IN)
housed in pathogen-free conditions at ~20°C and a reverse daily 12:12 h light:dark cycle. The
animal care standards were in accordance with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals and all experimental procedures carried out with approval
from the Institutional Animal Care and Use Committee of Beth Israel Deaconess Medical
Center.
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Induction of physiologic cardiac hypertrophy and heart failure
The experimental procedures of the exercise-induced physiologic cardiac hypertrophy and the
HS diet-induced pathologic heart failure were previously described [11,12]. In brief, at 6 weeks
of age, rats in the exercise group exercised daily on a rodent treadmill (Columbus Instruments,
Columbus, OH) following a modified training program which comprised a 3-wk progressive
intensity-increasing period followed by a 3-wk maintenance period [13,14]. Animals exercised
at the running speed of 20 m/min at a 5° incline for 90 min per session in the maintenance
period. For HS diet and failure groups, animals were fed a 6% sodium chloride diet at 6 weeks
of age to induce pressure-overload pathologic cardiac hypertrophy and subsequent heart
failure. Animals developed pathologic cardiac hypertrophy by 12 weeks of age (6 weeks of
HS diet) and clinical evidence of heart failure following 13–15 wk of HS diet [11,12]. All
animals died after 15–17 weeks of HS diet. Age-matched sedentary animals fed normal rat
chow served as control animals. Immediately after animals were sacrificed, left ventricle tissues
were dissected and frozen in liquid nitrogen and stored at −80°C until used for analyses.

Echocardiography
Echocardiography was performed according to previously described protocol [11,12]. Rats
were anesthetized with an intraperitoneal injection of ketamine HCl (50 mg/kg) and xylazine
(10 mg/kg). Echocardiography was performed in prone decubitus position with a Hewlett-
Packard Sonos 1500 sector scanner equipped with a 7.5 MHz phased-array transducer. Anterior
and posterior wall thickness and LV internal dimensions were measured according to the
leading-edge method of the American Society of Echocardiography.

Semi-quantitative RT-PCR analyses
Total RNA was extracted from the left ventricle myocardium with TRIzol Reagent (Invitrogen
Life Technologies, Bethesda, MD). Frozen ventricle muscle was mechanically homogenized
on ice in 1 ml of ice-cold TRIzol. Total RNA was solubilized in DEPC-treated RNase-free
H2O and quantified in duplicate by measuring the optical density (OD) at 260 nm. Purity of
RNA was assured by examining the OD260/OD280 ratio. Five micrograms of RNA was reverse
transcribed by using Superscript First-strand Synthesis System (Invitrogen Life Technologies,
Bethesda, MD) with oligo(dT) primers and Superscript II reverse transcriptase (RT) in a total
volume of 20 μl according to standard methods. Control RT reaction was performed in which
the RT enzyme was omitted and the control RT reaction was PCR amplified to ensure that
DNA did not contaminate the RNA. One microliter of complementary DNA (cDNA) was then
amplified by PCR using 2 pmol of forward and reverse primers of the gene of interest, 1 pmol
of ribosomal 18S forward and reverse primers, 200 μM deoxyribonucleotide triphosphates
(dNTPs), 1 x PCR buffer, and 1 unit of Taq DNA polymerase (Promega, Madison, WI) in a
final volume of 20 μl. PCR was performed using a peltier thermocycler (PTC-200, Scientific
Support Inc., Hayward, CA). PCR reactions were performed at an annealing temperature of
60°C for 30 cycles. Preliminary experiments were conducted with each gene to assure that the
number of cycles represented a linear portion of the PCR optical density curve for the samples.
The primer pairs were designed from sequences published in GenBank (Table 1) and PCR
products were verified by restriction enzyme digestions. The cDNA from all samples were
amplified simultaneously using aliquots from the same PCR mixture. After PCR amplification,
reaction product was electrophoresed on 1.2% agarose gels and stained with ethidium bromide.
Images were captured and the signals were quantified in arbitrary units as optical density (OD)
x band area using ImageJ image analysis system. Ribosomal 18S primers acted as internal
controls and all RT-PCR signals were normalized to the 18S signal of the corresponding RT
product to eliminate the measurement error from uneven sample loading and provide a semi-
quantitative measure of the relative changes in gene expression.
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Western immunoblot analyses
Protein abundances of AIF, EndoG, and HtrA2/Omi were examined in the mitochondrial and
cytosolic S-100 fractions. Protein samples were boiled for 5 min at 95°C in loading buffer,
loaded on each lane of a 12% polyacrylamide gel and separated by SDS-PAGE. The gels were
blotted to methanol-treated PVDF membranes (Millipore, Bedford, MA) and stained with
Ponceau S red (Sigma Chemical Co, St Louis, MO) to verify equal loading and transferring of
proteins to the membrane in each lane. The membranes were blocked in 5% non-fat milk in
Tris buffered saline with 0.05% Tween 20 (TBS-T) at room temperature for 1 h and then probed
with an anti-AIF rabbit polyclonal antibody (BD Pharmingen, San Diego, CA), anti-EndoG
rabbit polyclonal antibody (ProSci, Poway, CA), or anti-HtrA2/Omi rabbit polyclonal antibody
(R&D, Minneapolis, MN) diluted in TBS-T with 2% milk at 4°C overnight. Secondary
antibodies conjugated to horseradish peroxidase (Jackson Immuno Research, West Grove, PA)
were used to detect the signals using Western Lightning Chemiluminescence Reagent Plus
(Perkin Elmer Life Science, Boston, MA). The molecular sizes of the proteins were verified
by using Precision Plus pre-stained standard (Bio-Rad, Hercules, CA). COXIV and GAPDH
were probed in the blots as internal controls for loading. The signals were then visualized by
exposing the membranes to X-ray films. Resulting bands were quantified as optical density
(OD) × band area by ImageJ image analysis system and recorded in arbitrary units.

Subcellular protein fractionation
The fractionation method described by Clark et al. [15] was adopted with minor modifications
to extract the mitochondrial and cytosolic S-100 fractions from frozen ventricular tissues.
Briefly, ventricle muscle was homogenized on ice with 100 strokes of a glass homogenizer in
ice-cold lysis buffer (10 mM NaCl, 1.5 mM MgCl2, 120 mM HEPES, pH 7.5, 1 mM EDTA,
1 mM EGTA, 1 mM DTT, 0.1 mM PMSF, and 250 mM sucrose) supplemented with a protease
inhibitor cocktail. Following centrifuging at 1,050 g for 15 min at 4°C to pellet the nuclei and
cell debris, the supernatants were collected and further centrifuged three times at 1,050 rpm
for 15 min at 4°C to remove residual nuclei. The supernatants were then centrifuged at 15,000
g for 20 min at 4°C, and the resulting mitochondrial pellets were washed, resuspended, and
stored as the mitochondrial protein fraction. The supernatants from the 15,000 g spin were then
ultra-centrifuged at 100,000 g for 1 h at 4°C, and the final supernatants were stored as the pure
S-100 cytosolic protein fraction. The purity of the extracted protein fractions was assessed by
immunoblots with an anti-GAPDH (a cytosolic protein; RDI, Flanders, NJ) and anti-COXIV
(a mitochondrial protein; Molecular Probes, Eugene, OR) antibody. The protein contents of
the extracts were quantified in duplicate by Protein Assay (BioRad, Hercules, CA) based on
the method of Bradford. Protein measurements were performed at 595 nm with a
spectrophotometer.

Immunofluorescent and TUNEL staining
Frozen 5 μm-thick ventricle muscle cross sections from all groups were cut in a freezing
cryostat at −20°C and placed on the same glass slide to control for processing differences (e.g.,
incubation time, temperature, etc.). The sections were air dried at room temperature, fixed in
4% paraformaldehyde in PBS, pH 7.4 at room temperature for 20 min, permeabilized with
0.1% Triton X-100 in 0.1% sodium citrate at 4°C for 3 min, and incubated with fluorescein-
conjugated TUNEL reaction mixture (Roche Applied Science, Indianapolis, IN) in a
humidified chamber at 37°C for 1 h in the dark. Positive control experiments were performed
by treating the sections with DNaseI before the TUNEL reaction mixture incubation, whereas
negative control experiments were done by omitting the TdT enzyme in the TUNEL reaction
mixture on the tissue sections. The sections were then blocked in 10% donkey serum in PBS
at room temperature for 30 min following permeabilization with 0.5% Triton in 0.02% saponin/
PBS for 10 min. After washes in PBS, sections were incubated with an anti-AIF rabbit
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polyclonal antibody overnight at 4°C followed by an anti-rabbit IgG rhodamin conjugated
secondary antibody incubation (Sigma, St Louis, MO) for 1 h at 4°C. Negative control
experiments omitted the AIF antibody from the tissue sections. The sections were then
incubated with To-Pro-3 staining solution (Molecular Probes, Eugene, OR) to visualize nuclei,
and finally mounted with mounting medium (Vector Laboratories, Burlingame, CA). TUNEL,
To-Pro-3 nuclear, and AIF staining were examined under a confocal fluorescence microscope
(BioRad 1024 with Nikon E800). Images were obtained and stacked using a digital camera
and software (Lasersharp 2000).

Statistical analyses
Statistical analyses were conducted using one-way ANOVA and Tukey’s tests for post hoc
differences between group means. Statistical significance was accepted at P < 0.05. Data are
given as means ± standard error of mean (SE).

RESULTS
Animal models of cardiac hypertrophy and heart failure

There was significant cardiac hypertrophy in both exercise (EX) and HS diet groups at 12
weeks of age (6 weeks after HS diet) compared to the age matched control. Echocardiographic
analysis showed a significant increase in anterior wall thickness of the EX group and the HS
group (Table 2). However, neither group had significant changes in fractional shortening
consistent with cardiac hypertrophy with preserved cardiac function. Continuation of the HS
diet resulted in a further increase in wall thickness and LV chamber diameter that progressed
to a decrease in fractional shortening consistent with hypertensive dilated cardiomyopathy
(Table 2). These rats also demonstrated clinical evidence of heart failure and ultimately death.
Pathological examination of EX and HS rats at 12 weeks of age showed significant increases
in heart weight without significant changes in other organ weights (Table 3). Again, with
continued HS diet, there were significant decreases in body weight due to cardiac cachexia, a
nearly two-fold increase in heart weight, and significant increases in the lung and liver weights
consistent with left- and right-sided heart failure, respectively (Table 3).

Total endogenous and subcellular protein levels
We found that there were high endogenous protein levels of AIF, EndoG, and HtrA/Omi in
whole adult cardiac tissue (Figure 1). AIF was also expressed abundantly in the liver and to a
lesser degree in skeletal muscle. EndoG was expressed at high levels in the heart and the liver.
HtrA2/Omi was ubiquitously expressed in all tissues examined, but a high expression level of
the processed form was observed specifically in heart (Figure 1).

Assessment of the purity of the extracted protein fractions by anti-GAPDH (a cytosolic protein)
and anti-COXIV (a mitochondrial protein) antibodies revealed good subcellular fractionation
(Figure 2A). Western immunoblot analyses on the extracted fractions demonstrated that the
protein abundances of AIF, EndoG and HtrA2/Omi in mitochondria, the main residing pool
of these caspase-independent factors, were not different in the ventricular samples of the failed
or exercise-trained animals when compared to the control animals (Figure 2B). However, the
results from the S-100 cytosolic fraction showed that, in the failed ventricular sample, AIF
protein content was markedly elevated in the cytosolic portion (Figure 2C and 2D). Since AIF
is normally housed inside the mitochondria, this observation suggested that there was a release
of AIF from mitochondria to cytosol in our HS diet-induced failed heart. There were no
significant increases in cytosolic AIF in either physiologic or pathologic hypertrophied hearts.
Furthermore, the cytosolic protein abundance of HtrA2/Omi was found to increase in only the
failed heart, and not in either form of cardiac hypertrophy. The increase reached the level of
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statistical significance for the processed HtrA2/Omi but not precursor HtrA2/Omi (Figure 2C
and 2D). EndoG was not significantly increased in any group compared to the control heart.

Relationship between AIF subcellular localization and apoptosis
In order to examine the relationship between AIF subcellular localization and apoptosis, we
performed co-immunofluorescent staining for AIF and TUNEL. The immunostaining pattern
of AIF in control heart tissue showed punctuated AIF staining suggesting predominately
mitochondrial localization at baseline (Figure 3A). In contrast, failed heart demonstrated a
more diffused immunostaining pattern for AIF (Figure 3B). There was also rare, but apparent,
co-localization of the AIF staining and the TUNEL-positive nuclei suggesting the incidence
of nuclear translocation of AIF in the failed heart sample (Figure 3B, 3D, 3F, 3H).

Expression of mRNA contents
Our semi-quantitative RT-PCR analyses indicated that the amounts of mRNA transcript for
AIF and EndoG in the failed heart were reduced relative to the control heart (Figure 4). Again,
neither type of hypertrophied heart showed any significant change compared to the control .
For HtrA2/Omi mRNA content, there was no significant change in all four groups examined.

DISCUSSION
Although the presence of apoptosis during heart failure has been clearly demonstrated [1,16],
the exact mechanisms responsible for the activation of the apoptotic signaling pathway leading
to the death of cardiomyocytes remain to be fully identified. In this study, we have provided
descriptive evidence suggesting that caspase-independent apoptotic events are also activated
in the late stage of HS-induced heart failure and are involved in the regulation of cardiac
apoptosis. Our previous study showed that the caspase-dependent mechanism may be activated
in pathologic cardiac hypertrophy, but not in physiologic hypertrophy [11]. Since no significant
increase in the caspase-independent cascade was observed in pathologic cardiac hypertrophy,
our current findings suggest that activation of caspase-independent pathway likely occurs later
in the development of heart failure. Furthermore, we demonstrated that apoptotic factors AIF
and HtrA2/Omi were accumulated in the cytosol in heart failure. The incidence of
mitochondrial release and nuclear translocation of AIF in the failed heart seemed to be
supported by the result of TUNEL/immunofluorescent staining. These findings are consistent
with the hypothesis that caspase-independent apoptotic factors contribute to the activation of
cardiac apoptosis in heart failure. Another notable finding in this study is that the mRNA level
of AIF and EndoG were markedly decreased in the failed heart. This finding supports our
previous observation of secondary anti-apoptotic changes or activation of the survival gene
program in the very end stage of heart failure [11].

In this study, we first revealed relatively high endogenous protein level of AIF, EndoG, and
HtrA2/Omi in the heart compared to other organs. This leads to the speculation that these
factors might have certain physiologic functions in mature cardiomyocytes. Caspase-
independent apoptotic signaling is principally driven by these specific, mitochondrial apoptotic
factors that are released to cytosol in response to apoptotic stimulation. Thus, the accumulation
of AIF and HtrA2/Omi in the cytosolic fraction of failed heart lead to a suggestion that the
caspase-independent machinery may have contributed to the execution of apoptosis during
heart failure. Indeed, there have been a few studies that examined the role of caspase-
independent factors in different cardiac pathological conditions. Liu and colleagues [17]
demonstrated that ischemia-reperfusion results in translocation of HtrA2/Omi from
mitochondria to cytosol in the mouse heart. By using a specific HtrA2/Omi inhibitor (ucf-101),
the important role of HtrA2/Omi in cardiac ischemia-reperfusion injury was exhibited based
on the improvements of TUNEL-mediated apoptosis staining, incidence of DNA ladder
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fragmentation, and infarct size following the inhibition of HtrA2/Omi [17]. In a recent study
conducted by Bahi and coworkers [18], the release of EndoG together with cytochrome c and
AIF from mitochondria to cytosol in rat postnatal differentiated cardiomyocytes was shown to
be induced by cardiac ischemia. By knocking down the expression of EndoG using lentivirus-
mediated shRNA, they demonstrated the essential role of EndoG in the ischemia-induced
caspase-independent DNA degradation/processing in differentiated neonatal cardiomyocytes
[18].

Compared to EndoG and HtrA2/Omi, AIF has been relatively well studied. However, the role
of AIF in cardiac cell death is still unclear since it has been shown in the literature that AIF
may function as both pro-apoptotic and pro-survival factor. AIF was first discovered as a
mitochondrial effector of apoptotic cell death working independently of the caspase machinery
[19]. With a focus on the pro-apoptotic role of AIF in cardiovascular diseases, the involvement
of AIF have been consistently demonstrated in several different cardiac cell death settings, as,
for example, in ischemia-reperfusion, oxidative stress (i.e., hydrogen peroxide) exposure in
vitro, and heart failure induced by transverse aortic constriction/banding [20–22]. Kim and
colleagues [21] demonstrated the accumulation of AIF in the cytosolic and nuclear fractions
of heart following ischemia-reperfusion whereas AIF was found to be confined only in
mitochondria in control heart. They also reported that the ischemia-reperfusion-induced release
of AIF and the extent of DNA fragmentation were attenuated by ischemic precondition. Chen
and coworkers [20] showed that, in murine cardiomyocytes, challenge with hydrogen peroxide
resulted in the release of cytochrome c and mitochondrial-to-nuclear translocation of AIF. By
comparing wild-type and PARP-1-deficient myocytes, they also provided evidence showing
that PARP-1 might directly or indirectly be involved in the regulation of AIF translocation
subjected to oxidative stress [20]. By using a mouse heart failure model induced by transverse
aortic banding, the mitochondrial-to-nuclear translocation of AIF was also exhibited while the
extent of translocation was attenuated by inhibition of the activation of PARP-1 either through
the isoindolinone-based PARP inhibitor (INO-1001) or PARP-1 genetic deficient mice [22].
While these data have related AIF to the incidence of cardiac apoptosis, it is worthy noting that
PARP-1 has been suggested to play an important mediating role in the regulation of the release
and translocation of AIF and therefore subsequent activation of caspase-independent apoptosis
in ischemia-reperfusion and heart failure [23,22]. Although the exact role of PARP-1/AIF in
cardiac apoptosis is not fully understood, it has been suggested that energy deficit (i.e.,
depletion of NAD+and ATP) resulting from over-activation of PARP-1 due to oxidative stress-
induced DNA damage might be one of the events which initiates the release and translocation
of AIF during ischemia-reperfusion [23]. Nevertheless, the role of PARP in cardiac caspase-
independent apoptosis was not investigated in the present high salt diet-induced heart failure
model.

In regard to the pro-survival role of AIF, there has been some evidence indicating that AIF
may have an important role in mitochondrial respiration or even act as a cardiac antioxidant.
Deletion of AIF by homologous recombination or the suppression of AIF expression by siRNA
resulted in high lactate production and increased dependency on the glycolytic energy
generating process due to a remarkable reduction of respiratory chain complex I activity [7]
[24]. Joza et al. showed that animals that were cardiac and skeletal muscle-specifically deficient
in AIF developed severe dilated cardiomyopathy, heart failure, and skeletal atrophy
accompanied by impaired activity and protein expression of respiratory chain complex I,
defective mitochondrial respiratory function, a metabolic switch toward glucose metabolism,
and lactic acidosis. Van Empel et al. [25] demonstrated that cardiomyocytes isolated from
Hq mice, an AIF-deficient mouse mutant, were more sensitive to hydrogen peroxide-induced
cell death. The Hq hearts also showed more damage from ischemia-reperfusion and aortic
banding-induced heart failure. They provided data showing that AIF deficiency reduced the
ability of cardiac mitochondria to decompose hydrogen peroxide, suggesting that AIF may
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function as a cardiac antioxidant independent of mitochondrial complex activity [25]. A
subsequent study [26] substantiated the suggestion that AIF functions as an important cardiac
free radical scavenger by showing that EUK-8, a superoxide dismutase and catalase mimetic,
protected against pressure overload-induced heart failure in AIF-deficient Hq mice.
Nonetheless, further investigation is needed to fully understand the ambiguous role of AIF in
the development of heart failure.

According to the data indicating that the caspase-independent machinery was activated in the
end stage of heart failure, it was expected that the transcriptional profile of caspase-independent
apoptotic factors would be elevated. However, surprisingly, our RT-PCR analyses indicated
that the transcript abundance of AIF and EndoG in the failed heart was noticeably reduced
relative to the control heart, while that of HtrA2/Omi was unchanged. Our fractionated protein
data suggest that high salt diet-induced heart failure is associated with the subcellular
redistribution of caspase-independent factors as shown by the accumulation of protein
abundance of AIF and HtrA2/Omi in the mitochondria-free cytosolic fraction in the failed
heart. However, it is noted that no difference was found in the protein content of AIF, EndoG
and HtrA2/Omi in the mitochondrial fraction. Since mitochondrion is the major site for the
existence of these proteins, it appears that these caspase-independent factors do not respond
by changing the overall protein expression in the late developmental stage of heart failure, at
least at the time point being examined in the present study. To explain the discrepancy of the
mRNA and protein abundances, we speculate that there might be a time lag between the
responses of transcript and protein expression and thus consistency was not picked up at our
selected examination time point. We interpret this transcriptional response as a molecular
adaptation of a secondary switch to a pro-survival milieu in the very end stage of heart failure.
Indeed, the reduction of caspase-independent apoptotic factors mRNA level in the present
study is in agreement with the previously reported anti-apoptotic changes including decreases
in FAS, caspase-2, caspase-3 and Bax and increases in Bcl-2, Bcl-xL and XIAP during the late
stage of HS-induced heart failure [11]. Nonetheless, the exact physiological function of these
anti-apoptotic changes is still largely unknown.

In conclusion, we have provided descriptive evidence indicating that caspase-independent
apoptotic factors are associated with activation of the apoptotic program in HS diet-induced
heart failure, a reliable animal model in reproducing clinical evidence of heart failure. Our data
shows the activation of caspase-independent events including the release of apoptotic factors
AIF and HtrA2/Omi from mitochondria to cytosol and AIF nuclear translocation during the
end stage of HS diet-induced heart failure. Nevertheless, additional research is needed to fully
understand the precise mechanisms of caspase-independent signaling in the activation of
cardiac apoptosis in heart failure. Based on the previously reported early activation of caspase-
dependent events in pathologic cardiac hypertrophy and the present result that no significant
elevation of the caspase-independent factors was observed in pathologic cardiac hypertrophy,
it appears that activation of caspase-independent pathway likely occurs later in the development
of heart failure when compared to caspase-dependent pathway. However, the exact time frame
of the activation of caspase-dependent and -independent cascades in contributing to the
development of pathologic heart failure is still largely unknown. Further investigation aimed
at inhibiting both caspase-dependent and -independent pathways in the setting of heart failure
and other cardiac apoptosis-associated pathological situations is needed.
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Figure 1. Endogenous level of AIF, EndoG and HtrA2/Omi in different organs
The representative Western blot of AIF, EndoG, and HtrA2/Omi from rats. Sm, skeletal
muscle; Hr, heart; Br, brain; Lu, lung; Li, liver; Sp, spleen.
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Figure 2. Subcellular localization of AIF, EndoG, and HtrA2/Omi
A. Verification of the protein fraction purity. The purity of the extracted protein fractions was
examined by immunoblot of mitochondrial protein (MP) and cytosolic protein fractions (CP)
probed with anti-COXIV and anti-GAPDH antibodies. The mitochondrial and cytosolic protein
fractions were extracted from a same ventricle muscle and equal amount of protein was
employed in the immunoblot. B. Mitochondrial protein content of AIF, EndoG, and HtrA2/
Omi. The protein content of AIF, EndoG, and HtrA2/Omi was measured by Western
immunoblot in the mitochondria fraction. The insets show representative blots. Con, control;
Ex, exercise; HS, high salt; Fail, failed heart. C. Representative Western immunoblot of AIF,
EndoG, and HtrA2/Omi in the mitochondria-free cytosolic fraction. GAPDH was used as an
internal control. D. Quantification of cytosolic protein content of AIF, EndoG, and HtrA2/Omi.
The data are presented as means ± SE. *P < 0.05, data are significantly different from control
animals.
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Figure 3. AIF immunofluorescent staining
Immunofluorescent labeling of AIF was performed simultaneously with TUNEL staining. AIF
(red) stained with secondary rhodamin, TUNEL (green) stained with fluorescein, and nuclei
(blue) labeled using To-Pro-3. Image was obtained using ×2000 magnification.
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Figure 4. mRNA content of AIF, EndoG, and HtrA2/Omi
A. Representative semi-quantitative RT-PCR of AIF, EndoG, and HtrA2/Omi. 18S RNA is
shown for internal control. B. Quantification of the mRNA expression of AIF, EndoG, and
HtrA2/Omi. The data are presented as means ± SE. *P < 0.05, data are significantly different
from control animals.
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