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Abstract

Oxidative stress is critical for causing cardiac injuries
during ischemia-reperfusion (IR), yet the molecular
mechanism for this remains unclear. In the present
study, we observe that hypoxia and reoxygenation, a
component of ischemia, effectively induces apoptosis
in the cardiac myocytes from neonatal rats and it con-
comitantly leads to induction of GADD153, an apopto-
sis-related gene. Furthermore, IR injury of rat heart
showed a GADD153 overexpression in the ischemic
area where the TUNEL reaction was positive. A down-
regulation of cardiac ankyrin repeat protein (CARP)
was also observed in this ischemic area. Promoter de-
letion and reporter analysis revealed that hypoxia tran-
scriptionally activates a GADD153 promoter through
the AP-1 element in neonatal cardiomyocytes. Ectopic
overexpression of GADD153 resulted in the down-
regulation of CARP expression. Accordingly, the in-
duction of GADD153 mRNA were followed by the CARP
down-regulation in an in vivo rat coronary ischemia/re-

perfusion injury model. These results suggest that
GADD153 over-expression and the resulting down-
regulation of CARP may have causative roles in apop-
totic cell death during cardiac IR injury.

Keywords: ANKRD1 protein, human; apoptosis;
heart; reperfusion injury; transcription factor CHOP

Introduction

The heart is occasionally exposed to ischemia
during angina pectoris and myocardial infarction.
These ischemic episodes cause cellular damage
and cell loss, resulting in reduced cardiac function.
Apoptosis of cardiac myocytes is known to be a
cellular mechanism of the limited ischemic injury in
the heart, while prolonged ischemia appears to
primarily result in necrosis of the cardiac myocytes
(Gottlieb et al., 1994; Kajstura et al., 1996, 1998).
In addition, apoptosis in cardiac myocytes can be
induced by hypoxia (Long et al.,, 1997), serum
withdrawal (Sheng et al., 1997) or a combination of
hypoxia and glucose and serum deprivation
(Malhotra and Brosius, 1999). A better unders-
tanding of the mechanisms by which cardio-
myocytes undergo apoptosis following oxidative
stress would be helpful and this may also provide
additional targets in the future for treating ischemic
heart diseases. The expression of Fas antigen and
the intracellular signaling pathways activated by
p53 have been reported to be involved in the
regulation of hypoxia-induced apoptosis of neona-
tal rat cardiomyocytes (Tanaka et al., 1994; Long et
al.,, 1997). The JNK pathway or cyclin A/cdk2
activation plays an important role in signaling
oxidative stress-induced apoptosis in cardiomyo-
cytes (Turner et al., 1998; Adachi et al., 2001). The
expression of the pro-apoptotic gene BNIP3 has
recently been shown to contribute to apoptotic cell
death (Guo et al., 2001). However, it is still not
totally clear how hypoxia actually triggers cell
death in cardiomyocytes.

The growth arrest/DNA damage-inducible gene
153 (GADD153) encodes GADD153 protein (also
called CHOP-10), which belongs to the CCAAT/
enhancer protein (C/EBP) family of transcriptional
factors (Cao et al.,, 1991) that regulate the cell
cycle and apoptosis. GADD153 is transcriptionally
activated and it is highly expressed following treat-
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ment of cells with a variety of growth arrest and/or
DNA damaging factors (Fornace et al, 1988,
1989), such as calcium ionophores (Bartlett et al.,
1992), glucose deprivation (Carlson et al., 1993),
oxidative stress (Guyton et al., 1996), reductive
stress (Halleck et al., 1997), endoplasmic reticulum
stress (Wang et al., 1996) or activation of the acute
phase response (Eastman et al., 1996). GADD153
has been implicated in the commitment to growth
arrest or cell death. Microinjection of GADD153
induces 3T3 cells to arrest at the G+/S boundary
(Barone et al., 1994), while the ectopic expression
of GADD 153 causes M1 myeloblast leukemia cells
to undergo apoptosis (Matsumoto et al., 1996).
GADD153 was reported to sensitize cells to
endoplasmic reticulum stress through mechani-
sms that involve the down-regulation of Bcl-2 and
enhanced oxidant injury (McCullough et al., 2001).
Particularly, a hypoxia/oxidative stress-induced
GADD153 gene expression was found in both pul-
monary artery smooth muscle cells and vascular
smooth cells (Chen et al., 2000; Tang et al., 2002).
However, the studies to date have not explained
whether GADD153 is over-expressed and the
concomitant repression of CARP function during
oxidative stress-induced apoptosis in cardiomyo-
cytes in the rat heart. In this present study, we
found that GADD153 was overexpressed by hypo-
xia or by ischemia/perfusion injury in cardiomyo-
cytes, and that this overexpression as well as the
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resulting downregulation of CARP might be asso-
ciated with apoptotic cell death in in vivo rat model.
Therefore, we here address the molecular role of
these proteins during hypoxia/IR injury-induced
apoptosis in rat heart.

Results

Induction of GADD153 and downregulation of CARP
during hypoxia-induced apoptosis in the
cardiomyocytes from neonatal rat

The neonatal cardiac myocytes were cultured under
hypoxia (0.5% Oz, 5% CO2, and 94.5% N,) for the
time indicated and further incubated under nor-
moxia for over 4 h. Hypoxia/reoxygenation effecti-
vely induced apoptotic cell death in a time depen-
dent manner in the cultured cariomyocytes from
the neonatal rats. The apoptotic cells stained with
the DNA-binding dye DAPI revealed condensed
chromatin and fragmented nuclear morphologies
that were characteristic of apoptosis. Overnight
culture showed about 22.5% apoptosis at 24 h
(Figure 1A). To support those findings, DNA frag-
mentation was analyzed by gel electrophoresis.
The cells showed increased fragmentation of the
lower molecular weight DNAs in a time dependent
manner (data not shown). During the apoptotic cell
death, we identified that the GADD153 was propor-

Figure 1. Hypoxia induced apopto-
sis in cardiac myocytes and the con-
comitant GADD153 expression and
CARP downregulation. (A) Cariomy-
ocytes from neonatal rat were cul-
tured under hypoxic conditions and
the apoptotic cells were counted by
DAPI staining at the indicated time
intervals. The values represent the
mean = SE of three independent
experiments that were done in du-
plicate. (B) Thirty micrograms of the
extracted proteins were resolved by
12% SDS-PAGE and the proteins
were transferred to the membrane.
o" NV q>" The blots were probed with poly-
IR clonal antibodies against GADD153
and CARP and the blots were then
stripped and reprobed with a mono-
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tionally expressed, in a time dependent manner,
according to hypoxia induced-apoptotic cell death
of the rat neonatal cardiac myocytes. Concomi-
tantly, CARP is downregulated by hypoxia in a time
dependent manner (Figure 1B).

Immunoreactivity for GADD153 or CARP in cardiac
ischemia reperfusion injury

We prepared a rat ischemia-reperfusion injury
model. First, the size of infarct was assessed by
Evans blue and TTC staining after 45 min of
ischemia and 90 min of reperfusion. The viable
myocardium was stained red and the infarcted
myocardium appeared as pale yellow in the ante-
rior wall of the left ventricle (Figure 2A, left). Accor-
dingly, the myocardium was immunohistochemi-
cally stained with the antibody for GADD153
(Figure 2A, middle) or CARP (Figure 2A, right), res-
pectively. The area adjacent to the TTC negative
staining and the area of TTC negative staining
grossly showed immunoreactivity for GADD153
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and weaker immunoreactivity for CARP, respec-
tively, than the TTC positive stained area.

Effect of GADD153 overexpression on apoptosis

To determine the role of GADD153 over-expre-
ssion in the ischemic area, we carefully examined
the GADD153 immunoreactivity of the cardiomyo-
cytes in the ischemic area, as compared to that of
the sham control (Figures 2B, left upper panels).
IR injury evidently induced tissue disruption and
longitudinal and transverse interfibrillar separation,
as well as complete fiber disruption in some areas.
Strong immunoreactivity against GADD153 was
observed in the nuclei of the cardiomyocytes.
Using the In Situ Cell Death Detection Kit, we also
investigated the apoptotic cell death of the cardio-
myocytes. The TUNNEL positive cells were clearly
increased in the ischemic area (Figures 2B, left
lower panels). For quantification of apoptotic cell
death, 3 independent experiments (each n =2 or 3)
were performed and consistent results were ob-
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- AT i in the ischemia-reperfusion (IR) area
g Experiment Sham IR
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O 2(n=3) 2,0,2 70, 54, 81
3(n=2) 1,1 75, 82
r Total (n = 8) 14+£03 69.1 + 3.8*
% The number of TUNEL-positive nuclei is expresse
% as the number of apoptotic nuclei per 300 nuclei.
= Values are expressed as means + SEMs.

*, P <0.0001; Student's t-test.

Figure 2. Induction of GADD153 and apoptosis by cardiac ischemia/ reperfusion injury in rats. (A) The myocardial sections were stained with TTC 24 h
after acute occlusion of the left anterior descending (LAD) artery (left) (n = 8). The infracted area was not stained by TTC (circled area). Immunohistochem-
ical staining against GADD153 was performed in the same level of the mycocardial section (middle) and immunohistochemical staining against CARP
was also done (right). (B) Detection of apoptotic cardiomyocytes in association with the GADD153 expression. Immunohistochemical staining against
GADD153 was performed in the myocardium of the sham controls and in the ischemic myocardium after 45 min ischemia following 90 min of reperfusion,
respectively. Nuclear red staining indicates the GADD153-positive cells (left upper panels). TUNEL-positive cells were not detected or they were rarely de-
tected in the myocardium of the sham controls (left lower panels). Apoptotic cardiac myocytes with TENEL-positivity in the ischemic area after 45 min is-

chemia following 90 min of reperfusion (right). Scale bar, 200 um.
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tained (Figure 2B, right). IR injury significantly
increased apoptotic cell death, as compared with
the sham control.

Role of AP-1 in hypoxic induction of GADD153

The GADD153 promoter contains numerous regu-
latory elements that function in controlling the ex-
pression of this gene in response to cellular stre-
sses (Park et al., 1992). Serial deletion of the
GADD153 promoter was undertaken to highlight
those regions that were responsive to hypoxic sti-
muli (Figure 3A). The maximal activation was ob-
served by the promoter size from -306 to +14,
which contains the GADD153 AP-1 site (TGACTCA,
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-244 to -238) as described previously (Guyton et
al., 1996). To demonstrate the functional activity of
the AP-1 in regulating GADD153 transcription, we
used the AP-1-responsive reporter construct (TRE)s-
TK-Luc, which displayed 5.2 fold enhanced activity
(P < 0.01) in the transiently transfected cells under
a hypoxic and reoxygenation condition, as compa-
red to the normoxic condition (Figure 3B). Next,
using a CAT assay the promoter activation in res-
ponse to hypoxia was determined by the induction
ratio relative to AP-1 mutant control (Figure 3C).
The higher activation by 2.3-folds was observed by
the AP1Gadd153-CAT construct, which contains
the wild type GADD 153 AP-1 site (TGACTCA, -244
to -238) than the AP-1 deletion mutant (AAP1-
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Figure 3. Mutation analysis of GADD153 promoter induction by hypoxia. (A) Induction of luciferase activity in the H9c2cells in response to hypoxia. The
cells were transiently transfected with GADD 153 promoter-deletion constructs and then the cells were harvested for determination of the luciferase activity
24 h after hypoxia/reoxygenation treatment. The induction ratios are expressed relative to the untreated controls. The values are means = SEs of three
independent experiments. (B) Hypoxia-induced AP-1 activity. The cells were transfected with either the AP-1-responsive reporter construct (TRE)s-TK-Luc
or the empty vector and then they were cultured under normoxic or hypoxic conditions. Each bar represents the mean = SE of two experiments per-
formed in duplicate. (C) Hypoxia-induced CAT activity from GADD153 constructs containing wild type AP-1, deleted AP-1 mutant, or 3 < AP-1 (left). The
H9c2cells were transiently transfected with the indicated CAT reporter gene constructs and cultured under hypoxia and reoxygenation as described in the
Methods. Activation is expressed relative to mock control. Each bar represents the mean = SE of two experiments performed in duplicate (right). P <

0.01.



Gadd153-CAT) as described previously (Guyton et
al., 1996). The maximal activation was observed
by the 3 x AP-1-CAT construct which contains a
trimer of AP-1 consensus sequence linked to a
minimal GADD153 promoter construct (-36/+21
fragment). These results suggest that AP-1 is cri-
tical to oxidative regulation of GADD 153 gene.

Downregulation of CARP in the area of IR injury

We next examined whether IR injury influences the
CARP expression in the myocardium. The CARP
expression was localized in the cytoplasm of car-
diomyocytes (Figure 4A). The CARP expression
was clearly decreased in the cardiomyocytes in the
ischemic area, as compared with that of the sham
operation. Furthermore, we closely investigated the
CARP expression in the endocardium and suben-
docardial myocardium, which both receive their
blood supply from intracardiac blood. Interestingly,
the endocardium and subendocardial myocardium
showed relatively normal levels of CARP expre-
ssion in the papillary muscle of the left ventricle
(Figure 4A, right), which demonstrated that IR
injury by ligation of the coronary artery mainly
occurred in the epicardium and epicardial side of
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the myocardium, but the endocardium and suben-
docardial myocardium were relatively spared.

GADD153 expression leads to CARP downregulation
in cardiomyocytes and in the area of IR injury

We previously observed that oxidative stress results
in GADD153 overexpression, which subsequently
down-regulates the CARP transcript in the H9c2
cells cultured under hypoxic conditions (Hahn et
al., 2005). To examine this GADD153-mediated
CARP repression in the neonatal cardiomyocytes
cultured under normoxic conditions, we carried out
the immunofluorescence assay. The results revea-
led that the expression of the endogenous CARP
was localized in the cytoplasm of the cells, and that
the ectopic overexpression of GADD153 was loca-
lized in the nuclei of cells, which in turn resulted in
CARP's downregulation in the cytoplasm of the
cardiomyocytes (Figure 4B). This suggests that
GADD153 induction by IR injury might lead to the
down-regulation of CARP. Next, we examined
whether GADD 153 induction regulated CARP tran-
script in the IR rat heart. GADD153 mRNA induc-
tion were more prominent in the area with 30 min
ischemic injury than those in the area with non-

Papillary

Figure 4. Downregulation of CARP

aCARP

by GADD153 in the area of IR injury.
(A) Photomicrographs of immuno-
histochemical staining for CARP in
the cardiac tissues. Note the sig-
nificant downregulation of CARP in
the rat myocardium after ischemia
and reperfusion compared with the
sham control (left panels). The immu-
nohistochemical staining for CARP
on the endocardium and subendo-
cardial myocardium of the papillary
muscle was preserved after IR injury
(right panel). Scale bar, 100 um. (B)
GADD153 down-regulates the CARP
expression. The cardiomyocytes of
neonatal rats were transfected with
2 ng of the expression vectors for
GFP-GADD153 or GFP. The cells
were fixed with 4% paraformalde-
hyde and permeabilized in 0.4%
Triton X-100 for 10 min at room tem-
perature. The cells were stained for
15 min with 0.1 pg/ml Hoechst33258
to visualize the nucleus (blue) and
for indirect immunofluorescent stain-
ing against CARP (red). The cells
were then stored in 50% glycerol in
PBS at 4°C. The GFP fluorescence
(green) was analyzed using con-
focal microscopy. Trans, transmi-
ssion. Scale Bar, 20 um.

I/R injury

Merge
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ischemic injury (Figure 5). But the downregulation
of CARP mRNA was obvious in the area with 45
min ischemic injury, compared to the area with non-
ischemic injury. These results implicate that the
GADD153 induction lead to the downregulation of
CARP.

Discussion

Apoptosis can be influenced by a wide variety of
regulatory stimuli. Experimental studies have shown
that cardiomyocyte apoptosis is induced during
hypoxia, continuous ischemia or ischemia followed
by reperfusion (Gottlieb et al., 1994; Freude et al.,
2000). The cellular mechanisms underlying both
ischemia-reperfusion injury and apoptosis may in-
volve cellular calcium overload, overproduction of
oxygen-derived free radicals, cellular acidosis, infla-
mmatory reaction and microcirculatory dysfunction
(Entman et al., 1991; Thompson et al., 1995). This
study examined the role of the proapoptotic trans-
criptional factor GADD153 in cardiac myocyte apop-
tosis in response to hypoxia during ischemia-reper-
fusion injury in a animal model. GADD153 is a
transcriptional factor that is induced by cellular str-
ess, and it has been suggested to play a role in the
signal transduction from the stressed endoplasmic
reticulum (ER) to apoptosis. In a previous study,
hypoxic conditions clearly up-regulated GADD153
in rat cardiomyocytes. Therefore, the hypoxia-me-
diated apoptosis of cardiac myocytes appears to
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be related to ER stress. It has been recently shown
that the over-expression of GADD153 sensitized
cells to ER stress occurs through the down regula-
tion of the Bcl-2 expression. This down-regulation
of the Bcl-2 expression increased the oxidant
injuries, e.g. the depletion of cellular glutathione
and the exaggerated production of ROS (reactive
oxygen species) (Wang and Ron, 1996). Although
only a few studies have addressed the mechanistic
link between the GADD153 expression and cell
death, GADD153 induction has been observed in
the apoptotic pathways of p-adrenergic receptor
stimulation in adult rat ventricular myocytes (Menon
et al., 2007) and in stretch-induced vascular smooth
muscle cell apoptosis (Cheng et al., 2007). In the
present study, the GADD153 expression was posi-
tively correlated with apoptotic cell death of cardiac
myocytes in the IR rat heart.

Furthermore, GADD153 over-expression and the
concomitant downregulation of CARP were obser-
ved in the neonatal cardiomyocytes and in the IR
rat heart. The CARP expression is increased during
human heart failure (Zolk et al., 2002) and in a rat
models of cardiac hypertrophy (Aihara et al., 2000),
and it is decreased in the cardiomyocytes exposed
to adriamycin (Jeyaseelan et al., 1997). CARP has
been suggested to act as a nuclear transcription
co-factor that negatively regulates the cardiac gene
expression and it might play a key role in the pa-
thophysiology of heart failure (Zolk et al., 2002). The
B-adrenoceptor agonist isoprenaline induces hyper-
trophy and it increases the CARP expression (Zhu
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Figure 5. GADD153 induction was followed by transcriptional downregulation of CARP in the area of IR injury. Induction of GADD153 mRNA was de-
tected by RT-PCR in the area with 30 min ischemic injury (IR), compared to the area with non-ischemic injury (N) in the rat heart. Downregulation of
CARP mRNA in the area with 45 min ischemic injury (IR), compared to the area with non-ischemic injruy (N) in the rat heart. Representatives of at least
three independent experiments are shown. Relative fold induction after normalization to GAPDH mRNA (right panel). Values are means = SEM. Sham,

sham operation; Exp, experiment.



et al., 2003). Furthermore, CARP is up-regulated in
response to shear stress in vitro (Yoshisue et al.,
2002). These results suggest that the CARP expre-
ssion might be associated with pathological stress
in cardiomyocytes. Our previous study showed that
hypoxic stress leads to the up-regulation of the
GADD153 expression and the down-regulation of
the CARP expression, and that the GADD153 ex-
pression is involved in the transcriptional down-
regulation of CARP (Han et al., 2005). Similarly,
this study showed that GADD153 induction is
inversely correlated with the CARP expression in
the neonatal cariomyocytes and in the cardio-
myocytes in the IR rat heart. Therefore, CARP
downregulation may, at least in part, play a role in
the GADD153-mediated sensitization of apoptotic
cell death in the IR rat heart.

The hypoxia-regulated genes involved in contro-
lling the cell cycle or apoptosis are either HIF-1a-
dependent (those encoding the proteins p53, p21,
Bcl-2) or HIF-1a-independent (p27, GADD153)
(Carmeliet et al., 1998). In the present study,
GADD153 over-expression was induced by IR
injury in a rat model. GADD153 gene promoter
activity is stimulated by the binding of the AP-1
family of proteins to an AP-1 site seen in a
GADD153 gene promoter region (Guyton et al.,
1996). In agreement with this result, we found that
hypoxia stimulated the AP-1 promoter activity. The
GADD153 gene promoter activity is stimulated, via
oxidative stress, by the binding of the AP-1 family
of proteins to an AP-1 site observed in a GADD153
gene promoter region.

In summary, this study demonstrated that IR-in-
duced or hypoxia/reoxygenation-induced GADD153
induction is responsible for the in vitro and in vivo
apoptotic cell death in cardiomyocytes. Hypoxic
stress also down-regulates the CARP expression,
which might be mediated by GADD153. Under-
standing the mechanisms whereby hypoxic stress
damages the cardiac myocytes might help create
novel therapeutic strategies that are aimed at
reducing hypoxia or ischemia/reperfusion injury.

Methods

Isolation and cultures of neonatal cardiomyocytes

Primary cultures of cardiac myocytes were prepared from
the ventricles of 1-2 day-old Sprague Dawley rats. The
ventricles were separated from the atrial tissues and they
were washed briefly in digestion solution (116 mM NacCl,
20 mM HEPES, 1 mM NaH2;POs, 5.5 mM glucose, 5.4 mM
KCI, 0.8 mM MgSOs, pH7.4) that contained collagenase
type 1l (0.5 mg/ml; Worthington Biochemical, Lakewood,
NJ) and pancreatin (0.6 mg/ml; Sigma Chemical, St Louis,
MO). The myocytes were dissociated in fresh digestion
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buffer for 20 min at 37°C, collected by centrifugation and
then they were resuspended in DMEM that was
supplemented with 10% FBS, penicillin (100 units/ml) and
streptomycin (100 mg/ml; Gibco Laboratories). The above
steps were repeated six to eight times until the ventricles
were completely digested. The isolated cells, which were a
mixture of myocytes and nonmyocyte fibroblasts, were
suspended in plating media (DMEM) and then plated onto
150-mm-diameter non-coated culture dishes for 1 h to
reduce the number of contaminated cardiac fibroblasts.
The myocytes were purified by using a Percoll gradient,
replated in 1% collagen-precoated 100 mm culture dishes
at a density of 4 % 10° cells in the same media with 0.1
mM bromodeoxyuridine (BrDU; Boehringer Mannheim,
Indianapolis, IN), and then they were cultured at 37°C in a
CO; incubator. All the experiments were started 48 h after
the initial plating; more than 98% of the cells at this time
were myocytes, as determined by the cell morphology and
myosin staining.

Myocardiac ischemia-reperfusion model and
immunohistochemical staining

Male Sprague-Dawley rats (weighing 380-420 g each,
Orient Co., Seoul, Korea) were anesthetized with sodium
pentobarbital (60 mg/kg, i.p.), placed on a homeothermic
blanket control unit at 37°C and then thoracotomized at the
fifth intercostal space under artificial respiration (60
strokes/min, 10 ml/kg). Coronary artery occlusion was pro-
duced as previously described (Lee et al., 2001, 2004).
After 30 min or 45 min of occlusion, the coronary artery
was reperfused by removal of the polyethylene tube. After
90 min of reperfusion, the coronary artery was reoccluded
and 2 ml of 1% Evans blue was injected via a tail vein. The
heart was removed and the left ventricle was dissected
free from other structures; it was next sliced transversely
into 1-mm thick sections. The image of the sections was
captured by using a Hi-Scope (KH-2200 MD2, HiROX Co.,
Japan) to determine the area at risk. The sections were
then incubated in 1% triphenyltetrazolium chloride for 15
min at 37°C and then they were fixed for 20-24 h in a 10%
formalin solution to determine the infarct size, which
corresponds to the area not stained by triphenyltetrazolium
chloride (TTC). The images of the sections were captured
again and analyzed with an image analyzing program
(Image Pro Plus, Media Cybernetics, Silver Spring, MD).
The arterial blood pressure was continuously monitored via
an lIsotec pressure transducer (Hugo Sachs Electronic)
connected to a physiograph (WR 3300 Linearcorder,
Graphtec, Tokyo, Japan). The electrocardiograms and
heart rates were measured by Lead Il using an electro-
cardiogram/rate coupler (Type 576; Hugo Sachs Electronic),
and these were both analyzed by a computer program
(PONEMAH physiology platform-model P3 Plus, Gould
Inc., Cleveland, OH). Immunohistochemical staining for
GADD153 or CARP was then performed. The study's
protocol was approved by the IRB on Laboratory Animal
Care of Chonbuk National University, South Korea.

In situ labeling of DNA fragments
Using the In Situ Cell Death Detection Kit (Roche Applied
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Science, Indianapolis, IN), the TUNEL assay was performed
to confirm apoptosis. The rat hearts were fixed with 4%
phosphate-buffered paraformaldehyde (pH 7.4), and stored
in 4% phosphate-buffered paraformaldehyde (pH 7.4).
After 24 h, they were transferred into a 20% phosphate-
buffered sucrose solution and cut into 10 pum cryostat
slices at the mid-ventricular level. The tissue sections were
fixed with 4% phosphate-buffered paraformaldehyde (pH
7.4) for 30 min at room temperature and then they were
incubated with a blocking solution (3% H20- in water) for 5
min. This was followed with immersion in a permeabili-
zation solution (0.1% Triton X-100 in 0.1% sodium citrate)
for 2 min on ice. Each section was incubated for 1 h at
37°C with a TUNEL reaction mixture that contained TdT
and FITC-labeled nucleotides and the manufacturer's
instructions were followed. The FITC- TUNEL staining was
visualized by fluorescence microscopy with using a Leica
microscope (DMRBG, Leica).

Promoter/reporter plasmids and transient
transfection

A genomic DNA fragment of the human GADD153 (p5W1)
gene that contained the nt -954~+91 of 5'-flanking region
was kindly provided by Dr. Nikki J. Holbrook (National
Institute on Aging, Baltimore, MD) (Park et al., 1992). The
genomic fragment of the p5W1 gene was subcloned into
the Sma | and Hind lll restriction sites of pGL3B (Promega,
Madison, WI). A series of 5'-nested deletion mutants was
generated by exonucleae Il digestion as described pre-
viously (Henikoff, 1984) and the sequences of the resulting
constructs were verified by automated DNA sequencing.
The H9c2 cells were obtained from the American Tissue
Culture Collection (ATCC, Rockville, MD) and these were
transfected with the pGADD-LUC construct and using
lipofectin (Gibco-BRL). The cells were plated at 2 x 10*
cells per well in 24-well plates, and then 18 h later the cells
were incubated at 37°C for 16 h with 500 ng of the
pGADD153-LUC plasmid and 50 ng of the pRL-TK plasmid
(Promega, Madison, WI), as well as lipofectin. Following
the transfection, the cells were replenished with complete
medium and they were treated with equitoxic levels of
4HPR. The cells were lysed in 120 ul lysis buffer at the
indicated time intervals and then they were stored at -20°C
until assay was done. The luciferase activity was mea-
sured using the Dual-Luciferase Reporter Assay System
(Promega) as per the manufacturer’s instructions, and the
luciferase activity was normalized by the Renilla luciferase
activity. For determining the AP-1-mediated transcriptional
regulation of GADD153, the cells were plated at 2 x 10*
cells per well in 24-well plates, and then 18 h later the cells
were incubated at 37°C for 16 h with 500 ng of the
AP-1-responsive reporter construct (TRE)s-TK-Luc (Lee et
al., 1998 ) and 50 ng of the pRL-TK plasmid (Promega), as
well as with lipofectin.

Western immunoblotting

The cells were washed twice with cold PBS on ice and
then harvested by scraping them off the plates with a
rubber policeman. The cells were pelleted by centrifugation
at 4°C and resuspended directly into Laemmli sample

buffer that contained 62.5 mM TrisHCI, pH 6.8, 2% SDS
(w/v), 10% glycerol (w/v) and 5% mercaptoethanol (v/v).
The extracted proteins were resolved by 10% SDS-PAGE
and transferred to nylon membranes as described pre-
viously (Wen et al., 200). The GADD153 polyclonal anti-
body (R-20) was purchased from Santa Cruz Biote-
chnology (Santa Cruz, CA). The rabbit polyclonal antibody
for CARP (ANKRD1) was affinity purified from the sera of
immunized rabbits as described previously (Park et al.,
2005).

Chloramphenicol acetyltransferase (CAT) assays

The H9c2 cells (10° were transfected by the lipofectin
method with 1 pmol of plasmid reporter DNAs including
-778/+21 Gadd153-CAT, -778/+21 AAP1Gadd153-CAT, or
3 X AP1-CAT (Guyton et al., 1996). Cell extracts of H9c2
cells were analyzed for CAT activity by the method
described previously (You et al., 2003). Reaction mixtures
containing 30 pg cell extract, 0.2 pCi [*C]chloramphenicol
and 4.4 mM acetyl coenzyme A, were incubated at 37°C
for 3 h. The reaction products were separated on thin layer
plates, and the percent of chloramphenicol substrate
acetylates was determined by liquid scintillation counting.
The B-galactosidase expression (pCMV-B-gal) vectors were
used as negative controls.

RT-PCR

The mRNA was reverse transcribed with using oligo d(T)15
primers (Boehringer Mannheim) to prepare the single-
stranded cDNA, and this was followed by PCR amplification
of the GADD153 mRNA or the CARP mRNA. Amplification
was performed for 35 cycles for GAPDH as an internal
control in a thermal cycler (Perkin Elmer). Each cycle con-
sisted of 1 min of denaturation at 94°C, 1 min of annealing at
67°C and 1 min of extension at 72°C. The sequences of
primers used were as follows, GADD153 (forward: 5'-GC-
TCTAGAGGGCTGCAGAGATGGC-3', reverse: 5-GGAAT-
TCGGGGACTGATGCTCCCA-3') and GAPDH (forward: 5'-
ATCACCATCTTCCAGGAGCG-3', reverse: 5-GATGGCA-
TGGACTGTGGTCA-3"). CARP RT-PCR amplification was
done for 35 cycles. The sequences of the CARP primers
are forward 5'-GCTTGAATCCACAGCCATCC-3' and rever-
se 5-'TGCCAGTGTAGCACCAGATC-3'. The PCR con-
ditions consisted of 1 min of denaturation at 94°C, 1 min of
annealing at 57°C and 1 min of extension at 72°C. The
PCR products were analyzed by electrophoresis on 1.2%
agarose gels.

Statistical analysis

All the data was entered into Microsoft Excel 5.0, and
GraphPad Software was used to perform the two-tailed ¢
tests. All P values less than 0.05 were considered to be
statistically significant.
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