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Abstract

Psychological or physical stress causes an elevation of glucocorticoids in the circulating system.
Glucocorticoids regulate a variety of physiological functions, from energy metabolism and
biochemical homeostasis to immune response. Synthetic steroids are among the most prescribed
drugs for immune suppression and chemotherapy. While glucocorticoids are best known for
inducing apoptosis in a number of cell types, we have found that corticosteroids at stress relevant
levels protect cardiomyocytes from apoptosis. Current study addresses whether glucocorticoids
inhibit cardiac injury in vivo. Adult male C57BL6 mice were administered with dexamethasone
(20 mg/kg, i.p.) or vehicle control 20 hours prior to left anterior descending coronary artery
occlusion surgery. Myocardial infarction was measured by triphenyl tetrazoliumchloride staining
in tissue slices and by levels of cardiac Troponin (cTn 1) in the blood. Treatment of
dexamethasone markedly reduced infarct size (19.6+ 4.3%, vs. 29.2+4.9%, p< 0.01) and cTn |
level in the blood (3.83+0.66 ng/ml vs. 5.62+0.37 ng/ml, p<0.01). In studying the mechanism of
such protection, we found that dexamethasone induces the expression of Bcl-xL gene in the
myocardium. With cardiomyocytes in culture, glucocorticoids increase transcription of Bcl-xL
gene as evidenced by Bcl-xL mRNA increase and promoter activation. The glucocorticoid
receptor antagonist mifepristone prevented dexamethasone from inducing cardiac protection or
Bcel-xL expression. Our data suggest that activation of glucocorticoid receptor can prevent cardiac
injury through transcriptional activation of Bcl-xL gene.
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1. Introduction

Psychological stress is an inevitable event of our daily life. Stress increases synthesis of
glucocorticoids from the adrenal glands, causing an elevated level of circulating
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glucocorticoids from the baseline of 3-16 pg/dl to 25 pg/dl or higher. Such increase results
from activation of hypothalamic-pituitary-adrenal axis. The major form of glucocorticoid is
cortisol (i.e. hydrocortisone) in the human or corticosterone in rodents. Whereas
overproduction of glucocorticoids suppresses the immune system and causes psychiatric
disorders, metabolic disease and osteoporosis, glucocorticoids are well known for inducing
apoptosis in a number of cell types, including lymphocytes, osteocytes and neuronal cells
(Chen and Sun, 2009; Piazza and Le Moal, 1996; Sun et al., 2008a; Sun et al., 2008b; Sun et
al., 2008c). Synthetic glucocorticoids have been widely used as anti-inflammatory agents
and immune suppressants. A few examples of frequently prescribed synthetic
glucocorticoids are dexamethasone, cortisone, prednisone and methylprednisolone.
Dexamethasone has a higher efficacy and longer half life than endogenous glucocorticoids.

Although a large number of studies have been carried out on the function and
pharmacological implication of glucocorticoids, the specific effect of these steroids has not
been well studied on the heart. A randomized trial with 235 patients undergoing coronary
artery or valvular heart surgery found that dexamethasone reduces postoperative fever and
atrial fibrillation (Yared et al., 2007; Yared et al., 2000). Although the number of deaths or
myocardial infarction incidence is small among the studied patient population,
dexamethasone appears to be protective (Yared et al., 2007; Yared et al., 2000). A single
dose of methylprednisolone before cardiopulmonary bypass surgery improves myocardial
function (Liakopoulos et al., 2007). An early study with experimental dogs found that
hydrocortisone administration reduced myocardial infarction size (Libby et al., 1973). With
experimental rats, pretreatment of methylprednisolone protects the heart from ischemic
reperfusion injury (Valen et al., 2000). In contrast to these observed protective effect,
reducing corticosteroids by adrenalectomy impairs sarcoplasmic reticulum (SR) Ca2*
cycling due to reduction of SR-associated CaZ*—calmodulin kinase Il protein (Rao et al.,
2001). At the cellular level, dexamethasone regulates outward K* current and L-type Ca2*
current to prolong action potential repolarization (Wang et al., 1999a). Overexpressing the
glucocorticoid receptor gene specifically in cardiomyocytes causes benign
electrocardiogram abnormalities without cardiac hypertrophy, fibrosis or mortality (Sainte-
Marie et al., 2007). These are among the limited literature in the area of glucocorticoids’
effect on the heart.

Previous works from our laboratory have demonstrated that glucocorticoids elicit
cytoprotective response in cultured cardiomyocytes (Chen et al., 2005). Microarray analyses
reveal 140 upregulated genes and 108 downregulated gene in corticosterone treated rat
cardiomyocytes (Chen et al., 2005), among which is upregulated Bcl-xL. We have also
reported that corticosterone activates p38 MAP kinase, CREB, c/EBPJ and Sp3 transcription
factors (Sun and Chen, 2008; Sun et al., 2008a; Sun et al., 2008b). This study addresses
whether glucocorticoids protect cardiomyocytes in vivo. We have used left anterior
descending coronary artery occlusion as a model to determine the effect of glucocorticoids
on cardiac injury and whether or not corticosteroid administration reduces experimental
myocardial infarct size.
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2. Materials and methods

2.1. Induction of myocardial infarction

Laboratory animals were cared for according to National Institute of Health guideline for the
Use of Laboratory Animals. Experimental protocols were reviewed and approval by
University of Arizona Institutional Animal Care and Use Committee. Male C57BL/6 mice
(Jackson Lab, ME; or Harlan, IN) at 8-11 weeks old were used for dexamethasone
administration (i.p. 20 mg/kg) with vehicle control (vegetable oil) 20 h prior to surgery. A
tracheotomy was performed to ventilate the animal through a Harvard Rodent Respirator
(Harvard Apparatus, Boston, MA). A left lateral thoracotomy was performed at the 3t
intercostal space with sufficient incision size to expose the pericardium. Upon exposure of
the heart, an 8-0 silk suture was tightened around the proximal left anterior descending
coronary artery after rapidly passing through the myocardium with a tapered needle, 1-3
mm from the tip of the left atrium. Occlusion of coronary artery results in a visible blanched
area in the myocardium distal to the ligation site, serving as an indicator for successful
coronary artery ligation. Sham-operated control animals were prepared in the same manner
except the left anterior descending coronary artery was not ligated and therefore did not
develop myocardial ischemia or infarction.

For ischemic preconditioning, after placing a 8-0 sterile suture through the myocardium
underneath the left anterior descending artery 1-3 mm from the tip of the left atrium, both
ends of the suture were passed through a piece of 1-2 mm PE50 hollow tube in opposite
directions so that a cross was formed inside the tube. While pulling two ends of the suture in
opposite directions to place the PE50 tube perpendicular to left anterior descending,
ischemia was produced by clamping the sutures against the tube tightly. The success of
ischemia is evidenced by the development of blanched area in the myocardium downstream
of the ligation site. Following 5 mins of ischemia, the suture was loosened up for 5 mins
allowing reperfusion. Reperfusion causes the return of a bright red color to the ischemic
area. The cycle of 5 mins ischemia and 5 mins reperfusion was repeated 2 times before
permanent occlusion of the left anterior descending coronary artery.

The chest cavity is closed by bringing together the second and third ribs with one 6-0 nylon
suture, slight pressure was applied on the chest with the needle holder to reduce the volume
of free air in the chest cavity while tying a knot. All layers of muscle and skin were closed
with 6-0 continuous absorbable and nylon sutures, respectively. Upon recovering from
anesthesia, the mice were removed from the ventilator and kept warm with heat lamps with
pain management.

2.2. Triphenyl tetrazoliumchloride staining and measurement of infarct size

Upon euthanization by anesthetic overdose, the entire heart was excised. After removal of
the great blood vessels, atria and right ventricle, the left ventricle was sectioned into 5
transverse slices even in thickness. The tissue slices were incubated in 1% triphenyl
tetrazoliumchloride in phosphate buffered saline, pH 7.4, at 37°C for 20 mins followed by
fixation in 10% formalin overnight at 2 — 8°C. Both sides of each stained tissue slice were
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photographed with a digital camera. The area of infarction for each slide was determined by
computerized planimetry using NIH image J software.

2.3. Serum cardiac troponin | ELISA

The blood was collected via the abdominal vena cava and subsequently centrifuging for 10
minutes at 1500g or 3000 rpm for serum collection. Cardiac troponin assay was performed
according to the manufacturer's instructions (Life diagnostics, Cat N0.2010).

2.4. Terminal deoxynucleotidyl transferase dUTP Nick End Labeling (TUNEL) assay

At 24 h after left anterior descending coronary artery occlusion, the mouse heart was excised
for quick frozen in liquid nitrogen. The frozen hearts were used for transverse sections (5
mm thick) by a cryostat microtome. The tissue sections were fixed in acetone, digested with
Proteinase K for 10 min at room temperature and incubated with a terminal deoxynucleotide
transferase reaction mix in a humid atmosphere for 60 min at 37 °C. The reaction was s
topped by 2 x Saline-Sodium Citrate (2x SSC) buffer and TUNEL positive staining shows
green fluorescence under a fluorescent microscope. To determine the proportion of apoptotic
nuclei within a region of the myocardium, the transverse sections were counterstained with
fluorescent DNA binding dye 4°,6’-diamidino-2-phenylindole. Midventricular area was
examined microscopically at 20 magnification. Fifteen tissue sections from 3 animals in
each group were examined and at least 100 cells were counted per field for 8 or more slides
to determine the percentage of apoptotic cells.

2.5. Cell culture

Cardiomyocytes were prepared from 1 to 2-days-old neonatal Sprague-Dawley rats (Harlan
Sprague Dawley, Indianapolis, IN) as previously described (Chen et al., 2005).
Cardiomyocytes were seeded at a density of 7.5 x 10 4 cells per well in 6-wells plates in
low-glucose DMEM with 10% FBS. At 4 th day after plating, cells were placed in fresh
DMEM containing 0.5% FBS for 24 h before experiments.

2.6. Western blot analysis

Frozen heart tissues were grinded into powder form in a liquid nitrogen bath and were
dissolved in lysis buffer for electrophoresis after protein concentration measurements by the
Bradford method (Bio-Rad, CA). After SDS-PAGE, proteins were transferred to a
polyvinylidene difluoride membrane for incubation with antibodies against Bcl-xL (sc-8392,
Santa Cruz Biotechnology) or vinculin (V9131, Sigma-Aldrich). Horseradish peroxidase-
conjugated secondary antibodies (Zymed) bound to the primary antibodies were detected
with an enhanced chemiluminescence reaction.

2.7. RT-PCR and real-time PCR

Total RNA (2 pg) was isolated with TRIzol (Invitrogen) for reverse transcription (RT) using
the First Strand cDNA Synthesis kit (Roche). RT products (2 pl) were amplified in a
reaction mixture (18 pl) containing 5x reaction buffer, 200 umol dNTP, 20 pmol each of two
primers (forward 5’-ATCGCTAAACACAGAGCAGAC, reverse 5’-
TTCAAACTCATCGCCTGCCTC) and 0.4 ml of Phire DNA polymerase with 35 cycles of
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98°C for 5’s, 60°C for 5’s and 72°C for 5’s. GAPDH was amplified in parallel PCR as a
loading control with the primer pair of forward 5’-AACTTTGGCATTGTGGAAGG and
reverse 5’-ACACATTGGGGGTAGGAACA.

For real-time PCR, hexanucleotide random primers were used for RT with 2 pg RNA in a 20
ul reaction mixture. Bcl-xL cDNA was amplified with SsoFast EvaGreen super mix (Bio-
Rad) and Bcl-xL primers above. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as a reference gene. The fluorescence for newly synthesized DNA was detected with
Bio-Rad CFX96 real-time PCR system during 40 cycles of 95°C for 5’s and 60°C for 5’s
after 30’s denaturation at 95°C. The relative difference between the levels of Bcl-xL cDNA
among samples was calculated based on 272C;, where C; is the threshold cycle.

2.8. Bcl-xL promoter construct transfection and luciferase assay

The —905 bp promoter sequence of human bcl-x gene was cloned into pGL3 firefly
luciferase construct. Cardiomyocytes in 6-well plates were transfected with 0.5 ug bcl-x-luc
plasmid and 0.05 pg pRL-TK plasmids per well by FuGene-6 liposomes. pRL-TK plasmid
has a Renilla luciferase gene under the control of a thymidine kinase (TK) promoter and was
used to correct for transfection efficiency. Cells were placed in 10% FBS/DMEM overnight
before being placed in 0.5% FBS/DMEM for 24 h. After serum starvation, cells were treated
with vehicle (DMSO, less than 0.05%) or p mM of dexamethasone with or without 1 uM
mifeprestone for 24 h. Dual Luciferase assay was performed according to manufacturer’s
instruction (Promega).

2.9. Statistics

3. Results

The student t test was used when means from two samples, control versus treated group,
were compared. One-way analysis of variance (ANOVA) was used to compare groups of
means followed by the Bonferroni Correction for multiple samples using Stata 8.2 software.

3.1. Dexamethasone reduces cardiac injury

Left coronary artery occlusion induces regional ischemia and infarction occurs within 24 h
(Michael et al., 1999; Michael et al., 1995). To demonstrate a protective effect of
dexamethasone, we used ischemic preconditioning as a positive control. Preconditioning by
brief cycles of ischemia and reperfusion is known to protect the heart from injuries due to
prolonged ischemia. When the left anterior descending coronary artery was occluded 5 mins
and released 5 mins for two cycles before permanent occlusion, this preconditioning
protocol reduced infarction size about 50% (Fig 1A). When mice were pretreated with
dexamethasone for 20 h prior to coronary artery occlusion, about 30% reduction in infarct
size was observed (Fig 1A). In humans and experimental animals, myocardial infarction can
be measured by release of cardiac troponin I (cTnl) from the myocardium into the blood.
Elevated blood cTnl levels serve as a quantitative measurement of myocardial injury. While
preconditioning of 2 cycles of 5 mins ischemia and 5 mins of reperfusion reduced the level
of ¢Tnl in the blood to a minimal, dexamethasone pretreatment caused a significant
reduction of cTnl release (Fig 1B).
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Glucocorticoids bind to their receptor in the cytosol after diffusing through the plasma
membrane. Ligand binding causes glucocorticoid receptor to interact with co-factors and to
translocate to the nuclei where it acts as a transcription factor or causes chromatin
remodeling. Mifeprestone, an antagonist of glucocorticoid receptor, prevents nuclear
translocation of glucocorticoid receptor (Cadepond et al., 1997). Mifeprestone was used to
test the involvement of glucocorticoid receptor in cardiac protection. Measurements of
infarct size and serum cTnl indicate that mifeprestone was able to reverse in part the cardiac
protective effect of dexamethasone (Fig 2A & B).

Myocardial infarction involves cell death. While necrosis is a main form of cell death in the
infarct area, apoptosis has been detected around the border zone (Bialik et al., 1997). A long
list of literature has documented that ischemic preconditioning protects the myocardium
from apoptosis (Lazou et al., 2006; Maulik et al., 1999; Okamura et al., 1999; Okubo et al.,
2004; Piot et al., 1997; Schwartz et al., 2001; Wang et al., 1999b; Wu et al., 2003; Zhang et
al., 2010; Zhao and Vinten-Johansen, 2002). To test whether dexamethasone inhibits
apoptosis in vivo, we performed TUNEL assay using the myocardium following left anterior
descending coronary artery occlusion. TUNEL positive staining was not observed in sham
operated animals but was prevalent and localized in the left ventricular free wall area (Fig
3A). Pretreatment with dexamethasone reduced the number of TUNEL positive cells (Fig
3A & B).

3.2. Dexamethasone induces bcl-xL in the myocardium and cultured cardiomyocytes

One mechanism of cell survival response is elevated expression of pro-survival members of
bcl-2 family. With primary cultured cardiomyocytes, investigating corticosteroids induced
cytoprotection using microarray technology lead to the discovery of Bcl-xL (Chen et al.,
2005). Other members of bcl-2 family, such as bcl-2, bax, bak and bad did not change the
level with corticosteroids treatment (Chen et al., 2005). Bcl-xL protects the heart from
ischemic reperfusion injury by preventing mitochondrial release of cytochrome C (Huang et
al., 2003; Huang et al., 2005; Kunisada et al., 2002). With ischemic preconditioning, an
elevated level of Bcl-xL protein or mRNA was observed (Fig 4A & C). When Bcl-xL
protein or mMRNA was measured in the mouse ventricles following dexamethasone
administration, increases were observed (Fig 4B & C).

Cardiomyocytes in culture allow us to address whether elevated Bcl-xL results from
transcriptional activation of bcl-x gene. A dexamethasone dose and time dependent
induction of Bcl-xL protein was observed in primary cultured neonatal rat cardiomyocytes
(Fig 5A & B). Induction of Bcl-xL protein by dexamethasone can be blocked by co-
treatment with mifeprestone (Fig 5C). Bcl-xL mRNA also showed a dexamethasone dose
and time dependent induction in cultured cardiomyocytes (Fig 6). When cardiomyocytes
were transfected with a reporter construct under the control of 905 kb Bcl-xL promoter
sequence, we found that dexamethasone induced a time and dose dependent activation of
Bcl-xL promoter. The dose response and time course correlate with that for Bcl-xXL mRNA
or protein. These data suggest that dexamethasone induces transcriptional activation of Bcl-
XL gene.

Eur J Pharmacol. Author manuscript; available in PMC 2014 August 28.
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4. Discussion

In this study, we have found that dexamethasone pretreatment reduced infarct size,
attenuated cTnl release and reduced apoptosis of cardiomyocytes following left anterior
descending coronary artery occlusion. Correlating with the protective effect, dexamethasone
administration caused elevated levels of Bcl-xL mRNA and protein in the myocardial tissue.
With cardiomyocytes in culture, transcriptional activation of Bcl-xL gene by dexamethasone
was evidenced with activation of Bcl-xL promoter and increases in Bcl-xL mRNA.
Glucocorticoid receptor antagonist mifeprestone reduced the protective effect of
dexamethasone in vivo and prevented Bcl-xL induction. Blocking Bcl-xL gene expression
by siRNA led to a loss of cytoprotective effect of glucocorticoids in cultured
cardiomyocytes (Chen et al., 2005). Therefore, transcriptional activation of Bcl-xL gene
appears to play a central role in the observed protective effect of dexamethasone.

Glucocorticoids carry out biological functions through regulation of transcription after
binding to the glucocorticoid receptor. The receptor has a (94 kD) and (90 kD) isoforms
(Bamberger et al., 1996; Funder, 1997; Yudt and Cidlowski, 2002). These two isoforms are
encoded by one gene undergoing alternative splicing. Whereas the a isoform becomes active
upon binding to glucocorticoids, the p isoform does not bind to the ligand and may serve as
a dominant negative regulator. Upon ligand binding, the glucocorticoid receptor dissociates
from the Hsp90 complex, translocating to the nucleus, where it forms a homodimer for
binding to the Glucocorticoid Receptor Response Element, a palindromic sequence
AGAACANNNTGTTCT in the promoter region of targeted genes. Glucocorticoid receptor
also regulates transcription through DNA binding independent mechanisms: 1) by forming a
heterodimer to repress other transcription factors; 2) by modifying chromatin structure via
altering histone acetyltransferase or deacetylase activity (Adcock, 2001; Deroo and Archer,
2001; Fryer and Archer, 1998), or interacting with the chromatin-remodeling factor BRG1
(Deroo and Archer, 2001; Fryer and Archer, 1998). 3) A large number of coregulators have
been reported (Lonard and O'Malley B, 2007); (Jenkins et al., 2001). While some coordinate
the assembly of glucocorticoid receptor—protein complexes, others mediate the interaction of
the receptor with other transcription factors or chromatin. Some cofactors, such as E6-AP,
an E3 ubiquitin ligase, catalyzes glucocorticoid receptor protein ubiqutination and
degradation, while others such as the poly-C-RNA binding protein 1 (PCBP1), exhibit
multiple functions, from translational repression or transcriptional coactivation to RNA
splicing. It remains to be addressed which of these pathways regulating Bcl-xL gene
transcription.

Our studies have found that dexamethasone activates bcl-x gene promoter, a 905 bp
fragment that does not contain sequences of the Glucocorticoid Receptor Response Element.
The mouse bcl-x gene has 5 promoters, P1 - P5, and is predicted to produce five mMRNA
species sharing the same translational start site with various lengths of 5’-untranslated
region. P1 - P5 promoter is located from —151, —802, —1886, — 2721 and —3412 bp from the
translational start site respectively (Viegas et al., 2004). Two Hormone Response Element -
like sequences have been identified at positions — 3040 (TGgTgTGTCTGTTCc) and —3001
(@GCTCTCCAGCACA), upstream of P4 promoter. Glucocorticoid receptor is capable of
binding to these sequences in vitro, contributing to Bcl-xL expression in mouse mammary
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epithelial cells (Viegas et al., 2004). In addition to the glucocorticoid receptor binding sites,
several cis-elements have been identified for binding of transcription factors such as Sp1,
AP-1, Oct-1, Ets, Rel/NF-kB, GATA-1 and STATSs within —3.2 kb promoter region of
mouse bcl-x gene (Grillot et al., 1997). Within —905 kb of human bcl-x gene, binding of
Rel/NF-kB, Ets, STATs or AP-1 transcription factors has been shown to regulate
transcriptional activation of bcl-x gene encoding Bcl-xL protein (Grad et al., 2000). Based
on —905 bp sequence of human bcl-x gene promoter, Transfac software has predicted the
binding sites for NF-Y, AP-2, and Forkhead Homolog Likel transcription factors in addition
to NF-kB, STATs and AP-1. The facts that glucocorticoid receptor exhibits multiple modes
of transcriptional modulation, the presence of Hormone Response Element - like sequences
upstreatm of P4 promoter and 905 bp Bcl-xL promoter sequence responsive to
dexamethasone treatment suggest that multiple transcriptional mechanisms may mediate
glucocorticoid induced Bcl-xL gene expression in cardiomyocytes.
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Fig. 1. Dexamethasone reduces myocardial infarct size and cTnl release
C57BL6 mice at 8 weeks old were used for left anterior descending coronary artery

occlusion surgery. For preconditioning, the coronary artery was occluded for 5 mins then
released for 5 mins for two cycles. Dexamethasone (i.p. 20 mg/kg) was administered 20 h
prior to the surgery. At 24 h after permanent occlusion, the hearts and plasma were collected
for triphenyl tetrazoliumchloride staining to measure areas of infarction (A, B) and for
serum cTnl concentration assay respectively. A serial of transverse sections of
representative left ventricles downstream of ligature were shown (A). Total left ventricular
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areas or areas of infarct were quantified by tracing using NIH Image J software. cTnl was
not detectable in sham operated or dexamethasone treated control groups. The data represent
means + standard deviations from 3 animals in each group (B). * indicates p<0.05 and **
indicates p<0.01 when compared to Ml (B) or sham operated control (C).
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Fig. 2. Mifeprestone attenuates dexamethasone induced cardiac protection
C57BL6 mice at 8 wks of age were injected with vehicle (vegetable oil, 0.2 mL each mouse)

or dexamethasone (20 mg/kg, i.p) in the absence or presence of mifeprestone (70 mg/kg, ip)
for 20 h prior to left anterior descending coronary artery occlusion surgery. At 24 h after the
surgery, the hearts and plasma were harvested for triphenyl tetrazoliumchloride staining and
¢Tnl measurements respectively. The data represent means + standard deviations from 5-8
animals in each group (B). * indicates p<0.05 and ** indicates p<0.01 when compared to Ml
(A) or as labeled (B).
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Fig. 3. TUNEL assay shows cardiac protection by dexamethasone
At 24 h after left anterior descending coronary artery occlusion, the heart was excised for

quick freezing in liquid nitrogen. The transverse sections (5 mm thick) were used for
TUNEL staining. Nuclei were stained with DAPI florescent dye to establish the background.
A representative image from sham, myocardial infarcted or an animal pretreated with
dexamethasone before coronary artery occlusion is shown (A). The numbers of TUNEL-
positive cells were counted against DAPI stained cells to determine the percentage of
apoptotic cells (B). The data represent means + standard deviations from three animals in
each group (B). ** indicates p<0.01 when the means of Dex treated group is compared to
that of myocardial infarct group.
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Fig. 4. Dexamethasone causes elevated expression of Bcl-xL in the myocardium
C57BL6 mice at 8 weeks old were used for left anterior descending coronary artery

occlusion surgery or dexamethasone treatment. For preconditioning, the coronary artery was
occluded for 5 mins then released for 5 mins for two cycles. Ventricular tissues were
collected immediately at the end of the ischema-reperfusion cycles for Western blot analyses
(80 ug protein/lane) or RT-PCR (A). Dexamethasone (i.p. 20 mg/kg) was administered 20 h
prior to ventricular tissue collection (B). Each lane represents Bcl-xL protein or mRNA level
from one animal. The quantitative Bcl-xL protein data (C) or mRNA (D) show means +
standard deviations of band densities from three animals. Vinculin (A) or GAPDH (B) was
used as a loading control. * indicates p<0.05 and ** indicates p<0.01.
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Fig. 5. Dexamethasone induces dose- and time- dependent elevation of Bcl-xL protein
Cardiomyocytes isolated from neonatal rats were treated with various doses of

dexamethasone for 24 h (A), or 1 pM dexamethasone for indicated time (B) or 24 h (C).
Mifeprestone (1 pM) was added to cells 30 mins prior to addition of 1 uM dexamethasone
(C). Cells were harvested for Western blot (30 pg protein/lane) to measure for levels of Bcl-
XL protein with vinculin as a loading control.
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Fig. 6. Dexamethasone induces Bcl-xL mRNA elevation
Cardiomyocytes isolated from neonatal rats were treated with various doses of

dexamethasone for 12 h (A), 1 UM dexamethasone for various time points (B) or 1 uM
dexamethasone for 12 h with 30 mins pretreatment of 1 uM mifeprestone (C). Bcl-xL
MRNA was determined by realtime PCR. * indicates p<0.05 and ** indicates p<0.01 when
compared to untreated control group.
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Fig. 7. Dexamethasone activates bcl-x gene promoter
Cardiomyocytes were transfected with either empty pGL3 luciferase vector or pGL3

luciferase under the control of 905 bp human bcl-x gene promoter. A thymidine kinase
promoter driven Renilla luciferase construct was cotransfected to correct for transfection
efficiency. At 48 h after transfection, cells were treated with vehicle or 1 UM dexamethasone
for indicated time (A), for 24 h with various doses of dexamethasone (B) or in the absence
or presence of 1 uM mifeprestone for 24 h (C) for luciferase assay. Data are presented as
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ratios of relative light unit (RLU) of Firefly versus Renilla luciferase. * indicates p<0.05 and
** indicates p<0.01 when compared to untreated control group.
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