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ABSTRACT — Peroxisome proliferator-activated receptors (PPARs) are nuclear hormone receptors that
can be activated by xenobiotics and natural fatty acids. To assess the potential physiological activity of
PPAR ligands on cardiac muscular cells, the effects of PPAR« agonist, WY-14,643, on both rat hearts and
a rat cardiomyocyte cell line (H9c2 cells) were investigated. Male F344 rats were fed a diet containing
WY-14,643 at a concentration of 100 ppm for 26 weeks. Cardiac muscular hypertrophy was revealed by
morphometric analysis in which the diameter of the muscular fibers in WY-14,643-treated rats was larger
than those of control rats. Using H9c2 cells in vitro, the protein content per cell was increased in a dose-
dependent manner with the treatment of WY-14,643. The transcription of myosin light chain-2 (MLC-2),
a parameter of myocardial hypertrophy, was increased in H9¢c2 cells transfected with the rat MLC-
2/luciferase fusion gene by WY-14,643 as well as other peroxisome proliferators, clofibrate and di(2-eth-
ylhexyl) phthalate. In addition, accumulation of myosin light chain protein was confirmed in H9¢2 cells
treated with WY-14,643 at 10 pg/ml for 7 days or more by immunohistochemistry. These results suggest
that PPAR« ligands have a potential to regulate MLC-2, which is a contractile protein in cardiomyocytes
and may play a part of role in the pathogenesis of cardiac hypertrophy.

KEY WORDS: Peroxisome proliferator-activated receptor a agonist, WY-14,643, Cardiac hypertrophy,
Myosin light chain-2

INTRODUCTION

Peroxisome proliferator-activated receptors
(PPARSs) are a group of PPAR«, 3, and y nuclear recep-
tors for peroxisome proliferators, which are a diverse
group of chemicals including therapeutic drugs (e.g.
hypolipidemic drugs), plasticizers, organic solvents,
polyunsaturated fatty acids, and hormones (Gonzales e?
al., 1998). PPARs act as transcriptional factors after
binding to peroxisome proliferator and the retinoid X
receptor (Mangelsdorf and Evans, 1995; Wahli et al.,
1995). PPAR target genes encode enzymes involved in
[3-oxidation in peroxisome and mitochondria as well as

ketone body synthesis (Wahli et al., 1995). Peroxisomes
participate in these processes in liver, retina, heart car-
diomyocytes, epithelial cells from kidney proximal
tubules, and enterocytes (Hinton and Price, 1993).
Cardiomyocytes and epithelial cells of proximal
tubules use fatty acids as a main energy source through
an efficient peroxisomal 3-oxidation pathway for long-
chain fatty acid catabolism (Zaar, 1992; Hinton and
Price, 1993).

Although the heart is one of the PPARs-rich
organs, little is known about how PPAR ligands affect
the cardiac function (Bishop-Bailey, 2000). Recently,
PPAR« appeared to play an important role in mito-
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chondorial fatty acid S-oxidation in cardiac myocytes
(Brandt et al., 1998; Yu et al., 1998). Nothing, howev-
er, is known with regard to the potential role of PPAR
in the pathology of cardiac tissue (Bishop-Bailey,
2000).

Sack et al. (1997) reported that the amount of
nuclear PPAR« decreases in the hypertrophied mouse
heart. Barger er al. (2000) reported that PPAR« is deac-
tivated by several times, leading to diminished capacity
for myocardial lipid and energy homeostasis during -
adrenergic agonist-induced cardiac hypertrophic
growth in rat neonatal cardiac myocyte. These results
indicate that PPAR « modulates cardiac hypertrophy.

Cardiac hypertrophy initially acts as an adaptive
mechanism to maintain overall pumping performance.
Sustained hypertrophy can lead to cardiomyopathy and
is a transition to heart failure (Francis et al., 1995;
Swynghedauw and Chevalier, 1995). The molecular
events in myocardial hypertrophy are characterized by
a selective expression of genes for contractile proteins
in individual myocardial cells. The amounts of j3-
myosin heavy chain (Waspe et al.,1990), a-actin
(Bishopric et al., 1987), and myosin light chain-2
(MLC-2; Kummar et al., 1986) increase 3, 4, and 4
times, respectively. Among these contractile proteins,
MLC-2, one of the cardiac myosin molecules (Emerson
and Bernstein, 1987), has been used extensively as a
marker protein for myocardial hypertrophy (Meidell et
al., 1986; Lee et al., 1988; Sen et al., 1988; Henderson
et al., 1989; Doud et al., 1995). Phosphorylation of
MLC-2 modulates the contractile activity of cardiac
cells (Silver et al., 1986; Stull et al., 1985; Morano,
1999).

H9c2 is a cardiomyocyte cell line derived from rat
ventricular myocytes. Due to maintaining many molec-
ular markers of cardiomyocytes, H9¢2 cells have been
used for studying the relationship between oxidants,
cardiomyocyte hypertrophy, and cell death (Hescheler
etal., 1991).

WY-14,643 is a well-known strong peroxisome
proliferator and PPAR« agonist (Gray et al., 1983). It
increases peroxisomes in hepatocytes and induces liver
tumors in rodents (Reddy et al., 1979). In the present
study, we first investigated the effect of PPAR« ligands on
cardiomyocytes using the hearts of rats obtained from a
chronic toxicity study of WY-14,643 in rats. For the
effect of the PPAR« ligand of WY-14,643 on car-
diomyocytes in detail, we examined total cellular
protein and transcription of MLC-2 in H9¢c2 cells. To
confirm the potential of MLC-2 transcription by PPAR«
agonists, we applied other two peroxisome prolifera-
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tors, the hypolipidemic agent of clofibrate and the plas-
ticizer of di(2-ethylhexyl) phthalate (DEHP), as PPAR«

ligands on the measurement of the transcription of
MLC-2 in H9¢2 cells.

MATERIALS AND METHODS

Reagents

WY-14,643 was purchased from ChemSyn
Laboratories (Lenexa, KA, USA). For administration to
rats, WY-14,643 powder was mixed with a diet at a
concentration of 100 ppm. Clofibrate was purchased
from Sigma Chemical Co. (St. Louis, MO, USA).
DEHP was purchased from Tokyo Chemical Industry
Co., Ltd. (Tokyo, Japan). For cell culture, WY-14,643
was dissolved in dimethylsulfoxide (DMSO) at 10
mg/ml as stock solutions. Clofibrate and DEHP were
dissolved in DMSO at 100 mg/ml as stock solutions.
Stock solutions were stored at ~80°C until use. They
were thawed just before use and then discarded after
one-day use.

Animal experiments

F344 healthy male rats (5 weeks old) weighing
approximately 100 g were purchased from Charles
River Japan (Atsugi, Japan). The rats were given pow-
der food (MF, Oriental Yeast Co., Ltd. Tokyo, Japan)
and tap water ad libitum. They were reared in a con-
trolled environment at 22 ==3°C with 55 +20% humidi-
ty on a 12-hr light/dark cycle with humane care in com-
pliance with our institutional guidelines based on the
guidelines of animal care and use committees recom-
mendation (American Association for Laboratory
Animal Science, 1987). A total number of 24 rats was
assigned as controls fed a basal diet or 100 ppm of the
WY-14,643-treated groups. After 26 weeks, rats were
euthanized under ether anesthesia.

Pathology

Immediately after dissection of rats, fresh hearts
were removed, weighed, and fixed in 10% neutral-
buffered formalin (Muto Pure Chemicals Co., Ltd.,
Tokyo, Japan) at room temperature for 24 hr. Fixed tis-
sues were routinely processed for paraffin embedding,
sectioned, and stained with hematoxylin and eosin for
morphometric evaluation. Using a video image-analyz-
ing system (Mitani-Shoji Co., Chiba, Japan), the diam-
eters of myocardial fibers of the left and right ventricles
as well as the septum were measured by the ‘least
diameter method’ (Baandrup and Olsen, 1981).
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Cell culture

HO9c2 cells, a cardiomyocyte cell line derived from
embryonic rat heart (Hescheler et al., 1991; Sipido and
Marban, 1991; Mejia-Alvarez et al., 1994), were pur-
chased from Dainippon Pharmaceutical Co., Ltd.
(Osaka, Japan). H9c2 cells were maintained with 4.5
g/L-glucose DMEM (Gibco BRL, Rockville, MD,
USA) supplemented with 10% heat-inactivated fetal
bovine serum, 100 U/ml penicillin, and 100 zg/ml
streptomycin at 37°C in a humidified atmosphere with
5% COz. The cells were differentiated by the method of
low serum concentration described in Kimes and
Brandt (1976). As practically, 100 x1 aliquots of cell
suspension at 5X10° cells/ml were plated in 24-well
plates with 400 .1 of differentiation medium (4.5 g/L-
glucose DMEM supplemented with 1% heat-inactivat-
ed fetal bovine serum, 100 U/ml penicillin, and 100 p
g/ml streptomycin) or 35 mm dishes with 2 ml of dif-
ferentiation medium for immunohistochemistry. They
were allowed to differentiate for 14 days in the differ-
entiation medium. The media were changed once a
week. After confirmation of cell fusion and the pres-
ence of multinucleate cells by phase-contrast
microscopy as an indication of muscular differentia-
tion, the media were changed to differentiation media
containing 1/1000 (vol/vol) DMSO, WY-14,643, clofi-
brate or DEHP.

Protein content per cell

HO9c2 cells were washed 3 times with PBS and
dispersed with 0.25% trypsin and 0.01% EDTA for 15
min at 37°C. The cell suspension was collected in
microtubes and washed 3 times with PBS. After cen-
trifugation (10,000 rpm X5 min) at 47, the cells were
solubilized with 100 x1 of lysis buffer (50 mM Tris-
HCI buffer, pH 6.8; 4% sodium laurylsulfate; 100 2
g/ml phenylmethylsulfonyl fluoride; and 1 zg/ml leu-
peptin). The lysates were centrifuged at 10,000 g for 5
min at 4°C. The supernatants were assayed in triplicate
for protein concentration by a BCA Protein Assay kit
(Pierce, Rockford, IL, USA) using bovine serum albu-
min as standard. H9c2 cells in the other wells
processed in parallel under the same conditions were
washed 3 times with PBS, dispersed with 0.25%
trypsin-0.01% EDTA, and the cell number counted
with a hemocytometer. Protein content per cell was
determined by dividing the total amount of protein by
the total number of cells.

MLC immunohistochemistry
H9c2 cells were fixed with 99.5% ethanol for 5

min at room temperature and rinsed 3 times with PBS.
They were exposed to 1/1000 (vol/vol) goat anti-
human MLC polyclonal antibody that recognizes both
rat MLC-1, and MLC-2 (MLC-18, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA). The
avidin-biotin-complex (ABC) method (Hsu et al.,1981)
was applied to visualize the antigen-antibody complex
using a VECTA STAIN ABC kit (Vector Laboratories,
Burlingame, CA, USA).

Plasmid constructs

MLC-2 promoter activity was assayed by measur-
ing luciferase expression of a transfected pMLC LAS’,
a construct in which the MLC-2 5 flanking region is
upstream from the luciferase reporter (Henderson ez al.,
1989). DNA was isolated from rat peripheral white
blood corpuscle by the method of Blin and Stafford
(1976). The primers for polymerase chain reaction
(PCR) were designed using GenBank sequences for the
rat MLC-2 promoter (S80994) reported by Doud et al.
(1995). GENETOX-WIN 4.0 software (Software
Development Co., Ltd., Tokyo, Japan) was used to sug-
gest upper and lower primers. The following primer
pairs were ordered with Espec Oligo Service Co.
(Ibaraki, Japan): MLC-2 upper primer, 5’-CCTTC-
CTCAGTGTCCTGGGAT-3’ and lower primer 5°-
CCACTGACCACTCACCATGGT-3". The PCR reac-
tions (50 1) contained 0.2 mM dNTPs, 1.5 mM
MgClz, 25 pmol of each primer, 1.25 units of Taq poly-
merase (Takara Shuzo Co., Ltd., Shiga, Japan), 20 mM
Tris-HCI (pH 8.4), and 50 mM KCI. Amplification
cycles were performed in a Takara PCR thermal cycler
model MP (Takara Shuzo Co., Ltd.) under the follow-
ing conditions: 30 sec at 94°C, 30 sec at 58°C, and 60
sec at 72°C for 35 cycles. Products were separated on
0.8% agarose (Sigma Chemical Co.) gel in 90 mM
Tris-borate (pH 8.0) and 2 mM EDTA, stained with
ethidium bromide and photographed under UV illumi-
nation. To verify authenticity, products were ordered to
sequence with Espec Oligo Service Co.. The MLC-2
promoter region was inserted into the firefly luciferase
reporter vector, pGL3 (Promega, Madison, WI, USA).
MLC-2 was ligated to pRL vector (Novagen, Madison,
WI, USA) for 30 min at 16°C by using a DNA ligation
kit (Takara Shuzo Co., Ltd.). The pRL-MLC-2 was cut
with HindlIll and Ncol in buffer K (20 mM Tris-HCI,
pH 8.5, 10 mM MgCl,, 1 mM dithiothreitol, and 100
mM KCl) for 2 hr at 37°C and a band of about 1,500
bases was collected with a gel extraction kit (Qiagen
Co., Tokyo, Japan). The pGL3 vectors were cut with
Hindll and Ncol (Takara Shuzo Co., Ltd.) in buffer K
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for 1 hr at 37°C and incubated with 0.07 units/xI bacte-
rial (E.coli K12 SW) alkaline phosphatase (Toyobo
Co., Ltd., Osaka, Japan) for 30 min at 65°C. The pGL3
and pRL-MLC-2s vectors were ligated for 30 min at
16'C by using a DNA ligation kit (Takara Shuzo Co.,
Ltd.). The pGL3-MLC-2 vectors were cut with BamHI
in buffer K for 1 hr at 37°C and restriction digests were
analyzed by agarose gel electrophoresis for authentici-
ty. As a control for transfection efficiency, the renilla
luciferase vectors, pRL-CMV (Promega), was used for
a Dual-Luciferase assay (Promega).

Transfection of MLC-2/luciferase fusion gene
(pGL3-MLC-2) into H9¢2 cells

The media of differentiated H9c2 cells were
switched to a fresh differentiation medium and tran-
siently co-transfected with pRL-CMV (10 1) and
pGL3-MLC-2 (50 z1) vector for 24 hr using the lipid-
mediated gene transfer, FuGENES (Roche, Indianapolis,
IN, USA). Transfected cells were washed twice with
PBS and cultured in 4.5 g/I.-glucose DMEM contain-
ing 1% fetal bovine serum, 100 units/ml penicillin, and
100 g/ml streptomycin with or without WY-14,643,
clofibrate, or DEHP for 48 hr.

Luciferase assay

The luciferase activity was assayed by a Dual-
Luciferase Reporter Assay kit (Promega). The H9¢2
cells transfected with pGL3-MLC-2 vector were
washed twice with PBS and then lysed with 50 ul/well
lysis buffer. The plates were incubated at room temper-
ature for 15 min. The lysates were stored at —80°C until
assay. Each 20 p1 cell lysate was combined with 100 I
firefly luciferase substrate from the kit. Luciferase
activity was measured in triplicate in a microplate lumi-
nometer LB96P (Berthold GmbH& Co. KG, Bad
Wildbad, Germany). Renilla luciferase activity was
assayed continuously by adding 100 x1 of Stop&Gio
solution in the kit. Firefly luciferase activities were nor-
malized to their corresponding renilla luciferase activi-

ties to correct the variation in transfection efficiency.

Statistical analysis

The data from experiments were analyzed as fol-
lows. First, the data were analyzed for homogeneity of
variance using Bartlett’s test (Bartlett, 1937). If the
variance was homogenous, one-way ANOVA was con-
ducted. If the difference was significant, Dunnett’s test
(parametric type) was used to mean values. If the vari-
ance was not homogenous, the Kruskal-Wallis test
(Kruskal and Wallis, 1952) was conducted. If the dif-
ference was significant, Dunnett’s test (non-parametric
type) was applied.

RESULTS

Heart weights

To assess the general effect of WY-14,643 on the
rat, rats were fed a diet containing WY-14,643 (100
ppm) for 26 weeks. Table 1 shows the effects of WY-
14,643 on body weight and heart weight. The absolute
heart weight in rats fed WY-14,643 was 0.85+£0.03 g,
which was 18% lower than that of control rats (1.04 %
0.04 g). The absolute body weight of rats fed WY-
14,643 was 262+4.2 g, which was 33% lower than
that of control rats (393+17.4 g). Therefore, it was
inappropriate to compare heart weight of WY-14,643-
treated rats with that of controls on an absolute weight
basis. For an exact comparison of heart weight, the rel-
ative weight of heart per body weight was calculated.
The relative heart weight was 23% higher in WY-
14,643-administered rats (0.322:0.01%) than in control
rats (0.26 +£0.01%).

Pathology

To assess the effect of WY-14,643 on rat cardiac
muscle, morphometry was performed on myocardial
fibers of rats fed a diet containing WY-14,643 (100
ppm) for 26 weeks. Microscopically, the diameter of
myocardial fibers was 0.015£0.001 nm in rats with

Table 1. Effect of WY-14,643 on body and heart weights of rats administered with WY-14,643 for 26 weeks.

Heart weight

relative (% of body weight)

Test chemicals Dose Final
(ppm) body weight (g) absolute (g)
None - 393 + 17.4 1.04 & 0.040
WY-14,643 100 262 £ 4.20%** 0.85 + 0.032%**

0.26 & 0.008
0.32 + 0.012%**

The male F344 rats wére fed a diet with or without WY-14,643 for 26 weeks.

Data were expressed as mean—+S.D. using 12 rats each.
Significantly different from control: ***p<0.001.
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WY-14,643, which was 25% larger than that of control
rats of 0.012+0.001 nm (Table 2). These results indi-
cate cardiomyocyte hypertrophy was induced by the
feeding with WY-14,643 in vivo.

Protein content per cell

To assess the effects of WY-14,643 on protein
content per myocardial cell in vitro, WY-14,643 was
added to the culture medium for H9¢2 cells, a rat car-
diomyocyte cell line, at final concentrations of 1 zg/ml
and 10 xg/ml. The number of cells in each well treated
with 0, 1, and 10 g/ml WY-14,643 for 2 days was
1.2X10% 1.5X10°, and 0.96X10° cells/well, respec-
tively. From the amount of cellular protein of H9c2

Table 2. Diameter of myocardial fibers of rats admin-
istered withWY-14,643 for 26 weeks.

Diameter of myocardial fibers

Test chemicals  Dose

(ppm) (nm)
None — 0.012 & 0.001
WY-14,643 100 0.015 £ 0.001%**

The male F344 rats were fed a diet with or without WY-
14,643 for 26 weeks.

Data were expressed as mean+S.D. using 12 rats each.
Significantly different from control: ***p<0.001.
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Protein content per 10* cells of H9¢2 cells with the
treatment of WY-14,643 for 2 days. H9c2 cells
were differentiated for 14 days and treated with 0,
1, or 10 xg/ml of WY-14,643. After 2 days, the
amount of cellular protein and the number of cells
were measured. Bars indicate standard deviation.
Mean and standard deviation are obtained from
triplicate experiments. *p<0.05, ***p<0.001.

cells, the protein content per 10 cells was calculated as
2.2%£0.2,2.8+0.3, and 4.4=£0.1 mg, respectively (Fig.
1). This indicates that cellular protein in each H9c2 cell
was increased up to twice with WY-14,643 in a dose-
dependent manner.

Immunohistochemistry of MLCs in H9¢c2 cells

To assess the effect of WY-14,643 on the presence
of MLCs in H9¢2 cells, cellular MLCs were immuno-
histochemically stained with anti-MLCs antibody.
There were a lot of dot-like stains in the cytoplasm of
H9c2 cells cultured in the presence of WY-14,643 for 7
and 10 days (Photo 1). The stains were not apparent in
H9c¢2 cells for 2 days (data not shown). These data
indicate that WY-14,643 stimulates the expression or
interferes with the degradation of MLCs in H9¢2 cells.

Augmentation of MLC-2 transcription

To assess the WY-14,643 effects on transcription
of the MLC-2 gene, an MLC-2 promoter construct car-
rying the coding portion of the firefly luciferase
reporter gene was transfected into rat myocardial cell
line, H9¢2 cells. The luciferase activities were
increased 1.7-fold and 3.2-fold, respectively, by 1 and
10 peg/ml WY-14,643 for 2 days (Fig. 2). These data
indicate that MLC-2 transcription was increased by
WY-14,643. To confirm the potential of MLC-2 tran-
scription by PPAR« agonists, we examined the clofi-
brate and DEHP by the same procedure used for WY-
14,643, The statistically significant increases of MLC-2
transcription were observed in these two PPAR« ago-
nists (Fig. 3). The fold-increases in these chemicals
(1.6 in clofibrate, and 1.3 in DEHP at the concentration
of 10 ng/ml) were weaker than that in WY-14,643.

DISCUSSION

Peroxisome proliferators are a diverse group of
chemicals that include several therapeutic drugs, plasti-
cizers, organic solvents used in the chemical industry,
herbicides, and naturally occurring hormones (Ashby et
al., 1994). Peroxisome proliferators cause an increase
of peroxisomes in liver, kidney, and heart tissues of sus-
ceptible species such as rats and mice. One of the
potent peroxisome proliferators is WY-14,643, a
hypolipidemic drug, that has been extensively charac-
terized as a non-genotoxic rodent hepatocarcinogen
(Reddy et al., 1979). WY-14,643 is also known to be a
PPAR« agonist (Gray et al., 1983).

An enhancement of MLC-2 mRNA by WY-
14,643 treatment for 2 days, as evaluated with MLC-
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Fig. 2. MLC-2 transcription in H9¢c2 cells in the presence
of 0, L,or 10 zg/ml of WY-14,643. H9c2 cells
were differentiated for 14 days and co-transfected
for 24 hr with MLC-2 promoter/firefly luciferase
constructs and renilla luciferase vector pRL-CMV
construct in the presence of 0, 1, or 10 pg/ml of
WY-14,643 for 2 days. Cells were harvested and
firefly and renilla luciferase activities were
assayed. Firefly luciferase activities were normal-
ized to the corresponding renilla luciferase activi-
ties for each sample. Bars indicate standard devi-
ation. Mean and standard deviation are obtained
from triplicate experiments. *p<0.05.
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2/luciferase fusion gene-transfected H9¢c2 cells in this
study, is especially noteworthy. MLC-2 is one of the
contractile proteins of the cardiac myosin and has been
reported to be a useful marker for cardiac hypertrophy
(Meidell et al., 1986; Lee et al., 1988; Sen et al., 1988;
Henderson et al., 1989; Doud ef al., 1995). For exam-
ple, spontaneous cardiac hypertrophy in rats is accom-
panied by increases in the amount of MLC-2 mRNA
(Lee et al., 1988), and a-adrenergic stimulation of
neonatal rat myocardial cells produces several features
of myocardial hypertrophy, including a several-fold
increase in the volume of the MLC-2 gene (Kummar et
al., 1986). We also revealed that the transcriptions of
MLC-2 in H9¢2 cells were increased by other PPAR«
agonists, clofibrate, and DEHP. These data suggest that
PPAR« agonists generally have a potential to induce
MLC-2 transcription. One cardiac myosin molecule
consists of two myosin heavy chains and two pairs of
MLC-1 and MLC-2 (Emerson and Bernstein, 1987).
The increase of total MLC induced by WY-14,643 was
further confirmed immunohistochemically in the pre-
sent study. Additionally, protein content in H9¢2 cells
was increased dose-dependently with WY-14,643. This
data is supported by a report describing increased
expression of uncoupling protein-2 (UCP-2) by WY-
14,643 exposure in H9¢2 cells (Van Der Lee et al.,
2000). Uncoupling protein-2 is known to uncouple

T
N
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Fig. 3. MLC-2 transcription in H9c2 cells in the presence of clofibrate or DEHP. H9c2 cells were differenti-
ated for 14 days and co-transfected for 24 hr with MLC-2 promoter/firefly luciferase constructs and
renilla luciferase vector pRL-CMYV construct in the presence of clofibrate or DEHP (0, 1, 10, or 100
pg/ml) for 2 days. Cells were harvested and firefly and renilla luciferase activities were assayed.
Firefly luciferase activities were normalized to the corresponding renilla luciferase activities for each
sample. Bars indicate standard deviation. Mean and standard deviation are obtained from triplicate

experiments. *p<0.05.
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oxidative phosphorylation by moving protons across
the mitochondrial matrix (Ricquier and Bouillaud,
1997) and mediates the fatty acid-induced uncoupling
effects observed in the heart (Fleury et al., 1997).
Although the heart contains very high levels of
PPAR, little is known about how PPAR ligands affect
cardiac function (Bishop-Bailey, 2000). Brandt et al.
(1998) and Yu et al. (1998) have previously described
PPAR« as having a control myocardial lipid metabo-
lism with the retinoid X receptor «, with a role in mito-
chondrial fatty acid 3-oxidation. In the present study, to
assess the potential effect of PPAR« agonists in the
heart, rats were treated with WY-14,643 for 26 weeks
at a dose of 100 ppm that was hepatocarcinogenic in
the F344 rats. The heart weights (ratio to the body
weight) of WY-14,643-treated rats were greater com-
pared with those of control rats. Additionally, the diam-
eters of myocardial fibers were larger in WY-14,643-
treated rats than those in control rats. These results
from the 26-week experiment in vivo suggest that WY-
14,643 directly increases the amount of protein in rat
hearts, because it had this effect on H9c2 cells, a car-
diomyocyte cell line. Sack et al. (1997) reported that
the amount of nuclear PPAR« is decreased in a hyper-
trophied heart. The same group also reported that
PPARe is deactivated during the a-adrenergic agonist-
induced hypertrophic growth in an overexpressed
recombinant PPAR« system (Barger et al., 2000).

Based on our findings and their observations, the modi-
fication of PPARa« activity is likely to involve the
pathogenesis of myocardial hypertrophy. However, the
role of PPAR« in cardiac hypertrophy remains
unknown. Further studies are needed for understanding
the pathogenesis of cardiac hypertrophy as well as the
safety of PPAR« agonist in humans.

Although we could not detect MLCs in H9¢2 cells
treated with 10 #g/ml WY-14,643 for 2 days by
immunohistochemistry, the protein content in H9¢c2
cells was increased by 2-day WY-14,643 exposure.
Knowlton et al. (1991) reported the earliest effects of
a-adrenergic stimulation on gene expression in neona-
tal rat myocardial cells is the rapid induction (within
15-30 min) of a program of immediate early gene
expression, which includes the c-fos, c-jun, and Egr-1
genes. They also reported that over a later time course
(12-24 hr), -there is the reactivation or program of
embryonic gene expression (atrial natriuretic factor, 3-
myosin heavy chain, and skeletal a-actin), and then in
the following 24-48 hr, constitutively expressed con-
tractile protein genes (MLC-2, cardiac a-actin) are
upregulated. Based on their findings, it is considered
the proteins induced by WY-14,643 for 2 days in our
experiment were not MLCs.

Cardiac hypertrophy is a toxicologically important
finding. For example, enlargement of cardiac muscle
fibers is reported in dogs and rats after prolonged

it

Photo 1. Immunostaining of H9c2 cells with anti- MLCs antibody. H9¢2 cells were differentiated for14 days and

treated with 0 (A), 1 (B) or 10 zg/ml (C) of WY-14,643. After 10 days, they were stained with goat poly-
clonal antibody to MLCs. The avidin-biotin-complex (ABC) method was applied to visualize the antigen-
antibody complex using a VECTA STAIN ABC kit.
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administration of oxfenicine, a modifying agent for
muscle metabolism (Greaves ef al., 1984). Cardiac
hypertrophy also occurs secondarily by an adoptive
response to chemical exposure that affects vascular
resistance and oxygen delivery. Wagner et al. (1999)
reported that the rat cardiac MLC-2 gene provides an
excellent model system to study the transcriptional and
post-transcriptional mechanisms, which contribute to
accumulation of contractile proteins during myocardial
hypertrophy. The present study employed H9¢2 cells, a
cardiomyocyte cell line derived from rat ventricles that
maintains many of the molecular markers of cardiomy-
ocytes and has been used for studying the relationship
between oxidants, cardiomyocyte hypertrophy, and cell
death (Hescheler ef al., 1991). Thus, our experimental
system using MLC-2/lusiferases fusion protein, which
can detect the direct hypertrophic effect of the chemi-
cals on cardiomyocytes, is considered useful for assess-
ing cardiac toxicity. It may also provide a good bridge
between in vitro studies and long-term toxicity studies.

For studies of species differences and extrapola-
tion from these in vitro data to human risk assessment
in cardiac hypertrophy induced by chemicals, studies
that use the other species cells, which include human
cells, are expected in future.
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