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Abstract

Receptor activity modifying proteins (RAMPs) act as receptor modulators that determine the ligand specificity of

receptors for the calcitonin (CT) family. The purpose of this stu
osteoclast-like cells using the laser capture microdissection (LCM)

dy was to analyze the expression of RAMPs in
technique. Mouse bone marrow and spleen cells

were co-cultured on a film designed for LCM. After 10 days, 250 osteoclast-like cells were captured using the LCM

system. Total RNA from these cells was used 10 synthesize

cDNA and RT-PCR analysis was performed.

Osteoclast-like cells expressed CT receptor (CTR), CT receptor-like receptor (CRLR) and RAMPZ, but did not express
RAMP1 or RAMP3. These results indicated (1) that a pure population of osteoclast-like cells can be prepared by LCM
and gene expression of this population can be analyzed by RT-PCR and (2) that RT-PCR shows that osteoclast-like
cells express RAMP2, CTR and CRLR, suggesting the potential for adrenomedullin binding to osteoclast-like cells.

This is the first report that osteoclast-like cells express RAMP2.
Journal of Molecular Endocrinology (2005) 34, 257261

Introduction

The calcitonin (CT) family of peptides comprises five
known members: CT, amylin (AMY), two GT gene-
related peptides (CGRP1 and CGRP2) and adreno-
medullin (ADM). Receptor activity modifying proteins
(RAMPs) comprise 2 family of accessory proteins for G

. protein-coupled receptors, three of which act as receptor
modulators that determine the ligand specificity of
receptors for GT family members. CT receptor-like
receptor (CRLR) has been shown to form a high affinity
receptor for CGRP, when associated with RAMP1, or,
when associated with RAMP2 or RAMP3, to specifically
bind ADM (McLatchie ¢t al. 1998, Sexton et al. 2001).
RAMPs are type 1 transmembrane proteins that share
~30% amino acid identity and a common predicted
topology, with short cytoplasmic G termini, one trans-
membrane domain and large extracellular N termini
that are responsible for the specificity (McLatchie et al.
1998, Fraser ¢t al. 1999). More recently, CGT receptor
(CTR) was demonstrated to form heterodimeric
complexes with RAMP. CTR/RAMP! and CTR/
RAMP3 heterodimers exhibited the pharmacological
profiles of receptors’ specific for AMY (Christopoulos
ot al. 1999, Muff et al. 1999, Sexton ¢ al. 2001). -

Journal of Molecular Endocrinology (2005) 34, 257-261
0952-5041/05/034-257 © 2005 Society for Endocrinology Printed in Great Britain

There is significant interest in analyzing gene
expression of distinct cell populations. Heterogeneous
populations of cells within tissues of various types possess
correspondingly different patterns of gene expression,
and these cell types must be separated from one another
for accurate assessment of gene expression. Tong e al.
(1994) has reported that a microisolation system using 2
micromanupilator tool was applied for mRNA pheno-
typing of a blood cell lineage. Laser capture microdissec-
tion (LCM) is a particularly useful tool for recovering
small cell samples and even enables the collection of
individual cells from tissue sections (Emmert-Buck ¢ al.
1996). This method facilitates the separation of histologi-
cally distinct cells so that proteins, DNA or RNA from
these cells can be analyzed in isolation from the surround-
ing cells (Bonner et al. 1997). Osteoclasts act centrally in
the remodeling of bone in normal and diseased states.
Nonetheless, because of their low numbers within bone,
cell culture model systems have been increasingly used
to investigate the biochemical functions of osteoclasts .
(Udagawa et 41,1989, Nakamura ¢t al. 1998). However,
because of their heterogeneity and adherence to the
plate in such systems, there has been difficulty and
controversy in analyzing these cell types. Thus, a more
sensitive isolation method for osteoclasts is needed.

DOl 10.1677/jme.1.01652
Ontline version via http:IIWWW.endocrinology-iournals.org
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To address this problem, we used LCM techniques to
isolate a pure population of osteoclast-like cells. We then
analyzed RAMP gene expression in microdissected
osteoclast-like cells using RT-PCR,

Materials and methods

An in vitro osteoclast model

Osteoclast differentiation i vitro was induced using the
technique described by Udagawa et al. (1989). Both bone
marrow cells and spleen cells were obtained from 10-
to 14-week-old male C57BL/6 mice (Charles River,
Sagamihara, Japan). The bone marrow cells were
collected from tibiae and femora. Splenic tissue was cut
with scissors and dispersed by pipetting, then the spleen
cells were collected by centrifugation at 1000 r.p.m. for
5 min at 4 °C. Bone marrow cells were co-cultured with
spleen cells (2 X 106 cells/ml for each cell type) on a film
produced for use in LCM (Matsunami Glass Co., Osaka,
Japan) for 10 days at 37 °C in a humidified atmosphere
of 5% CO,. Cultures were fed with o-modified Eagle’s
medium supplemented with penicillin and streptomycin,
10% fetal calf serum (Hyclone, Logan, UT, USA) and
1078 M 1,25(0H), D; (Calbiochem-Novabiochem Co.,
San Diego, CA, USA). Multinucleated osteoclast-like
cells were then isolated using LCM. All the animal
experimental procedures were approved by the Animal
Care and Use Committee of Wakayama Medical
University (Wakayama, Japan).

LCM of samples

Before LCM, cells were fixed in ethanol for 1 min and
stained for 3 min with filtered hematoxylin. They were
then washed with sterilized water and air-dried for
10 min. LCM of cultured osteoclast-like cells was per-
formed using the Application Solutions Laser Micro-
dissection System (Leica Microsystems Co., Tokyo,
Japan) according to the manufacturer’s instructions.

RNA isolation

Total RNA was extracted from 250 LCM-captured cells
and 250 spleen cells. The spleen cells used for RNA
extraction were from an aliquot of those prepared for
the co-culture system. Total RNA extraction was
performed using TRIzol LS Reagent (Invitrogen Life
"Technologies Co., Carlsbad, CA, USA) as described by
the manufacturer. Briefly, 170 pl TRIzol reagent was
added to a tube containing LCM cells and this was
mcubated for 5min at room temperature. Forty
microliters of chloroform were then added and the tube
was incubated at room temperature for a further 15 min.
The samples were then centrifuged at 12000 g for

Journal of Molecular Endocrinology (2005) 34, 257261

15 min. The aqueous phase was transferred to a ne
tube and isopropyl alcohol was added followed L
centrifugation at 12000g for 10 min. The RN
precipitate was washed with 70% ethanol and dissolve
in 20 pl sterilized water.

RT-PCR

The SUPERSCRIP One-Step RT-PCR with PLATI
NUM Tag (Invitrogen Life Technologies Co.) was use:
to synthesize ¢cDNA and PCR was performed a
described by the manufacturer. The nucleic  acic
sequences of primers used for RT-PCR are shown ir
Table 1. RT-PCR reactions were initially performed ir
a 25 pl reaction volume containing 1 pl of each prime
(at 100 ng/pl) and 3 ul RNA as template. The reaction:
were run at 55 °C for 30 min (cDNA synthesis) anc
94 °C for 2 min (pre-denaturation), followed by 45 cycles
of 94°C for 30 s (denaturation), 53 °C for 30 ¢
(annealing) and 72°C for 30 s (extension), followec
by 7min at 72°C (final extension). To increase the
detection capacity, we performed a second round o
PCR. The second-round PCR reactions were carried ou
using Taq polymerase (Perkin-Elmer-Cetus, Norwalk
CT, USA) with 8 ul RT-PCR products as template (fina)
25 pl reaction mixture) under the following conditions:
35 cycles of 95 °C for 30 s, 55 °C for 30 s and 72 °C for
30 s. In the second-round PCR, CTR was amplifiec
using 2nd sense and anti-sense primers (Table 1). The
primers of CRLR, RAMP1, 2, 3, alkaline phosphatase
(ALP) and B-actin for the second-round PCR were the
same primers as those used in the initial RT-PGR. The
samples were electrophoresed in 3% agarose gels anc
stained with ethidium bromide.

Results and discussion

We have developed a rapid and precise method for the
isolation of pure populations of osteoclast-like cells using
LCM. Figure 1 illustrates two osteoclast-like cells before -
and after LOM. Two hundred and fifty cells with > three
nuclei each were isolated. Total RNA was extracted and
RT-PCR was used to analyze multiple gene expressions.
Figure 2 shows the RT-PCR results for CTR, RAMPI,
2 and 3, CRLR and B-actin. The predicted sizes were
clearly visualized by ethidium bromide staining. RT-
PCR results showed that the ubiquitous gene, B-actin,
was amplified from both spleen and osteoclast-like cells,
whereas CTR mRNA was amplified from osteoclast-like
cells alone. RAMP1 and RAMP3 mRNAs were ampli-
fied from spleen cells alone. RAMP? and CRLR
mRINAs were amplified from both types of cells.

In the present study, we were able to isolate a pure
population of osteoclast-like cells and detect a series of
gene expressions. Two hundred and fifty cells were

www.endocrinology-journals.org
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Table 1 Oligonucleotide sequences used for PCR

Sequence

Target

CTR 1st sense, 5'-GTCTTGCAACTACTTCTGGATGC-S’
1st antisense, 5'-AAGAAGAAGTTGACCACCAGAGC-S’
2nd sense, 5'-GTC‘I‘I‘GCAACTACTTCTGGATGC-S’
2nd antisense, 5’-GAAGATAGTACCAGCGTAGGC-S'

RAMP1 Sense, 5’-CACCATCTCTTCATGGTCACTG-S’
Antisense, 5’-CAATCGTGTGCGCCACGTGC-S’

RAMP2 Sense, 5'-TGGATCTCGGCTTGGTGTGAC-S’
Antisense, 5'-GCAAGGTAGGACATGTGTTTCG-S'

RAMP3 Sense, 5’-TTGTGGTGAGTGTGCCCAGG-S’
Antisense, 5’-CCCATGATGTTGGTCTCCATC—S’

CRLR Sense, 5'-TGTAATAACAGCACGCATGAG-S’

Antisense, 5’-GTTATTGGCCACTGCCGTGA-B’
ALP Sense, 5’-ATCGGGACTGGTACTCGGATAA-S’
Antisense, 5'-ATCAGTTCTGTTCTTCGGGTAC-S’
Sense, 5’—GTGGGCCGGTCTAGGCACCA-S’
Antisense, 5’-GGTTGGCCTTAGGGTTCAG-3’

B-Actin

Size

255 bp

(Ilnoue et al. 1999)
104 bp

(U18542%)

187 bp

(AJ250489)

217 bp
(AJ250490)

189 bp
(AJ250491)

225 bp
(AF146525)

152 bp
(NM007431)

246 bp ‘
(Flores-Delgado et al. 1998)

*Accession number of GeneBank.
ALP, alkaline phosphatase.

used for RNA extraction and cDNA synthesis. Three
microliters of the 20 pl cDNA solution was successful for
each gene amplification. Approximately 40 cells were
therefore used for RT-PCR analysis. Naot et al. (2001)
have reported that osteoclastic cells such as primary
osteoblasts and UMR 106-06 cells expressed all three
types of RAMP analyzed using RT-PCR. A very high
expression of mRNA for RAMP?2 was detected in those
cells, compared with those for RAMP1 and RAMP3.
Previous studies showed that osteoblast but not osteo-
clast cells express ALP (Tong éf al. 1994). To exclude the
possibility of osteoblast contamination, we investigated
ALP mRNA expression in the microdissected osteoclast-

e\ o

Figure 1 Osteoclast-like cells were isolated by using LCM. Two osteoclast-like cells (A) before and (B) after microdissection are

shown. Stained by hematoxylin; bar denotes 50 ym.

www.endocrinology-journals.org

macrophages ar

like cells. The result showed that no ALP mRNA was
detectable (Fig. 3), which supported the idea that
RAMP?2 was amplified from osteoclast-like cells. Thus,
LCM is a useful technique for isolation of small cell
samples, and our strategy might be extended to other
procedures, such as quantitative RT-PCR to measure
mRNA levels in the osteoclast. The bone marrow
e the precursors of osteoclasts; it will

be interesting to compare gene expression between
osteoclasts and bone marrow macrophages. Immuno-
staining of the Fc receptor, (3 receptor or vitamin D
receptor will help to distinguish those cell types in our
co-culture system. However, in order to perform RNA

Journal of Molecular Endocrinology (2005) 34, 257-261
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Osteoclast-like cells éxpress RAMP2

M.W.

H,0 spleen Oc

CTR

RAMP1 |

RANMP2

RAMP3

CRLR

B-actin

Figure 2 mRNA expression of various genes in spleen and
osteoclast-like cells. Total RNA was extracted from
microdissected osteoclast-like cells and spleen cells, RT-PCR
was carried out to analyze the gene expression. B-actin served
as the positive control. The products were electrophoresed in
3% agarose gels and stained with ethidiumn bromide. RAMP1,
RAMP2, RAMP3 and CRLR were detected in spleen cells.
M.W., molecular weight markers; H,0, H,O as template served

" as negative control; spleen, using RNA from spleen as

template; Oc, using RNA from osteoclast-like cells from LCM
as template.

analysis after Immunostaining, further efforts should be
made to modify the conventional staining protocol to
protect RNA from degradation.

Our findings that osteoclast-like cells expressed
RAMP2 and GRLR as well as CTR provide the first
evidence that osteoclasts express RAMPY. These results
suggest that osteoclasts may have the ability to bind

M.W. H,0 spleen Oc¢

ALP

B-actin

Figure 3 RT-PCR analysis of ALP expression. ALP expression
was detected in spleen cells but not'in osteoclast-like cells.
M.W., molecular weight markers; H,O, RT-PCR products using
H,0 as template; spleen, using RNA from spleen as template;
Oc, using RNA from osteoclast-like cells from LCM as
template.

Journal of Molecular Endocrinology (2005) 34, 257--261

ADM through the CRLR/RAMP? heterodimer. ADN
is a 52 amino acid peptide first described in a humar
phaeochromocytoma but subsequently found to be
present in many tissues, including the vascular systerr
and bone tissue (Kitamura ¢ o/, 1993). Naot ¢t al. (2001
has suggested that ADM is mitogenic to osteoblasts,
raising the possiblity that ADM is a local regulator of
bone growth; however, the action of ADM or RAMP on
the osteoclast is not clear. It has been reported that bone
abnormalities were observed in both CTR +/ —and
AMY +/ — mice, thereby ruling out the possibility that
AMY uses CTR to inhibit osteoclastogenesis i zivo
(Dacquin et al. 2004).

In summary, we have demonstrated that LCM is a
useful solution for osteoclast research. We found that
osteoclast-like cells expressed mRINAs for CTR, CRLR
and RAMP2 but not RAMPI or RAMP3; RAMP2 may
therefore play an important role in osteoclast function.
Further study is needed to elucidaie the role of RAMP?2
and its relationship to the CT family of receptors.
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Erratum

The authors apologize for an error in the paper by Li
Chen, Jinsong Zhu, Guogiang Sun and Alexander S
Raikhel which appeared in the December 2004 issue of
- Journal of Molecular Endocrinology 33 743-761, titled “The
early gene Broad is involved in the ecdysteroid hierarchy
governing vitellogenesis of the mosquito Aedes aegypty.

Page 757 read:
and JH blocks their appearance in larval Manduca (Zhou
& Riddiford 2002).

When it should have read:
and JH blocks their appearance in larval Manduca (Zhou
et al., 1998). :

Journal of Molecular Endocrinology (2005) 34, 262
0952-5041/05/034-262 ©2005 Society for Endocrinology Frinted in Great Britain

Page 759 read:
misexpression of Z1 causes the reappearance of a pup

cuticle gene Edg78E and suppresses a larval cuticle ger
Lep654-b.

When it should have read:
misexpression of Z1 causes the reappearance of a pup:

cuticle gene Edg78FE and suppresses a larval cuticle gen
Lcp654-b (Zhou & Riddiford, 2002).

DOI: 10.1677/jme.1.01531
Online version via http://www.sndocrinology-journals.o:



Volume 97, Number 2, July 22, 2005
ISSN 0009-7330
http://circres.ahajournais.org

.
1o
o
=
-t
.m
o
=

LV cathﬂode )

E Editorials

Vasoconstriction in Chronic Pulmonary Hypertension
Cell Replacement Therapy and Arrhythmias

B Report

Notch Mediates Downregulation of MCM Proteins

E Review
Vascular Calcification in CKD

B Molecular Medicine

ATP-Induced Endothelial Cell Barrier Enhancement
ET-1 Regulates Connective Tissue Growth Factor
Adverse Effects of Azide in Commercial CRP

PI3K Regulates Wnt in Cardiomyocyte Differentiation
LOXIN, a New Active Splice Variant of OLRI Gene

& Cellular Biology
Skeletal Myoblast A_rrhythmogenesis

B Integrative Physiology

Ventricular Anatomy and Vulnerability

LOX-1 Promotes Intramyocardial Vasculopathy
Y-27632 Prevents Hypoxic Pulmonary Angiogenesis

B Clinical Research
HSP27 and Cardiac Transplantation

Circulation Research Electronic Pages

B Abstracts




Circulation Research Electronic Pages

Abstracts

Second Annual Symposium of the American Heart Association
Council on Basic Cardiovascular Sciences

Targeting Heart Failure—New Science, New Tools, New Strategies

July 24-27, 2005
Keystone Conference Center
Keystone, CO

Sponsored by the American Heart Association Council on Basic Cardiovascular Sciences
Co-sponsored by the American Heart Association Interdisciplinary Working Group on Functional Genomics & Translational

Biology and the National Heart, Lung, and Blood Institute

Conference Program Committee
‘Conference Co-Chairs: David A. Kass & Susan F. Steinberg

Advisory Board: Basic Cardiovascular Science Council
i Hossein Ardehali, C. William Balke, Ivor J. Benjamin, Roberto Bolli, Thomas H. Hintze, Richard N. Kitsis, Eduardo Marban,

Elizabeth Murphy, Michael D. Schneider, Mark B. Taubman

Heart failure remains a leading cause of death in the adult population, affecting more than 5 million individuals in the United
! States alone. This second annual meeting of the American Heart Association Council on Basic Cardiovascular Sciences highlights
! new research that has aimed at expanding our knowledge of the underlying mechanisms, diagnostic approaches, and therapeutic
| strategies to treat this common disorder. The meeting features both invited presentations and poster abstract presentations, with
! participants from 21 different countries.

i Abstracts for the poster presentations are provided in this special online supplement.

(Circ Res. 2005;97:199)
© 2005 American Heart Association, Inc.

Circulation Research is available at hitp://circres.ahajournals.org

199




following I/R in hearts with defective TLR4. To determine the role of
ROS in TLR4-mediated inflammatory response, hearts were
stimulated with hydrogen peroxide (0.25 mM/L). While hydrogen
peroxide induced the production of MIP-2 and TNF-alpha in hearts
isolated from control mice, its effects were greatly attenuated in
hearts with defective TLR4. Further experiments using isolated
macrophages confirmed that hydrogen peroxide induces NE-kappaB
intranuclear translocation and inflammatory m OF production in
a TLR4-dependent manner. We conclude that TLR4 signaling plays a
novel role in the regulation of post-ischemic cardiac inflammatory
response and that ROS may mediate this response through
activation of TLR4. .

X. Meng, None; L. Ao, None; J. Cha, None; M. Wang, None; D.A.
Fullerton, None. o

P 98
Role of Dual-Specificity Phosphatases in the Heart as
Revealed by Gene Targeting
Orlando F Bueno, Robert A Kaiser, Jian Xu, Benjamin J Witkins,
Jeffery D Molkentin, Children's Hosp Med Ctr, Cincinnati, OH

The mitogen-activated protein kinases (MAPK) have been shown to

participate in diverse biological processes in the heart including

cardiac hypertrophy, myocyte survival, and apoptosis. MAPKs are
tightly regulated through the addition or removal of phosphate
groups in threonine and tyrosine residues located in the activation
loop domain. Inactivation of MAPKs is controlled by removal of
these phosphate groups and is mediated through a family of
proteins known as dual-specificity phosphatases (DSPs), which
have a high degree of specificity for individual MAPK substrates.
DSPs directly bind to their MAPK substrate and remove phosphate
groups from both threonine and tyrosine residues located in the
activation loop domain, allowing MAPKs to be recycled. The
potential role of the downstream counter-acting DSPs has not been
explored in the heart. Therefore, in order to evaluate the function
of DSPs in the heart as well as the consequences of increased MAPK
signaling, we have systematically inactivated by gene-targeting
several of the most critical and heart-expressed counter-acting
DSPs including,. MKP-1, MKP-2 and MKP-5. This approach will
provide the first “physiologic” assessment of sustained and/or
prolonged MAPK activation and its consequences on the heart.
Initial observations show that DSP-targeted mice display an overall
increased ‘MAPK activation in the heart following agonist and
pressure overload stimulation. Moreover, analysis of MKP-1-/- x
MKP-2-/- double mutant mice showed a significant increase in
cardiac hypertrophy following chronic isoproterenol infusion and
myocardial infarction. However, these double mutant mice
subjected to chronic angiotensin II / phenylephrine infusion or 14
days of pressure overload induced by TAC did not show any
alteration in the hypertrophic. response when compared with wild-
type animals. These preliminary results suggest that in DSP-
deficient mice, the nature of the hypertrophic stimulus wilt
determine the levels of activity in each of the MAPK branches and
eventually establish the resulting phenotype.

O.F. Bueno, None; R.A. Kaiser, None; J. Xu, None; B.J. Wilkins,
None; J.D. Molkentin, None.

P99
Genome-Wide Expression Profiling of NFAT Transcriptional
Activity in a Ventricular Muscle Cell Line
Meriem Bourajjaj, Anne-Sophie Armand, Hubrecht Lab, Utrecht,
The Netherlands; Rhonda Bassel-Duby, Eric N Olson, Univ of Texas
Southwestern Med Ctr, Dallas, TX; Leon ] De Windt, Hubrecht Lab,
Utrecht, The Netherlands

Cardiac hypertrophy is dependent upon activation of calcineurin-
Nuclear Factor of Activated T cells (NFAT) signaling, but limited
information is available on the nature and number of downstream
NFAT target genes. Recently, cell lines were isolated from
ventricular sarcomas from juvenile transgenic mice harboring a
Nkx2.5-floxed SV40 T antigen (TAgQ) construct. NKL-TAg celis were
isolated from sarcomas, which actively proliferate, and withdraw
from the cell cycle and adopt a cardiac muscle cell fate upon Cre
mediated loxP excision of the SV40 TAg (Rybkin et al. J Biol Chem
2003). We established a cellular system to allow inducible NFAT
activation by stably transfecting the NKL-TAg cell line with the
tetracyclin-sensitive transcriptional repressor (TetR) by hygromycin
selection, allowing a doxycyclin (DOX)-on system in culture.
Individual clones were tested by transient transfection with a
luciferase reporter under control of two tetracycline operators
(tet0). Stimulation with DOX for 24 hrs resulted in derepression of
the reporter gene and over 100-fold activation of (uciferase
expression in four distinct TetR stable clones. Using two distinct

TetR clones, a construct harboring an active form .of NFAT under
control of tetO operators was stably transfected in TetR cells using
zeocin selection. Double stable clones were chosen using NFAT-
reporter genes and western blots before and after DOX stimulation
as selection criteria. Two double-stable TetR-NFAT clones were
selected to controt for potential cell based variations, AdCre
infected to mortalize and adopt a cardiac muscle fate, and
subjected to the Agilent microarray system and 44k mouse whole
genome arrays. After DOX-stimulation for 24 hrs, 175 genes were
differentially expressed in both clones with a 3 fold-change in
expression. Gene ontology analysis revealed that NFAT target
genes profoundly affect the cardiac transcriptome, signal
transduction, translation efficiency and. extracellular matrix.
Conclusively, this novel cellular mode! allows for rapid genome wide
screening of target genes of transcription factors in ventricular
muscle, and will provide more entry points to our fundamental
understanding of the calcineurin/NFAT transcriptional pathway in
cardiac hypertrophy. .
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Differential Transcriptional Regulation of Cardiac Metabolic
Genes by Myocyte Enhancer Factor-2 and Peroxisome
Proliferator-Activated Receptors
Hamid el Azzouzi, Ralph J van Oort, Meriem Bourajjaj, Hubrecht
Lab, Utrecht, The Netherlands; Marc van Bilsen, Cardiovascular
Research Inst Maastricht, Maastricht, The Netherlands; Leon J De
Windt, Hubrecht Lab, Utrecht, The Netherlands

During the progression to heart failure, changes in energy
utilization occur .in the heart, with the failing heart being more
reliant on glucose utitization to the expense of fatty acid oxidation.
Peroxisome proliferators-activated receptor (PPAR) family members
are key regulators of cardiac fatty acid oxidation. In the regulatory
region of the the PPAR target gene carnithine palmitoy! transferase-
I (CPT-I), conserved PPAR response elements (PPRE) and myocyte
enhancer factor-2 (MEF2) binding sites are present. We analyzed
the transcriptional relationship between different PPAR isoforms
(alpha, beta and gamma) and MEF2A by combinatorial site directed
mutagenesis of the PPRE and MEF2 binding sites, and demonstrate
a preferential relationship between PPARbeta and gamma with
MEF2A, and that disruption of the PPRE increases activation of the
CPT-I gene dramatically after stimulation with beta and gamma
specific agonists. Furthermore, disruption of the MEF2 binding site
completely abolished the activation of the reporter gene,
irrespective whether the PPRE site was intact or not, suggesting
that PPAR activity strongly depends on MEF2 transcriptional
activity. Finally, a micro array analysis on cardiac muscle cell lines,
which inducibly express a constitutively active form of MEF2,
revealed that 20% of the differentially expressed genes were
involved in mitochondrial metabolism/fatty acid oxidation.
Remarkably, only a minority of these genes had PPRE sites and
were responsive to PPAR agonists. Using RNAi-mediated
downreguiation of each PPAR isoform and a dominant negative
MEF2 adenovirus, we confirmed the dominant role of MEF2 in the
transcriptional regulation of endogenous metabolic genes. The
combined observations suggest that for a select number of genes
PPAR and MEF2 differentially converge to regulate adaptive fatty
acid oxidation gene expression, with a dominant role for the
bonafide pro-hypertrophic transcription factor MEF2. Further, MEF2
is also capable of altering the metabolic gene profile in cardiac
muscle independent of PPAR activity. These data also suggest that
the early hypertrophic phase is associated with an increased rather
than decreased fatty acid utilization.

H. el Azzouzi, None; R.J. van Oort, None; M. Bourajjaj,
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Reduced-Energy Diet Improves the Survival of Viral
Myocarditis in Obese Mice: Relation to Cardiac Adiponectin
Expression .

Tsugiyasu Kanda, Seiichiro Saegusa, Takashi Takahashi, Yu Fei,
Shigeto Morimoto, Takeshi Nakahashi, Kunimitsu Iwai, Masayuki
Matsumoto, Kanazawa Med Univ, Kahoku Ishikawa, Japan

Obesity is an important risk factor for heart diseases. Whether
weight loss affects the extent of viral myocarditis is a matter of
debate. We hypothesized that weight loss could improve cardiac
function induced by cardiac expression of cardioprotective cytokine,
adiponectin and reduction of cardiac TNF-alpha and also altered
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immune reaction. We examined the relationship between weight
loss and heart failure due to viral myocarditis in obese KKAy mice,
comparing with wild type C57BL mice (WT). We intraperitoneally
injected  encephalomyocarditis  virus (500 plaque-forming
units/mouse) far KKAy feed ad libitum (100F) or 60% of the food
intake (60F) and WT (n = 30 for each). Ten-day survival rate was
0% in 100F, whereas it was 17% in 60F and 40% in WT. Body
weight in 60F was lower than in 100F (21.1 + 0.3 vs. 29.1 + 0.24
g, P<0.05, n = 4 for each) on Day 0 and continuously lower on Day
5. Heart weight/body weight ratio in 60F was lower than in 100F on
Day 5 after viral inoculation (4.73 + 0.18 vs. 4.96 + 0.88 mg/g,
P<0.05, n = 4 for each). Histological scores (0 to 5) for myocardial
necrosis and inflammation on Day 5 were significantly lower in 60F
than in 100F (necrosis; 1.8 + 0.3 vs. 3.2 + 0.7, P<0.05,
inflammation; 1.4 + 0.5 vs. 2.2 + 0.4, P<0.05, ni= 4 for each).
Circulating adiponectin levels on Day 0 were significantly elevated
in 60F compared with 100F (32 + 9 vs. 22 + 2 microg/mL, P<0.05)
and those in 60F on Day 5 were also higher than in 100F.
Comparative expression of cardiac adiponectin mRNA in 60F was
significantly higher than in 100F (5.1 +0.3 vs. 1 + 0.2, P<0.05, n =
4 for each).and cardiac TNF-alpha mRNA in 60F were significantly
decreased compared with in 100F on Day 5 (0.23 +0.03 vs. 1+
0.3, P<0.05, n = 4 for each). Cardiac adiponectin mRNA was
negatively correlated with cardiac TNF-alpha mRNA (r=-0.53,
P<0.01, n=12). On Day 0, thymus weight/ body weight and spleen
weight/body weight in 60F were significantly (P<0.05) lower than in
100F and WT. Weight loss improved the survival and myocardial
damages in obese mice with viral myocarditis and also induced the
cardiac expression of adiponectin. Therapeutic modulation  of
cardiac adiponectin might provide benefit to the cardioprotective
effect against acute heart failure due to viral myocarditis in obese
subjects.

T. Kanda, None; S. Saegusa, None; T. Takahashi, None; Y. Fei,
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PPARa Activation Upregulates the Fatty Acid Oxidation
Pathway and Reduces Cardiac Ceramide Content in Heart
Failure but Does Not Affect LV Dysfunction
Margaret P Chandler, Eric E Morgan, Julie H Rennison, Tracy A
McElfresh, Theodore A Kung, Case Western Reserve Univ,
Cleveland, OH; Martin E Young, Univ of Texas Health Science Ctr,
Houston, TX; Brian D Hoit, Univ Hosp of Cleveland, Cleveland, OH;
William C Stanley, Case Western Reserve Univ, Cleveland, OH

Peroxisome proliferator  activated  receptor a (PPARG)
overexpression in transgenic mice increases the lipotoxic
intermediate ceramide and causes LV remodeling and dysfunction.
Furthermore, in advanced heart failure (HF), the expression of
genes regulated by PPARa is down-regulated causing decreased
fatty acid oxidation (FAO), which may function as a positive
compensatory response. We tested the hypothesis that up-
regulation of the FAO pathway with a direct PPARa agonist would
exacerbate left ventricular (LV) dysfunction and dilation in HF. Rats
underwent left coronary artery ligation or sham surgery (n=10),
and 8 weeks later were assigned treatment with the PPARa agonist
fenofibrate (Inf+Feno, 150 mg-kgt-day?; n =13) or left untreated
(Inf, n=10). Twenty weeks post ligation, LV function was assessed
by echocardiography and catherization. LV systolic function was
decreased and end diastolic area increased to a similar extent in
both infarcted groups. Treatment with the PPARa-agonist up-
requlated the mRNA expression of the PPARa regulated genes, and
medium chain acyl-CoA dehydrogenase (MCAD) protein expression
and activity were increased in the Inf+Feno group compared to
sham and Inf groups (see Table). However, the mRNA and protein
expression of PPARa and retinoid X receptor a were unchanged.
Treatment with fenofibrate significantly increased LV mass/body
mass ratio compared to sham and Inf groups. Afthough cardiac
ceramide content was increased following infarction, PPARa
activation reduced ceramide content. In conclusion, PPARa
activation increased mRNA expression of FAO enzymes, increased
MCAD protein expression and activity and reduced myocardial
ceramide content. These results suggest that PPARa activation of
the FAO pathway and ceramide content do not contribute to LV
dysfunction and remodeling in a rat model of coronary artery
ligation-induced HF.
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Structural and Functional Changes in Heart Mitochondria
from Sucrose-Fed Hypertriglyceridemic Rats
Karla Carvajal, Mohammed Ei Hafidi, Alvaro Marin-Hernandez,
Rafael Moreno-Sénchez, Inst Nacional de Cardiologia, Mexico D.F.,
Mexico

In the heart of sugar-induced hypertriglyceridemic (HTG) rats,
cardiac performance is impaired with glucose as fuel, but not with
fatty acids. Accordingly, the glycolytic flux and the transfer of
energy diminish in the HTG heart, in comparison to control heart.
To further explore the biochemical nature of such alteration in the
HTG heart, the components of the systems involved were
evaluated. Total creatine kinase (CK) activity in the myocardial
tissue was depressed by 30% in the HTG heart whereas the activity
of mitochondrial CK (mitCK) isoenzyme decreased in isolated HTG
heart mitochondria by 45%. Adenylate kinase (AK) was 20% lower
in the HTG heart. In contrast, respiratory rates with 2-oxoglutarate
(2-0G) and pyruvate/maléte (pyr) were significantly higher in HTG
heart mitochondria than in  control mitochondria. 2-0G
dehydrogenase activity was also higher in HTG mitochondria.
Respiration with succinate was similar in both groups. Content of
cytochromes b, ¢ +C and a+as, and cytochrome c oxidase activity,
were also similar in the two kinds of mitochondria. A larger content
of saturated and monounsaturated fatty acids was found in the HTG
mitochondrial membranes with no changes in phospholipids
composition or cholesterol content. Mitochondrial membranes from
HTG hearts were more rigid, which correlated with the generation
of higher electrochemical H* gradient across the inner mitochondrial
membrane. As the mitochondrial function was preserved or even
enhanced in the HTG heart, these results indicated that deficiency
in energy transfer was mainly due to dysfunction in the mitCK and
AK. This situation brought about uncoupling between the site of ATP
production and the site of ATP consumption (contractile
machinery), in spite