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Abstract

Potential effects of 3-hydroxy-3-methylglutaryl coazyme A

reductase inhibition on G protein-mediated cardiachypertrophy

Eui-Young Choi

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Namsik Chung)

Statins have recently been shown to produce antii@c hypertrophic
effects via the regulation of small GTPases. Howeahe effects of statins
on G-protein mediated cardiac hypertrophy, whicthes main pathway of
cardiac hypertrophy, have not yet been studied.sdleght to evaluate
whether statin treatment directly suppresses catdipertrophy through a
large G-protein-coupled pathway regardless of thgulation of small
GTPases. Using neonatal rat cardiomyocytes we atsdwnorepinephrine

(NE)-induced cardiac hypertrophy for its suppresigibby rosuvastatin



and the pathways involved by analyzing total pregf@NA content, cell
surface area, immunoblotting and RT-PCR for sigm@nsduction
molecule. Treatment with NE induced cardiac hypgtly accompanied
by G, expression and membrane translocation. Rosuvastdtibited G
protein activity in cardiomyocytes by inhibiting s and NE-stimulated
MRNA transcription, protein expression and membrammslocation;
however, NE-stimulated {Gprotein expression was not inhibited. In a
concentration-dependent manner, rosuvastatin ieibitotal protein
synthesis and downregulated basal and NE-inducpression of myosin
light chain2 and the c-fos proto-oncogene in camgiocytes. In addition,
the NE-stimulated PKC-MEK1,2-ERKs signaling casca@s inhibited by
pretreatment with rosuvastatin. Rosuvastatin treatmalso helped
maintain expression levels of SERCA2a and intratall calcium
concentration. ¢ protein is a novel target of statins in myocardial
hypertrophy. Statin treatment may directly suppressliac hypertrophy
through a large (protein-coupled pathway regardless of the regutadif

small GTPases.

Key Words : cardiac hypertrophy, G protein, statin.
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[. INTRODUCTION

Cardiac myocyte hypertrophy involves changes in selcture and
alterations in protein expression that are regdlate both the level of
transcription and translatibn® There are three types of cardiac

hypertrophy: normairowth, growth induced by physical conditioningg (i.



physiologic hypertrophy), and growth induced by pathologic stifn
Recentvidence suggests that normal and exercise-indeexetiac growth
is regulated in large part by the growth hormorsafiim-like growth factor
axis via signaling through the PI3K/Akt pathway® In contrast,
pathologicalor reactive cardiac growth is triggered by autceriand
paracringneurohormonal factors such as epinephrine, norppiiree (NE),
angiotensin Il, and aldosterone that are releasgthgl biomechanical
stress andignal through the Gg/phospholipase C (PLC) pathvesading
to anincrease in cytosolic calcium and the activatiorpadtein kinase-C
(PKCY".

Hypertrophic G protein-coupled receptor (GPCR) agfsnsuch as
endothelin-1(ET-1) and phenylephrine stimulate aniper of protein
kinase cascades in the he&ff. The mitogen-activated protein kinase
(MAPK) superfamily includes three major pathwayke textracellular
regulated kinase (ERK1/2) pathway and two stregaded protein kinase
pathways, c-Jun-Npterminal kinase (IJNK) and p38 MAPK: '
Heterotrimeric G protein-coupled receptors servedovey extracellular
biochemical signals to intracellular effectors. feheare currently four

classes of Gproteins identifiedgs, ai, a1, andag.  In vitro studies have



suggested a pivotal role fori@Goupled receptor signaling in promoting
cardiomyocyte hypertrophy. In cardiac myocytes GPRnists such as
angiotensin 1l, ET-1, phenylephrine, and isoproteleactivate various
levels of MAPK pathways'. It has been shown that under normal
conditions R3-adrenergic receptors (AR) are the @njnmediators of the
effect of catecholamines, whereas ttie adrenergic receptor plays a role
during pathological development, such as ischenuasiply acting as a
reserve receptor system to maintain cardiac functlb was recently
shown that NE induces hypertrophy in neonatal ratdiomyocytes
throughas-AR stimulation and that Gis partly involved in NE-induced

ERKs activation* *°

Gr-coupled receptors are linked to the MAPK
cascade just as;GGs, and G-coupled receptors are linked to the Ras—
MAPK cascade. Activation of {@nediated ERKs is completely inhibited
by calreticuli’®. Even thougha;-ARs predominantly interact with 3
which leads to the activation of PLC, hydrolysis mifosphoinositides,
activation of PKC and mobilization of intracellul@e”, the selectivity of
the various a;-AR subtypes for different G proteins is not clgarl

understood. It has been shown that NE strongly dedlucardiac

hypertrophy. Most experiments identifying the efeof a;-adrenergic



stimulation on cardiac hypertrophy have been cotedlidn cultured
cardiomyocytes from both neonates and adults. Ihurad neonatal
cardiomyocytes, the direct parameters related tdiaa hypertrophy are
protein content and increased cell size.

A number ofin vitro and in vivo studies have shown that low-
molecular-weight GTPases (Racl, Ras and Rho) arelved in the
regulation of cardiac hypertrophy® '’ Ras and Racl GTPases are
prohypertrophic, whereas RhoA may play only a lkditrole in the
hypertrophic  program of cardiomyocyteés The  3-hydroxy-3-
methylglutaryl coenzyme A (HMGCo A) reductase intuts, or statins,
have been shown to inhibit cardiac hypertrophy iamgtove symptoms of
heart failure by cholesterol-independent mecharli§thsStatins block the
isoprenylation and function of members of the Rhoarwsine
triphosphatase family, such as Racl and RhoBecause Racl is a
requisite  component of reduced nicotinamide adenchBucleotide
phosphate oxidase, which is a major source of ikeacikygen species in
cardiovascular cells, the ability of statins to ibih Racl-mediated
oxidative stress contributes greatly to their idtioity effects on cardiac

hypertrophy. Furthermore, the inhibition of RhoA &tatins leads to the



activation of protein kinase B/Akt and the up-regidn of endothelial
nitric oxide synthase in the endothelium and H&afi resulting in
increased angiogenesis and myocardial perfusiocredsed myocardial
apoptosis, and improvement in endothelial and aarflinction. However,
the effects of statins on G-protein mediated cardiygpertrophy, which is
the main pathway of cardiac hypertrophy, have neit lyeen studied.
Therefore, in this study, NE was used to induceatgarmonal stimulation
of stress-mediated or reactive cardiac hypertroghg. pathological
hypertrophy). We sought to evaluate whether neurobpal-stimulated
stress could induce cardiac hypertrophy. If sdjrstaare likely to suppress
cardiac hypertrophy. Furthermore, we also sougheualuate whether
statin treatment directly suppresses cardiac hygary through a large G-
protein-coupled pathway (such ag, G, mediated MAPK) regardless of

the regulation of small GTPases.



II. MATERIALS AND METHODS

1. Isolation of neonatal rat cardiomyocytes

Neonatal rat cardiomyocytes were isolated and ipdriby enzymatic
methods. Briefly, hearts of 1 to 2-day-old Spraddesley rat pups were
dissected, and the ventricles were treated withb&do's phosphate-
buffered saline solution (pH 7.4, Gibco BRL) lagki€&* and Md".
Using micro-dissecting scissors the hearts wereceqinuntil the pieces
were approximately 1 minand treated with 10 ml of collagenase |
(0.8 mg/ml, 262 units/mg, Gibco BRL) for 15min a7 &. The
supernatant was then removed, and the tissue watedrevith fresh
collagenase | solution for an additional 15 min. Thls in the supernatant
were transferred to a tube containing cell cultumedium @-MEM
containing 10% fetal bovine serum, Gibco BRL). The&es were
centrifuged at 1200 rpm for 4 min at room tempertand the cell pellet
was resuspended in 5 ml of cell culture medium. @heve procedures
were repeated 7-9 times until little tissue was. IEEIl suspensions were
collected and incubated in 100-mm tissue cultusbel for 1 h to reduce

fibroblast contamination. The non-adherent cellssvsllected and seeded



to achieve a final concentration of 5X1@lls/ml. After incubation for 4—
6 h, the cells were rinsed twice with cell culturedium, and 0.1 mM
BrdU was added. Cells were then cultured in g @Cubator at 37 °C. For
stimulation with NE (10° M), the confluent cells were rendered quiescent

by culturing them for 12 h in 1% (v/v) FBS insteazfdl0% FBS.

2. Quantification of total protein and DNA from neonatal rat

cardiomyocytes

To further confirm whether there were any discregsbetween signal
molecule activation and hypertrophic responsesg| f@totein/DNA ratios
were measured in cardiomyocytes after stimulatich WE for 12 h irthe
presence of rosuvastatin (1 pmol/L) or without rk@miatin for an
additional24 h. Total protein/DNA ratios were measured adtubilizing
the cells in 1IN NaOH at 60 °C for 30 min. Total pmoteontent was
determined with BCA protein reagent (Pierce Biotasbgy, IL, USA)
with a bovine albumin standard according to the ufeaturer’s direction.
For the quantitative measurement of DNA, cells wgsed by adding SDS
and proteinase K, and the extraction of DNA wadgquared with phenol.

The absorbance of the purified DNA was measur@b@amnm.



3. Confocal microscopy and fluorescence measurement

The measurement of the cytosolic freé'Gancentration was estimated
by confocal microscopy analysis. Neonatal rat cangiocytes were plated
on a 4-well slide chamber coated with 1.5% gel&iml day ina-MEM
containing 10% fetal bovine serum (Gibco BRL, RgislUK) and 0.1 uM
BrdU (Sigma Chemical, MO, USA). After incubationetrtells were
washed with modified Tyrode's solution with 0.26& ¢aCl, 0.214 g/L
MgCl,, 0.2g/L KCI, 8.0g/L NaCl, 1g/L glucose, 0.05g/L Ni# O, and 1.0
g/L NaHCQ. Cells were then loaded with 5 mM of the acetoxymlet
ester of fluo-4 (Fluo-4 AM, Molecular Probes, CASA) for 20 min in the
dark and at 37°C. Fluorescence images were collagtedy a confocal
microscope (Leica, Solms, Germany) excited by @f&@m line of argon,
and the emitted light was collected through a 560-8m band-pass filter.
Relative data of intracellular €a were determined by measuring

fluorescent intensity.

4. Immunocytochemistry

Cells were grown on 4-well plastic dishes (Soni¢Sdide, Nalge Nunc,
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Rochester, NY, USA). Following incubation the cedlere washed twice
with PBS and then fixed with 4% paraformaldehyd®.la ml PBS for 30
min at room temperature. The cells were washechagiih PBS and then
permeabilized for 30 min in PBS containing 0.1%otri X-100. The cells
were then blocked in PBS containing 10% goat seancdiincubated for 24
hr at 4C with rabbit polyclonal cardiac troponin T antibodfhe cells
were rewashed three times for 10 min with PBS andbated with FITC-
conjugated goat anti-rabbit antibody as the seagndatibody for 1 h.
Photographs of cells were taken under fluorescenty
immunofluorescence microscopy (Olympus, MelvilleY,NUSA). All
images were rendered using an excitation filter emnceflected light
fluorescence microscopy and transferred to a coenpetuipped with
MetaMorph software ver. 4.6 (Universal Imaging Chorpphe cell surface
area was measured for the evaluation of cardiaerdngphy. One hundred
cells from randomly selected fields in three wellsre examined for each

condition.

5. Immunoblot analysis
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Immunoblot analysis for ERKs and MEK was condudied¢ause the
activation of ERKs and MEK plays an important rolegene regulation
and is a sensitive and quantitative marker forhyygertrophic responses of
cardiac myocytes in the mechanisms of cardiac hyggery. Proteins were
separated by SDS-PAGE using 10-12% polyacrylamiels gnd then
electrotransferred to  methanol-treated  polyvinyligle difluoride
membranes. The blotted membranes were rinsed twite water and
blocked by incubation with 5% nonfat dried milk RBS buffer (8.0 g
NaCl, 0.2 g KCI, 1.5 g NajQ,, 0.2 g KHPO, per liter). After 1 h of
incubation at room temperature the membranes wetged overnight at
4 °C with polyclonal antibodies against phosphor-EREnd MEKSs
followed by horseradish peroxidase (HRP)-conjugated secondary
antibodies The blots were detected using an enhanced
chemiluminescence kit (ECL, Amersham Pharmacia é8lo). For
expression analysis of Gh, the membranes were grodth anti-Gh
antibodies. Additionally, membranes were probedh\aittiphopho-PKC to

confirm the pathway.

6. RT-PCR analysis

-12 -



We analyzed not only the mMRNA expression levels tbe
protooncogenesc-fos, c-myc, and c-jun, which are markers of the
hypertrophic response, but also those of the Gepr®tG, G, G, and G
and MLC-2v, a contractile element, and SERCA2&’ @=yulating protein
by the reverse transcription polymerase chain i@act(RT-PCR)
technique in order to reveal the effects of rostatas on hypertrophic
mechanisms. For the RNA preparation, quiescentiamasebcytes were
treated with norepinephrine (0-100 nM) for 72 h at°@7in DMEM
containing 0.5% serum. Total RNA was prepared whth Ultraspec-11™
RNA system (Biotecx Laboratories Inc., USA) andgienstranded cDNA
was then synthesized from the isolated total RNA AMV reverse
transcriptase. A reverse transcription reactiontuné containing 1 pg of
total RNA, 1X reverse transcription buffer (10 mMisFHCI, pH 9.0,
50 mM KCI, 0.1% Triton X-100), 1 mM deoxynucleositigphosphates
(dNTPs), 0.5 units of RNAse inhibitor, 0.5 mg ofgol(dT);s, and 15 units
of AMV reverse transcriptase were incubated at@2dr 15 min, heated
to 99 °C for 5 min, then incubated at 0-5°C fomis. PCR was
performed for 35 cycles with'-3and 3-primers based on the sequences of

the c-fos gene primers!-BCCATGATGTTCTCGGGTTTCAA-3and %

-13-



CTCTGTAATGCACCAGCTCAGTCA-3 c-myc gene primers; '5
GAAGTGACCGACTGTTCTATGACT-3 and 5'-
CGCAACCAGTCAAGTTCTCAAGTT-3; c-un gene primers; 'b
AACGACCTTCTACGACGATG-3 and 5
GCAGCGTATTCTGGCTATGC-3 G, gene  primers; 5
AACAGTAAGACCGAGGACCA-3 and 5
AGATGATGGCAGTCACATCA-3; G gene primers; '5
CTCTAAGATGATCGACAAGA-3 and 5
CATGCGATTCATCTCCTCAT-3; Gh gene primers; '5
TTTTAAGCTTCCCGACCATGGCCGAGG-3 and 5
TTTTGGTACCTTAGGCGGGGCCAA-3 and Gg gene primers;'-5
TCATTAAGCAGATGAGGATC-3 and 5
CTCCACAAGAACTTGATCGT-3. For the MLC-2 gene, the primers
were 5-CGG AAG CTC CAACGT GTT CT and 5-TCC TTCCT TCT
CCG TGG GT and SERCA2a gene, the primers were 5

CCATCTGCCTGTCCAT-3' and'855CGGTTACTCCAGTATTG-3

7. Statistical analysis

All data are presented as a mean = S.D. Data wellgzed by one-way
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ANOVA followed by Tukey's Multiple Comparison Te$tvalues of <0.05

were considered significant.
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[ll. RESULTS

1. Selectivity of adrenoceptors in NE-stimulated gaiomyocytes

To confirm the selectivity of adrenoceptors in Nirslated
cardiomyocytes, cardiomyocyte protein synthesis wasasured as an
index for the hypertrophic phenotype caused by Gi&diomyocytes were
treated with ana; selective antagonist, prazosin (100nM), and} a
antagonist, propranolol &1), for 30 min, followed by NE (LaM)
treatment for 24 h. NE significantly increased fitetein/DNA ratio by
30% over that of the control. Thg-antagonist, prazosin, decreased the
protein/DNA ratio that was increased by NE treatmemhile the -
antagonist, propranolol, did not affect the NE-ioeld protein/DNA ratio
(Figure 1A). The phosphorylation of ERKs also wagniicantly
increased by 3.4 fold, in cardiomyocytes stimuldigdNE treatment. The
phosphorylation of ERKs was especially inhibited fmazosin, as seen
when compared with the control (Figure 1B). Theatadndicate that;-
AR was the main mediator of the hypertrophic respoim NE-stimulated

neonatal cardiomyocytes.

-16 -
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Figure 1. Selectivity of adrenoceptors in NE-stimulated cardimyocyte

s. A. Norepinephrine (NE) significantly increased thetpim/DNA ratio

by 30% over that of the control. While thg-antagonist prazosin (PRA)
decreased the protein/DNA ratio that was incredsetlE treatment, the
B-antagonist propranolol (PRO) did not affect the -iN&uced
protein/DNA ratio. B. NE treatment also significantly increased the
phosphorylation of ERKs by 3.4 fold in cardiomyaeyt and the
phosphorylation of ERKs was specifically inhibitéy prazosin when
compared with the control. *p<0.05, **p<0.01.

2. Rosuvastatin decreases protein content, surfa@ea, and myosin

light chain 2 mRNA expression.

To determine the effects of NE and rosuvastaticeular hypertrophy,

cardiomyocytes were treated with NE (10 uM, 24hj eosuvastatin (0.1—

-17 -



1 puM, 36 h). NE increased the cellular protein eahtoy 30% (Fig. 2).
This increase was completely inhibited by 0.1 apMlrosuvastatin.
Myosin light chain 2 (MLC2v) has been describedaasharker of the
hypertrophic phenotype. Rat neonatal cardiomyocytsted with NE (10
UM, 24h) increased MLC2v mRNA expression by 37%g(RB). Treating
stimulated cardiomyocytes with rosuvastatin for3@sulted in decreased
MLC2v expression and the downregulation of MLC2v M#Rby 10+9%
and 30+19%, respectively. Treatment with rosuvastg0.1-1 uM)
markedly inhibited the effects of NE that were séerhypertrophy in
cultured cardiomyocytes (Fig 3). The cell surfapeaaof cardiomyocytes
increased after 10uM NE treatment by 101 + 40%dewieased to control

level (110 + 45% of control) after 1uM of rosuvastdreatment (Fig 4.)
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Figure 2. Inhibitory effect of Rosuvastatin oncellular protein contents

in NE-stimulated cardiomyocytes. Norepinephrine increased cellular
protein content by 30%. This increase was comiglédibited by 1uM
rosuvastatin. *p<0.05.
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Figure 3. Inhibitory effect of Rosuvastatin in norginephrine-induced
MLC2v. Treatment with norepinephrine (10 uM, 24h) increlasg/osin
light chain 2v (MLC2v) mRNA expression by 37%. Reastatin at 0.1uM
and 1uM downregulated MLC2v mRNA by 10+9% and 30419
respectively. *p<0.05.
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Figure 4. Inhibitory effect of Rosuvastatin on cell surface esa in NE-
stimulated cardiomyocytes. Immunofluorescence microscopy showed
that the cell surface area of cardiomyocytes irsgdaafter 10uM of
norepinephrine treatment to 201 + 80% and decreséd0 + 45% after
1uM of rosuvastatin treatment. These data repredentmean = S.D.,
number of wells=3-5, **p<0.01 vs. control, ##p<0.Gs. norepinephrine.

3. Rosuvastatin inhibits G protein expression and mmbrane

translocation.

The effect of rosuvastatin on the mRNA expressibrGoproteins in
neonatal rat cardiomyocytes was determined by RR-R@d western

blotting. Treatment with NE (10 uM, 24 h) increasadand G expression
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by 62% (Fig. 5). Pretreatment with rosuvastatin (M) for 12 h
significantly decreased basal, @nd G protein expression and inhibited
the effect of NE by 42+4.3% and 40+6.8%, respebtivieT-PCR analysis
after stimulation with NE (10 puM, 24h) showed upregion of both G
protein mRNA and & protein mRNA expressions by 53+16% and 54
+15%. Treatment with rosuvastatin (1 uM, 36h) almesmpletely
inhibited NE stimulated GGmMRNA expression to levels close to those seen
in the control. However, expression off @nd G mRNA was not
significantly increased by NE stimulation. The ftian of G, as a
receptor-coupled G protein depends on both itsadeftular and
extracellular environments. Therefore, €&pression was studied in both
membrane and cytosolic preparations. Treatment WiEh(10 uM, 24 h)
increased @ expression located in membrane by 50+20% and G
expression in cytosol by 48+15% (Fig. 6). Pretreattmwith rosuvastatin
(3 pM) for 36 h decreased basal, ®xpression and NE-stimulated
membrane Gexpression to 120% of control levels, i@ the cytosol was

downregulated by 60+15%.
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Figure 5. Effect of Rosuvastatin on G protein expression levelRRT-
PCR analysis after stimulation with NE (10 uM, 24hpwed upregulation
of both G, protein mRNA and Gprotein mMRNA expressions by 53+16%
and 54 £15%. Treatment with rosuvastatin (1 pM,)3most completely
inhibited basal ¢ expression as well as NE stimulateqd, @RNA
expression to levels close to those seen in thealoklowever, expression
of G and G mRNA was not significantly increased. *p < 0.05 wsntrol,
#p < 0.05 vs. norepinephrine.
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Figure 6. Inhibitory effects of Rosuvastatin on membrane
translocation of G, protein. Treatment with norepinephrine (NE, 10
UM, 24 h) increased ysmembrane expression by 150+20% and G
cytosolic expression by 48+15%. Treatment with vastatin (1 uM) for
36 h decreased NE-stimulated @embrane expression to 120% of control

levels. G in the cytosol did not significantly changed. *pé® vs. control,
#p<0.05 vs. norepinephrine.

4. Rosuvastatin downregulates upstream regulators fOERKs in

cardiomyocytes.

Increased & protein levels that were induced by NE affected th
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hypertrophic marker ERKs in neonatal cardiomyocyte$he
phosphorylation of ERKs was up-regulated close @ 26 by NE
treatment (10 uM, 10min) but decreased by pretreatwith rosuvastatin
(1 uM, 12 h) (Fig. 7). The phosphorylation levefsMEK, an upstream
regulator of ERKs, and PKC were also significanthgcreased by
rosuvastatin treatment. These results showedhbantracellular signaling
pathway induced by NE was primarily processed bye th
PKC/MEK1,2/ERKs cascade through @RAR in cardiomyocytes and the

PKC/MEK/ERKSs cascade was directly inhibited by nesstatin.

5

(% of control)
I

o
o

©

&
Relative phosphorylation of MEK
% of control

Relative phosphorylation of PKC
Relative phosphorylation of ERK

0
0 0 0.1 1 pM Rosuvastatin 0 0 1 1 pMRosuvastatin 0 0 01 1 pMRosuvastatin
0 10 10 10 pUMNE 0 10 10 10 uMNE 0 10 10 10 pMNE

Figure 7. Down-regulation of upstream regulators of ERKs andERKs

by Rosuvastatin. The phosphorylation levels of PKC, MEK, and ERKs
were up-regulated by norepinephrine treatment (M), 10min) but
decreased by pretreatment with rosuvastatin (1 u21h). *p<0.05 vs.
control, #p <0.05 vs. norepinephrine.
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5. Rosuvastatin downregulates proto-oncogene expsisn in

cardiomyocytes.

To determine whether the immediate early genes imfiteenced by NE
we examined the mRNA levels ofun, c-fos, andc-myc in NE-stimulated
cardiomyocytesc-jun, c-fos andc-myc were observed about over 1.5 folds
increase after NE (10 uM, 24 h) stimulation. Howewmly c-fos mMRNA
expression was significantly decreased to the obmtiRNA level by

pretreatment with rosuvastatin (0.1-1 uM, 36 hyj(/8).
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Figure 8. Down-regulation of proto-oncogene expressions by
Rosuvastatin. Significant increases irc-jun, c-fos, and c-myc were

observed after norepinephrine (10 uM, 24 h) stitrha However onlyc-

fos mMRNA expression was significantly decreased bytrgagment with
rosuvastatin (0.1-1 pM, 36 h). *p<0.05 vs. contréip<0.05 vs.

norepinephrine.

6. Rosuvastatin inhibits NE-induced SERCA2a degrada&on and

intracellular Ca?" overload.

The C&" ATPase of the sarcoplasmic reticulum (SERCA2) lay
major role in C4 homeostasis and contributes to abnormal intrdeellu
Cd&" handling in a failing heart. NE-stimulation inddc@ significant
decrease to about 55% in SERCAZ2 transcripts aftér h2 while
pretreatment with rosuvastatin (0.1-1 uM, 36 h)bitad this decrease in
SERCAZ2 expression (Fig. 9A). The intracellular aaic level was also

increased by 2.2 folds in treatment with NE (10 p§,h) and decreased
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by pretreatment with rosuvastatin (0.1-1 uM, 24Hig. 9B).
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Figure 9. Effect of Rosuvastatin on SERCA2a expre&s and Ca&*
overload in NE-stimulated cardiomyocytes. A. Norepinephrine-
stimulation induced a significant decrease in SER&&anscripts after 24
h while pretreatment with rosuvastatin (0.1-1 uM, I8) inhibited this
decrease in SERCA2 expression. B. The intracellcddecium level was
also increased by norepinephrine stimulation (1Q fi®1h) and decreased
by pretreatment with rosuvastatin (0.1-1 uM, 24*pk0.05 vs. control,
#p<0.05 vs. norepinephrine.
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IV. DISCUSSION

Cardiac hypertrophy is related to an increased rigk cardiac
arrhythmias, diastolic dysfunction, congestive hdailure, and death.
Cardiac hypertrophy is a compensatory processoit@irs in pathological
conditions such as hypertension, myocardial infan¢tand some genetic
heart diseases. Although many studies about hgpéyr in
cardiomyocytes have underscored the relationshipessn G, and Gizia
some groups have reported that cardiac hypertrophith ol-AR
stimulation is also related to the, @athway™ *°. A recent study showed
that statins produce favorable effects, such aardiaprotective effect in
hypertensive patients and reverse remodeling iematwith non-ischemic
heart failure. However, the exact mechanisms afaantliac hypertrophy
and the improvement of cardiac remodeling havebeen fully elucidated.
Inhibition of isoprenylation of small GTPases haei shown to be a
major mechanism of statin induced anti-cardiac hypehy. However,
few study confirmed the direct inhibitory effect$ statin on large G-
protein mediated hypertrophy, major pathway of izardhypertrophy.
Recent study showed that atorvastatin reduced &MPe and force-

increasing effect of3-adrenergic stimulation in a concentration-dependen
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manner in neonatal rat cardiomyocyte. The effectatwrvastatin was
accompanied by cytosolic accumulation of a fractmnG-protein y-
subunit with an apparently smaller molecular weightytosolic
accumulation of G-proteiB-subunit, and a decrease ing3otal proteify.

In this study, we confirmed the anti-cardiac hypmphic effects of
rosuvastatin viaal-receptor signaling pathway. Thel-receptor signaling
plays an important role in the development of cdhypertrophy,
necrosis and fibrosis, which are often seen witmdou heart failure and in
animal model of NE-induced cardiomyopathy. Espégiat failing human
heart, Gh coupled witlw1l-receptor is an important signal transduction
mediator that aggrevates cardiac remodélingur results suggest that, G
protein is a novel target of HMG CoA reductase liitbirs in myocardial
hypertrophy. Treatment with NE increased &pression and membrane
translocation. Rosuvastatin inhibiteg @otein activity in cardiomyocytes
by inhibiting both basal and NE-stimulated mRNAptein expression,
and membrane translocation. Interestingly, despiatment with NE,
which activated & protein and mRNA expressions, treatment with
rosuvastatin did not effectively inhibit the NErstilated G protein and

MRNA expression. This finding suggests that théhgipertrophic effects
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of rosuvastain were primarily mediated via th&-AR-Gh-PKC-MEK-
ERK pathway. To the best of our knowledge, thishis first report that
statins directly suppress,@ediated cardiac hypertrophy. In addition to
the reversion of phenotypic hypertrophy, rosuvastaeatment inhibited
the NE-induced degradation of SERCA2a and revetisedintracellular
calcium overload that plays an important role ia tevelopment of heart
failure. Rosuvastatin also concentration-depengeéniiibited total protein
synthesis and downregulated both the basal anchNikced expression of

MLC2v in cardiomyocytes.

The results of our study were consistent with thokeecent studies
suggesting that atorvastatin and simvastatin inlibgiotensin Il-induced
cellular hypertrophy in HOC2 cardiomyobl&ét&®. Moreover, in this study,
we further confirmed that c-fos, proto-oncogenexsligively suppressed
by rosuvastatin, which suggested that c-fos prommsgene plays a major
role in terms of cardiac hypertrophy. We also fotimat NE-stimulation of
the PKC-MEK1,2-ERKs signaling cascade was inhibibgdpretreatment
with rosuvastatin. These findings provided us widttailed and specific
information about the upstream signaling pathwaat tivas a target of

rosuvastatin in the suppression of cardiac hypenyoThe data we present
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provide the evidence in support of using a statiproduce a Gprotein-

targeted antihypertrophic effect in the heart.
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V. CONCLUSION

In conclusion, we successfully revealed the inbifyitmechanism of
rosuvastatin on protein-mediated cardiac hypertrophy and its @astr
regulators. The results of this study provide suppar favorable statin

effects on patients with heart failure.
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< ABSTRACT(IN KOREAN)>
G-g993d F=2E 53 3-hydroxy-3-methylglutaryl coenzyme A
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