ORIGINAL INVESTIGATIONS

Obesity Is Associated With Impaired Ventricular Protein Kinase
C-MAP Kinase Signaling and Altered ANP mRNA Expression in

the Heart of Adult Zucker Rats

Dominique Morabito, Michel B. Vallotton, and Ursula Lang

ABSTRACT

Background: In the obesity model of the Zucker rat, myo-
cardial protein kinase C (PKC) activation by phorbol ester is
impaired. The influence of obesity on myocardial cell signal-
ing was investigated by studying the activation of PKC
isozymes and MAP kinases (MAPK) p38 and p42/44 as well
as the induction of ANP mRNA.

Methods: Isolated hearts obtained from 17-week-old lean
and obese Zucker rats were perfused with 200 nM phorbol
12-myristate 13-acetate (PMA) at different time periods. Im-
munodetectable PKC isozymes, phosphorylated-MAPK, and
ANP mRNA were determined by Western and Northern
blots, respectively.

Results:PMA promoted a marked transient translocation
of ventricular PKC a from the cytosol to the membranes
within 10 minutes in lean rats, whereas it had a much weaker

effect in obese rats. Moreover, PMA induced a significant
activation of PKC& in lean but not in obese rat hearts. After
PKC activation, increases in phosphorylation levels of myo-
cardial p38 and p42 MAPK were approximately 3-fold
higher in lean rats than in obese animals. Concerning the
induction of ANP, PMA ftransiently tripled ANP mRNA
within 60 minutes in lean but not in obese rats.
Conclusions:In the genetically obese Zucker rat, the myo-
transduction cascade PKC-MAPK-ANP
mMRNA seems to be markedly impaired. It can be speculated

cardial signal
that this abnormal cardiac cell signaling in obese rats reflects
an early phase in the cardiac pathogenesis accompanying
obesity. (J Investig Med 2001;49:310-318) Key Words: iso-
lated heart perfusion e phorbol 12-myristate 13-acetatee
PKCa, 8, €, £ » p38-MAPK o p42/44- MAPK

INTRODUCTION key role in the regulation of signal transduction in many
cell types. PKC is a family of serine-threonine kinases that
Obesity is a major risk factor for cardiovascular com- can be classified into three subclasses on the basis of their
plications such as coronary heart disease and congestie®main structure, which dictates their requirements for
heart failure, but there is scant knowledge regarding theCa" " andsn-1,2-diacylglycerol (DAG). The conventional
cellular mechanisms leading to cardiomyopathies assocPKC (cPKGy, cPKCB,;,,, cPKCy) are regulated by Ca"
ated with obesity:2 and DAG, whereas the novel PKC (nPECnPKCe,
Of the several protein kinases involved in cell signal-nPKCn, nPKCH) require DAG but not C&" for activa-
ing, the protein kinase C (PKC) has been shown to play aion. The atypical PKC (aPKKE aPKQ), the regulation of
which has not been clearly established, are insensitive to
both Ca'* and DAG (for reviews, see ref§). Phorbol
From the Division of Endocrinology and Diabetology, Uni- esters such as phorbol 12-myristate 13-acetate (PMA) can
versity Hospital, Geneva, Switzerland. substitute for DAG and produce a powerful activation of
This study was supported by grants no. 31-42295.94 anccPKC and nPKC, resulting in their translocation from the
31-52935.97 from the Swiss National Science Foundation (CREytosolic to the membrane fraction of the cefl.The
8232, CH-3001 Bern, Switzerland). specific role of the different isozymes is not yet known,
Address correspondence to: Dr Ursula Lang, University Hos-and it is also not clear whether multiple isoforms are at
pital, Division of Endocrinology and Diabetology, 24, Micheli- least in part redundant.
du-Crest, CH-1211 Geneva 14, Switzerland. E-mail LANGU@ In cardiomyocytes, PKC has been shown to be impli-
cmu.unige.ch cated in cellular growtf,contractio and regulation of
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gene expressiohMore specifically, activation of myocar- system was controlled by a roller pump (model IPN-8,
dial PKC by endothelin-1, phenylephrine, or PMA hasIsmatec, Glattbrugg, Switzerland). Perfusate was Krebs-
been found to induce phosphorylation of p88 and/or  Henseleit buffer (KH buffer) containing 123 mM NacCl, 4
p42/44 MAP kinases (MAPKj)1-13 mM KCI, 1.8 mM CaC}, 1.4 mM KH,PQ,, 1.2 mM

The MAPK p42/444 and p38516 subfamilies have MgSQO,, 20 MM NaHCQ, and 11 mM glucose. KH buffer
been shown to participate in the regulationmfosex-  was equilibrated with 95% (6% CO, and warmed to
pression. Heterodimers of the c-Fos and c-Jun protein87°C. At the end of the perfusion protocol, the ventricles
bind to activator protein regulatory sites present in thewere cut and immediately homogenized in buffer A (see
promoter regions of many genes such as the atrial natrinext paragraph for more details) or immediately frozen in
uretic peptide (ANP) gen¥.18 Moreover, activation of liquid nitrogen, powdered with a pestle in a mortar filled
p42/441° as well as p38 MAPKY has been shown to with liquid nitrogen, and stored up to 2 weeks-a70°C
induce the expression of ANP, recognized to be a markefor subsequent analysis. For technical reasons (ie, avail-
of cardiac ventricular hypertropy.22 ability of Zucker rats), both frozen and fresh tissues were

In the obesity model of the Zucker rat, myocardial PKC used, resulting in similar values for all parameters tested.
activation by phorbol ester was found to be impaired in To ensure consistency in comparing data of lean and
obese rats (fa/fa) when compared with that of lean animalsbese rats, we always perfused hearts in the presence and
(Fa/?)23 In this context, it is interesting to note that the the absence of PMA from both animal groups the same
soleus muscle and the liver of obese Zucker rats contaiday. After an equilibration time of 10 minutes, control
significantly higher concentrations of the physiological hearts were perfused with KH buffer during different time
PKC activator DAG than those of lean anim&s26How-  periods, while stimulated hearts were perfused with 200
ever, there is no information concerning the influence ofnM phorbol 12-myristate 13-acetate (PMA; Alexis, San
obesity on the induction of ANP through the PKC-MAPK Diego, Calif) during the same time periods.
signaling pathway.

In view of these facts and to investigate the influence ofPreparation of Cytosolic and Particulate Fractions
obesity on myocardial cell signaling, we studied the ef-and of Homogenate
fects of myocardial PKC activation by PMA in 17-week-  Subcellular fractionation was performed according to
old lean and obese Zucker rats on the subcellular localthe modified methods of Rybin and Steinb&rgnd Hal-
ization of the PKC isozymesy, 8, €, and { and the sey et ak® Minced cardiac ventricles were homogenized
phosphorylation levels of p38 and p42/44 MAPK, as wellin 2 volumes of ice-cold buffer A (pH 7.45, containing 20

as on the mRNA expression of ANP. mM Tris base, 2 mM EDTA Titriplex, 10 mM EGTA,
0.25 M saccharose, 10 mM DTT, 58V leupeptin) with
METHODS a Dounce homogenizer. Homogenates were centrifuged at
100,000gfor 1 hour. The supernatant was used as the
Animals cytosolic fraction. The pellet was resuspended in ~200

Female 17-week-old Zucker rats were graciously fur-of buffer A containing 1% (vol/vol) Triton X-100 and
nished by Prof. B. Jeanrenaud (Medical Research Fourincubated for 30 minutes at room temperature, before
dation, Geneva, Switzerland). Obese (fa/fa) rats weighetheing diluted with buffer A to obtain a final concentration
380*+2 g (n=101), and age-matched lean controls (Fa/?)of 0.2% of Triton X-100. The homogenate was centrifuged
rats weighed 220*+3 g (l118). Animals were fed a at 100,000dor 1 hour, and the supernatant obtained was
standard laboratory chow ad libidum and had free accesssed as the particulate fraction. This procedure resulted in

to tap water. cytosolic and membranous fractions containing 2118
and 2.6+0.25ug protein/mg of wet tissue, respectively.
Isolated Heart Preparation and Perfusion The cytosolic and membrane fractions were analyzed

Rats were anaesthetized with thiopental sodium (0.2vithin 24 hours for the presence of the four PKC isozymes
mL/100 g intraperitoneally; 5% Pentothal, Abbott Labo- (Western blot analysis).
ratories, Chicago, lll). A thoracotomy was performed, For Western blot analysis of MAPK, pulverized ven-
1000 IU of heparin (Liquaemin, Roche, Basel, Switzer-tricles were homogenated with 60 strokes of Dounce ho-
land) was injected into the inferior vena cava, and the heamnogenizer, in 14ul/ug powder of ice-cold lysis buffer
was quickly excised, placed in ice-cold saline, blotted, andcontaining: 50 mM Tris base, 150 mM NacCl, 10% glyc-
weighed. The aorta was mounted into a steel canula, anerol, 1% Triton X-100, 2 mM EDTA Titriplex, 2 mM
retrograde perfusion was initiated at a constant flow (7EGTA, 40 mM B-glycerophosphate, 50 mM sodium flu-
mL/min~%) in a nonrecirculating system. The flow in the oride, 10 mM sodium pyrophosphate, 2pM sodium
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orthovanadate, 1@.g/mL leupeptin, 0.3 TIU/mL aproti- ECL (Amersham, Buckinghamshire, United Kingdom)
nin, 1 uM pepstatin A, 1 mM phenylmethylsulfonyl! flu- and quantified with a Molecular Dynamics scanner using
oride, 100 nM calyculin A). Homogenates from hearts ofImageQuant 3.3 Version Software (Molecular Dynamics,
both animal groups, perfused in the presence and absen€ueensland, Australia). To ensure consistency in the data
of PMA, were analyzed the same day for phosphorylatioranalysis, the cytosolic and particulate fractions of the
levels of MAPK. PMA-stimulated heart and the control-heart of lean and
obese rats were run on the same gel.

Protein Assay

Protein content of homogenate or cytosolic and partic-
ulate fractions was determined using a Lowry Proteinlsolation of RNA and Northern Blot Analysis
Assay detergent compatible kit (Bio-Rad, Hercules, Calif). Total RNA from homogenate powder was isolated with
Bovine serum albumin was used as protein standard. =~ Promega RNA extraction kit (Madison, Wis) according to

the manufacturer’s instructions. After ethanol precipita-
Western Blot Analysis for PKC and MAPK tion, RNA pellets were resuspended in®and quanti-
Detection tated by absorption at 260 nm.

Homogenate, cytosolic, and membrane fractions were Northern blot analysis was used to quantify mRNA.
diluted and boiled 5 minutes with 0.33 vol of sample Fifteen micrograms of total RNA was denatured and sep-
buffer containing 10% (wt/vol) SDS, EDTA Titriplex, arated on 1% agarose gel and blotted on QuA%nylon
2.1% (wt/vol) DTT, 40% (vol/vol) glycerol, 30 mM Tris membrane (Schleicher & Schuell). After the transfer, the
HCI, 0.01% bromophenol blue, pH 7.9. We always Nytran membranes were prehybridized in Rapid-hyb
charged 20ug protein/lane as measured by photometricbuffer (Amersham) with 0.07%g/uL of herring sperm for
determination before charging the gel. Proteins were sept to 2 hours at 65°C and the appropriate probe was added
arated by SDS-PAGE using 10% (wt/vol) acrylamide re-to the same buffer for an overnight hybridization (at
solving gel (150 V for 1 hour, in a Mini-protean Il tank 65°C). The following probes were used for Northern blot-
[Bio-Rad]) and were transferred to 0.44m reinforced ting hybridization: a 0.77-kb fragment of mouse 18S ri-
nitrocellulose membranes (Schleicher & Schuell, Dasselbosomal cDNA and a 0.62-kb fragment of rat ANP cDNA
Germany, or Porablot, Machery-Nagel, Duren, Germany)(gifts of Prof. R. Lerch, Division of Cardiology, Univer-
Electroblotting was performed in a Trans-blot cell (Bio- sity Hospital, Geneva, Switzerland). The probes were la-
Rad Laboratories, Richmond, Calif) in 25 mM Tris base,beled with 50 uCi [«a-*?P]deoxycytidine triphosphate
190 mM glycine, 20% (vol/vol) methanol, at 120 V for 2 (Hartmann Analytic GmbH, Braunschweig, Germany) us-
hours. ing a random-prime labeling kit (Amersham) and the

Nitrocellulose membranes were incubated in a washinginincorporated nucleotides were removed with QlAquick
buffer (5% nonfat dried milk in 50 mM Tris/HCI, 200 mM nucleotide removal kit (Qiagen GmbH, Hiden, Germany)
NaCl, 0.2% (vol/vol) Tween 20, pH 7.5) for 1 hour at according to the manufacturer’s instructions.
room temperature. Thereafter, nitrocellulose membranes After hybridization, blots were washed serially, for 5
were incubated for 2 hours at room temperature or overand 15 minutes with 2SSC (1 XSSC: 150 mM NacCl, 15
night at 4°C with antibodies raised against RK@®KC,  mM tri-sodium citrate dihydrate, pH 7) 0.1% SDS, and
(Transduction Laboratories, Lexington, Ky), PE@®KCe  1X15 minutes with 1 XSSC 0.1% SDS at room tempera-
(Santa Cruz Biotechnology, Santa Cruz, Calif), phosphorture, followed by three washings at 65°C wittK $SC,
ylated p42/44 and p38 MAPK (New England Biolabs, 0.5XSSC and 0.2XSSC 0.1% SDS.

Beverly, Mass) as well as total p38-MAPK (Santa Cruz  After autoradiography (Hyperfilm MP, Amersham),
Biotechnology) or total p42/44-MAPK (Transduction membranes were stripped and reprobed with the 18S
Laboratories) recognizing both phosphorylated and nonprobe. Blots were autoradiographed (~2—7 days for ANP
phosphorylated MAPK. and ~20 hours for 18S) with intensifying screen (Kodak

After being washed three times with blocking buffer X-Omatic cassette, Eastman Kodak, Rochester, NY), and
containing nonfat-milk powder, nitrocellulose membranesrelative amount of mMRNA was determined by densitomet-
were incubated with the appropriate horseradish peroxiric scanning. To correct for differences in sample loading
dase-linked secondary antibody, either antirabbit (Coand transfer, the ANP mRNA was normalized in relation
valAb, Oullins, France) or antimouse (Santa Cruz Biotech+to the corresponding hybridization signal obtained with
nology) and then washed six times for 10 minutes.the 18S probe. All chemical reagents, unless otherwise
Immunoreactive bands were visualized by the enhancedpecified, were purchased from Sigma Chemical Co
chemiluminescent method with exposure to Hyperfilm (Zurich, Switzerland).
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Statistical Analysis

Quantitative data were described as me&&EM, and

active levels and subcellular distribution of these isozymes
between the two animal groups. As is illustrated in Figure

statistical analyses were performed using an unpaired Sti2, the content of PK@ was markedly higher in the cyto-
dent’st test or a one-way analysis of variance test, vidth  solic than in the membranous fraction of unstimulated
< 0.05 defined to be significant.

RESULTS

Time-Dependent Activation of Cardiac PKC
Isozymes in Obese and Lean Zucker Rats

The subcellular distribution of ventricular PKCS, e,

(KH buffer—perfused) heart tissue, whereas BKahd e
were found to be mostly in the membranous fraction.
Indeed, the ratio of membrane:cytosolic PKC was approx-
imately 3:1 for PKG ande, whereas it was 0.5:1 and 1:1
for PKCa and ¢, respectively.

Densitometric scanning of immunoblots (Figures 1 and
2A, upper panels) revealed that perfusion of hearts from

and { was determined in hearts of lean and obese rattean rats with 200 nM PMA led to a marked transient
perfused for 10 to 120 minutes with either KH buffer aloneincrease in membranous Pk@®@ith maximal values at 10

or with 200 nM PMA. Perfusing isolated heart from lean and 20 minutes of 29847% and 287+32% of control
rats with PMA concentrations from 10 to 300 nM, we values, respectively, as well as a persistent decrease in

observed a maximal translocation of P&@&om the cy-

cytosolic PKGr. The PMA-induced increase in membra-

tosol to the membranous fraction with 200 nM PMA (datanous PKG was markedly diminished in the heart of obese
not shown).

As shown in Figure 1, immunoblotting experiments 20 minutes, respectively) when compared with lean ani-
indicate that adult heart ventricles from both lean (Fa/?)mals (Figure 2A, upper left panel). As expected, the sub-

and obese (fa/fa) Zucker rats contain RK®, €, and (.

rats (170+24% and 199+26% of control values at 10 and

cellular distribution of the atypical PKLwas not influ-

No significant difference was observed in the immunore-enced by 200 nM PMA, neither in the heart of lean rats nor

PKCa

PKCd

PKCe

PKC(,

Fa/?
ctrl PMA

falfa
ctl PMA

(s Y \
cyt mcyt m

f cyt mcht m\

—— gy

(i SR ety GO
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in that of obese animals (Figure 2A, right panels4+8).
Similar to PKGy, cytosolic ventricular PK& and e
were decreased after perfusion of hearts from lean and
obese rats with 200 nM PMA (Figure 2B, lower panels),
whereas membranous PR@&nd e remained unchanged
after PMA perfusion (Figure 2B, upper panels). PMA-
induced decreases in cytosolic ventricular RK@ere
similar in lean and obese rats up to 60 minutes. After 120
minutes of perfusion with PMA, cytosolic PKCwas
significantly reduced to 1¥6% of control values in lean
rats, whereas it was decreased tor29% of control
values in obese rats. Concerning cytosolic ventricular
PKCe, we observed similar but not significant decreases in
both lean and obese rats (Figure 2B, lower right panel).

PMA-Induced Phosphorylation of Cardiac p38 and
p42/44 MAPK in Lean and Obese Rats

Because PKC activation has been shown to induce
stimulation of MAPK11.29.30we determined the phosphor-
ylation levels of ventricular p38 and p42/44 MAPK from
hearts of lean and obese rats perfused with 200 nM PMA

Figure 1. PMA-induced translocation of PK& 8, €, and £ in heart for 10 to 120 minutes

ventricles of lean and obese Zucker rats. Hearts from lean (Fa/?) and As is sh in Ei 3and4 fusi fh ¢ ith
obese (fa/fa) Zucker rats were perfused with 200 nM PMA for 10-120 S IS shown in Figures 5 and 4, periusion ot hearts wi

minutes (PMA) or KH buffer (ctrl), subfractionated and analyzed by 200 NnM PMA led to a significant increase in phosphory-
Western blots, loading 2@g of protein on each lane as described in lation levels of ventricular p38 as well as p42 and p44
Methods. Shown are representative blots illustrating the subcellularpAPK within 10 minutes in both animal groups, reflect-

localization of ventricular PK@, PKC), PKCe, and PKQ after 20 jng rapjd activation of these kinases. Using highly specific
minutes of perfusion. Results are representative of 4—7 separate exper-

iments. Left panel: data obtained with lean (Fa/?) rats; right panel: data antibodies against the tOth and phosphorylated forms of
obtained with obese (fa/fa) rats. cyt: cytosolic fraction; m: membranousMAPK, we showed that in KH buffer—perfused hearts

fraction. there is no significant difference in the ventricular amount
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or phosphorylation level of these kinases between lean anghinutes, respectively, decreasing rapidly thereafter. This
obese rats (Figures 3 and 4). PMA-induced increase in p38 MAPK phosphorylation
Figure 4A illustrates that, in heart ventricles of lean was strongly reduced in the heart of obese rats. Indeed, in
rats, the PMA-induced increase in the phosphorylatiorobese animals, PMA induced only a 5-fold increase in the
level of p38 MAPK was 15-fold and 12-fold at 10 and 30 phosphorylation level of ventricular p38 MAPK after 10
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Figure 3. PMA-induced phosphorylation of p38 (A), p42, and p44 (B) ;g *
MAPK in heart ventricles of lean and obese Zucker rats. Ventricular o.e '\;
. . s - \
homogenates from hearts perfused with 200 nM PMA for 10—120 min- <§( o 1000 i
utes or KH buffer (ctrl) were analyzed by Western blots, loading.80 (v\l' 4 é A
of protein on each lane, as described in Methods. This figure is repre- o 0
sentative for the 30-minute perfusion time point in 7-11 experiments,
each lane representing a single heart preparation. A and B, upper rows: C 4000+
Membranes were incubated with an antibody raised against the phos- _5
phorylated forms of p38 or p44/42 (-P). To ensure equal loading and © 0 p44
protein transfer, duplicate blots were performed for the same samples E’E 3000¢ %
and probed with an antibody raised against total p38 or p44/42 (phos- é; * T
horylated plus not phosphorylated forms; A and B, lower rows [-tot]). 9 ‘w L I
phory! p phosphory [-tot]) g § 2000 E?E\
X ] *
<5 qo00} * e
=L -
) ) ) ) ) g i T & LI-wnarsarsaniansaniann
minutes of perfusion, with the level decreasing rapidly o 0 : : s s s <
thereafter. 0 20 40 60 80 100 120
As shown in Figure 4B, perfusion of hearts from lean time (min)

rats with PMA resulted in a 16-fold increase in the phos- ) ) )
Figure 4. Time-dependency of PMA-induced phosphorylation of p38 (A),

phorylation Ie\_/el of pf12 MAPK after _10 minutes, with the p42 (B), and p44 (C) MAPK in heart ventricles of lean and obese Zucker
level decreasing rapidly after 30 minutes. In obese ratSyts immunoblots of phosphorylated p38, p42, and p44 MAPK from

this PMA-induced phosphorylation was significantly re- ventricular homogenates were quantified by laser scanning densitometry.
duced to a 6-fold increase in the phosphorylation level ofThe data (mean+SEM, n=4-11) are expressed as optical density units.

p42 MAPK (Figure 45)_ Conversely, the phosphorylation Each value represents phosphorylated ventricular MAPK in control (KH

level of myocardial p44 MAPK was 4-fold enhanced in buffer—perfused) and PMA-perfused hearts. *P<0.05, PMA-perfused
. hearts vs control heart$P<0.05, PMA-perfused hearts of Fa/? rats vs

both lean and obese rats (Flgure 4C)- PMA-perfused hearts of fa/fa rats. Fa/? rat heart (circle), fa/fa rat heart

(square), control hearts (open symbol), PMA-perfused hearts (closed

Effect of PKC Activation on ANP mRNA Expression symbol).
Because it has been shown that activation of2p38

and/or p42/44 MAPRK® promoted by hypertrophic stimuli mRNA. Basal levels of ventricular mRNA were found to
is involved in the expression of ANP, we evaluated thebe approximately 2-fold higher in lean than in obese rats,
expression of ventricular ANP mRNA in hearts of lean but the difference was statistically not significant
and obese rats perfused with 200 nM PMA for 10 to 120(P=0.088).
minutes. As is shown in Figure 5A and B, in lean rat
hearts, perfusion with 200 nM PMA induced a significant, DISCUSSION
transient 3-fold increase in the expression of ventricular
ANP mRNA at 60 minutes. By contrast, in obese rat The present study demonstrates for the first time that
hearts, PMA did not affect the ventricular level of ANP the PKC-MAP kinase signaling system is significantly
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A B 250 are in agreement with an earlier study by van de Werve et
Fal? falfa * —o—ctrl 23 . .
=6 P ool Fal? T DN al, th pbserved that the _translocatlon of myocargllal

PKC activity from the cytosolic to the membrane fraction
28 | / promoted by PMA was diminished in the heart of obese
< 100} Zucker rats when compared with lean animals. The same
e z il \<}%I study revealed that basal membranous PKC activity was
ANP B “.. 8 t significantly lower in the heart of obese rats. Our work
5 0 indicates that this decreased activity is not a result of a
g w0l :::;"‘MA decreased level of PK& 8, or e.
20 ; el falfa Conversely, Considine et@lfound that membranous
< and cytosolic PKC activities, as well as membrane levels
_— ” [ os 1ot of PKCa, €, and{, were the same in the liver of obese and
50 /§E§§ lean Zucker rats. In contrast to our results and those of
e e Considine et al, Cooper et3affound that levels of PKe,
0 2 4°ﬁm62 (m?:) 100 120 B, and e were diminished in the soleus muscle of obese

Zucker rats when compared with lean rats. Avignon & al
Figure 5. Time-dependent expression of ANP mRNA induced by PMA ifobserved that, relative to lean Zucker rats, the levels of
heart ventricles of lean and obese Zucker rats. Hearts were perfused foPKCa and e in the soleus muscle of obese animals were
the times indicated in the presence (closed symbol) or absence (opgphcreased in the membrane fraction and decreased in the

symbol) of 200 nM PMA. Total RNA was extracted from ventricles for : - .
Northern blotting analysis as described in Methods.uibof total RNA CytOSO“C fraction, whereas PI@eveIs were decreased in

was loaded on each lane. Blots were autoradiographed for 3—7 days orbOth fractions and PKE levels were not significantly
films with enhancing screen. Thereafter, membranes were stripped anghanged. Clearly, further studies are necessary to deter-
hybridized to a*P-labeled 18S rRNA probe. (A) Representative auto- mine whether the impairment of the PKC system in the
radiograms for the gene ANP and for the housekeeping gene 18S, withhase Zucker rat is tissue- and/or isozyme-specific.

each lane representing a single heart preparation after 60 minutes of There is increasing evidence that PKC activation pro-
perfusion. (B) Corresponding time-course experiment as line graph. 9 P

Results have been normalized using 18S rRNA as internal invariabldNO€S the phosphorylation of p42 and p44 in neonatal
control (100%) and are the mean+SEM of 3-5 independent experiment¥€ntricular cardiomyocytéd3*34as well as in the adult
for each time point of perfusion. *P<0.05 PMA perfused heart vs heart!2.35 Recently, Zu et & showed that phosphoryla-
untreated heart. Fa/? rat heart (circle), fa/fa rat heart (square). tion of p38 MAPK is mediated by PKC activation in the
rat cardiac myoblast cell line H9c2. In the present study,
we show that PMA induces a spectacular phosphorylation
impaired in the heart of obese Zucker rats when comparedf the myocardial MAPK p42/44 and p38 in lean Zucker
with that of lean animals. In obese Zucker rats, the PMA-rats and that this phosphorylation is impaired in obese
induced translocation of myocardial PKk@rom the cyto-  animals. Indeed, perfusion of hearts from Zucker rats with
solic to the membrane fraction observed in lean animal$MA leads to an increase in the phosphorylation levels of
was markedly decreased. Similarly, ventricular cytosolicmyocardial MAPK, which were 3- and 2-fold lower for
PKC3 was significantly less decreased in obese rats thap38 and p42, respectively, in obese rats compared with
in lean animals after PMA perfusion, whereas in boththose of their lean counterparts and which were identical
animal groups membranous PBCas well as PKE€, for p44 in both groups. Our results are in agreement with
seemed not to be affected by PMA. Because membranghose of Lazou et &2 which reported that perfusion of
bound PKC is known to be more sensitive to degradatiorWistar rat hearts with PMA led to a 10-fold increase in the
than cytosolic PKC and because PKé&nhde are presentin  phosphorylation level of p42 MAPK. The perfusion of
approximately three times greater quantity in the mem-Sprague-Dawley rat hearts with phenylephrine resulted in
brane fraction in unstimulated heart ventricles than ina similar strong, 12-fold increase in the phosphorylation
cytosolic, we can speculate that degradation processes &s/el of myocardial p38 MAPK1
of yet unspecified of these membranous PKC isozymes do Interestingly, the two ventricular MAPK p38 and p42,
not allow us to observe an increase in the membranouthe phosphorylation levels of which were highly enhanced
form of PKC§ ande. (12- to 16-fold) by PMA in lean rats, were much less
In contrast to the observed impaired activation of myo-activated in obese rats (5- to 6-fold increases). In contrast,
cardial PKGyx andé in obese rats, we found no difference the phosphorylation level of p44 MAPK was increased in
in the basal levels and in the subcellular distribution ofboth animal groups 4-fold after PKC activation. Thus, our
PKCu, 6, or e between lean and obese animals. Our result®bservations indicate that an impaired PKC activation in
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obese heart ventricles results in a strongly diminished 2. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as
activation of p42 and p38 MAPK but had no effect on an independent risk factor for cardiovascular disease: A 26-year fol-
PMA-induced phosphorylation of p44 MAPK. low-up of participants in the Framingham Heart Study. Circulation
In the present study, we observed no significant differ-->co-0/ 96897 : : . .
- p Y g 3. Hofmann J. The potential for isoenzyme-selective modulation of
ence in the levels of ANP mRNA between lean and obesgyotein kinase C. FASEB J 1997;11:649—669.
Zucker rats, suggesting that the obese rat heart is not 4. Newton AC, Johnson JE. Protein kinase C: A paradigm for reg-
hypertrophic according to the ANP expression criterion.ulation of protein function by two membrane-targeting modules. Biochim
Concerning ANP mRNA expression, we also found thatBioPhys Acta 1998;1376:155-172. _
activation of PKC resulted in the induction of myocardial 5. Kraft AS, Anderson WB. Phorbol esters increase the amount of
. . . ! . Ca2+, phospholipid-dependent protein kinase associated with plasma
ANP mRNA with a transient maximum at 60 minutes in membrane. Nature 1983:301:621—623.
lean Zucker rats. Because it has been shown that in the 6. wolf M, LeVine H, May WSJ, Cuatrecasas P, Sahyoun N. A
adult heart ventricles PMA had no effect on ANP secre-model for intracellular translocation of protein kinase C involving syn-
tion,37.:38it can be speculated that the transient increase iﬁrgism between Ca2-and phorbol esters. Nature 1985;317:546—549:
ANP mRNA observed in heart ventricles from adult lean KR7A|Lee HR, Henderson SA, Reynolds R, Dunnmon P, Yuan D, Chien
. . . Alpha 1-adrenergic stimulation of cardiac gene transcription in
Zucker rats results from a possible negative feedbackeonatal rat myocardial cells. Effects on myosin light chain-2 gene
mechanism resulting from ANP accumulation. With a expression. J Biol Chem 1988;263:7352—7358.
finding similar to our own, Cornelius et ®&lreported a 8. Venema RC, Raynor RL, Noland TAJ, Kuo JF. Role of protein
transient increase in ANP mRNA 120 minutes after im- Kinase Cin the phosphorylation of cardiac myosin light chain 2. Biochem
s . J 1993;294:401-406.
p05|_t|on (.)f eIe\{ated wall stress and 90 minutes after for- 9. Decock JB, Gillespie-Brown J, Parker PJ, Sugden PH, Fuller SJ.
skolin stimulation. In contrast to the lean Zucker rat, Classical, novel and atypical isoforms of PKC stimulate ANF- and
myocardial ANP mRNA expression was not increased byrrE/AP-1-regulated-promoter activity in ventricular cardiomyocytes.
PMA in the obese rat, suggesting that the impaired acti+EBS Lett 1994;356:275-278.
vation of the myocardial PKC-MAPK signaling cascade in  10. Sugden PH, Clerk A. Cellular mechanisms of cardiac hypertro-

: : - phy. J Mol Med 1998;76:725-746.
the obese animal is not sufficient to promote ANP mRNA 11. Lazou A, Sugden PH, Clerk A. Activation of mitogen-activated

expression. protein kinases (p38-MAPKs, SAPKs/JNKs and ERKSs) by the G-

The sequential timing of ventricular PKC and MAPK  protein-coupled receptor agonist phenylephrine in the perfused rat heart.
activation and induction of ANP mRNA in PMA-perfused Biochem J 1998;332:459-465.
hearts, as well as the impairment of each of these cellular 12. Lazou A, Bogoyevitch MA, Clerk A, Fuller SJ, Marshall CJ,
events in obese rat hearts, confirms the hypothesis that'99en PH. Regulation of mitogen-activated protein kinase cascade in

. . . adult rat heart preparations in vitro. Circ Res 1994,75:932-941.
obesity affects the whole signal transduction cascade 13 cierx A, Bogoyevitch MA, Anderson MB, Sugden PH. Differ-
PKC-MAPK-ANP mRNA in adult Zucker rats. Taken ential activation of protein kinase C isoforms by endothelin-1 and phen-
together, our results indicate that in genetically obese aduliephrine and subsequent stimulation of p42 and p44 mitogen- activated
Zucker rats the myocardial PKC-MAPK signaling Cascadepro@ein kinases in ventricular myocytes cultured from neonatal rat hearts.
is impaired, which is in line with the absence of any effect” Bi0! Chem 1994,269:32848-32857.
. 14. Strahl T, Gille H, Shaw PE. Selective response of ternary com-

of PMA on ANP mRNA in the heart of obese rats. We plex factor Sapla to different mitogen-activated protein kinase sub-
propose that this abnormal cell signaling in heart ventri-groups. Proc Natl Acad Sci U S A 1996;93:11563-11568.

cles of obese rats reflects an early phase in the cardiac 15. Janknecht R, Hunter T. Convergence of MAP kinase pathways

pathogenesis accompanying Obesity_ on the ternary complex factor Sap-la. EMBO J 1997;16:1620-1627.
16. Whitmarsh AJ, Yang SH, Su MS, Sharrocks AD, Davis RJ. Role
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