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Prodynorphin gene expression was investigated in
adult ventricular myocytes isolated from normal (F1B)
or cardiomyopathic (BIO 14.6) hamsters. Prodynorphin
mRNA levels were higher in cardiomyopathic than in
control myocytes and were stimulated by treatment of
control cells with the protein kinase C (PKC) activator
1,2-dioctanoyl-sn-glycerol. Both chelerythrine and cal-
phostin C, two PKC inhibitors, abolished the stimula-
tory effect of the diglyceride and significantly reduced
prodynorphin gene expression in cardiomyopathic myo-
cytes. Nuclear run-off experiments indicated that the
prodynorphin gene was regulated at the transcriptional
level and that treatment of nuclei isolated from control
cells with 1,2-dioctanoyl-sn-glycerol increased pro-
dynorphin gene transcription, whereas chelerythrine or
calphostin C abolished this transcriptional effect. Direct
exposure of nuclei isolated from cardiomyopathic myo-
cytes to these inhibitors markedly down-regulated the
rate of gene transcription. The expression of PKC-a, -d,
and -e, as well as PKC activity, were increased in nuclei
of cardiomyopathic myocytes compared with nuclei
from control cells. The levels of both intracellular and
secreted dynorphin B, a biologically active product of
the gene, were higher in cardiomyopathic than in con-
trol cells and were stimulated or inhibited by cell treat-
ment with 1,2-dioctanoyl-sn-glycerol or PKC inhibitors,
respectively.

Cardiomyopathies are a major cause of mortality and mor-
bidity, and this spectrum of disorders tops the list of diseases
leading to cardiac transplantation. Hypertrophic cardiomyop-
athy is a disease of unknown etiology which is characterized by
cardiac hypertrophy and disarrays of myocardial fiber and
fibrils (1, 2). Although half of the patients with hypertrophic
cardiomyopathy show an apparent family history, and muta-
tions in the b-myosin heavy chain gene have been identified in
these patients (2–4), the molecular and genetic bases of the
disease remain unclear. In particular, the identification of fac-
tors that may be involved in reprogramming myocardial
growth and may lead to impaired contractility is in the begin-
ning stages. It is increasingly becoming evident that the myo-
cardial cell besides, being a target for the action of different

hormones and growth factors, also acts as a source of peptides
that may play a crucial role in regulating signal transduction at
myocyte level. In this regard, we have provided evidence that
the myocardial cell expresses the prodynorphin gene (5) and
that this opioid gene is transcriptionally stimulated by protein
kinase C (PKC)1 activation (6). Furthermore, cardiac myocytes
are able to synthesize and release dynorphin B (5, 6), a biolog-
ically active end product of the prodynorphin gene that binds
selectively to k opioid receptors (7). Our previous studies have
shown that the stimulation of myocardial opioid receptors af-
fects phosphoinositide turnover (8, 9), depleting Ca21 of the
sarcoplasmic reticulum, and leading to a marked decrease in
the amplitude of the cytosolic Ca21 transient and in that of the
associated contraction (9). In addition to affecting cytosolic
Ca21 homeostasis, k opioid receptor stimulation also elicited
intracellular alkalosis and changes in myofilament responsive-
ness to Ca21 through a PKC-dependent activation of the
Na1/H1 antiporter (10). Interestingly, in several tissues endog-
enous opioids have been shown to inhibit cell proliferation and
promote a mass increment by increasing the size of a fixed
number of pre-existing cells (hypertrophy) (11, 12). These find-
ings indicate that the myocardial function may be affected in
an autocrine or paracrine fashion by an opioid gene and by the
intracellular pathways that regulate its expression. They sug-
gest consideration of the prodynorphin gene as a candidate
gene for pathological processes involving an impairment of
myocardial cell contractility, growth, and differentiation.
In the present study, we used BIO 14.6 cardiomyopathic

Syrian hamsters as an experimental model of hypertrophic
cardiomyopathy and investigated the expression of the pro-
dynorphin gene in cardiac myocytes that have been isolated at
various stages during the progression of the cardiomyopathy.
The finding that PKC is involved in different models of cardiac
hypertrophy as well as in prodynorphin gene transcription led
us to evaluate whether PKC activation may contribute to reg-
ulate the expression of this opioid gene throughout the car-
diomyopathic process.

MATERIALS AND METHODS

Control (F1B) and cardiomyopathic (BIO 14.6) male Syrian hamsters
were purchased from Bio Breeders (Fitchburg, MA). BamHI, EcoRI,
NcoI, ATP, CTP, GTP, UTP, collagenase B, and the acrylodan-labeled
myristoylated alanine-rich protein kinase C substrate (MARCKS) pep-
tide were from Boehringher Mannheim. RNAMATRIXTM was from BIO
101, Inc. (Vista, CA). [32P]CTP, [a-32P]UTP, and the 125I-labeled donkey
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anti-rabbit IgG antibody were from Amersham International. Antisera
to PKC-a, PKC-d, PKC-e, and PKC-z were from Calbiochem. Cheleryth-
rine, calphostin C, H7, and staurosporine were from Biomol Research
Laboratories, Inc. (Plymouth Meeting, PA). Pronase E, 1,2-dioctanoyl-
sn-glycerol, and all the other chemicals were from Sigma.
Cell Isolation—Ventricular cardiac myocytes were isolated from con-

trol (F1B) or cardiomyopathic (BIO 14.6) male Syrian hamsters of 60,
120, or 180 days according to a technique previously described (13).
Briefly, each heart was retrogradely perfused at 37 °C through the
aorta with 25 ml of a nominally Ca21-free bicarbonate buffer (perfusion
buffer) of the following composition (mM): 116.4 NaCl, 5.4 KCl, 1.6
MgSO4, 26.2 NaHCO3, 1.0 NaH2PO4, 5.6 D-glucose; this medium was
continuously gassed with 95% O2, 5% CO2 (pH 7.36 6 0.05). The
perfusate was then switched to a similar solution containing 0.5 mg/ml
collagenase B (0.7 unit/mg), 0.05 mg/ml Pronase E, and 25 mM CaCl2.
After approximately 20 min, the heart tissue became soft and was then
minced and mechanically dispersed by gentle pipetteting. The resulting
myocyte suspension was filtered through nylon gauze, and the cells
were allowed to settle under gravity for 6–10 min. The supernatant was
removed by aspiration, and the pellet of cells was resuspended in 20 ml
of perfusion buffer containing 250 mM CaCl2 and 4% bovine serum
albumin (BSA). The myocytes were again allowed to sediment under
gravity and the pellet was resuspended in 20 ml of perfusion buffer
containing 4% BSA and 0.5 mM CaCl2. Sedimented myocytes were
finally resuspended in perfusion buffer containing 1.0 mM CaCl2.
Under these experimental conditions, 80–90% of the cardiac myo-

cytes resuspended in 1.0 mM CaCl2 had a rod-shaped appearance, clear
striations, sharp edges, and no evidence of granulations or blebs. Ad-
ditionally, density sedimentation of newly isolated myocytes in the
presence of BSA, prior to final resuspension, has been shown to repre-
sent one of the methods of choice to control the presence of non-myo-
cytes in preparations of adult cardiomyocytes (14–16). Due to the fil-
tering effect of repeated passages through 4% BSA, smaller cells or
small cell pieces were almost completely excluded from the final prep-
aration of myocytes used in the present study, and contamination by
non-myocytes was negligible (less than 2%). Only freshly isolated myo-
cytes were used in each experiment.
RNA Extraction and Determination of Prodynorphin mRNA—RNA

was extracted from cardiac myocytes by using the method described by
Chomczynsky and Sacchi (17), and the levels of prodynorphin mRNA
were assessed by the aid of a sensitive solution hybridization RNase
protection assay as described in detail elsewhere (6, 18, 19). Briefly, a
400-base pairHindIII-BamHI fragment of the main exon of rat genomic
prodynorphin clone was inserted into pGEM3. Transcription of the
plasmid linearized with BamHI generated a sense strand of prodynor-
phin mRNA used to construct a standard curve of prodynorphin mRNA,
while transcription of the plasmid linearized with EcoRI in the presence
of [32P]CTP (800 Ci/mmol) gave an antisense strand used to hybridize
cellular prodynorphin mRNA. Unlabeled antisense prodynorphin
mRNA was also synthesized from the plasmid and was used in nuclear
run-off experiments to hybridize 32P-labeled RNA synthesized by iso-
lated myocardial nuclei (see below in this section). The protected frag-
ments were recovered after phenol chloroform extraction and electro-
phoretically separated in a polyacrylamide nondenaturing gel.
Autoradiographic exposure was performed for 48 h. The individual
bands were counted for radioactivity by liquid scintillation spectrome-
try, and counts/min were translated to picogram values on a correlated
standard curve. Data were expressed as picograms of mRNA/mg of total
RNA.
Identification of Dynorphin B-like Material—Immunoreactive dynor-

phin B (ir-dyn B) was measured by a radioimmunoassay procedure that
utilized the 13 S antiserum raised against dyn B and capable of recog-
nizing the high molecular weight peptides cleaved from the prodynor-
phin precursor and containing dyn B in their sequence (20, 21). Acetic
acid extracts from control or cardiomyopathic cardiomyocytes or pooled
samples from the incubation medium were processed by reverse-phase
high performance liquid chromatography. The collected fractions were
radioimmunoassayed, and the immunoreactivity was attributed to au-
thentic dyn B by comparison with the elution position of a synthetic
standard, according to a previously described procedure (5, 22).
Isolation of Nuclear and Cytosolic Fractions—Nuclei were isolated

from myocytes of control or cardiomyopathic hamsters by using a pre-
viously described method (6). Briefly, at the end of the isolation proce-
dure the myocardial cells, resuspended in perfusion buffer containing
1.0 mM CaCl2, were allowed to sediment under gravity. The resulting
pellet was resuspended in a hypo-osmotic buffer (Buffer I) of the fol-
lowing composition: 10 mM Tris/HCl, pH 7.4, 1 mM MgCl2, 10 mM NaCl,
5 mM CaCl2, 0.1 mM dithiothreitol, 0.5 mM phenylmethylsulfonyl fluo-

ride, 1 mM leupeptin, and 10 mM b-mercaptoethanol. The resuspended
cells were incubated for 30 min at 4 °C and then sedimented at 1000 3
g for 10 min at 4 °C. The pellet was resuspended in 20 ml of Buffer I and
sonicated at setting 2 in a Branson sonifier W-350. The sonicated
preparation was added with Triton X-100 at a final concentration of
0.1% and then centrifuged at 1000 3 g for 10 min at 4 °C. The pellet was
resuspended in a buffer (Buffer II) containing 10 mM Tris/HCl, pH 8.0,
0.3 M sucrose, 5 mM MgCl2, 0.1 mM dithiothreitol, 0.5 mM phenylmeth-
ylsulfonyl fluoride, 1 mM leupeptin, and 10 mM b-mercaptoethanol. The
resuspended material was layered over an equal volume of Buffer II
containing 0.6 M sucrose and centrifuged at 1500 3 g for 10 min at 4 °C.
The resulting nuclear pellet was resuspended in a buffer (Buffer III)
containing 50 mM Tris/HCl, pH 8.0, 5 mM MgCl2, 0.1 mM EDTA, 40%
glycerol, 0.1 mM dithiothreitol, 0.5 mM phenylmethylsulfonyl fluoride, 1
mM leupeptin, and 10 mM b-mercaptoethanol.
The purity of the myocardial nuclei was assessed by estimating in the

nuclear fraction the activity of marker enzymes of other selected sub-
cellular myocyte fractions. In particular, the activity of 59-nucleotidase
and that of the ouabain-sensitive Na1-K1 ATPase, two marker enzymes
of the sarcolemmal membranes, were assessed by using the method
described by Edwards and Maguire (23) and the procedure reported by
Lamers and Stinis (24), respectively. Ouabain-sensitive Na1-K1

ATPase activity was taken as the activity inhibitable by 1 mM ouabain.
The extent of ATP hydrolysis was followed by measuring the release of
inorganic phosphate, according to the method of LeBel et al. (25).
Succinate dehydrogenase activity and rotenone-insensitive NADH cy-
tochrome c reductase activity were assessed as marker enzymes of
inner and outer mitochondrial membranes, respectively, and were
measured according to the procedures described by King (26) and by
Sottocasa et al. (27). The activity of rotenone-insensitive NADPH cyto-
chrome c reductase and that of K1-EDTA ATPase were measured as
marker enzymes of the sarcoplasmic reticular membranes and of the
myofibrillar fraction, respectively, according to the methods described
by Sottocasa et al. (27) and by Scholte (28).
In order to prepare the cytosolic fraction, cardiac myocytes that had

been isolated from both control or cardiomyopathic hamsters were first
homogenated with a Dounce homogenizer (three strokes of an A pestle)
in a medium containing: 50 mM Tris/HCl, pH 7.4, 250 mM sucrose, 1 mM

EDTA, 0.1 mM dithiothreitol, 0.5 mM phenylmethylsulfonyl fluoride, 1
mM leupeptin, and 10 mM b-mercaptoethanol. The homogenate was
centrifuged at 1000 3 g at 4 °C for 15 min. The supernatant was further
centrifuged at 100,000 3 g at 4 °C for 60 min. The resulting superna-
tant was designated the cytosolic fraction.
Nuclear Run-off Transcription Assay—Nuclear run-off experiments

were performed as described in detail elsewhere (6, 29). Briefly, nuclei
resuspended in 90 ml of Buffer III were added with 100 ml of 2 3
reaction buffer (10 mM Tris/HCl, pH 7.5, 5 mM MgCl2, 0.3 M KCl, 5 mM

dithiothreitol, 1 mM each of ATP, GTP, and CTP), and 5 ml of
[a-32P]UTP (3000 Ci/mmol), followed by incubation at room tempera-
ture for 15 min. DNA was digested by incubating the transcription
mixture for 5 min at room temperature in the presence of 1 ml of 20,000
units/ml RNase-free DNase. Nuclear RNA was isolated by using gua-
nidine thiocyanate and acid phenol extraction (17), followed by purifi-
cation on RNAMATRIXTM. Equal counts of 32P-labeled RNA (about 5 3
106 cpm) were then subjected to a solution hybridization RNase protec-
tion assay and were hybridized for 12 h at 55 °C in the presence of
unlabeled antisense prodynorphin mRNA. Samples were then incu-
bated with a combination of RNase A and T1 and exposed to proteinase
K, as described by Krause et al. (19). The protected fragments were
recovered after phenol chloroform extraction and electrophoretically
separated in a polyacrylamide nondenaturing gel. Autoradiographic
exposure was for 48 h. 32P-Labeled nuclear RNA was also hybridized
with unlabeled antisense cyclophilin mRNA synthesized from a NcoI-
linearized pBS vector containing a 270-base pair fragment of plB15, a
cDNA clone encoding for rat cyclophilin (30). Cyclophilin mRNA was
utilized as a constant mRNA for control.
Immunoblotting Analysis of Protein Kinase C—Nuclear samples, to-

tal cell lysates, or cytosolic fractions from control or cardiomyopathic
myocytes were electrophoresed on 8% SDS-polyacrylamide gels. Pro-
teins were transferred to nitrocellulose using a semidry transfer cell
(BIO 101, Inc.). After transfer, the blot was saturated for 1 h at room
temperature with 3% BSA in Tris-buffered saline containing Tween
(TBS-T) (50 mM Tris/HCl, pH 7.4, 150 mM NaCl, 0.05% Tween 20). The
immunoreaction was carried out overnight at 4 °C in TBS containing
1% BSA, 0.02% Tween 20, and the primary antibody (antisera to
PKC-a, PKC-d, PKC-e, or PKC-z) diluted 1:100. After being washed
three times with TBS-T (5 min each wash), the membranes were incu-
bated with 125I-labeled donkey anti-rabbit IgG antibodies (106 cpm/ml)
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in TBS-T with 1% BSA for 1 h at room temperature. After additional
washings with TBS-T, the nitrocellulose membranes were dried and
exposed to Kodak X-Omat AR films with an intensifying screen for 48 h
at 270 °C. The intensities of the autoradiographic bands were meas-
ured with a laser densitometer (ImageQuant Computing Densitometer
300/325, Molecular Dynamics, Sunnyvale, CA), and, for each PKC
isozyme, the data were expressed as percentage changes in the autora-
diographic intensity in each sample (total lysates, cytosolic fraction, or
nuclear fraction) from cardiomyopathic cells relative to the intensity in
the corresponding sample obtained from control cells (considered as
100%).
Measurement of Nuclear PKC Activity—PKC activity from isolated

myocardial nuclei was measured according to a previously described
procedure (6), which utilized a continuous fluorescence assay in the
presence of the acrylodan-labeled MARCKS peptide, a high affinity
fluorescent substrate in vitro for PKC (31–34). This substrate consists
of a conserved sequence of 24 amino acids from the MARCKS protein,
which includes four sites for PKC phosphorylation (35). In the presence
of PKC activators, maximum fluorescence is measured at 480 nm with
excitation at 370 nm. In the course of phosphorylation by PKC, the
intensity of the fluorescence decreases about 20% (35). In the present
study, the fluorescence changes occurring during the phosphorylation of
the MARCKS peptide were monitored at 37 °C. The reaction mixture
contained, in a final volume of 1 ml, 10 mM Tris/HCl, pH 7.0, 90 mM KCl,
3 mM MgCl2, 0.3 mM CaCl2, 0.1 mM EGTA, 100 mM ATP, 10% ethylene
glycol, 0.5 mg of phosphatidylserine, 0.1 mg of 1,2-dioctanoyl-sn-glycerol,
and 75 nM acrylodan-labeled MARCKS peptide. The phosphorylation of
the acrylodan-labeled peptide was started by adding 10 mg of nuclear
protein.
Proteins—Protein concentration was determined by the method of

Lowry et al. (36), using BSA as a standard.
Data Analysis—The statistical analysis of the data was performed by

using a one-way analysis of variance followed by Newman Keul’s test
and assuming a p value less than 0.05 as the limit of significance.

RESULTS

This investigation began as an attempt to determine
whether prodynorphin mRNA could be detected in hamster
ventricular myocytes and whether, in the affirmative, its levels
may be altered under pathological heart conditions. Fig. 1
shows that the levels of prodynorphin mRNA were markedly
increased in myocytes isolated from the heart of 60-day-old
cardiomyopathic hamsters compared with cells obtained from
age-matched control animals. No further increase in prodynor-
phin mRNA expression was observed in cardiomyopathic myo-
cytes from 120- or 180-day-old BIO 14.6 hamsters (Fig. 1). We
have previously shown that phorbol ester-mediated activation
of PKC enhances prodynorphin gene expression in rat myocar-
dial cells (6). In the present study, we investigated whether
PKC may be part of the signal transduction pathway involved
in the stimulation of prodynorphin mRNA expression observed
in cardiomyopathic myocytes. To assess the capability of ham-
ster ventricular myocytes to increase prodynorphin mRNA ex-
pression in response to an intervention that may lead to PKC
activation, cardiac myocytes from control hamsters were incu-
bated for 4 h in the presence of 1,2-dioctanoyl-sn-glycerol, a cell
permeant diglyceride that acts as a potent PKC activator (37).
This treatment induced a 5-fold increase in prodynorphin
mRNA levels compared with untreated control myocytes (Fig.
2). Both chelerythrine or calphostin C, two novel and highly
selective PKC inhibitors (38–41), counteracted this stimula-
tory effect in a dose-dependent manner and completely abol-
ished the diglyceride-induced increase in prodynorphin mRNA
expression at a concentration of 5 or 1 mM, respectively (Fig. 2).
The effect induced by 1,2-dioctanoyl-sn-glycerol was also com-
pletely abolished by cell treatment with H7 (25 mM) or stauro-
sporine (2 nM), two putative PKC inhibitors which have been
reported to affect the enzyme activity with different degrees of
potency and selectivity (42, 43) (Fig. 2). The incubation of
cardiomyopathic myocytes in the presence of 5 mM cheleryth-
rine or 1 mM calphostin C resulted in a marked decline in
prodynorphin mRNA expression, although the mRNA level in

cardiomyopathic myocytes remained significantly higher than
in control cells (Fig. 3). Similar results were observed when
cardiomyopathic myocytes were treated with 25 mM H7 or 2 nM
staurosporine (not shown). The incubation of cardiomyopathic
myocytes in the presence of 1,2-dioctanoyl-sn-glycerol produced
a significant increase in prodynorphin mRNA expression com-
pared with untreated cardiomyopathic cells (Fig. 3). Under
these experimental conditions, the level of prodynorphin
mRNA in cardiomyopathic myocytes was significantly higher
than that in diglyceride-treated control cells. When cardiomyo-
pathic myocytes were exposed to 1,2-dioctanoyl-sn-glycerol, ei-
ther in the presence of chelerythrine or in the presence of
calphostin C, prodynorphin mRNA levels did not differ signif-
icantly from those observed in cardiomyopathic cells that had
been incubated with each PKC inhibitor in the absence of the
diglyceride (Fig. 3).
To investigate whether the observed changes in prodynor-

phin mRNA expression may have been induced at the tran-
scriptional level, we assessed the rate of transcription of the
prodynorphin gene by using an in vitro run-off transcription
assay. Table I shows the activity of marker enzymes of selected
subcellular fractions in nuclei prepared from normal hamster
myocytes. It is evident that the activity of the ouabain-sensitive
Na1-K1 ATPase and that of 59-nucleotidase were both unde-
tectable in the nuclear fraction, excluding a contamination by
sarcolemmal membranes. The contamination by inner or outer
mitochondrial membranes was excluded by the measure of
succinate dehydrogenase and rotenone-insensitive NADH cy-
tochrome c reductase activities, both of which were undetect-

FIG. 1. Expression of prodynorphin mRNA in isolated cardiac
myocytes from normal and cardiomyopathic hamsters. The myo-
cardial cells were isolated from F1B (control, C) or from BIO 14.6
(cardiomyopathic, CM) hamsters of the age of 60, 120, or 180 days. The
upper panel shows representative autoradiograms of the ribonuclease
protection analysis of myocardial prodynorphin mRNA. Autoradio-
graphic exposure was for 2 days on Kodak X-Omat film with an inten-
sifying screen. The bar indicates the position of a 400-base pair radio-
labeled DNA marker, showing that the single protected fragment
migrates with a molecular size of 400 bases, corresponding to prodynor-
phin mRNA. The lower panel shows the levels of prodynorphin mRNA
in control myocytes (black bars) or in cardiomyopathic cells (white bars).
The data are expressed as mean values 6 S.E. (n 5 6). *, significantly
different from the control value.
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able in the nuclear fraction. Moreover, the nuclear preparation
appeared to be essentially free of sarcoplasmic reticular mem-
branes and myofibrils as revealed by the measure of the corre-
sponding marker enzymes rotenone-insensitive NADPH cyto-
chrome c reductase and K1-EDTA ATPase. The absence of
contamination in nuclei prepared from cardiomyopathic myo-
cytes was also confirmed (not shown).
Prodynorphin gene transcription was increased in nuclei

isolated from control myocytes that had been exposed for 4 h to
1,2-dioctanoyl-sn-glycerol, compared with nuclei from un-
treated control cells (Fig. 4). Such a stimulatory effect was
abolished by cell treatment with 5 mM chelerythrine or with 1
mM calphostin C (Fig. 4). We have previously shown that PKC
isozymes are expressed in isolated rat myocardial nuclei and
that the activation of nuclear PKC may be involved in the
stimulation of prodynorphin gene transcription in rat myocytes
(6). In this present study, the exposure of nuclei isolated from
normal hamster myocytes to 1,2-dioctanoyl-sn-glycerol elicited
an increase in prodynorphin gene transcription that was sim-
ilar to that observed in nuclei from diglyceride-treated control
cells. The incubation of isolated nuclei with 5 mM chelerythrine
or with 1 mM calphostin C abolished this direct effect of 1,2-
dioctanoyl-sn-glycerol on transcriptional activity (Fig. 4). Fig. 4
shows that prodynorphin gene transcription was markedly in-

creased in nuclei isolated from cardiomyopathic myocytes com-
pared with nuclei obtained from control cells. A decrease in the
transcription rate of the prodynorphin gene was observed in
nuclei isolated from cardiomyopathic myocytes that had been
exposed both to chelerythrine or to calphostin C, although in
these nuclei the rate of gene transcription was still higher than
that observed in nuclei of the control cells (Fig. 4). A similar

FIG. 2. Prodynorphin mRNA expression in normal hamster
myocytes exposed to 1,2-dioctanoyl-sn-glycerol in the absence
or presence of different PKC inhibitors. Myocytes were isolated
from 60-day-old control hamsters. Representative autoradiograms of
the ribonuclease protection analysis of myocardial prodynorphin mRNA
are shown in the upper panel. Autoradiographic exposure was carried
out as described in Fig. 1. A, untreated myocytes; B, 0.2 mg/ml 1,2-
dioctanoyl-sn-glycerol for 4 h; C, D, E, and F, 4 h of exposure to 0.2
mg/ml 1,2-dioctanoyl-sn-glycerol in the presence of 0.5, 1.0, 2.5, and 5
mM chelerythrine, respectively; G, H, I, and L, 4 h of exposure to 0.2
mg/ml 1,2-dioctanoyl-sn-glycerol in the presence of 0.05, 0.1, 0.5, and 1.0
mM calphostin C, respectively; M, 4 h of exposure to 0.2 mg/ml 1,2-
dioctanoyl-sn-glycerol in the presence of 25 mM H7; N, 4 h of exposure to
0.2 mg/ml 1,2-dioctanoyl-sn-glycerol in the presence of 2 nM staurospo-
rine. Averaged values of prodynorphin mRNA levels are reported in the
lower panel. The data are expressed as mean values 6 S.E. (n 5 6). *,
significantly different from the control value; significant differences
were observed throughout groups C–E or groups G–I, but not between
groups E and F, groups I and L, or groups M and N (one-way analysis
of variance, Newman Keul’s test).

FIG. 3. Prodynorphin mRNA expression in cardiomyopathic
myocytes treated with PKC inhibitors or 1,2-dioctanoyl-sn-glyc-
erol. The myocardial cells were isolated from 60-day-old cardiomyo-
pathic hamsters. Representative autoradiograms of the ribonuclease
protection analysis of myocardial prodynorphin mRNA are shown in the
upper panel. Autoradiographic exposure was carried out as described in
Fig. 1. A, untreated control cells; B, untreated cardiomyopathic myo-
cytes; C and D, 4 h of treatment of cardiomyopathic myocytes with 5 mM

chelerythrine or 1 mM calphostin C, respectively; E, 4 h of treatment of
cardiomyopathic cells with 0.2 mg/ml 1,2-dioctanoyl-sn-glycerol; F and
G, 4 h of exposure of cardiomyopathic myocytes to 0.2 mg/ml 1,2-
dioctanoyl-sn-glycerol in the presence of 5 mM chelerythrine or 1 mM

calphostin C, respectively. Averaged values of prodynorphin mRNA
levels are reported in the lower panel. The data are expressed as mean
values 6 S.E. (n 5 6). *, significantly different from the control value;
?–*–?, significant difference between two groups (one-way analysis of
variance, Newman Keul’s test).

TABLE I
Specific enzymatic activities in the homogenate and nuclear fraction of

isolated cardiac myocytes
The myocardial cells were isolated from 60-day-old control hamsters.

Enzymatic activities are expressed as mean values 6 S.E. (n 5 6).

Enzyme activities Homogenate Nuclear fraction

mmoles product formed/mg protein/h

Na1-K1 ATPase (ouabain-
sensitive)

2.040 6 0.060 NDa

59-Nucleotidase 0.680 6 0.080 NDa

NADH cytochrome c reductase
(rotenone-insensitive)

0.360 6 0.110 NDa

Succinate dehydrogenase 6.000 6 0.300 NDa

NADPH cytochrome c reductase
(rotenone-insensitive)

0.250 6 0.012 0.010 6 0.007

K1-EDTA ATPase 4.800 6 0.100 NDa

a ND, nondetectable.
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decrease in prodynorphin gene transcription was observed
when either chelerythrine or calphostin C were directly applied
to nuclei isolated from cardiomyopathic cells (Fig. 4).
Immunoblot analysis of total extracts from both control and

cardiomyopathic myocytes revealed the expression of PKC-a
(80 kDa), PKC-d (78 kDa), PKC-e (97 kDa), and PKC-z (75 kDa)
(Fig. 5). PKC-b and PKC-g were not detected (not shown). The
expression of PKC-a in total extracts from control myocytes
was similar to that observed in total extracts from cardiomyo-
pathic cells (Figs. 5 and 6). Only a slight immunoreactivity
against the anti-PKC-a-specific antibody was detected in the
nuclear fraction of control cells (Fig. 5). On the contrary, PKC-a
expression was increased in nuclei of cardiomyopathic myo-
cytes compared to the nuclear fraction from control cells (Figs.
5 and 6). Such an increase was associated with a concomitant
reduction in isozyme expression in the cytosolic fraction from
cardiomyopathic cells (Figs. 5 and 6). Different from PKC-a,
the expression of both PKC-d and PKC-e was increased in total
cellular extracts from cardiomyopathic myocytes compared
with control cells (Figs. 5 and 6). Western blot analysis also
indicated that the immunoreactivity against anti-PKC-d- and
anti PKC-e-specific antibodies was mainly detected in the nu-
clear fraction (Fig. 5) and was higher in nuclei isolated from
cardiomyopathic myocytes than in nuclei obtained from control
cells (Figs. 5 and 6). The expression of PKC-z appeared to be
similar in cardiomyopathic myocytes and in control cells (Figs.
5 and 6). No evidence for PKC-z was found in myocardial nuclei
isolated from both groups of cells (Fig. 5).
We next investigated whether the increase in the expression

of PKC-a, -d, and -e observed in the nucleus of cardiomyopathic
myocytes may be associated with an increase in nuclear PKC
activity. Fig. 7 shows that the phosphorylation rate of the
acrylodan-labeled MARCKS peptide was significantly higher in

the presence of nuclei isolated from cardiomyopathic myocytes
than in the presence of nuclei obtained from control cells. No
significant change in acrylodan-peptide fluorescence was ob-
served in the presence of nuclei that had been isolated from
cardiomyopathic cells and then pretreated with 5 mM cheleryth-
rine or 1 mM calphostin C for 30 min before being added to the
reaction mixture (Fig. 7). Similar results were obtained when
each PKC inhibitor was added to nuclei isolated from untreated
control cells (not shown).
We finally investigated whether the increase in prodynor-

phin mRNA levels observed in cardiomyopathic myocytes may
result in an increase in the expression of a biologically active
end product of the prodynorphin gene. Consistent amounts of
ir-dyn B were found both in control and in cardiomyopathic
myocytes, as well as in their incubation media (Fig. 8). In both
groups of myocytes the amount of secreted ir-dyn B was signif-

FIG. 4. Analysis of the rate of transcription of the prodynor-
phin gene in isolated myocardial nuclei. Myocardial nuclei were
isolated from myocytes of both control or cardiomyopathic hamsters of
60 days and the nuclear run-off assay was performed according to the
procedure described under “Materials and Methods.” Autoradiograms
are representative of six separate experiments. 1, transcription of the
podynorphin gene; 2, cyclophilin mRNA. Autoradiographic exposure
was for 2 days on Kodak X-Omat film with an intensifying screen. On
the right are indicated the position of 400- or 220-base pair radiolabeled
DNA markers, showing that the single protected fragments migrated
with a molecular size of 400 or 270 bases, corresponding to prodynor-
phin or cyclophilin mRNA, respectively. A, nuclei were isolated from
untreated control myocytes; B, nuclei were isolated from control myo-
cytes that have been exposed to 0.2 mg/ml 1,2-dioctanoyl-sn-glycerol for
4 h; C and D, nuclei were isolated from control cells treated for 4 h with
0.2 mg/ml 1,2-dioctanoyl-sn-glycerol in the presence of 5 mM cheleryth-
rine or 1 mM calphostin C, respectively; E, nuclei, isolated from un-
treated control cells, were subsequently exposed to 0.2 mg/ml 1,2-di-
octanoyl-sn-glycerol for 4 h; F and G, nuclei, isolated from untreated
control cells, were subsequently incubated for 4 h with 0.2 mg/ml 1,2-
dioctanoyl-sn-glycerol in the presence of 5 mM chelerythrine or 1 mM

calphostin C, respectively; H, nuclei were isolated from untreated car-
diomyopathic myocytes; I and L, nuclei were isolated from cardiomyo-
pathic myocytes that have been treated for 4 h with 5 mM chelerythrine
or 1 mM calphostin C, respectively; M and N, nuclei, isolated from
untreated cardiomyopathic cells, were then exposed for 4 h to 5 mM

chelerythrine or 1 mM calphostin C, respectively.

FIG. 5. Subcellular distribution of PKC isozymes in normal
and cardiomyopathic myocytes. Total cell lysates and cytosolic and
nuclear fractions were prepared frommyocytes isolated from 60-day-old
control or cardiomyopathic hamsters. Equal amounts of protein (20 mg)
from each sample were subjected to 8% SDS-polyacrylamide gel elec-
trophoresis and analyzed by immunoblotting as described under “Ma-
terials and Methods.” Autoradiograms are representative of six sepa-
rate experiments. The arrows to the left of each panel indicate PKC
immunoreactivity as confirmed in peptide antigen competition experi-
ments (results not shown). The numbers to the right of each panel refer
to the molecular mass (kilodaltons) of marker proteins. Lanes 1, 3, and
5 correspond, respectively, to total cell lysates and cytosolic or nuclear
fractions isolated from normal cells; lanes 2, 4, and 6 correspond,
respectively, to total cell lysates and cytosolic or nuclear fractions
isolated from cardiomyopathic myocytes.

FIG. 6. Quantitative analysis of the subcellular distribution of
PKC isozymes in normal and cardiomyopathic myocytes. Data
are expressed as percentage changes in the intensity of autoradio-
graphic bands of total extracts (T), cytosolic (C), or nuclear (N) fractions
from cardiomyopathic myocytes (hatched bars) relative to the intensity
in the autoradiographs of the corresponding samples from normal cells
(white bars, 100%). The data are expressed as mean values 6 S.E. (n 5
6). *, significantly different from the control value.
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icantly higher than that observed at cellular level. A significant
increase in the level of both intracellular and secreted ir-dyn B
was observed in cardiomyopathic myocytes compared with con-
trol cells (Fig. 8). Fig. 8 shows that 1,2-dioctanoyl-sn-glycerol
increased dyn B expression in both groups of myocytes as
compared with untreated cells. Moreover, in the presence of the
diglyceride, the amount of both intracellular and secreted dyn
B was higher in cardiomyopathic than in control cells (Fig. 8).
Both chelerythrine and calphostin C completely abolished the

effect induced by 1,2-dioctanoyl-sn-glycerol in control cells and
significantly inhibited both basal and diglyceride-stimulated
dyn B expression in cardiomyopathic myocytes (Fig. 8).

DISCUSSION

Our data show that the expression of the prodynorphin gene
was markedly increased in myocytes isolated from cardiomyo-
pathic hearts compared with cells obtained from normal hearts.
A number of experimental results in the present study suggest
that PKC may be involved, at least in part, in mediating the
observed increase in prodynorphin mRNA expression. First,
prodynorphin mRNA levels could be increased by exposing both
control and cardiomyopathic myocytes to a PKC activator. Sec-
ond, in both groups of cells the stimulatory effect elicited by
1,2-dioctanoyl-sn-glycerol was suppressed when either chel-
erythrine or calphostin C were added. The third observation is
that prodynorphin mRNA levels were markedly reduced in
cardiomyopathic myocytes exposed to these specific PKC inhib-
itors compared with untreated cardiomyopathic cells.
The run-off experiments performed in isolated myocardial

nuclei revealed that both the increase in mRNA levels induced
by treatment of control cells with 1,2-dioctanoyl-sn-glycerol
and the increase in prodynorphin mRNA expression observed
in cardiomyopathic myocytes occurred at the transcriptional
level. The involvement of PKC in these transcriptional events
appears to be inferred by the observation that cell treatment
with both chelerythrine or calphostin C completely abolished
the stimulatory effect of the diglyceride and caused a marked
decrease in prodynorphin gene transcription in cardiomyo-
pathic myocytes. The experiments described here yielded a
number of interrelated observations suggesting that nuclei iso-
lated from hamster myocytes may harbor PKC and that nu-
clear PKC activation may play an important role in the tran-
scriptional regulation of the prodynorphin gene under normal
or pathological heart conditions. Our first observation was that
the exposure of isolated control nuclei to 1,2-dioctanoyl-sn-
glycerol caused a marked increase in prodynorphin gene tran-
scription. Second, the transcriptional response elicited by the
diglyceride in isolated control nuclei was similar in magnitude
to that observed in nuclei obtained from diglyceride-treated

FIG. 7.Nuclear PKC activity in isolated cardiac myocytes from
normal and cardiomyopathic hamsters. Myocytes were isolated
from 60-day-old control or BIO 14.6 hamsters. Nuclear PKC activity
was measured as described under “Materials and Methods.” The phos-
phorylation of the acrylodan-labeled MARCKS peptide was started by
the addition of 10 mg of nuclear protein at the time indicated by the
arrow. As the acrylodan-peptide becomes phosphorylated, it undergoes
a time-dependent decrease in its fluorescence at 480 nm. Shown is the
time course of the acrylodan-peptide fluorescence observed following
the addition of nuclei isolated from normal (l) or cardiomyopathic (●)
myocytes or in the presence of nuclei isolated from cardiomyopathic
myocytes and subsequently pretreated for 30 min with 5 mM cheleryth-
rine (Ç) or 1 mM calphostin C (E), before being added to the reaction
mixture. The time course of the fluorescence of the acrylodan-peptide
alone (f) is also reported. The data are expressed as mean values 6 S.E.
(n 5 6). From 600 to 1200 s, l or ● were significantly different from f,
Ç, or E; from 600 to 900 s, ● was significantly different from l; no
significant difference was observed between Ç or E and f (one-way
analysis of variance, Newman Keul’s test).

FIG. 8. Analysis of ir-dyn B expression in myocardial cells and in their incubation media. Cardiac myocytes were isolated from
60-day-old control or cardiomyopathic hamsters.Hatched bars, ir-dyn B in cells; white bars, ir-dyn B in the medium. A, untreated control myocytes;
B, control myocytes exposed to 0.2 mg/ml 1,2-dioctanoyl-sn-glycerol for 4 h; C and D, control myocytes treated for 4 h with 0.2 mg/ml 1,2-dioctanoyl-
sn-glycerol in the presence of 5 mM chelerythrine or 1 mM calphostin C, respectively; E, untreated cardiomyopathic cells; F and G, cardiomyopathic
myocytes treated for 4 h with 5 mM chelerythrine or 1 mM calphostin C, respectively; H, cardiomyopathic myocytes exposed to 0.2 mg/ml
1,2-dioctanoyl-sn-glycerol for 4 h; I and L, cardiomyopathic cells treated for 4 h with 0.2 mg/ml 1,2-dioctanoyl-sn-glycerol in the presence of 5 mM

chelerythrine or 1 mM calphostin C, respectively. Each single value in the medium was calculated in a final volume of 15 ml, corresponding to the
volume of pooled samples of the incubation medium from 106 cells. Each experiment was performed in the presence of a peptidase inhibitor mixture
containing 20 mM bestatin, 1 mM leucyl-L-leucine, 3 mM poly-L-lysine, 0.3 mM thiorphan, 30 mM 1–10-phenanthroline, 6 mM 1,4-dithiothreitol. The
data are expressed as mean values 6 S.E. (n 5 6). §, the value of the white bar is significantly different from that of the hatched bar. *, significantly
different from the control value; ?–*–?, significant difference between two groups (one-way analysis of variance, Newman Keul’s test).
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control cells. Third, the treatment of isolated control nuclei
either with chelerythrine or with calphostin C completely abol-
ished the diglyceride-induced increase in opioid gene transcrip-
tion. The fourth observation is that the exposure of nuclei
isolated from cardiomyopathic myocytes to specific PKC inhib-
itors markedly down-regulated prodynorphin gene transcrip-
tion. The fifth experimental observation is that PKC-a, -d, and
-e were detectable in nuclei that had been isolated from both
untreated control myocytes and cardiomyopathic cells and that
the expression of these PKC isozymes was increased in nuclei
from cardiomyopathic myocytes compared with nuclei obtained
from control cells. The high degree of purity of the nuclear
preparation used in the present study seems to exclude that
PKC might have been associated with isolated nuclei merely as
a result of cross-contamination by non-nuclear subcellular frac-
tions. Here we report that, both in control myocytes and in
cardiomyopathic cells, PKC-d and PKC-e appeared to be mainly
expressed at the nuclear level. These results are in agreement
with our previous immunoblot analysis of PKC isotype expres-
sion in adult rat ventricular myocytes, showing that both
PKC-d and PKC-e were almost entirely expressed at the nu-
clear level (6). The results presented here are also in agreement
with other studies that used immunofluorescent and confocal
microscopy techniques to determine the subcellular localiza-
tion of different PKC isozymes in intact cardiac myocytes,
demonstrating that PKC-d and -e immunostaining patterns
were mainly detectable in the nucleus of unstimulated cells
(44). Similar to the present study, these studies failed to detect
PKC-d and PKC-e in the cytosol (44). On the other hand, we
cannot exclude that due to the extremely low expression of PKC
isozymes in myocardial cells (45, 46) a cytosolic expression of
both PKC-d and PKC-e might occur at a level below the sensi-
tivity of the methods used in the present and in other studies.
The molecular mechanism(s) underlying the increase in
PKC-a, PKC-d, and PKC-e observed in the nucleus of cardiom-
yopathic cells remain to be elucidated. However, PKC-a was
only slightly expressed in the nucleus of control myocytes, and
its increase in the nuclear fraction of cardiomyopathic cells
appeared to depend on a translocation of the isozyme from the
cytosolic compartment. On the contrary, the increase in the
expression of both PKC-d and PKC-e in the nucleus of cardio-
myopathic cells seemed to occur independently of enzyme
translocation and appeared to reflect the increase in the ex-
pression of these isozymes observed in total extracts from car-
diomyopathic cells compared with control myocytes. Therefore,
we cannot exclude that such an increase may result from
changes in isozyme turnover and/or mRNA expression occur-
ring during the cardiomyopathic process.
Further evidence correlating nuclear PKC to the regulation

of prodynorphin gene transcription in the experimental model
of cardiac hypertrophy currently investigated is provided by
the observation that: (i) an enzyme activity capable of phospho-
rylating a specific PKC substrate is present in isolated control
nuclei, (ii) the phosphorylation of this substrate occurred at a
higher rate in the presence of nuclei isolated from cardiomyo-
pathic cells than in the presence of control nuclei, and (iii) the
enzyme activity in the nucleus could be suppressed by the same
specific PKC inhibitors that abolished the transcriptional effect
elicited by a PKC activator in isolated control nuclei and down-
regulated prodynorphin gene transcription in nuclei obtained
from cardiomyopathic cells.
The analysis of dyn B expression in normal and cardiomyo-

pathic myocytes provides a variety of information on the pos-
sible sequelae of events resulting from the increase in pro-
dynorphin gene expression observed in the BIO 14.6
cardiomyopathic hamster heart. The current experimental

data show that consistent amounts of ir-dyn B could be de-
tected in hamster ventricular myocytes and in their incubation
media and that the levels of both intracellular and secreted dyn
B were significantly increased in cardiomyopathic myocytes
compared with normal cells. In addition, we found that, in both
control and cardiomyopathic myocytes, dyn B expression
closely paralleled the changes in prodynorphin mRNA expres-
sion and gene transcription elicited in each cell type by inter-
ventions aiming at activating or inhibiting PKC. These obser-
vations indicate that in the cardiomyopathic cell, PKC-
mediated events leading to the induction of the prodynorphin
gene were associated with an increase in mRNA translation
into a biologically active end product of the gene. Particularly
interesting is the finding that, under all the experimental
conditions tested in this study, the levels of ir-dyn B were
significantly higher in the incubation medium than in the
cardiac cell. This observation suggests that, in the ventricular
myocardial cell, which lacks secretory granules (47), the pro-
dynorphin-derived peptides may be constitutively released
shortly after synthesis. In this regard, dyn B is known to bind
selectively the k opioid receptor (7), and cardiac myocytes have
been shown to express this opioid receptor subtype (48). There-
fore, the present findings may indicate that the increase in the
synthesis and release of ir-dyn B observed in cardiomyopathic
cells may be part of an autocrine circuit including the increase
in the expression of an opioid gene and the interaction of the
released peptide with an opioid receptor at the cell surface.
Despite the experimental evidence indicating that nuclear

PKC may play a crucial role in the induction of the prodynor-
phin gene in cardiomyopathic myocytes, the current experi-
mental data also show that both chelerythrine and calphostin
C failed to completely abolish the increase in prodynorphin
mRNA and dyn B expression in cardiomyopathic myocytes,
while being effective in suppressing the diglyceride-induced
increase in prodynorphin gene expression observed in control
cells. Moreover, the same PKC inhibitors failed to completely
abolish the increase in prodynorphin gene transcription when
applied to nuclei isolated from cardiomyopathic cells, while
being effective in suppressing both nuclear PKC activity and
the increase in gene transcription elicited by a PKC activator in
isolated control nuclei. These observations indicate that PKC
activation may not represent the only signaling mechanism
involved in the stimulation of prodynorphin gene expression in
cardiomyopathic cells. It has been shown that intracellular
Ca21 overload and abnormalities in intracellular Ca21 han-
dling represent a prominent feature in the BIO 14.6 strain of
cardiomyopathic hamsters (49–53). In previous studies we
have shown that in adult rat cardiac myocytes the expression of
the prodynorphin gene can be stimulated by an increase in
intracellular Ca21 loading (5). The comparative analysis of
intracellular Ca21 homeostasis and prodynorphin gene expres-
sion both in normal and in cardiomyopathic hamster myocytes
is the main subject in the following study.
The possible implications of the results of the present report

remain to be elucidated. Nevertheless, a number of experimen-
tal data seem to indicate that the induction of the prodynorphin
gene and the increase in dyn B expression may be involved in
the cardiomyopathic process. Our first note in this study is that
prodynorphin mRNA and ir-dyn B levels were already in-
creased in myocytes isolated from cardiomyopathic animals of
60 days, an age which corresponds to an early phase in the
cardiomyopathy. At this time, the heart of cardiomyopathic
animals is still at a stage of multifocal necrosis (1), which
precedes a period of compensatory hypertrophy, then ends in
the stage of heart failure. Second, in adult rat ventricular
myocytes, the stimulation of k opioid receptors has been shown
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to produce a marked decrease in the amplitude of the cytosolic
Ca21 transient and in that of the associated contraction, along
with a prolongation in the time course of either signal (9).
Third, a significant reduction in both cytosolic Ca21 transient
and twitch amplitudes and an increase in the duration of cell
contraction have been observed in ventricular myocytes iso-
lated from 60- and 120-day-old BIO 14.6 cardiomyopathic Syr-
ian hamsters compared with normal cells obtained from F1B
controls (54). The fourth major observation is that the exposure
of normal hamster myocytes to k opioid receptor agonists re-
duced the amplitude of the cytosolic Ca21 transient and that of
the cell twitch to values approaching those observed in BIO
14.6 cardiomyopathic cells (54). Moreover, in this study the
amplitude of either signal was significantly less in cardiomyo-
pathic myocytes that have been treated with a k opioid receptor
agonist than in untreated cardiomyopathic cells (54). On the
whole, these observations might suggest a link between the
increase in prodynorphin gene expression observed here in
cardiomyopathic myocytes and the onset of the contractile dys-
functions associated with the cardiomyopathy. On the other
hand, an alternative interpretation of the present results might
be inferred from the finding that no significant increase in
prodynorphin mRNA level could be detected in cardiomyo-
pathic myocytes from 120- or 180-day-old BIO 14.6 hamsters
compared with cardiomyopathic cells obtained from 60-day-old
animals. This observation may lead to the conclusion that the
overexpression of the prodynorphin gene observed in an early
phase of the cardiomyopathy may not be related to the progres-
sive worsening of the myocardial function. In this regard, a
number of experimental results may instead suggest that the
increase in prodynorphin gene and dyn B expression may rep-
resent an adaptive phenomenon counteracting the progression
of the cardiomyopathy. First, there is a substantial body of
experimental evidence supporting the existence of abnormal
calcium loading in the cardiac myocytes of BIO 14.6 hamsters
(49–53) and suggesting that the altered intracellular Ca21

homeostasis may account for most of abnormalities in excita-
tion-contraction coupling, as well as for the depressed inotropic
state observed in these cells (52, 53). Second, the negative
inotropic effects induced by k opioid receptor stimulation in
myocardial cells are largely attributable to the depletion of
Ca21 from the sarcoplasmic reticulum (9). Therefore, decreas-
ing the sarcoplasmic reticulum Ca21 loading may be viewed as
a helpful phenomenon counteracting the detrimental effects of
intracellular Ca21 overload. The third observation is that an
additional consequence of k opioid receptor stimulation in myo-
cardial cells is a PKC-dependent activation of the Na1/H1

exchanger (10). This has been shown to elicit cytosolic alkalo-
sis, an event that shifts the dynamic equilibrium between Ca21

bound to myofilaments and cytosolic Ca21 concentration and
leads to an increase in myofilament sensitivity to Ca21 (10).
Such a mechanism of action, by increasing the contractile re-
sponse to a given cytosolic Ca21 concentration, may blunt the
negative inotropic effect due to the opioid-induced depletion of
Ca21 from the sarcoplasmic reticulum. In the cardiomyopathic
cell, it might have the appealing property of sustaining cell
inotropism despite a marked reduction in the amplitude of the
cytosolic Ca21 transient.
Further studies are needed to establish the exact role played

by the increase in the expression of the prodynorphin gene in
cardiomyopathic myocytes and to understand whether the ma-
nipulation of this endogenous dynorphinergic system might
prove beneficial in the cardiomyopathic process.
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