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Abstract

Objectives Protein kinase C (PKC) is a central enzyme in
the regulation of growth and hypertrophy. Little was known
on PKC isoform regulation in human heart. Goal of this
study was to characterize the isoforms of protein kinase C in
human heart, their changes during ontogenesis, and their
regulation in myocardial hypertrophy and heart failure.
Methods In left ventricular and atrial samples from adults
with end-stage dilated cardiomyopathy (DCM), from adults
with severe aortic stenosis (AS), from small infants under-
going repair of ventricular septal defects, and from healthy
organ donors (CO), activity of protein kinase C and the
expression of its isozymes were examined.

Results In the adult human heart, the isoforms PKC-a,
PCK-f, PKC-§, PKC-¢, PKC-4/-1, and PKC-{ were detected
both on protein and on mRNA level. All isozymes are sub-
jected to downregulation during ontogenesis. No evidence,
however, exists for an isoform shift from infancy to adult-
hood. DCM leads to a pronounced upregulation of PKC-p.
Severe left ventricular hypertrophy in AS, however, recruits
a distinct isoform pattern, i.e., isoforms PKC-o, PKC-6,
PKC-¢, PKC-A/-1, and PKC-{ are upregulated, whereas PKC-
f is not changed under this condition.
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Introduction

Protein kinase C (PKC) plays a major role in transmem-
brane signal transduction. For long time it is known as a
key enzyme in the regulation of cell growth and differen-
tiation (reviewed by [1, 2]) as well as in tumor promotion
in many cell types (reviewed by [3]). PKC is also impli-
cated in the regulation of cardiac function, resulting in
inotropic and chronotropic effects [4—6], in the phosphor-
ylation of several substrates [7], and in the regulation of
calcium and other intracellular ion levels [4, 5]. Moreover,
activation of protein kinase C modulates gene expression
[8, 9]. Mounting evidence suggests that PKC is also in-
volved in myocardial hypertrophy [10].

Molecular cloning studies have revealed that PKC
consists of a large family of at least 13 different isoen-
zymes that can be divided into three major subgroups
(reviewed by [11]). The first subfamily comprises the «, fi1,
p>, and y isotype, with f; and f, arising via alternate
splicing of the same gene transcript. The activity of this
conventional group of PKC (cPKC) depends on Ca**-
binding to the regulatory domain and on the presence of
phospholipids such as dioleoylglycerol (DAG) and phos-
phatidylserine (PS). The second, novel group of PKC iso-
forms (nPKC) consists of PKC-0, -¢, -1, and -0. These
isoforms do not depend on Ca**, but require DAG and PS
for their activation. Both groups are activated by phorbol
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esters such as phorbol-12,13-myristate-acetate (PMA). The
third, so-called atypical subfamily (aPKC-{, -4/-1 and -p)
also lacks the sensitivity to calcium, but they also lack the
sensitivity to DAG/PMA, whereas arachidonic acid and
phosphatidylinositol 3,4,5-triphosphate may activate these
isotypes.

Only few reports are available examining expression of
PKC in normal and diseased human hearts. Consistently,
the expression of the isoforms PKC-o, PKC-0, PKC-f3, and
PKC-¢ was shown [12-15]. One report showed the pres-
ence of other isoforms, i.e., PKC-{, PKC-4, and PKC-1
[15]. These studies vary in the tissue used, since some
groups examined right atrial tissue [14, 15], and other
groups examined left ventricular samples [12, 13], and in
the cardiac conditions examined, i.e., the stage of heart
failure.

Goal of the present study was to characterize the iso-
forms of protein kinase C in human heart, their changes
during ontogenesis, and their regulation in pressure over-
load hypertrophy and in heart failure due to dilated car-
diomyopathy.

Materials and methods
Human heart samples and standards for PKC isoforms

For this study, myocardial samples were obtained from
four groups of patients:

1. Failing human adult heart samples (left ventricular and
right atrial) were obtained from explanted hearts of
patients undergoing heart transplantation due to end-
stage heart failure caused by idiopathic dilated car-
diomyopathy (n = 10, age, 53 + 9 years, ejection
fraction <25% in all patients).

2. Small left ventricular and right atrial samples from
adult patients with severe, symptomatic aortic stenosis
(n=6, age 74 + 3 years, left ventricular ejection
fraction 59 + 10%, peak-to-peak transvalvular gradi-
ent, 80 + 16 mmHg) undergoing aortic valve replace-
ment were obtained. Only those patients were used
where small amounts of left ventricular tissue had to
be removed during the adaptation of the valve pros-
thesis. The right atrial appendages were routinely re-
moved during the cannulation for extracorporeal
circulation.

3. Myocardial samples from small infants (age 6-
27 months; n = 6) were from right atrial appendages
routinely removed for cannulation during the repair of
ventricular septal defects or persistent ductus arterio-
sus. For ethical reasons, no ventricular samples were
obtained in this group.
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4. Furthermore, nonfailing human adult hearts (n = 3)
were obtained from organ donors whose hearts could
not be transplanted for reasons independent of this
study.

The local ethics committee of the university approved
the study. The investigation conforms to the principles
outlined in the Declaration of Helsinki. All tissue samples
were collected immediately in the operating theatre and
rapidly frozen in liquid nitrogen until further use. All
hearts were subjected to a comparable protocol for car-
dioplegia.

Tissue extracts (human skeletal muscle, rat skeletal
muscle, rat brain) or cells (HeLa cells, Transduction Lab-
oratories) known to contain the specific isoforms of PKC
[11, 16] served as positive control for human isoforms of
PKC not found in human heart. Where available, human
recombinant PKC isoforms (Calbiochem) were used in
addition.

RNA preparation, rt-PCR and Southern blot analysis

The extraction of total cardiac RNA was carried out
according to a modification of the guanidine isothiocyanate
ethanol precipitation method of Chirgwin, as described
previously [17]. Total cardiac RNA was then reverse
transcribed into ¢cDNA and amplified using a modified
protocol of RT-PCR [18] as described previously [17]. All
PCR amplification products were separated on agarose gels
and were vacuum blotted on a NY-13 nitrocellulose
membrane. The blots were hybridized with *?P-labeled
internal oligonucleotides (1 pg) to further confirm the
specificity of the amplified PCR products.

TUNEL assay

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling (TUNEL) was performed using the “In
situ cell death detection kit” (Roche, Mannheim, Germany)
according to the manufacturer’s description.

Preparation of subcellular fractions

Subcellular fractions were prepared as reported previously
[17]. Protein concentrations were determined according to
the method of Bradford using bovine serum albumin as
standard.

To rule out that tissue degradation may influence the
results obtained, the protein yield of every preparation was
monitored. The yield was 22.9 + 0.9 mg protein/g tissue in
the particulate fraction and 58.6 + 5.5 mg protein/g tissue
in the cytosol and did not differ significantly between the
groups examined.
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PKC assay

Maximally stimulatable PKC activity was determined in
the presence of Calcium, phosphatidyl serine and dioleoyl
glycerol using histone IIIs as substrate, as previously re-
ported [17]. This assay has previously been shown to be
reliable to determine maximally stimulated enzyme activ-
ity both of calcium-dependent and -independent isoforms
[17].

Immunoblot analysis of the PKC Isoforms

Westernblot analysis was performed as reported previously
[17]. Polyclonal antibodies were from Gibco BRL (anti-PKC-
o, anti-PKC-fco, anti-PKC-f;, anti-PKC-f, anti-PKC-y,
anti-PKC-6, anti-PKC-¢) or Calbiochem (anti-PKC-0, anti-
PKC-¢, anti-PKC-#), and monoclonal antibodies were from
Transduction laboratories (anti-PKC-1, anti-PKC-/, anti-
PKC-u, anti-PKC-6). To ensure the specificity of the
immunoreactive proteins, analyses were done in the pres-
ence and absence of competing immunizing peptide. Stain-
ing of the membranes with Ponceau-S was used to correct the
specific bands by the protein loaded. Degradation of single
isozymes was ruled out by the missing detection of further
specific bands of lower molecular weight.

Density of the specific bands was analyzed by laser-
densitometry analysis (ULTRO SCAN XL, Pharmacia
LKB). The data are expressed as mean + SEM. Two-tailed
Student’s #-test for unpaired data were performed. p-val-
ues <0.05 were considered significant.

Results

To evaluate the expression of the PKC isoforms in human
left ventricle, left ventricular samples from a healthy organ
donor were subjected to Westernblot analysis. Results are
shown in Fig. 1A. PKC-o, PKC-9, PKC-¢, PKC-4, and
PKC-{ stained as single, dominant band of the expected
molecular weight. Specifity of the staining was demon-
strated by addition of the immunogenic peptide (PKC-a,
PKC-6, PKC-¢, and PKC-{) when using polyclonal anti-
bodies, or by excluding cross-reactivity against closely
related isoforms (PKC-/) when using monoclonal anti-
bodies. PKC-f stained as a triple band, consisting of both
splice variants (PKC-f; and PKC/fy;), as demonstrated by
counterstaining with a specific antibody for PKC-fy.
Staining for PKC-y and PKC-0 demonstrated that those
isoforms are not expressed in adult human heart. Staining
for PKC-u and -5 gave inconstant results (not shown).
Using increasing concentrations of recombinant isoform
protein as external standard, the expression of PKC-a was
most abundant in the left ventricle (960 ng/mg total protein),

whereas PKC-¢, PKC-9, and PKC-{ (242, 170, and 215 ng/
mg total protein) were expressed to a lower extent.

To confirm the results obtained on protein level, iso-
form-specific rt-PCR was performed to evaluate the pres-
ence of PKC isoform-specific mRNA in human heart.
Specifity of the amplificates was tested by southernblot
hybridization (Fig. 1B). Using this technique, the presence
of mRNA specific for PKC-o, PKC-f5, PKC-4, PKC-¢,
PKC-{, and PKC-¢ could be demonstrated.

The relative distribution of the PKC-isoforms in human
atria and ventricle is shown in Fig. 2. The calcium-
dependent isoforms, PKC-o and PKC-f, reside predomi-
nantly in the ventricular myocardium, whereas PKC-9 and
PKC-{ are mainly expressed in the atria. PKC-¢ and PKC-4
are evenly distributed. No difference in isoform expression
was found between samples obtained from the left and
from the right ventricle (data not shown).

PKC isoform regulation during ontogenesis in human
hearts was examined by comparing isoform expression in
the right atria of small infants with those of adults without
severe heart failure (Fig. 3). During ontogenesis, down
regulation of all isoforms occurs. The extent of this down
regulation clearly varies: Expression of PKC-f is decreased
by about 90%. The other isoforms are down regulated to a
lesser extent. This is reflected by the maximally stimulat-
able enzyme activity in both fractions. Activity in the
particulate clearly decreases during ontogenesis (152 + 10
vs. 40 + 8 pmol/mg protein/min, n = 5, p < 0.01), whereas
activity in the cytosol is only marginally changed (163 + 8
vs. 122 + 18 pmol/mg protein/min, n =35, p = n.s.). To
quantify the relative distribution between cytosol and par-
ticulate in the isozymes, the cytosol-to-particulate ratio was
analyzed for all samples (Table 1). In newborns, PKC-¢,
and PKC-f reside mainly in the particulate fraction. During
ontogenesis, a significant increase of the relative cytosolic
isoform content was detectable for PKC-¢ and PKC-o,
suggesting a translocation and activation of these isoforms
in infants, which is reversed in adults. In infants, no further
isozymes of PKC could be detected compared with those
detectable in adults.

The regulation of PKC isoforms under distinct patho-
logical conditions was examined in patients with pressure-
induced, concentric hypertrophy of the left ventricle with
preserved left ventricular function, i.e., aortic stenosis, and
in patients with end-stage heart failure due to left ven-
tricular dilatation and severely compromised left ventric-
ular function, i.e., dilated cardiomyopathy. Results are
shown in Figs. 4 and 5. Aortic stenosis leads to an upreg-
ulation of all PKC isoforms examined except PKC-p,
which is even downregulated under this condition. In-
creased levels of isoform protein were detectable both in
the particulate fraction (PKC-o, PKC-9, PKC-¢, PKC-/,
PKC-{) and in the cytosol (PKC-/, PKC-{). In contrast,
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Fig. 1 protein kinase C isoform expression in the adult human heart:
(A) To detect PKC isoform protein expression in the adult human
heart, samples obtained from the left ventricle of a donor heart (see
methods) were homogenized, electrophoresed and subjected to
Westernblot analysis using polyclonal antibodies (PKC-a, -9, -¢, -f,
-7, -{) or monoclonal antibodies (PKC-/, -u, -0). As positive control,
tissues with known expression of the respective isoform (rat brain for
PKC-a, -f, -¢, -4, -(; skeletal muscle for PKC-0), recombinant
isoforms, or HeLa cell lysate (known to selectively express PKC-4,
but not PKC-{) was used. Competition experiments in the presence of
the immunogenic peptide confirmed the specifity of the staining for
the isoforms analyzed with polyclonal antibodies. Consecutive assays

PKC-f is highly upregulated in dilated cardiomyopathy,

together with an increased expression of PKC-6 and PKC-
e. The other isoforms are not upregulated. Maximally
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with antibodies for PKC-f., (showing a triple band) and -fy
demonstrated the presence of both splice variants of PKC-f, i.e., -
fr and -fp, in the heart. Using this technique, the presence of the
isoforms -0 (80 kDa), -fi; (80 kDa), -fy; (82 kDa), -6 (75 kDa), -¢
(93 kDa), -4 (72 kDa), -{ (72 kDa), but not of -y or -0, in the heart
was shown. Staining for PKC-y, -5, and -1 gave inconstant results (not
shown). (B) Southernblot hybridization of PKC isoform-specific
mRNA from human heart confirmed the presence of mRNA specific
for PKC-a,, PKC-f3, PKC-6, PKC-{, and PKC-¢ in samples obtained
from a donor heart. RNA from rat brain, which is known to contain
these isoforms, is used as standard. RNAse digest precludes
contamination with DNA

stimulatable PKC enzyme activity is not significantly
changed between these conditions, both in the cytosol and
in the particulate fraction (data not shown). To clarify if
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Fig. 2 Expression of PKC isoforms in human adult ventricle and
atria. To examine the relative distribution of PKC isoform expression
between atria and ventricle, left ventricular and right samples of two
donor hearts were compared. Samples were analyzed on the same
blots for exact comparison. Whereas the Calcium-dependent isoforms
PKC-o and PKC-f;/fy; reside predominantly in the ventricle, PKC-0
and PKC-{ are mainly expressed in the atria. PKC-¢ and PKC-/ are
evenly distributed in those compartments

isoform translocation may play a role in dilated cardio-
myopathy or aortic stenosis, the cytosol-to-particulate ratio
was analyzed in those samples (Table 2). In aortic stenosis,
a significant translocation of PKC-«, PKC-¢, and PKC-¢
was seen, whereas in dilated cardiomyopathy, only PKC-¢
was significantly changed.
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Fig. 3 Changes of PKC isoform expression during ontogenesis.
Right atrial samples of small infants (age 6-27 months, n = 6) were
compared with right atrial samples from adult patients without heart
failure. Care was given only to include patients without pulmonary
hypertension or right heart enlargement into this analysis. Represen-
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To determine if the programmed cell death is activated
in aortic stenosis or in dilated cardiomyopathy in our
model, TUNEL assays were performed. In control samples,
0.72 £ 0.24 per 1000 nuclei were TUNEL-positive. Both
aortic stenosis (1.7 £ 0.8 per 1000) and dilated cardiomy-
opathy (2.1 = 1.2 per 1000) lead to an slightly increased
number of TUNEL-positive cells. This increase, however,
did not reach the level of significance.

Discussion

The salient findings of this study are that in human heart, six
isoforms of PKC are expressed, i.e., PKC-o, PKC-f5, PKC-
0, PKC-¢, PKC-4, and PKC-{. PKC-f is expressed in both
splicing variants, PKC-f; and PKC-fy. Other isoforms,
namely PKC-y, PKC-6, PKC-#, and PKC-u (to which some
authors refer as PKD, what is more correct in terms of its
enzymatic properties) were not detectable. PKC-1, another
isoform cited in some references, is identical to PKC-/.
Nomenclature of this isoform in human samples is inho-
mogeneous throughout the literature. The relative distribu-
tion between atria and ventricle is very variable for the
isoforms. During ontogenesis, all isoforms are subjected to
downregulation. Namely, PKC-f-expression is nearly to-
tally switched off in normal cardiac tissue. Severe heart
failure due to dilated cardiomyopathy leads to a reexpres-
sion of PKC-p and to an upregulation of PKC-6 and PKC-¢.
Surprisingly, severe left ventricular hypertrophy with pre-
served left ventricular function recruited a quite distinct
isoform pattern. Under this condition, upregulation of all
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tative Westernblot analyses (A) show that the predominant changes
occur in the particulate fraction. Quantitative analysis (B) demon-
strated a downregulation of all isoforms during ontogenesis, but to a
quite different extent. Note that PKC-f expression is nearly
completely switched off in adult nonfailing hearts
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Table 1 Cytosol-to-particulate ratio of PKC isoforms in newborns
versus adults

Newborns Adults
PKC-a 6.9+ 1.1 13.7 + 1.6
PKC-f n.a. n.a.
PKC-o 6.4+ 0.9 71+12
PKC-¢ 0.25 + 0.08 0.9 + 0.1
PKC-2 39+ 15 54+15
PKC-{ 3.0+07 41+08

n.a.—not applicable. Boldface: p < 0.05 versus control

A Cytosol Particulate fraction B

O — w— — e ——

B,

— i — —

—
—
—*

— o~
O — - —— -

s W

£ — - e = -

AUC (control = 100%)

)\__..———---—- o

-control-- -aortic stenosis- --control-- -aortic stenosis-

Fig. 4 PKC isoform expression in aortic stenosis. Left ventricular
samples from patients with severe aortic stenosis (i.e., pressure-
induced left ventricular hypertrophy) and preserved left ventricular
function were compared with healthy controls. Representative
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Fig. 5 PKC isoform expression in dilated cardiomyopathy. Left
ventricular samples from patients with end-stage dilated cardiomy-
opathy (dCMP) with severely compromised left ventricular function
were compared with those from healthy organ donors. Representative
experiments (A) comparing the particulate fraction of both groups

isoforms except PKC-f5, which was even downregulated,
was seen.

The expression of PKC isoforms in cardiac tissue varies,
depending on the species examined. In rats, many reports
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consistently demonstrate the expression of PKC-o, PKC-6,
PKC-¢, and PKC-{ [17, 19, 20]. In rabbits, ten isoforms are
detectable (PKC-o, PKC-fy/fy;, PKC-y, PKC-6, PKC-¢,
PKC-{, PKC-5, PKC-1, PKC-4, PKC-u [21]). In human
samples, many studies consistently found PKC-«, PKC-6,
PKC-¢, consistent with the findings demonstrated in this
work [12-15]. Remarkably, the presence of PKC-f in
healthy human hearts was clearly demonstrated by the
studies examining left ventricular samples [12, 13] and
could also be shown in this study, whereas studies only
examining samples from right atria are inconsistent at this
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experiments (A) and the quantification of all experiments (B) show
that during hypertrophy without heart failure, PKC-f-expression is
decreased, whereas all other isoforms expressed are upregulated in
this setting. *p < 0.05 versus control
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demonstrate a re-expression of PKC-f in dCMP. Analyses of
cytosolic samples were nearly unchanged (not shown). Quantification
(B) of this series of experiments showed a marked increase in the
expression of PKC-f5, PKC-9, and PKC-¢, but not of PKC-a, PKC-4,
and PKC-{. *p < 0.05 versus control

point [14, 15]. This difference is most likely due to the
differences in isoform expression between atria and ven-
tricle shown in this work. Namely PKC-f is predominantly
expressed in the ventricle. The presence of PKC-{ and
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Table 2 Cytosol-to-particulate ratio of PKC isoforms in control
subjects versus patients with dilated cardiomyopathy or aortic stenosis

Control Aortic stenosis dCMP
PKC-a 137+ 1.6 6.7 = 1.6 10.5 £ 2.1
PKC-f n.a. n.a. n.a.
PKC-o 7112 3205 54 +1.7
PKC-¢ 09 0.1 0.32 + 0.08 0.55 + 0.1
PKC-2 5415 52+13 42+ 1.3
PKC-{ 4.1+0.8 34 +£0.6 29 +09

n.a.—not applicable. Boldface: p < 0.05 versus control

PKC-Z in human heart, shown in this report, was reported
before by some authors [13, 15]; other studies, however,
did not test for these isoforms [14]. Consistency exists that
PKC-y and PKC-0 are not present in human heart [13, 15].
Together, the existing data is quite uniform about the
expression pattern of PKC isoforms in human cardiac tis-
sue.

The Westernblot analyses shown in this work use tissue
extracts. In consequence, the cell types expressing the
various isoforms of PKC cannot be clearly distinguished in
these experiments. In rats, the isoforms PKC-o, PKC-6,
PKC-¢, and PKC-{ are expressed in neonatal cardiac
myocytes, whereas adult ventricular cardiac myocytes only
express PKC-6 and PKC-¢ [19, 22]. As a limitation of this
study, we did not perform histochemical analyses.

To our knowledge, the change of PKC isoform expres-
sion in the human heart during ontogenesis has not been
studied before. In rat heart extracts, an age-dependent de-
cline in the expression of PKC-o, PKC-d, PKC-¢, and PKC-
{ was shown, with a relatively uniform decrease of all
isoforms from the neonate to the adult animal [22].
Expression of PKC-f in cardiac tissue was not detected in
this study. Interestingly, in isolated rat adult ventricular
myocytes, PKC-« and PKC-{ were not detectable at all,
and only traces of PKC-0 were found, whereas a robust
expression of PKC-¢ persisted in adult animals [22, 23].
Comparable results, with a decline of the isoforms during
ontogenesis, were obtained in mice [24]. In the human
heart, a downregulation of all isoforms found could be
demonstrated in this study, with PKC-f being the isoform
down regulated to the largest extent.

Two recent reports examined the expression of PKC
isoforms in human heart failure. Bowling and coworkers
examined 12 explanted hearts with end-stage heart failure,
6 due to dilated cardiomyopathy, and 6 due to ischemic
heart disease, and compared them with ten nonfailing
donor hearts. They could demonstrate an increased
expression and activity of PKC-f and an increased
expression of PKC-o in heart failure, whereas PKC-¢ was
unchanged. Differences between dilated cardiomyopathy

and ischemic heart disease specimen were not reported
[12]. The reactivation of PKC-fi was discussed as
“hypertrophic signaling” and “reactivation of a fetal gene
program” [12, 25], and the latter fact is highly supported
by the ontogenetic data shown in our study. Another report
done by Shin and coworkers compared samples from seven
patients with end-stage cardiomyopathy exclusively due to
ischemic heart disease with five donor hearts [13]. They
conclude “the same isoforms which are expressed in
nondiseased heart are also present in this pathologic state,
without evidence of an isoform switch.” They, however,
only performed a qualitative analysis of the isoforms, since
they could show that the detected amount of the isoforms is
highly dependent on the sample collection and preparation.
The representative analyses shown in this paper, however,
point even to a downregulation of PKC-f, PKC-4, and
PKC-¢ in heart failure, in some contradiction to the report
of Bowling [13]. In the present study, extreme caution was
given to prevent differences in the sample preparation. All
samples were collected in the operating theatre and
immediately frozen in liquid nitrogen. Sample collection
and preparation was done by a single researcher (S. K. B.)
to reduce variations. Using this approach, the data obtained
in patients with dilated cardiomyopathy show a re-
expression of PKC-f, comparable to Bowling’s data in
humans [12].

Data on PKC isoforms in aortic stenosis in man have, to
our knowledge, not been reported yet. Surprisingly, in
contrast to the data obtained in end-stage heart failure,
PKC-f is even down regulated in these severely hyper-
trophied, non-failing hearts. The other PKC isoforms
examined are upregulated. This PKC isoform regulation in
aortic stenosis is in agreement with data obtained in animal
models: in aortic stenosis in rats, Braun and coworkers
showed an upregulation of PKC-o and PKC-4, but not of
PKC-f [26]. Comparable data were obtained by two other
groups [27, 28]. Thus, in our view, the reexpression of
PKC-f seen in severe heart failure seems to occur rather
late in the progression of this disease, but not during the
process of left ventricular hypertrophy. The concept of
PKC-f as one key player of “hypertrophic signaling” is
clearly questioned by this data. In animal models, over-
expression of PKC-f leads to a cardiomyopathic phenotype
[29, 30], whereas a knockout of this isozyme does not
influence the cardiac phenotype of mice and its response to
various hypertrophic stimuli [31]. Thus, PKC-f seems to
be the isoform re-expressed in heart failure in mice and
man more than the isoform involved in hypertrophy. More
data, however, is needed to support this hypothesis.

It is difficult to speculate on the role of the various
isoforms of PKC in myocardial hypertrophy and heart
failure. Data obtained in isolated cardiac myocytes [32] as
well as in animal models of hypertrophy [33] suggest that
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PKC-o promotes myocyte hypertrophy, i.e., increased cell
surface area and protein turnover, via activation of the
ERK1/2 kinase and changes in calcium handling of the
cells. In contrast, overexpression of PKC-¢ in isolated
cardiac myocytes induced cellular elongation and remod-
eling without increasing cellular protein content or cell
surface area [32, 34], suggesting that this isoform has a
distinct role in mediating the remodeling of cardiac myo-
cytes in hypertrophy. However, another group could show
that PKC-¢ is no prerequisite for cardiac hypertrophy [35],
so that the role of this isoform in hypertrophy remains not
fully clarified. PKC-6 was reported to play a role in
apoptosis induction under various conditions such as rep-
erfusion, more than in the induction of hypertrophy or
growth [36]. Activation of apoptosis was also found in this
study together with an upregulation of PKC-J. Overex-
pression of PKC-f in the heart may cause a cardiomyo-
pathic phenotype [29]; another group, in contrast, could
show that hypertrophy may develop independent of PKC-
p. Little is known about the function of PKC-4 or PKC-{ in
the heart. Together, the function of the individual isoforms
in hypertrophy and heart failure is not fully clarified, and
research on this point is difficult since many recent data
point to redundant effects of various isoforms in knock-out
or overexpression models [10, 37].

In conclusion, this work gives evidence for a differential
recruitment of human PKC isoforms in various forms of
myocardial hypertrophy and heart failure.
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