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LETTERS TO THE EDITOR

To the editor—Heart failure presently af-
flicts an estimated 5 million Americans
with a 4 year mortality rate approach-
ing 50% (ref. 1). The failing human
heart transitions into a dilated state
characterized by ventricular remodel-
ing, collagen deposition and reduced
contractility. The molecular etiology of
this phenotype is closely associated
with reduced calcium transients and
prolongation of diastolic calcium re-se-
questration leading to decreased car-
diac contractility2. Critical intracellular
regulators of calcium cycling within
cardiac myocytes are the sarcoplasmic
reticulum associated calcium ATPase
pump, SERCA2, and its negative regula-
tor phospholamban (PLB). The deterio-
ration in calcium cycling characteristic
of the failing human heart has been
largely associated with a reduction in
SERCA2 activity resulting from reduced
protein concentrations or from en-
hanced inhibition mediated by PLB
(ref. 2). Indeed, targeted ablation of
PLB in the mouse allows unrestricted
SERCA2 activity resulting in a dramatic

increase in baseline calcium cycling
and enhanced contractility in the un-
stimulated state2.

A recent study by Minamisawa et al.
used PLB knockout mice to investigate
the causality between reduced SERCA2
activity and the initiation and propa-
gation of dilated cardiomyopathy3.
Ablation of the PLB gene was sufficient
to rescue the dilated cardiomyopathic
phenotype of the muscle lim protein
(MLP) knockout mouse3. This observa-
tion suggested that dilated cardiomy-
opathy can be rescued by enhancing
intracellular calcium cycling and that
deterioration in calcium handling ki-
netics play a primary role in the patho-
genesis of heart failure.

In contrast, our recent studies indi-
cate that this postulate may not extend
to all forms of dilated cardiomyopathy.
Using a similar approach, we crossed
PLB knockout mice with transgenic
mice over-expressing the sarcomeric
structural protein tropomodulin4. The
tropomodulin over-expressing trans-
genic (TOT) mouse model of dilated

cardiomyopathy shows
many characteristics of
human heart failure4,5.
We observed that dis-
ruption of the PLB gene
failed to rescue the overt
dilated phenotype of
TOT mice (Fig. 1a), nor
did it rescue the increase
in heart-to-body weight
ratio characteristic of
the TOT phenotype (Fig.
1b). Last, ablation of the
PLB gene also failed to
rescue juvenile lethality
associated with tropo-
modulin over-expres-
sion, as 9 of 21 mice
died by 28 days of life,
comparable with re-
ported levels of TOT
mortality5.

These data indicate
that augmented calcium
cycling may not benefit
all forms of heart failure,
especially if impaired in-
tracellular calcium cy-
cling is not associated

with the end phenotype. Indeed, car-
diac myocytes from TOT mice are actu-
ally characterized by enhanced calcium
transients, despite the dilated car-
diomyopathic state5. Minamisawa et al.
proposed that PLB ablation rescued the
pathology associated with the MLP
gene disruption by a mechanism in-
volving augmented calcium cycling re-
sulting in greater cardiac contractility
and reduced ventricular wall stress.
This interpretation is further supported
by the results of Rockman et al. in
which enhanced contractility mediated
by the βARKct transgene rescued cer-
tain aspects of the cardiomyopathic
MLP phenotype6. Collectively, these
data suggest that enhanced intracellu-
lar calcium cycling and the associated
increase in cardiac contractility may
benefit certain forms of heart failure.
Our results, however, suggest that aug-
mentation of cardiac calcium cycling
may not benefit all forms of dilated
heart failure. These results also under-
score the potential complexity of asso-
ciated molecular defects that may
underlie human heart failure.
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Chien replies—Several complex signal-
ing pathways can lead to dilated car-
diomyopathy and heart failure (for
review, see refs. 7,8). As noted in the
letter, the ablation of phospholamban
can completely arrest the progression
of heart failure in a gene targeted
mouse model of dilated cardiomyopa-
thy3, based on a deficiency in the mus-
cle specific cytoskeletal protein, MLP.
This model displays many conserved
features of the human disease, and pro-
vided the first evidence that dilated
cardiomyopathies might arise from
mutations in Z disk components, a
finding confirmed in human studies
(for review, see ref. 9). However, car-
diomyopathy is a heterogeneous disor-
der with diverse etiologies. Molkentin
and colleagues appropriately argue for

Fig. 1 a, Hematoxylin and eosin-stained histological sections
demonstrate dilated cardiomyopathy induced by the tropomod-
ulin transgene (TOT) which is not rescued by phospholamban ab-
lation (PLB). Animals were analyzed at 22 days after birth,
although phenotypic analysis at day 18 or 28 also failed to
demonstrate any protective effect of PLB ablation. b, PLB ablation
failed to protect TOT mouse hearts from increased heart-to-body
weight ratio associated with the dilated cardiomyopathy. *P <
0.05 versus PLB+/+
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caution, noting that defects in calcium
cycling might not represent a universal
pathway for dilated cardiomyopathy.
Their results clearly indicate that phos-
pholamban gene ablation cannot res-
cue the dilated cardiomyopathy that
accompanies tropomodulin over-ex-
pression, using several independent
endpoints, including survival.

The validity of their over-expressing
tropomodulin mouse to human disease,
however, is also an issue. Although one
could argue that the MLP deficiency
model reflects a subset of human dis-
ease that arises due to cytoskeletal mu-
tations, the clinical relevance of the
tropomodulin over-expression heart
failure model to naturally occurring
forms of human cardiomyopathy seems
more tenuous. Most likely, the massive
over-expression of tropomodulin pro-
duces cardiac injury and disruption of
the stoichiometry that is required for
normal sarcomeric assembly. Dilated
cardiomyopathy results as a secondary
effect, which, of course, would not be
reflected in genetic or acquired human
disease. Over 30 models of dilated car-
diomyopathy have been reported
through the cardiac over-expression of

reporters (GFP) (ref. 10), signaling mol-
ecules, and channels to the amounts of
alpha myosin heavy chain, raising the
serious issue of the validity of any of
these models to human disease11.

Independent evidence has now con-
firmed and extended the results in the
MLP model, documenting a critical role
of calcium cycling defects in acquired
forms of heart failure due to chronic
pressure overload in normal animals12.
Thus, calcium cycling defects may un-
derlie some clinically relevant acquired
forms of heart failure. Further work will
be required to determine whether phos-
pholamban inhibition will be beneficial
after myocardial infarction, the most
frequent etiology of human heart fail-
ure.
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