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<4 Fig. 2 Changes from baseline in the regional wall thickness of the
LV at 3 months and 1 year follow-up. a—d Images of the end-diastolic
(a, ¢) and end-systolic (b, d) phase at baseline (a, b) and at the
3-month follow-up (¢, d). The calculated wall thickness of each
segment is shown in e (end-diastolic phase) and f (end-systolic
phase), and the percent wall thickening is shown in g. The surgical
specimens were obtained from the L'V apical core removed at the time
of LVAS implantation (h), and the needle biopsy of the LV anterior
wall at the time of LVAS removal (i). Specimens were stained with
hematoxylin—eosin (HE) by a conventional technique. j After LVAS
implantation, the BNP level declined and reached a plateau. After
myoblast sheet implantation, the BNP levels declined again to within
the normal range

the anterior to lateral surface of the dilated heart through a
left lateral thoracotomy.

Off-pump tests performed 8 weeks and 3 months after
transplantation revealed that the ejection fraction was
improved from 26 to 46%, and the LVDd from 49 to
53 mm (Fig. 1b, ¢). These data met the criteria for the
explantation of LVAS, which was subsequently performed.
Comparison of the wall motion pre- and post-treatment by
color kinesis revealed improvement first on the anterior and
lateral surfaces and then, in the longer term, on the other
surface (Fig. 2). After starting the LVAS, the patient’s
brain natriuretic peptide (BNP) levels had gradually
declined and reached a plateau. Subsequently, after myo-
blast sheet implantation, the BNP levels declined again and
reached the normal range (Fig. 2j). The patient was dis-
charged 7 months after myoblast sheet transplantation and
has been an out-patient for more than 1 year. Regarding his
clinical course after both cell sheet transplantation and
LVAD removal, a Holter cardiogram demonstrated that no
life-threatening arrhythmia had occurred.

Discussion

Menasche et al. [3] recently concluded that myoblast
injections combined with coronary surgery in patients with
depressed LV function fail to improve echocardiographic
heart function. The proportion of injected cells surviving to
engraft the infarcted myocardium is very low, owing to
injected cells leaking from the intended region and being
carried to other organs [4]. This loss of cells has therefore
limited the applicability of this form of myoblast cell
therapy [3].

To overcome these problems, we have developed a novel
cell delivery system [5] that uses myoblast cell sheets, and
performed animal investigations to guide clinical trials [4].
Using temperature-responsive tissue engineering techniques,
we were able to transplant a larger numbers of cells, with
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greater viability, than by myoblast injection, and such cell
sheets engrafted to the failed myocardium in rats led to
improvements in cardiac function and tissue remodeling
[4]. Although the myoblasts cannot transdifferentiate to
cardiomyocytes, the myoblast sheets produce cytokines
such as hepatocyte growth factor (HGF), which may have a
positive impact on c-Met-expressing damaged myocardium
[4], thus leading to the attenuation of fibrosis, angiogenesis,
and recruitment of stem cells induced by paracrine
cytokines.

In cellular therapy for cardiac disease, arrhythmogenesis
is expected to occur in animal models and in clinical trials
[3]; however, life-threatening arrhythmias have not been
clinically observed after autologous cell sheet transplan-
tation. In the case of injection, scarring of the myocardium
is likely, and such scars can induce arrhythmias. Using our
cell delivery technique, there may be less risk for inducing
arrhythmia. Myoblasts have a weak electrical potential, and
it may thus be possible for them to induce arrhythmia if
they survive in the myocardium. However, cell sheets may
not induce arrhythmia owing to their attachment to the
epicardium.

In conclusion, autologous myoblast cell sheet trans-
plantation may positively contribute to the improvement of
the clinical condition of patients with DCM, allow the
discontinuation of LVAS, and avoid heart transplantation.
This therapy therefore shows promise for clinical myo-
cardial regeneration in patients with end-stage DCM.
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