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Abstract

Acute myocardial infarction leads to loss of functional myocytes and structural integrity of
the heart. Autologous cell transplantation to repair or regenerate injured myocardium is a
new direction in the treatment of cardiovascular disease. The clinical advantage of this ap-
proach known as cellular cardiac-implant for myocardial repair is obvious because autolo-
gous myoblast implantation avoids many of the logistical difficulties associated with car-
diac transplant, as well as the need for immunosuppression therapy. Autologous skeletal
myoblasts appear to be the most well studied and best first generation cells for cardiac re-
pair. Today more than twenty patients wordwide have been operated with this technique.
However the era of cell transplantation has only begun. What type of cell is the best? and
What is the efficacy? are major questions that remain to be answered. Nor is it known
whether cardiac muscle can form electromechanical junctions with skeletal muscle grafts
and induce synchronous contraction.

Autologous cellular cardiac-implant offers the promise of restoring regional function for
patients who have had a myocardial infarction. Future studies will need to establish the ef-

ficacy of this approach.
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Heart failure is an important cause of morbimortality.
According to the Framingham study, annual survival for
heart failure patient is 57% for males and 64% for fe-
males, but at 5 years follow up these rates decrease to
25 and 38% respectively [1].

Congestive heart failure (CHF) is not only a medical
problem, but also a social and economic one. Heart
transplantation, coronary artery bypass grafting, cor-
rection of mitral valve incompetence, cardiac resyn-
chronization therapy, biological and mechanical car-
diac assist devices have solved some of the problems,
but most of the difficulties remain unsolved [2, 3]. Be-
sides that, all these treatments carry potential compli-
cations and high costs [4].

It is well known that necrosed cardiac fibers are sub-
stituted by fibrotic tissue. Cellular hypertrophy can par-
tially compensate for diminished contractility, but the
remodelling process leads to progressive heart failure.

Since 1992 Marrelli [5] has used cultured undifferen-
tiated myoblasts in experimental studies for repair of
non viable cardiac tissue. After this experimental phase
[6-7] the way from the investigation to the clinic is tak-
ing place progressively.
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Repair of cardiac tissue with autologous cells is a
fascinating new therapeutic concept [8, 9]. The com-
bination of genetics with cellular biology allowed for
the development of cell culture of certain phylogenetic
lines for autorepair. This medical paradigm -that could
begin a new era in therapy- can not only offer solu-
tions for cardiac problems, but also for neurologic,
hepatic, myopathic, endocrinologic and osteoarticular
diseases [10-12].

Autologous Cardiac Repair

The classic concept assigns to cardiomyocytes the ca-
pability of reproduction until the 3-4 months after birth
[13]. That means that shortly after birth there exists a
certain number of cardiomyocytes, and they can not be
replaced; so, their quantity would gradually decrease. In
the event of a myocardial infarction or a chronic process
such as hypertensive cardiomyopathy, a certain number
of cardiomyocytes die. The necrotic area is replaced by
a fibrotic scar, that leads to cardiac remodelling and the
progressive development of CHF [14]. However, the
results of new research challenge this concept of limited
reproduction capability [15-17]. Nadal-Ginard [18]
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pointed out the balance that exists between the stimuli
involved in myocyte hypertrophy and those that lead to
necrosis and apoptosis. Experimental data in mouse
showed that the differential rate between the quantity
of cardiac cells that die and the total number of cells
that make up the ventricular mass, imply the possibility
of active replacement of myocytes. Without such a
mechanism, the loss of cellular mass would become un-
sustainable. That implies a new vision on cardiac age-
ing. Following that concept, the heart would completely
regenerate itself in a period of less than 5 years [19].

The procedure of repair of the fibrotic areas of the
heart by cultured phylogenetically related cells is
known as “Autologous Cellular Cardioimplant” and its
aim is the structural and functional recovery of the
damaged area. The cells with potential capability for
cardiac reparation may have different origins. We will
consider only those of autologous origin, excluding the
allogenic as well as the transgenic, as far as we are deal-
ing with the “autoreparation” concept.

Types of Autologous Cells

.- Adult cardiomyocytes. Their reproduction is diffi-
cult and they must be obtained by endocardial bi-
opsy. They also require a greater vascular supply
than do myoblasts [20].

Myoblasts. These cells, also known as satellite cells,
originate from the skeletal muscle. They can be easily
obtained, cultured and reproduced, and are the most
studied, all factors that have allowed their clinical use
[21, 22]. These cells lie under the basal membrane in
a quiescent state until an appropriate stimulus triggers
their proliferation. Myoblasts are in a cellular line that
extends from the undifferentiated mesoderm cell to
the completely differentiated cardiac, skeletal and
smooth muscle cells [23] (Figure 1).

In spite of the fact that those cells are implanted in in-
farcted areas, those zones are never completely avascu-
lar. On the other hand, myoblasts are resistant to is-
chaemia, allowing for growth and reproduction in a
poorly perfused environment.

There are two important differences between
myoblasts and cardiomyocytes: the former lack intercel-
lular connections (“gap junctions”) and dihydropyridine
membrane receptors.

Intercellular connections

The distinctive junctions between cardiomyocytes are
called intercalated discs [24]. They provide both electri-
cal and mechanical cell connections [25]. The discs in-
clude specialized structures:

a.- Gap junctions: establish an electrical connection,
and contain a specific protein (connexin-43).

b.- Fascia adherents and desmosome: account for me-
chanical junctions through N-cadherin and desmo-
glein. Cadherin and connexin are classic markers for
cellular junctions.
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Figure 1. line of descent from undifferentiated to differ-
entiated cells

Dihydropyridine receptors: are required for coupling
the electric impulse to kinetic energy. Research has
been made in satellite cells in order to integrate this re-
ceptor by means of genetic engineering.

3.- Smooth muscle cells. Are obtained from arterial walls.
4.- Stem cells: Undifferentiated, pluripotential cells, lo-
cated in the bone marrow [26-27].

Research by Ferrari et al [28], gave rise to the concept
of regeneration of the patient’s own myocardium as an
alternative to heart transplantation. This concept arose
from the possibility of utilizing a very undifferentiated
cell located at the stroma of the bone marrow, able to
differentiate into various types of cells [29, 30]. The
type of differentiation is determined by the environ-
mental location. Amazingly, there were found stem cells
in the heart, that remain quiescent in the normal heart,
but enter in an accelerated process of mitosis when
stimulated by growth factors.

In an experimental situation, this potential has been
proved, allowing for regeneration of areas of infarcted-
fibrosed myocardium, not only by myocytes, but also by
endothelial and smooth muscle cells. Experimental
work by Wang [31, 32] suggests that in a normal myo-
cardium these cells can generate cardiomyocytes, but in
a fibrotic tissue, they developed fibroblasts.

Myoblasts Culture

Culture of skeletal myoblasts is similar to methods
used for other types of cells. Aseptic technique is essen-
tial to maintain a stable myoblast population.

The tissue used is a fragment of skeletal muscle of ap-
proximate 2cmx2cmx2cm, equivalent to 5-8 g. All non
muscular tissues of the fragment are removed, and the
fragment is treated by enzymatic (collagenase, trypsin)
digestion. The cells are then incubated at 37°C, with 5%
CO, and saturation humidity. When a cell confluence of
75-80% 1is reached, new cultures are initiated from the
original one, until a number of 200-250 million cells is
reached. At the end, the implant is made in the fibrosed
myocardium, distributing the number and orientation of
the implants in relation to the size of the necrosed area.
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Mechanisms of Action

In experimental studies, the observed changes imply the
organization of implanted myoblasts in myotubes and
myofibers, that contribute to the improvement of contrac-
tility observed in animal research and clinical studies.

Other observations have been made:

An increase was found in the contractile performance
measured by dP/dt “in vitro” and ultrasound and so-
nomicrometry “in vivo”.

Improvement in diastolic function due to increased
elasticity due to fibrotic tissue replacement [33].

Increase of ventricular wall thickness in the infarc-
ted area.

Decrease of ventricular dilation.

Production of angiogenic factors by implanted cells.

Another possible cause for performance improvement
is the association of cellular implantation and fibroblast
growth factor (bFGF) and vascular endothelial growth
factor (VEGF).

Electromechanical coupling between cardiac muscle
and grafted cells must yet be proved “in vivo”; this is
not easy to accomplish due to the low expression of N-
cadherin and connexin-43 in skeletal muscle fibers.
Persistent expression of these proteins must be obtained
(according to experimental studies), in order to prove
the penetration of the fibrotic tissue barrier by the im-
planted cells. Evaluation of a specific marker such as
troponin could be useful in the assessment of graft
state. In experimental studies of myocardial regenera-
tion by satellite cells B-galactosidase expression was
used as a marker of viable graft tissue.

Experimental as well as clinical studies deal with mod-
els of infarcted areas with fibrotic scars. Experimental
protocols for evaluation of this therapy in idiopathic di-
lated cardiomyopathy and are now in development.

Clinical Experience

Since the first case in June 2000 [7], numerous patients
were treated with this technique worldwide (France, Ja-
pan, Netherlands, Germany, Italy, USA, Argentina,
Spain, China). In the cases of France, Argentina and
Spain, cells implantation was performed concomitant
with coronary artery bypass surgery, and was made in
fibrotic areas non related to the revascularized zones. The
first French patient improved from functional class III to
class II and from ejection fraction (EF) of 20% to 30%.
Contraction was found in the inferior wall, the one im-
planted with cells [7]. As a group, the 10 patients im-
proved their EF 13% and 11 of the 18 segments treated
acquired contractility. In this experience was an early
death and some incidence of arrhythmia.

Cellular implants in the patients treated in Netherlands
were performed percutaneously by means of special
catheters manufactured by “Bioheart” (Bioheart, Inc.,
Wiston, Florida, USA). This program includes 30 pa-
tients in 3 medical centers [34].

4] -

Patients treated in the U.S.A. were included in an FDA
protocol (Diacrin Inc). The first case was performed in a
patient treated with a ventricular assist device as a bridge
to transplantation. The cellular implant was performed in
fibrotic areas, in order to perform histopathological stud-
ies when the heart will be explanted.

In Japan and Germany, cardiac repair was attempted
with autologous stem cells from the bone marrow.

The patient treated in Argentina, was a 66 years old
male patient. Doppler, Dobutamine and Tissue Ultra-
sonography, as well as Thallium 201 myocardial per-
fusion studies, showed posterolateral and inferior aki-
nesia and anterior hypokinesia. Coronary bypass to
anterior descending artery was performed and simul-
taneously 250 million myoblasts were implanted in the
posterolateral and inferior walls. At ten months' fol-
low-up the patient is asymptomatic, in functional class
I (NYHA), and Dobutamine stress echocardiography
showed that myocardium wall width in the area of
myoblasts implantation increased from 5 mm to 9 mm,
and that regional motility improved in posterior and
lateral walls. Motility rate improved from 1.87 to 1.64.
To the moment our experience includes three patients,
the last two are of recent procedure.

Conclusions

Autologous Cellular Cardioimplant opens a promising
era in the therapy of cardiac diseases [35]. Converging
knowledge of disciplines derived from genetic and cel-
lular biology will allow to install a new medical para-
digm, the autoreparation, not only of the heart, but also
of other organs.[36] However, several questions remain
to be answered before this possibility becomes a stan-
dard procedure. Which is the best cell to use? How
should it be implanted? Those issues are of fundamental
importance, in spite of the fact that at present cultured
myoblasts are the most studied and reliable cells even
for clinical studies. After those issues are solved, its ac-
tual efficacy should be assessed and compared with the
conventional therapies.

From a functional point of view, work will be re-
quired to test the possibility of integration of the graft
with the remaining myocardium. In spite of the fact that
intercalated discs were found in the implants in normal
myocardial tissue, those findings were not definitively
demonstrated in fibrotic areas.

Regional ventricular function is not easy to assess, as
well as the capability of the repaired zone of beating
synchronously with the remaining ventricular wall.
These difficulties must be solved with the help of dif-
ferent methods (sonomicrometry, positron emission to-
mography, echocardiography).

In summary, the repair of the heart with autologous
cells could have profound medical importance. Clinical
feasibility and efficiency rates must be demonstrated
with histological and functional evidence. A multidisci-
plinary effort will be required to bring these techniques
into routine clinical practice.
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