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the heart stops proliferation and becomes a
“post-mitotic” organ (1, 2). The 10-fold growth
of the heart, from the dimensions of a newborn’s
heart to those of an adult’s one, is done by hypertrophy only. Later on, if the adult makes
heavy exercise, the heart becomes an “athletic”
heart also solely by hypertrophy. There are very
few exceptions to this concept, without clinical
relevance.
Can we inseminate stem cells into the
myocardium?
The official answer is NO (1).
However, there are a lot of arguments that a
small “yes” answer does exist today – the myocardium can regenerate a little bit (2). And there
is hope that genetic engineering in medicine will
boost this answer, turning it into a big “YES”, in
order to repair the damaged myocardium instead of merely helping the resting one by drugs
or mechanically.
How does the heart grow?
Before birth, myocardial cells proliferate and
constitute the embryonic heart. Soon after birth,

The answer is “Yes, of course”. The problem is
that there are already tens of clinical studies with
very little increase in left ventricular function and
no significant effect on clinical income in patients with heart failure (3).
The main problems with cell insemination
into the myocardium are (4, 5):
• the source and type of implanted cells;
• the way to transform them into functio
nal myocytes;
• the way to develop new angiogenesis, in
order to make a new region of functional
myocardial tissue.
The source of cells is very important and
there are a lot of possible alternatives. Hemato-
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poietic cells, induced pluripotent stem cells,
myocardial stem cells and even skeletal muscular
stem cells have been used (5). Each of these and
some others had some success in becoming
functional new myocytes.
The way to prepare the source cells to be inseminated is also very important and various modalities were tried: non-genetic ones (drugs, cytokines, hypoxia), genetic engineering (DNA,
RNA), paracrine interventions (5). In this respect,
attempts have been made to take into account
the use of telocytes. These cells are present in
the interstitium of the myocardium, have very,
very long and thin extensions which constitute a
real network in the myocardial tissue and are
considered to play a role in the nutrition and
functioning of the myocytes (6)
As previously mentioned, there are already
tens of clinical studies on hundreds of patients
followed for several years (3). The results were
not so impressive and a new idea emerged: instead of implanting cells, to implant pieces of tissue constructed in vitro, with cells and nutrient
fluids fixed on the scallop before the tissue is
fixed into the myocardium. This procedure is
called 3D bio printing (7, 8).
Can we fix artificial tissue into the
myocardium?
This 3D bio printing method implies three pha
ses: creation of the scallop, preparing the “bio
ink” and constructing the tissue.
The scallop is done by biological or artificial
fibres put into a 3D construction. The main
problem is that the vessel network has to be thin
enough to develop neovascularisation. At pre
sent, the best diameter of the vessels inside the
scaffold is about 20 microns and, with endothelial cells injected inside, this scaffold is capable to
generate new micro vessels (7, 8).
The “bio ink” consists of fluids with stem cells
injected into the scallop. There are different
combinations of fluids and cells used, but none
has been approved by the FDA yet.
The third phase is to put together the scallop
and bioink in a piece of tissue to be implanted
into the damaged myocardium (7-9). Techniques
based on direct injection of bioink, extrusion or
laser use are described. The final result is good
enough to permit development of new clinical
studies (7-9).
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Myocardial regeneration by mechanical
support
In the last years, the mechanical support of the
heart has been increasingly developed because
the number of heart transplant is limited by
the small number of donors. The artificial heart
was used for the first time by Kolff et al in
1957 (10), but since then, and especially in the
last 20 years, the technique has developed
dramatically. At present, the new generation of
ventricular assist devices (VAD) are implanted
into the myocar
dium, with minimal friction
inside the pump, which is kept in the position
by magnetic levitation, and the very new ge
nerations will have their batteries charged in a
Wi-Fi manner, in rooms with magnetic resonators (11, 12).
Ventricular assist devices, and especially left
ventricular assist devices (LVAD), are now used
not only as “bridge to transplant” but also as
“destination therapy”, which is a special indication in the ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure (13).
This is due to the extraordinary observation that,
in some patients with advanced heart failure and
dilated cardiomyopathy, in whom the cause of
the heart failure cannot be removed, the myocardial function recovers after several months of
mechanical support in such a degree that sometimes the LVAD can be explanted (11, 12). Stu
dies show that this is a possible explanation in
about one third of patients with dilated cardiomyopathy, mainly idiopathic. The exact mechanism of this recovery is not completely understood. Some authors believe that at macroscopic
level, the ventricle regains its contractility, but at
molecular level, the new myocardium is diffe
rent from the healthy myocardium before the
development of heart failure (14). That is why
the phenomenon of regaining contractility of the
failing myocardium by simple prolonged mechanical support is considered an important field
of research, in order to develop a new therapy in
advanced heart failure.
Other methods
From some other methods developed in the field
of myocardial regeneration, one important category is emerging: the use of gene engineering. A
good example is the injection of micro messenger RNA in the damaged myocardium, which
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leads to proliferation of myocytes – phenomenon which changes all the above-discussed concept that the adult myocardium does not proli
ferate. Two examples of experimental studies

(15, 16) may suggest that our old theories of the
heart as a non-mitotic organ will be completely
changed in the near future by gene interventions. q
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