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Abstract. Today, there is much evidence suggesting
that organ-specific stem cells need not rely completely
on their own sources for maintenance and regeneration
of an organism. In certain circumstances, mostly relat-
ed to tissue damage, stem cell populations residing past
the affected organ can contribute to its recovery — that
means from different cell lines and also in tissues from
another germ layer. The key factor in formation of self-
renewing cellular clones is the presence of stem cells
either from the tissue of origin or stem cells migrating
from other areas and their successful settlement in an
empty niche of the damaged tissue. Stem cell plasticity
is the ability of adult tissue-specific stem cells to switch
to new identities. The term plasticity also means stem
cell phenotypic potential, which is broader than phe-
notypes of differentiated cells in their original tissues.
Many laboratories have given evidence on stem cell
plasticity; however, the presented results met with
many objections from others. In the first part of our
report we wish to refer to several issues associated with
stem cell plasticity, transdifferentiation and fusion.
Recent experimental results show that stem cells will
play a key role in cell therapy. But there are still many
questions to answer for scientists engaged in stem cell
research. Is it possible to induce cells from one type of
tissue to look and act as cells of another tissue? Do
these changes occur naturally? Could plasticity be
used in the treatment of fatal diseases? Cell therapy is
one of the methods to treat damaged myocardial tissue.
However, recent results with autologous bone marrow
cells in the treatment of damaged myocardium show
that this method has still many unanswered questions
concerning cells, cytokines, microenvironment and
other factors responsible for reparation. To date, there
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are many opinions either recommending or denying
this method in different modifications. One question
has not yet been definitely solved: What are the condi-
tions for us to accept this method - its safety and effi-
cacy? The future will show whether these our hopes
and expectations will be fulfiled. Many experiments
are needed before at least some of these questions may
be answered and cell therapy become an important
method for the benefit of our patients.

Presently, there is much evidence suggesting that
organ-specific stem cells need not rely on their own
sources in maintenance and regeneration of an organ-
ism. In some circumstances, mostly associated with tis-
sue damage, stem cell populations normally residing
past the damaged organ are able to contribute to the
renewal of quite different cell lines also in tissues from
a different germ layer (Raff, 2003; Quesenberry et al.,
2004; Rutenberg et al., 2004). Plasticity can be
described as a mutual ability to replace organ-specific
stem cells. In a certain tissue, the organ-specific stem
cell produces differentiated elements characteristic for
the given tissue. Under certain conditions these stem
cells can be made to produce elements that cannot be
found in the original tissue (Quesenberry et al., 2005a).
The term plasticity means phenotypical potential of tis-
sue stem cells and is broader than phenotypes of differ-
entiated cells in their initial tissue (Lakshmipathy and
Verfaillie, 2005). For instance, it has been found that
neural stem cells can give rise to haematopoietic
(Bjornson et al., 1999) or myogenous cells (Galli et al.,
2000), bone marrow stromal stem cells can give rise to
neural and glial cells (Kopen et al., 1999; Mezey et al.,
2000), cardiomyocytes (Orlic et al., 2001a), pneumo-
cytes (Krause et al., 2001), hepatocytes (Lagasse et al.,
2000) and others (Quesenbery, 2005b, Lakshmipathy
and Verfaillie, 2005). The ability of stem cell conver-
sion was noted in cases when organ-specific stem cells
produced cells of different type but of the same embry-
onic origin, i.e. organ-specific stem cells derived from
the same germ layer (intra-germ layer conversion).
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Later, conversion was demonstrated of organ-specific
stem cells into cells originating from another germ
layer (trans-germ layer conversion) (Eisenberg et al.,
2003). These facts make us think that plasticity repre-
sents a hierarchic system in which all elements of living
organisms have their place. And the question is: What
is the role of stem cells in the whole concept of plastic-
ity? Are stem cells of use through the whole process or
only at the beginning? That would mean that plasticity
is a hierarchic, dynamic and, at the same time, balanced
state of a living organism existing through the whole
life span. This condition is probably associated with
processes of regeneration, aging, tumour development
and many others.

Anderson, Gage and Weissman presented a set of
rules for the proof of plasticity (Anderson et al., 2001,
Weissman et al., 2001). First, they asked for proper
identification of all cells before starting experiments,
because a single foreign cell in seemingly purified cul-
ture may lead to false results. The proof of expression
of new proteins is not sufficient. So, to prove plasticity
it has to be demonstrated that cells contribute to host
tissue functions, for instance, to transmission of electric
signals in the neural system or to removal of waste
products from blood and liver. That means that a single,
well-characterized donor cell must be able to produce a
population of functional cells and not only a few scat-
tered cells in the new tissue. Plasticity should be a nat-
ural phenomenon, which means that cells must function
in the host tissue without their changing during the cul-
ture (Anderson et al., 2001; Weissman et al., 2001).
These conditions have led to a heated discussion
(Goodell, 2003) and several scientists in this field agree
that cells must be better characterized, their functional-
ity confirmed and predictive factors associated with
plasticity described (Filip et al., 2005). Presently, in
spite of marked progress, no agreement has been
reached in that of how many functional jumps these
cells must make before plasticity could be considered
(Filip et al., 2004a).

Until now, none of the studies wanting to demon-
strate plasticity satisfied the rigorous criteria given by
Weissman et al. (2001). Let us remind experiments of
Krause et al., who used the cells that did not change
during culture and showed that a single hematopoietic
stem cell may give rise to many types of cells (Krause
et al., 2001). However, there is still the problem how to
prove cell fusion. For instance, Lagasse et al. remain
sceptical, they presume that cells from the first trans-
plant recipient ,were not very well characterized*
(Lagasse et al., 2001). Other authors, such as Verfaillie
et al., express their opinion that studies ,,actually do not
show an important contribution to any organ“ (Verfail-
lie, 2002; Verfaillie et al., 2003). Presently, there were
only small groups of cells present without any function.
In spite of various opinions and efforts to find the truth,
until now this experiment has not been verified. Weiss-

man et al. reported that when he and his team tried to
repeat the above-mentioned experiment with carefully
selected blood stem cells, they found only expected
bone and blood derivatives, six liver cells and one cere-
bellar cell — this Purkinje cell had the DNA content
twice higher, which means that it could be a local cell
fused with one of the labelled cells (Weissman et al.,
2001). However, we can say that these different results
achieved by the groups of Krause and Weissman led to
an important question — how to design a basic experi-
ment where plasticity would be either confirmed or
excluded. The link between the transdifferentiation
process and the influence of environment where stem
cells reside is difficult to find. To understand this rela-
tionship, predictive factors, besides others, have an
important role involving morphology, function and
microenvironment (Filip et al., 2004b; Filip et al.,
2005). Stem cells, probably, spend the whole time of
their existence in G, phase, keep certain active relation
to different forms of microenvironment and can influ-
ence it back (Krause et al., 2001; Weissman et al., 2001;
Krause, 2002). Furthermore, it seems that haematopoi-
etic stem cells (HSCs) may travel into some tissues and
organs and can influence their regeneration, such as
liver, lungs, GIT, vessels and heart (Harraz et al., 2001;
Krause et al., 2001; Anversa et al., 2003). Mesenchymal
stem cells (MSCs) have the capacity to add cells to
blood, lung, liver and intestines (Jiang et al., 2002).
Stem cell populations in brain and fat tissue also show
previously unforseen potentiality (Clarke et al., 2000;
Zuk et al., 2001). For all that, these studies did not con-
vince many scientists and they claim that there is still
sufficient reason for scepticism (Anderson et al., 2001;
Hawley and Sobieski, 2002; Lemischka, 2002; Orkin
and Zon, 2002; Goodell, 2003).

Plasticity, Cell Fusion and Transdifferentia-
tion

One of the main arguments used to challenge the
reports on stem cell plasticity is that previous results
aimed to prove transdifferentiation were in fact the
proof of cell fusion (Hawley and Sobieski, 2002;
Wurmser and Gage, 2002; Medvinsky and Smith,
2003). This issue has come forward with recent obser-
vations that tissue-derived stem cells may undergo
fusion with other cell types (Terada et al., 2002; Wang
et al., 2003). Studies on cell fusion are often cited to
challenge the existence of stem cell transdifferentiation
(Wurmser and Gage, 2002). Based on newer studies on
fusion, it has been concluded that cell fusion in previ-
ous reports may be explained as stem cell plasticity.
Besides, the proof of cell fusion is being described as an
invalidation of the concept of stem cell transdifferenti-
ation (Wurmser and Gage, 2002; Medvinsky and Smith,
2003). It is not clear, however, why cell fusion and
transdifferentiation should be controversial phenome-
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na. After all, the development of skeletal muscle
involves both — cell differentiation and fusion.

Although all scientific hypotheses, to be fully
accepted, require rigorous scientific proof, doubts exist
whether the rules proposed by Weissman, Anderson,
and Gage are always suitable for determinations of
stem cell plasticity (Raff, 2003; Filip et al., 2004a). The
first rule suffers from overconfidence that studies on
living animals are able to solve problems with stem cell
potential. While definite positive results in vivo are
always the best variant, interpretation of negative
results is often problematic. If a certain stem cell popu-
lation shows uncapable of regenerating target tissue,
does it mean that these cells do not have the right tissue
potential? Actually, negative results may indicate dis-
ability of donor stem cells to settle down or integrate
with target tissue. Moreover, it is difficult to distinguish
in an experiment whether it is the real phenotypic
potential of donor cells or supportive microenviron-
ment of the host tissue that is just being studied. The
culture of cells is a useful addition to studies on living
animals because experimental conditions are much bet-
ter controlled than in the in vivo environment. At first
sight it may appear as a sensible declaration that ,,donor
cells should produce robust and permanent regeneration
of target tissue to determine exactly the stem cell plas-
ticity. However, let us examine the meaning of this cri-
terion in a broader context. For instance, for many years
it had been thought that adult myocardium was post-
mitotic, but now it is known that there is continuous
though slow regeneration (Anversa and Nadal-Ginard,
2002; Anversa et al.,, 2003). This normal rate of
myocyte replacement is far from robust, although prob-
ably sufficiently high to maintain normal homeostasis
in myocardium during the whole life span. In the mean-
time, good evidence has been described, but not con-
firmed, suggesting that extracardiac cells generate
spare myocytes in the adult heart (Jackson and Goodell,
1999; Orlic et al., 2001b; Laflamme et al., 2002; Quiani
et al., 2002). To give an example of required function-
ality, let us presume that progeny of transplanted
haematopoietic stem cells has fully integrated into con-
tractile myocardium and demonstrated multiple muscle
proteins in the myocardial sample. Would determina-
tion of functionality be necessary for us to show that
transdifferentiation occured? Functional analysis would
be needed for evaluation of clinical usefulness of trans-
plantation but not for verification of transdifferentiation
(Filip et al., 2004a).

The demand that stem cell plasticity must be demon-
strated in ,,natural conditions” seems especially unsuit-
able for understanding the biological importance of
transdifferentiation and plasticity (Raff, 2003). The
greatest cellular regeneration occurs during the process
of wound healing and, therefore, transdifferentiation
studies during organ reparation may be the right field
for research. This criterion is also controversial to many

studies in cell biology because traditional models of
stem cell differentiation are based on studies investigat-
ing the capacity of haematopoietic cells to reconstitute
the blood system after lethal irradiation in recipient ani-
mals (Graf, 2002; Orkin and Zhon, 2002; Wang et al.,
2003). The call for greater scientific severity in study-
ing data on stem cell plasticity seems reasonable, but
these demands considerably complicate further debate
on this theme and so complicate experimental proof of
plasticity. The demand for every experiment to give the
most exact evidence has its meaning only when advo-
cates of stem cell plasticity as a group will defend the
alternative to the traditional view on stem cells. But this
is not the problem brought up by the knowledge on
stem cell plasticity. Instead, the plasticity studies show
that traditional biologic models of stem cells are not
sufficient to explain the development of diversification
of cell phenotypes in vertebrate organisms (Anversa et
al., 2003). There is an imense number of reports on
plasticity that must be confronted because not each of
them deals with transdifferentiation. It was the knowl-
edge that at least some plasticity data were valid which
led to experiments integrating this knowledge into the
traditional theory on stem cells.

The term transdifferentiation is often used for the
potential of stem cell plasticity. For instance, it may be
considered that stem cells, normally generating blood
cells, undergo transdifferentiation if they produce car-
diomyocytes. However, this is an older definition of
transdifferentiation used for conversion of one differen-
tiated cell type to another. The most frequent examples
of transdifferentiation are: regeneration of extremities
in amphibians and conversion of pigment epithelium
into lens and retinal neural cells (Tsonis and Del Rio-
Tsonis, 2004). In these cases, differentiated tissue de-
differentiates into cells with a clear stem cell phenotype
prior to their metamorphosis into other differentiated
cell phenotypes. Also, there are other cases of transdif-
ferentiation, such as conversion of pancreatic cells into
hepatocytes and vascular epithelium into smooth mus-
cle (Frid et al., 2000; Shen et al., 2003). Besides this,
data indicate that bone marrow macrophages may trans-
differentiate into the phenotype of cardiomyocytes
when cultured in the presence of myocardial tissue
(Orlic et al., 2001b; Eisenberg and Eisenberg, 2003).

In adults, generation of newly differentiated cells is
significantly increased as a response to wound healing.
Generally, the view has been accepted that stem cells
sense tissue damage and migrate from the distance to
the site of injury (Theise et al., 2000; Harraz et al.,
2001; Mahmood et al., 2001). Nevertheless, it has been
observed that activation of immune response increases
regeneration of cells and tissues when tranplanted to the
host (Krause et al., 2001; Laflamme et al., 2002; Quai-
ni et al., 2002). For instance, in the study on male heart
tissue after transplantation of female heart, the greatest
numbers of Y-positive cardiomyocytes were found at
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the sites of acute rejection (Laflamme et al., 2002).
These results are surprising because the first wave of
cells recruited to the wound are immune response cells
as the first step to stop further and more serious damage
at the site of trauma. If these immune cells may later be
the source of new cells for wound repair, then their dif-
ferentiation may compensate for the need to mobilize
secondary cellular population, such as stem cells, to the
damaged tissue. This hypothesis is in accordance with
the results and indicates that macrophages entering the
myocardial tissue may contribute to the generation of
new myocytes (Eisenberg and Eisenberg, 2003). Fur-
ther evidence that cells may transdifferentiate are stud-
ies on the properties of monocytes which are the cells
usually thought of as immediate macrophage progeni-
tors. Several studies have shown that monocytes may
transdifferentiate into endothelial cells (Fernandez
Pujol et al., 2000; Harraz et al., 2001). For instance,
monocytes contribute as endothelial cells to new vessel
developing in the injured extremities during regenera-
tion (Harraz et al., 2001). A newer study suggested that
the phenotypical potential of monocytes may also
spread to other cell lines (Zhao et al., 2003). The
endothelial potential of monocytes should be consid-
ered in context with one of the oldest controversies in
stem cell biology about the link between blood and
endothelial cell lines. Interest was focused on the exis-
tence of a multipotent stem cell — haemangioblast,
which gives rise to both haematopoietic and endothelial
cell lines (Robb and Elefanty, 1998). Although this
debate still goes on, it seems clear now that stem cells
with haemangioblast properties exist in the embryo as
well as in the adult (Choi, 1998). But the finding that a
cell, such as monocyte which is presumed to be fully
committed to myeloid blood lines, is also capable of
generating endothelial cells, has significant conse-
quences for stem cell biology. The importance of these
observations is in their divergence from standard hier-
archic models of stem cells which show diversification
of lines at the level of multipotent stem cells. If it is
possible to redirect unipotent progenitor cells to multi-
ple cell fates, then what is the difference between mul-
tipotent and unipotent stem cells?

The ability of both differentiated cells and cells char-
acterized as highly committed progenitors, i.e. mono-
cytes, to transdifferentiate into other cell types suggests
that current diversification models need not sufficiently
represent the increase of cellular phenotypes. Although
there are few examples where existence of transdiffer-
entiation of differentiated cell phenotypes was clearly
demonstrated, the evidence in these cases is definitive
(Tsonis and Del Rio-Tsonis, 2004) and establishes a
precedent that regenerated tissue does not always
develop from stem cells along the pathways of hierar-
chic differentiation. Despite the definitive evidence of
transdifferentiation, its existence is usually considered a
special case with little relevance for discussions on

stem cell biology and tissue regeneration. However, a
new evidence (Frid et al., 2000; Shen et al., 2003) sug-
gests that transdifferentiation may have a broader
meaning for understanding mammal biology. Although
differentiation may be higher than dedifferentiation and
transdifferentiation among the phenotypes, ensuring the
direction towards cell lines, the importance of the trans-
differentiating model of cell diversification is that all
cellular phenotypes in an organism are part of continu-
ity (Eisenberg and Eisenberg, 2004; Kucia et al., 2005).

Stem cell therapy

Experimental biology and medicine have used stem
cells in cell therapy for more than 20 years. An in vitro
method has been developed to culture embryonic stem
(EC) cells acquired at abortions or from ,surplus*
embrya left after in vitro fertilizations, and immediate-
ly evoked ideas how to direct the development and dif-
ferentiation of these cells and utilize them in
regeneration of damaged tissues (Filip et al., 2003;
Lisker, 2003; Filip et al., 2004a). Still, the cell therapy
faces a difficult task how to detect, harvest and culture
stem cells for treatment of several diseases (Lemischka,
1999; Lemischka, 2002). Will it be possible to use adult
stem cells in therapy of a broader spectrum of diseases?

Diseases due to destruction and dysfunction of a cer-
tain limited number of cell types, such as diabetes mel-
litus (with selective damage to B-cells in Langerhans
islets) or Parkinson’s disease (destruction of dopamin-
ergic neurons in substantia nigra) can be treated by
transplantation of differentiated derivatives of ES cells.
Animal studies show that transplantation of pluripotent
stem cells or foetal cells can successfully treat a num-
ber of chronic diseases, such as diabetes, Parkinson’s
disease, traumatic spinal cord injuries, Purkinje’s cellu-
lar degeneration, liver failure, heart failure, Duchenne’s
muscular dystrophy, osteogenesis imperfecta, and oth-
ers (Horwitz et al., 2001; Soria et al., 2001; Snyder et
al., 2004; Kajstura et al., 2005). Although marked
progress has been achieved in human transplant thera-
py, there are still several main set-backs limiting broad
application of cells in the routine therapy, such as the
need of massive doses of immunosuppressive drugs to
prevent rejection of transplanted tissue and also lack of
organs from dead donors. Despite all these set-backs,
strategy based on human ES cells may allow production
of unlimited amounts of cells, eventually tissues, and
their sufficient supply from an abundant, renewable and
quickly available source. Moreover, ES cells according
to their adaptability for stable genetic modification
could be treated so as to avoid or inhibit the host
immune response.

The first step to develop successful therapy based on
human ES cells is to demonstrate their capability to dif-
ferentiate into a certain, for us interesting, cell type, and
to purify this line from a mixed population. In the sec-
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ond step, it would be necessary to critically examine
that differentiated cell derivatives function in a normal
physiologic way, for example, that secretion of insulin
in the cells of Langerhans islets is normal and responds
to the glucose level. The third step and most important
milestone on the route to clinical tests will be the proof
of efficiency of model diseases on guinea-pigs and big
animals. The fourth step is to exclude formation of
tumours developing from derivatives after differentia-
tion of ES cells and transplanted to human recipients.
Considering that progress in this direction goes forward
in big strides, other problems will certainly show which
may limit the therapeutic use of cells. The effort of sci-
entists to treat diseases at present untreatable, the pres-
sure of patients and their families, as well as political
pressure may complicate the development of new ther-
apies. Important is to keep a ,,clear mind*, get rid of
emotions and respect scientific and ethical rules.

Prospective trends in the cell therapy are: therapeutic
cloning, ES cells, therapy of the foetus, adult stem cells,
use of humoral agents for control of stem cell behaviour
and, eventually, genetic stem cell modification. At the
beginning it appeared that adult stem cells may repre-
sent a certain ,, ethical compromise* to embryonic cells.
Today, however, we understand that individual
approaches are closely linked together and this, conse-
quently, delays the answers to bioethical issues. Scien-
tists have already shown that a number of cell types,
such as neurons and muscle cells (Kehat and Gepstein,
2003), pancreatic cells (Soria et al., 2001; Vogel, 2001)
and others can be obtained by culture of ES cells.
Today, stem cells may be used in quite unexpected
cases, such as renal diseases (Mollura et al., 2003;
Schachinger and Zeiher, 2005) and immunologic repair
in AIDS patients (Scadden, 2003).

Stem cell therapy and myocardial infarc-
tion

Stem cell biology and cell therapy, apparently, are
coming to age and raise new hopes as well as problems
some of which we would like to illustrate on myocar-
dial infarction. Myocardial infarction is a disease lead-
ing to the loss of tissue and impairment of heart
performance. Residual cardiomyocytes are not able to
reconstitute the necrotic tissue and heart function gets
worse with time. According to some theories, distant
stem cells activate damage to the target organ, migrate
to the injured site and undergo there alternative differ-
entiation (Ferrari et al., 1998; Eglitis and Mezey, 1999;
Jacksonet al., 1999). The size of infarction is the main
determinant of morbidity and mortality because mas-
sive infarctions affecting 40% or more of the left ven-
tricle are associated with unmanageable cardiogenic
shock or fast development of congestive heart failure.
In the past, regeneration of heart function depended in
full on the activity of the residual, unaffected part of the

ventricle. Nevertheless, hypertrophied infarcted heart
succumbs to progressive impairment, dilating myopa-
thy, terminal failure, and death (Lee et al., 2004a;
Ozbaran et al., 2004).

The idea to regenerate the damaged heart tissue by
addition of cells is not new, but to find cells able to ful-
fil this task is difficult. The solution may come from a
selected group of bone marrow cells. Myocardial
infarction results in death of cardiac cells and leads to
the formation of a scar at the damaged area, further
impairing heart performance. Every year gradual pro-
gression from heart attack to heart failure is a cruel
reminder for millions of people that current pharma-
cotherapy is not able to replace the loss of living con-
tractile cells. Lately, in case of heart failure, doctors
have taken to heart transplantation. Replacement of
dead cardiac cells would be an attractive alternative, but
its realization is still prevented by many biologiccal,
technical and ethical problems (Lee and Makkar, 2004).

Damaged hearts in animal models were gradually
transplanted with cell populations from donors who
were considered suitable for regeneration. Suitable for
transplantation are elements of skeletal musculature,
immortalized cells from heart atrium, smooth muscle
myocytes, bone marrow cells and cardiomyocytes. All
these cells can be obtained from the embryo, foetus,
and adult (Abbott and Giordano, 2003; Lee et al., 2004;
Lee and Makkar, 2004). The success of transplantation
depends on survival, maturation and electromechanic
connection of donor cells with existing heart cells of the
recipient and on their effect on heart function. These are
high requirements for any cell population, so it is not
surprising that experiments, until now, brought differ-
ent results depending on selected cell types.

The idea to use bone marrow stem cells for heart
regeneration is particularly attractive. They are pluripo-
tent, i.e. able to differentiate into several distinct cell
types. As for the heart, these pluripotent cells might be
capable of forming heart muscle as well as vessels for
alimentation support of the damaged area and for
repopulation with muscle cells. Harvesting of cells
from bone marrow in adults is easy and routine and
does not present any ethical problems connected with
the use of embryonic and foetal tissues. The therapy
with cells from the patient’s own bone marrow elimi-
nates the fear of tissue rejection (a great problem with
cells from another donor). Furthermore, it is known that
transfer of marrow cells into the scar in the damaged
heart improves the heart function if the cells are cul-
tured one week before and then treated to induce
expression of muscle proteins (Tomita et al., 1999;
Ozbaran et al., 2004).

Orlic et al. separated Lin~ c-kit* cells of bone mar-
row from transgenic mice expressing enhanced green
fluorescent protein (EGFP) (Orlic et al., 2001a; Orlic et
al., 2001b). Failure to reconstitute infarction was
ascribed to difficulties with transplantation of cells into
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the tissue with high contractile frequency. Also
immunologic reaction of female mice to male bone
marrow transplant might be the cause for insufficient
regeneration in some female recipients. Local trans-
plant of Lin- c-kit* bone marrow cells showed high
capacity for differentiation into cardiac tissue. They led
to the formation of new cardiomyocytes, endothelial
cells and smooth muscle cells and formed de novo
myocardium with coronary arteries, arterioles and cap-
illaries. Partial regeneration of infarcted myocardium
means that transplanted cells responded to signals of
injured myocardium and induced migration, prolifera-
tion and differentiation in the necrotic area of the ven-
tricular wall. Differentiating cardiomyocytes may
express nuclear and cytoplasmic proteins typical of
heart tissue (Orlic et al., 2001b) but also atypical, such
as nestin (Mokry et al., 2004).

The repair of damaged myocardium may be evoked
by application of autologous bone marrow cells
(Strauer and Kornowski, 2003; Eisenberg and Eisen-
berg, 2004), autologous muscle cells (Fuchs et al.,
2001) and application of some cytokines such as SCF
and G-CSF (Strauer and Kornowski, 2003; Deten et al.,
2005) and others (Lee and Makkar, 2004).

Critically evaluating to date published clinical stud-
ies on cell therapy of myocardial infarction we have to
realize that it will not be easy to find a cell population
or cytokine cascade which would enable us to better
utilize the possibilities that cell therapy offers. The
results of these studies are different in both, clinical and
biological aspects — numbers of patients are small,
application of cells (myocardial injection or intracoro-
nary infusion) is also different and different is the trans-
plant itself (either bone marrow cells, muscle-obtained
myoblasts, or separated progenitor cells). Application
of bone marrow cells had only minimum complica-
tions, such as supraventricular tachycardia and one
death, but not due to arrhythmia (Lee et al., 2004).
More serious complications were described in patients
given muscle-obtained myoblasts — here complications
were also arrhythmias and ventricular tachycardias, and
one death at cell application (Lee et al., 2004). Some
other reports preferring the use of marrow cells trans-
differentiated into cardiomyocytes with the help of some
growth factors, such as G-CSF (Takano et al., 2003) are
very interesting and show the possibilities to combine
cytokines, for instance. Each of the presented methods
has its advantages and disadvantages. With application
of bone marrow cells, both, repair of myocardium and
its revascularization is presumed. Contrary to this,
revascularization is much smaller with muscle cell
application. We must not forget to mention late compli-
cations of which we do not know much (Abbott and
Giordano, 2003; Eisenberg and Eisenberg, 2004).

In conclusion we can say that cell therapy represents
a new therapeutic method for myocardial tissue dam-
age. Recent results with autologous bone marrow cells

show that this method has still many unanswered issues
concerning cells, cytokines, microenvironment, and
other factors responsible for reparation. Presently, there
are many opinions either recommending or not recom-
mending this method in its different modifications.
However, the most important problem has not been
solved yet — what are the conditions to accept this
method — safety and fulfilment of the hopes we put in
it. Many experiments will be needed before it becomes
an important part of the therapy of myocardial infarc-
tion.
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