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Chapter 1

ABSTRACT

There is a growing interest in cell therapy as a new treatment of myocardial infarction
and heart failure. In this review we will discuss the current results of cell therapy studies and
consider the possibility to replace damaged myocardium with functional tissue. Different
types of stem cells have been extensively studied, including embryonic stem cells, bone
marrow-derived stem cells and skeletal myoblasts. Interestingly, researchers also found the
heart to possess stem cells that can be used to regenerate the damaged heart. Several delivery
routes to administer the cells have been examined and they all show beneficial effects;
however, there are some limitations. Intramyocardial injection has resulted in arrhythmias,
and intravenous delivery of stem cells remains controversial since the cells can home to all
organs with the risk of developing neoplasms. Since different mechanisms such as
transdifferentiation, cell fusion, release of growth factors, neovascularization and decreasing
apoptosis have been suggested to explain the positive effects of cell therapy, we conclude that
it is most likely multifactorial.

INTRODUCTION

Myocardial ischemia and acute myocardial infarction (MI) are the leading causes of heart
failure in Western society and major causes of morbidity and mortality throughout the world
[1,2]. Tt is well known that extended periods of myocardial ischemia cause tissue injury and
cell death. The standard belief that the heart does not have an endogenous regenerative
capacity to make up for these lost cells and contains myocytes that are terminally
differentiated has been questioned. There have been studies that prove myocyte proliferation
exists and, furthermore, undifferentiated cells have been found in transplanted human hearts
[3,4]. However, the proliferation is never sufficient to compensate for the millions of
cardiomyocytes that are lost after acute MI [5]. And without early reperfusion of the infarct-
related artery, which is not always possible, this results in necrosis, scar formation, left
ventricular remodeling and mortality [6,7]. Once the infarct has occurred, present treatment is
based upon prevention of additional deterioration of the myocardium. This is found in a
combination of drug therapy, percutaneous coronary intervention, coronary bypass grafting,
device therapy and as a final option heart transplantation [8].

However, these therapies do not repair any damaged myocardium, they merely have a
preventive function. Thus far, the only therapy that has proven to diminish fibrosis is stem
cell therapy. The lost myocytes can be replaced by stem cells and restore damaged myocardial
tissue with functional tissue and improve diminished contractile function [9-13]. Different cell
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General introduction

types, as well as methods of delivery, have been used to study the benefits of cell therapy in
the heart. In our studies, we have predominantly used embryonic stem cells, because of their
infinite proliferative and developmental capacity [14]. For a complete overview of
regenerative therapy we will also discuss adult stem cells, skeletal myoblasts, fetal cardio-
myocytes and endothelial progenitor cells. Different mechanisms have been proposed to
explain the beneficial effects of cell-based therapy. These include cell transdifferentiation, cell
fusion, release of growth factors, preventing cardiac apoptosis and neovascularization.

Cell types for myocardial regeneration
Every type of donor cells has its own advantages, limitations and practicability in certain
pathological settings (Table 1).

Embryonic stem cells

Embryonic stem cells (ESCs) are very interesting to use in cell therapy studies, since
they have the ability to develop into any possible cell type. This remarkable potential holds a
promise for future therapies and was the main objective for utilizing these cells in our studies.
In 1998, investigators were able, for the first time, to isolate cells from early human embryos
and grow them in culture [15]. Day-5 blastocysts are used to derive ES cell cultures. To
obtain ESCs, the trophectoderm has to be removed and the remaining inner cell mass (ICM) is
then ready to be cultured [16]. The ICM cells are pluripotent, which means they are able to
differentiate into all derivatives of the three primary germ layers: ectoderm, endoderm and
mesoderm and possess the ability to generate any cell type of the body [16].

Human ES cells could be utilized in regenerative medicine and tissue replacement, to
screen potential toxins and to acquire new methods for genetic engineering. After subjecting
mice to an infarction and injecting them with stem cells, ESC-derived cardiac myocytes
(CMCs) displayed spontaneous contractile activity, formed stable grafts and improved cardiac
function significantly [17-19]. Furthermore, the CMCs derived from ESCs have been
demonstrated to express several cardiac-specific markers [17-19]. Also, ESC-derived
cardiomyocytes couple electromechanically to adjacent myocytes via gap junctions after
being transplanted into the myocardium [17,20].

However, there are some downsides to the use of ESCs for cell therapy. The trouble with
employing undifferentiated embryonic stem cells with an ability to form unlimited multiple
cell lines is the risk of developing a teratoma [21,22]. For that reason, most stem cell
transplantation studies worked with early-differentiated stem cells. Furthermore, the allogenic
nature of ESCs gives concerns about immunological rejection [23,24] and the use of this type
of cell gives rise to numerous ethical and legal discussions. Because of these discussions, the
availability of human embryonic stem cells for research and therapy is limited.
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Table 1. The advantages and limitations of different types of stem cells.

Stem cell types Improve cardiac Pros Cons
function?
Embryonic stemcells  Yes Pluripotent Teratoma
Easily cultured Immunological rejection

Ethical concerns

Adult stem cells Yes Autologous nature Limited differentiation
Limited cell numbers

Skeletal myoblasts Yes Easily cultured No electromechanical coupling
No ethical 1ssues Low survival rate
Fetal cardiomyocytes  Yes No arrthythmias Immunological rejection

Ethical issues

Adult cardiac Yes Autologous nature Limited cell numbers
myocyles
Endothelial Yes Autologous nature Limited cell numbers

progenitor cells

Adult stem cells

The history of research on adult stem cells began about 40 years ago, when researchers
discovered that bone marrow contains at least two populations of cells: hematopoetic stem
cells and bone marrow stromal cells. Since then, a great deal of research has been done, and
adult stem cells have been documented in many organs and tissues, such as the blood stream,
retina, liver, skin, gastrointestinal tract and pancreas [25,26]. The source of these stem cells is
of great importance, since adult stem cells are generally limited to differentiate into cell types
of their tissue of origin [26].

Bone marrow stromal cells (BMSCs) have been used in several studies of myocardial
regeneration therapy. After stimulation, bone marrow stromal cells have been shown to
express structures similar to cardiomyocytes and various cardiac specific proteins. These
regenerated cardiomyocytes demonstrated spontaneous contraction and displayed sinus node
and ventricular like potentials [11,27,28]. By expressing connexin 43, a gap junction protein
responsible for intercellular coupling, adult stem cells have showed to be capable of
electromechanical coupling with cardiomyocytes [11].
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Furthermore, 11 has been demonstrated that intramyocardial injection of /in7 , c-kit" bone
marrow cells in mice after infarction induced formation of new myocytes, endothelial cells
and smooth muscle cells, hence restoring myocardial tissue [29] Studies with adult stem cells
do not always demonstrate differentiation of stem cells into cardiomyocytes, suggesting
difterent mechanisms of action contributing to the improved results [30] These mechanisms
will be discussed 1n the latter part of this paper

An advantage of employing adult stem cells 1s that the patient’s own stem cells could be
used 1n the therapy, thus avoiding rejection of the immune system Also, BMSCs are an
appealing option, since they enclose no ethical 1ssues The drawback 1s that adult stem cells
are rare and not eastly grown in culture, while a large number of cells are needed for stem cell
replacement therapies

Skeletal myoblasts

Skeletal myoblasts (satellite cells) are stem cells located at the basal lamina of the adult
skeletal muscle and preserve the regenerative potential of the skeletal muscle [31] Using
them for cell therapy requires harvesting skeletal muscle, expanding cells in vitro and re-
injecting them into the patient There has been significant proof that skeletal myoblast
transplantation 1mproves cardiac performance in animals that suffered myocardial tissue
injury [32-34] These studies have demonstrated that myoblasts can differentiate and develop
into striated cells within the damaged myocardium and improve myocardial functional
performance [32-34] Jain and colleagues studied the transplantation of skeletal myoblasts and
found these cells to improve contractile function and systolic and diastolic regional function
of the heart [35] The mechanism of this improved cardiac function remains unclear, one
possibility 1s a combination of release of paracrine factors and improved angiogenesis Also,
the newly formed muscle tissue in the infarcted area may change the compliance of the
myocardial tissue, leading to less dilation of the ventricles [36] In addition, some of the
myoblasts might become quiescent satellite cells that could participate in tissue repair during
periods of 1schemia By transplanting 1schemia-resistant skeletal myoblasts, cell engraftment
and survival n infarcted regions of the heart can be achieved more easily [37] Also, utilizing
these cells avoids concerns as immunosuppression, the shortage of donor tissue and ethical
dilemmas

Nonetheless, using myoblasts for cell therapy has its limitations There 1s a time delay
between infarction and therapy, since there 1s a need to expand these cells in a laboratory
However, the largest downside 1s the high risk of ventricular arrhythmias. No studies have
shown electromechanical coupling between the transplanted myoblasts and the resident
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myocytes, which is the probable cause of the reported arrhythmias [38,39]. Another well-
known limitation is the low percentage of myoblast survival after transplantation [40].

Fetal cardiomyocytes

Fetal cardiomyocytes (FCMCs) have been extensively studied to replace lost CMCs with
functional cells. Transplanting myocytes is a potential therapy form to increase LV function
after MI, and Soonpa et al. [41] were the first to demonstrate transplanted fetal myocytes that
could survive and form intercellular connections with host cardiomyocytes, beating
synchronously and thus contributing to improved contractility. Other studies showed that
implantation of FCMCs after myocardial ischemia increased the ejection fraction by
increasing the density of capillaries and organizing their contractile proteins into sarcomeres
and linking them together to form new cardiac tissue. The enhanced contractile function
remained for at least 6 months [42-46]. Also, the engrafted fetal cells are a likely potential
source of growth factors. These factors could promote neoangiogenesis in grafted areas
through a paracrine effect. The increased microcirculation offers increased perfusion and
could also purify the post-infarct necrotic area [47].

The main concern of using fetal cardiomyocytes is immunological rejection.
Many studies showed that despite the use of cyclosporin, there was proof of lymphocyte
infiltration [48]. In addition, there are still unresolved ethical issues as well as limitations in
harvesting enough cells to repair damaged myocardium.

Adult cardiac stem cells

The adult heart has historically been considered to be a postmitotic organ. Until recently,
the regenerative capacity of the heart has been questioned. However, current studies have
shown isolated stem cell antigen-1 (sca-1"" a stem cell marker) cardiac stem cells from murine
hearts and the existence of cycling ventricular myocytes in the adult human heart [49, 50].
Also, cardiac and myocyte progenitors were found postmortem in pathologic human hearts
[51]. These findings turn adult cardiac stem cells into yet another appealing cell type for
cellular cardiomyoplasty. They are ideal because of their autologous and self-renewing origin
and their minimal risk of arrhythmias. Cardiac stem cells have the ability to differentiate into
myocytes, smooth muscle and endothelial vascular cells. These circulating stem cells can
replace lost myocytes throughout adult life and are capable of regenerating part of the
myocardium after significant myocyte loss [50,52-54]. Promoting the cells to home to injured
myocardium could boost the repair. This has been tested by injecting growth factors in the
myocardium of dogs after AMI. This resulted in stimulation of the cardiac stem cells to
migrate and form new myocardium, which ultimately lead to improved postischemic
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ventricular and myocardial functions [55]. Isolating cardiac stem cells from rats and
reinjecting them in ischemic myocardium has demonstrated to regenerate ventricular wall,
made up of new vessels and young myocytes, and improve left ventricular function [52].
However, there are still concems regarding harvesting the cardiac stem cells and their
multipotency that will need to be addressed in future studies.

Endothelial progenitor cells

Endothelial progenitor cells (EPCs) can be isolated from the bone marrow as well as the
systemic circulation. Recently, EPCs were successfully isolated as CD34+ mononuclear cells
and following studies have also discovered cell surface expression of CD133 and VEGF-2
[56-58]. EPCs respond to ischemia and the mobilized cells home to sites of neo-
vascularization and differentiate into mature endothelial cells. The number of circulating
EPCs correlates with the development of cardiovascular disease [59]. The role of EPCs in
improving ischemic sites has triggered new approaches to cell therapy in ischemic diseases
[60-62]. These cells could be ideal for cell therapy since they are autologous, which
eliminates the need for immunosuppression.

Vascular trauma mobilizes EPCs in the circulation through the release of signal factors
such as VEGF, granulocyte colony-stimulating factor (GCSF) and stromal cell-derived factor-
1 (SDF-1) [63,64]. Intracoronary, as well as intravenous administration of granulocyte
colony-stimulating factor after myocardial ischemia, mobilized endothelial progenitor cells
and was associated with a significant increase in LVEF, enhanced neovascularization, limited
apoptosis and consequently improved cardiac function [65]. Kawamoto et al. studied a model
where human EPCs were transplanted in the hearts of rats after myocardial ischemia and
showed these cells to differentiate into mature ECs, increase neovascularization and decrease
myocardial fibrosis [66].

Intravenous transplantation of human EPCs causes them to migrate to ischemic sites.
Thus, both cultured and isolated EPCs can have a beneficial effect [66,67]. The major
obstacle to the clinical application of EPCs is the limited number of cells that can be obtained
from the patient. For an average-size human being, 8-12 L of peripheral blood is needed to
acquire the requisite number of cells. Expanding endothelial cells is possible, but may
suppress their homing ability and limit their efficiency [60].

Methods of delivery

Successful delivery of stem cells to the injured myocardial region means the delivery of a
sufficient number of stem cells to the damaged area and is a key factor to achieve cardiac
repair. Also, the safety of the cell delivery is of great importance, as each approach has its
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own complications and risks (Table 2). Common approaches of local cell delivery include
intra-coronary, transepicardial and transendocardial transplantation and as a less invasive
strategy the intravenous injection of stem cells.

Intracoronary injection

This delivery mode is especially attractive post-MI, when adhesion molecules and
chemokines are upregulated and able to attract the stem cells to home to the infarcted and
peri-infarcted area. Studies have shown that delivery of stem cells 4-9 days post-MI was most
beneficial [68].

Stem cells can be injected into the coronary arteries by means of a percutaneous
transluminal coronary catheter, in a similar manner as in coronary angioplasty. To enhance
the time in which the stem cells can home, the coronary blood flow is stopped for a few
minutes. The advantage of this type of delivery is that a maximum concentration of cells is
able to migrate to and disperse in the infarcted areas where they can contribute to restoring
cardiac function. The distribution of the stem cells increases electrical stability and reduces
the risk of arrhythmias. Another benefit is that no surgical intervention is needed [53,69-72].
Even though cells are delivered directly in the infarcted myocardium, only 1-2% of the
injected cells were identified in that area [73]. Another method of delivery into the coronaries
is the trans-coronary venous injection, where a catheter is placed into the coronary sinus and
cells are infused under high pressure. Besides its safety, this delivery mode offers a
homogeneous distribution of cells. Using this method, skeletal myoblasts have been
successfully delivered to damaged myocardium in patients with cardiomyopathy [74-76], the
difficulty being the often irregular anatomy of the myocardial veins, which makes injection of
the cells complicated.

Table 2. The advantages and risks of diflerent cell delivery methods.

Method of delivery Advantages Limitations

Intracoronary injection Even distribution Loss of cells
Save method

Intramyocardial transplantation Precise delivery Invasive method
Less cells needed Arrhythmias

Systemic injection Noninvasive delivery Loss of cells

Migration to other organs
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Intramyocardial transplantation

Direct injection of stem cells is a worthy option when intracoronary injection is not,
because of partial or total occlusion of the artery. Intramyocardial injection requires fewer
cells to be administrated compared with intracoronary or intravenous infusion. However,
intramyocardial injection is the most invasive delivery method, requiring open-heart surgery.
Also, there is an increased risk of arrhythmias associated with this delivery method [77]. In a
transepicardial approach, the cells are injected into the regions of the infarcted myocardium,
while the region can be directly visualized. This is an ideal method, when an invasive
procedure is already planned [78]. A transendocardial approach can be performed using a
needle catheter across the aortic valve which is then placed against the endocardium where
they can be injected into the left ventricle [79]. A useful instrument for this method is
electrophysiological mapping, which can contribute to distinguish between viable and
ischemic myocardium [80].

Systemic injection

Intravenous administration of stem cells is a convenient way of delivering cells to the
heart. However, when the heart does not transmit homing signals, stem cells will not reach the
desired destination, therefore being the greatest shortcoming of this method. Consequently, it
is important that if embryonic stem cells are used, they have been partially differentiated in
vitro before injection. Also, the stem cells should be injected within a few days of an acute
M1, in order for the cells to home. Animal studies have proven that stem cells migrate to the
heart after systemic injection and restore damaged myocardial tissue after acute Ml or a
myocarditis [81-83]. The addition of calcium to the stem cells is a way to enhance the speed
and likelihood of migration of the transplanted cells. For the treatment of chronic heart
diseases, a possibility is to first inject cytokines such as TNF-alpha, in order to increase the
probability of stem cell homing to the heart [84,85].

Methods of regeneration

Researchers are still attempting to comprehend the ability of stem cells to play a part in
repairing the heart. The theories that have been described include transdifferentiation, cell
fusion, release of growth factors, preventing cardiac apoptosis and neovascularization. It is
most probable that the beneficial effects that are monitored are caused by a combination of
mechanisms.
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Transdifferentiation

Transdifferentiation refers to the conversion of stem cells to another type of cell. In our
studies regarding transplantation of embryonic stem cells in a mouse myocardial infarction
model, we observed the differentiation of green fluorescent protein (GFP)-transfected stem
cells into GFP-positive cardiac myocytes [19,82]. Many studies showed similar results,
supplying evidence for this type of mechanism [10,13,20,32,34]. Transplanted ESCs could
differentiate into three myocardial cell types: cardiomyocytes, vascular smooth muscle and
endothelial cells [11]. The new cardiomyocytes expressed several cardiac specific factors,
such as myosin, sarcomeric actin, connexin 43, GATA-4, Csx/Nkx2.5 and MEF-2 [52]. The
common method for in vitro differentiation is through hanging drop and the formation of
embryoid bodies in which beating cardiomyocytes are found [17,86-89]. The addition of
VEGF and AZA-5 increases the amount of differentiated cells [88,89]. Culturing embryonic
stem cells with endoderm-like cells resulted in the creation of cardiomyocytes as well [30].
However, there has been a lot of controversy surrounding this theory, as other studies used
techniques to track cell fate and found none or a low number of the implanted stem cells
actually differentiated [90,91].

Neovascularization

As a response to a prolonged period of ischemia, the body compensates by generating
collaterals by either angiogenesis, arteriogenesis or vasculogenesis. Vasculogenesis is the
formation of vascular structure from mostly endothelial progenitor cells from peripheral blood
and growth factors such as bFGF and VEGF and could be a possible mechanism for the
improvement of cardiac function after stem cell transplantation [65,92-94]. The endothelial
cells needed for neovascularization may be generated by transdifferentiation of either
transplanted or endogenous stem cells and/or by proliferation through secretion of angiogenic
factors [95,96].

Decreasing apoptosis

After myocardial infarction and also in the failing heart [97,98], the number of apoptotic
myocytes increases and stem cells could play an essential role in preventing this phenomenon.
We demonstrated that stem cells are capable of replacing lost myocytes after myocardial
ischemia. Transplantation of embryonic stem cells significantly reduced the number of
apoptotic nuclei in the peri-infarcted region. Moreover, our in vitro studies showed that after
being subjected to hypoxia, the number of apoptotic cardiomyocytes significantly decreased
when cocultured with stem cells [99]. Our results are similar to other studies that showed that
transplantation of stem cells protects against apoptosis by increasing neovascularization and
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the induction of regeneration of endogenous cardiomyocytes [100-102]. The exact mechanism
behind the anti-apoptotic effect of stem cells still needs more research; however, paracrine
factors released from stem cells are most likely to play an important part in the process.

Releasing (growth) factors

Stem cell therapy may also be beneficial because of the effect they have by releasing
growth factors and cytokines. Studies have shown that cell transplantation in ischemic muscle
increases levels of growth factors, such as bFGF and SDF-1alpha [103,104]. Yoshioka et al.
showed that grafted stem cells secrete VEGF, which is believed to increase myocardial blood
flow [105]. Perfusion is also increased, which may be caused by a paracrine mechanism
[106]. Injection of growth factors like VEGF, hepatocyte growth factor, insulin-like growth
factor-1, stem cell factor, HGF and IGF-1 after myocardial ischemia, has demonstrated to
enhance homing, proliferation, differentiation, survival of the transplanted stem cells,
activation of native stem cells and thus resulted in myocardial repair and improved left
ventricular functions [107-113]. Various studies have studied the effect of stem cell
mobilization by granulocyte colony-stimulating factor, the latest meta-analysis of these
studies showed no significant beneficial effect of G-CSF on cardiac function [114].

Fusion

Fusion means the transfer of cell contents from transplanted to host cells with the design
to rescue the damaged host cells and might be important in the homeostasis of organs. Cell
fusion may result in the rescue of damaged myocytes otherwise destined for apoptosis or
necrosis, or produce hybrid cells that can release therapeutically active factors into the cardiac
milieu [115-117]. There has been a lot of controversy surrounding cell fusion as a mechanism
to improve cardiac function by using stem cells. Cell fusion with cardiomyocytes has shown
to occur at a very low incidence, therefore making it unlikely for this mechanism to contribute
to the significant effects that are achieved with stem cell transplantation [115]. In our studies
we used the cre-lox recombination method to detect cell fusion events and found that fusion
occurs in a greater number when the myocytes are hypertrophic [118]. Alvarez-Dolado et al.
used the same method to demonstrate that after stem cell transplantation cell fusion caused the
generation of myocytes and found evidence of spontaneous cell fusion in the heart [116].

Clinical trials

After the many results that were achieved with stem cells in animal studies, several
clinical trials have been initiated. Menasche et al. used autologous skeletal myoblasts and
transplanted them through an intramyocardial route during heart surgery. Cardiac function
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increased significantly, but some of the patients also suffered from malignant ventricular
arrhythmias and needed internal cardioverter defibrillators [119]. Several other studies have
used autologous bone marrow cells and delivered these via intracoronary infusion, on average
on the fourth-eighth day after myocardial ischemia. The Reinfusion of Enriched Progenitor
cells And Infarct Remodeling in Acute Myocardial Infarction (REPAIR-AMI) study showed
positive results with this setup. There was a significant improvement in left ventricular
function compared to the placebo group [120]. The Transplantation Of Progenitor Cells And
REcovery of LV Function in patients with Chronic ischemic Heart Disease (TOPCARE-
CHD) trial demonstrated only a modest improvement in heart function when bone marrow
cells were used; however, none with circulating progenitor cells [I21]. In contrast, the
Autologous Stem cell Transplantation in Acute Myocardial Infarction (ASTAMI) trial
showed no significant change in cardiac function after stem cell transplantation, compared to
the placebo group [122]. However, even with negative results of this trial, and the many
unanswered questions that need to be addressed, stem cell therapy is on its way to become a
new and exiting form of therapy to cure heart diseases. A key result in the studies was the
demonstration of viability and safety of stem cell therapy, which opens the road for many
trials to follow.

Aim and outline of the thesis

In the field of cardiology, stem cell therapy has gained a position as potential new form of
treatment. With millions of myocytes lost in the process of aging and after myocardial
infarction, cell therapy might be an answer to this problem as stem cells have the remarkable
capacity to restore and repair cells in several organs, such as the heart. This introduction
describes the several studies that have been done to determine the best strategies to use stem
cells in a clinical setting. We propose that not one but different mechanisms could be
important for the beneficial effects of cell-based therapy and embryonic stem cells are the best
type of cells to study cell therapy, because of their infinite proliferative and developmental
capacity. The overall aim of this thesis is to achieve effective, therapeutically relevant and
save stem cell delivery to the heart. The specific aims of this thesis are to:

1. Assess the efficacy of stem cell therapy to generate healthy heart muscle after
myocardial infarction but also in the aging heart and in the heart suffered from
myocarditis.

2. Determine which mechanisms explain the positive effect stem cell therapy has in the
treatment of heart diseases.

3. Investigate the mechanisms of stem cell homing in order to achieve succesfull
delivery of the cells to the hearts.

21



General introduction

In order to achieve these research goals we first studied the properties, behaviour and
migratory patterms of murine embryonic stem cells under different conditions. In Chapter 2
we investigated the effect of cytokines and second messengers on the homing of embryonic
stem cells and their ability to form different membrane extensions under different conditions.
Chapter 3 continues to describe that cardiac inflammation and the release of cytokines is
important for the homing abilities of stem cells. We investigated this in a murine model of
myocarditis, in which the stem cells were injected intravenously by tail vein and cardiac
function was evaluated before and after stem cell transplantation to determine the succes of
stem cell homing. Chapter 4 describes experiments designed to evaluate the effect of
intravenously infused embryonic stem cell-derived cells on cardiac function and regional
blood flow in a myocardial infarction model. The proposed mechanism in this study that
contributes to the enhancement of cardiac function is transdifferentiation. In Chapter 5 we
hypothesized that cardiac function in the setting of myocardial infarction might be improved
after stem cell transplantion by preventing apoptosis of cardiomyocytes. Since aging is
associated with loss of cardiomyocytes due to apoptosis, we investigated the anti-apoptotic
effect of stem cells by using aging rats. Chapter 6 describes another mechanism which might
contribute to a benefical effect on stem cell therapy; cell fusion. Cell fusion appears to occur
in a very low incidence under normal conditions and in our studies we aimed on studying
which agents could promote fusion and advance stem cell therapy. In Chapter 7 we
investigated if engrafted embryonic stem cells could improve myocardial function in aging
hearts and evaluated if this was linked to an increase in myocyte numbers and enhanced blood
perfusion. In Chapter 8 we discuss the main findings of the studies presented in this thesis
and propose future plans.
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