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ABSTRACT

Stem cells are characterized by their ability to self-renew and differentiate into various cell types. They offer great potential for a wide range of applications,
however, medical studies on the use of embryonal stem cells are largely limited to bioethical issues searching for alternative sources of stem cells, which
include isolating cells from adult organisms or inducing pluripotentiality of somatic cells by administration of transcription factors. Nowadays, stem cells are
used to study the mechanisms of cell differentiation and treat diseases that are commonly considered to be incurable, such as diabetes and
neurodegenerative diseases, as well as enable regeneration of skin damage and myocardium. This review introduces the subject of stem cells, their
sources and application in regenerative medicine.
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INTRODUCTION

The non-specialised cells that have the capability
to self-renew and differentiate into various types of cells
are known as stem cells. For over a hundred years this
has been evoking enormous interest among scientists.
Methods of their utilisation in regenerative processes and
in genetic and degenerative diseases are constantly being
designed [1]. The said cells constitute a universal model
in the investigation of the basis of the cell differentiation
process [2].

Amongst them, 4 classes can be distinguished:

e totipotent cells — occur in the zygote until
reaching the stage of eight cells. Their
differentiation proceeds towards the cells of all
germ layers — including placental cells. They are
non-specialised cells, subject to asymmetrical
and symmetrical divisions. They are
characterised by a high proliferation ability.

e pluripotent cells — constitute the internal mass
of blastocyst, from where they can be isolated
for testing. Their differentiation proceeds
towards all germ layers with the exclusion of
extraembryonal tissues, including placenta;

e multipotent cells — occur in both adult and foetal
organisms. They differentiate to a limited
number of cells of a single germ layer;

e unipotent cells — occur in an organism of an
adult human and differentiate only into a single
type of cells [3].

With regard to the source of origin stem cells,
these can be divided into: embryonal stem cells and stem
cells isolated from mature organisms.

FACTORS REGULATING THE
PLURIPOTENTIAL CAPACITY OF DIFFERENTIATING
EMBRYONAL STEM CELLS

Embryonal stem cells (ESC) originate from the
inner cell mass of blastocyst (ICM), which next to
trophectoderm are isolated during embryogenesis.

They were first isolated and described in mice in
1981 [4,5], and next in a rhesus monkey [6], human [7]
and rat [8]. They are characterised by specific properties
differentiating them from other stem cells. They are
clonogenic, which enables their long-term maintenance in
the form of cultures of genetically identical cells. ESCs are
pluripotent [7].

In the course of spontaneous differentiation,
they generate embroyoid bodies (EB). They have been
indicated to have the expression of markers characteristic
of all three germ layers [9].

Stem cells, with pluripotent differentiation
capacity, contain a conservative network of transcription
factors that control their activity. Transcription factors
take the regions of the promoter of genes responsible for
maintaining pluripotence and early differentiation, thanks
to which the expression of genes specific of a particular
line is not realised [10].

Amongst them we may distinguish: OCT4 —
Octamer-binding transcription factor 4, NANOG — Nanog
homeobox and SOX2 — Sex determining region Y box
containing gene 2. It has been revealed that NANOG
overexpression in human stem cells intensified the
proliferation of pluripotent cells [11] whereas

suppression promotes their differentiation [12].
Differentiation is a gradual process inducing further
changes in a cell. Maintenance of cellular pluripotence
depends on external factors, inter- and extracellular
signalling [Fig. 1, Fig. 2].

One of such factors are cytokins. Among them
there is aktivin from the family of the transforming
growth factor type beta TGF-$ and protein synthesised in
nodal cells. They regulate the NANOG expression
activation maintaining cells in a non-differentiated state
with preservation of their self-renewal capacity.

The combination of one of such factors with
a transmembrane receptor with the activity of
serine/threonine kinase leads to the process of signal
transduction in a cell and type I receptor activation. It
phosphorylates proteins responsible for generation of
heterodimeric SMAD complex (Sma and Mad related
proteins).

The complex is composed of SMAD2 and SMAD3
subunits. It has the capability of cumulating in the cell
nucleus, thus regulating gene transcription [10,13]. The
family of TGF- proteins also includes the BMP proteins
(Bone Morphogenetic Proteins). It induces differentiation
of human ESC thus inhibiting the NANOG expression
through the activation of a complex made up from
SMAD1, SMADS5 and SMAD8 subunits [14].

Signalling leading to the maintenance of
pluripotentiality also occurs due to the activity of growth
factors, which transmit the signal through mitogen-
activated protein kinases (MAPK). Such a growth factor is
a fibroblast growth factor (FGF2), which by stimulating
MAPK and kinases (Akt kinase and extracelullar signal-
regulated kinases, ERK) maintains the pluripotentiality of
human ESC. They are undifferentiated and have the
capacity to replicate [15].

The preservation of the renewal capacity of stem
cells is also based on secreted Wnt glycoproteins, which
at the same time inhibit the process of cell differentiation
[16]. Proteins secreted outside a cell join the
transmembrane LPR5/6 and Frizzled receptors with
a domain rich in cysteine, indicating affinity to Wnt [17].

As a result of Wnt interaction with the receptor
there is a change in the destination of (-catenin, which
instead of being subject to degradation due to
phosphorylation through glycogen synthase Kkinase
(GSK3-B), is accumulated in the nucleus and formulates
a complex with TCF, which induces transcription of
target genes for the Wnt route leading to self-replication
of stems cells and inhibiting their division, thus refraining
them from differentiating into adult cells [16].

Other factors that control the proliferation of the
process of cellular differentiation are Notch proteins.
Ligand binding with Notch induces proteolysis of the
cytoplasmic part of the Notch domain. It is transported to
the cell nucleus, where it induces expression of the
transcription factors Hesl and Hes5 acting as gene
differentiation  suppressors. The result is ESC
maintenance in a non-differentiated state [18,19].

The enrichment of the medium in a laboratory-
kept culture of stem cells with growth factors is
conducive to their differentiation towards specified cell
lines or germ layers. Tests showed that if the applied
growth factor is the hepatocyte growth factor (HGF) and 8
nerve growth factor (BNGF) the stem cells differentiate to
three germ layers. An ESC culture in the presence of
aktivin-A and TGF-f differentiates stems cells towards the
mesoderm. Retinoic acid and epidermal growth factor
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(EGF) promote differentiation of embryonal stem cells
towards ectoderm and mesoderm [20]. Schuldiner et al.
[21] proved that retinoic acid and BNGF are strong
stimulants for the differentiation of human ESC towards
neurons.

Chadwick et al. [22], on the other hand, showed
that under the influence of cytokins and BMP-4 human
ESC differentiate into haematopoetic cells. It appears that
also the conditions of embryonal stem cells cultures have
an impact on their differentiation capacity.
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Fig.1. Cellular signalling maintaining ESC pluripotentiality [description in the text].
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Fig.2. The effect of external factors on ESC differentiation [description in the text].

STEAM CELLS ISOLATED FROM MATURE
ORGANISM

Bone marrow-derived stem cells

Bone marrow-derived stem cells (BMDC)
constitute a mixture composed of 2% of multipotent stem
cells and 98% progenitor cells with different scopes of
plasticity, and with an allowance for an occurrence of
a small quantity of pluripotent cells [24]. Bone marrow
produces approximately 5 million cells per second, and its
stem cells have been utilised in medicine for over 50
years in the therapy of autoimmune or haematological
diseases [25,26]. Bone marrow is a source of
haematopoetic (HSC) and mesenchymal (MSC) stem cells
[27].

Mesenchymal stem cells (MSC) isolated from
bone marrow belong to somatic stem cells, which raise
the most interest in regenerative medicine due to their
potential to differentiate into osteocytes, adipocytes,

The conducted tests revealed that hypoxia
(1 and 5% 02) reduces the expression of pluripotentiality
markers of human ESC, at the same time boosting the
expression of genes connected with angiogenesis and
vasculogenesis. Among these genes there were genes
encoding the growth factor of the vascular endothelium
[23].
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chondrocytes or endothelial cells [28]. They constitute
approximately 0.01% of all mononuclear cells present in
the bone marrow [29].

The majority of mesenchymal stem cells occur in
neonates, whereas in individuals above 80 years of age
their count is decreased by 50%. Due to their capacity of
multidirectional differentiation, they are an ideal tool for
tissue engineering and regenerative medicine [28].
Mesenchymal stem cells are characterised by the
presence of CD73, CD105, CD166, CD90 and CD29
antigens, and contrary to the cells of the haematopoietic
system, they do not contain CD34, CD45, CD14 antigens
[30, 31].

Mesenchymal stem cells have also been detected
outside the bone marrow and in many other tissues
including muscles, adipose tissue, hair follicles, tooth
roots, placenta, skin, cord blood, lungs, liver and spleen
[32]. It was proven that mesenchymal stem cells reveal
immunosuppressive properties [33], as well as have the
capability to synthesise and release numerous cytokins,
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such as interleukins and growth factors, which participate
in haematopoesis regulation [34].

Besides this, these cells release HGF and the
endothelial growth factor, which play a role in the process
of regeneration of damaged tissues. Due to their large
proliferation potential and capability to differentiate into
various MSC tissues they are a promising material to be
used in a cell therapy of multiple diseases [32].

Haematopoietic stem cells (HSC) can
differentiate into specialised blood cells. They are
multipotent cells with a high proliferation capacity. They
migrate from bone marrow to peripheral blood, where
they are not morphologically different from leukocytes.
Haematopoietic stem cells do not contain the CD38
marker characteristic of leukocytes, however they reveal
the presence of: CD34, CD59, Thy1 and C-kit markers. The
CD34 marker has become a characteristic feature of these
cells and is used in their isolation, as it does not occur on
the surface of fully differentiated blood cells [26, 35, 36].

Moreover, haematopoietic stem cells participate
in the process of wound healing, particularly vast ones
with a significant inflammatory domain. Their
mobilisation occurs as a result of the release of numerous
cytokins and growth factors from damaged tissues and
the activation of metaloproteinases, which generate, for
instance, neutrophil and monocyte precursors, these in
turn migrating to the place of injury, initiating the
cleansing process [37].

Cord blood stem cells

Cord blood is a body fluid constituting an
alternative source of stem cells to bone marrow and
peripheral blood [26,38]. The first successful allogenic
cord blood transplantation was carried out in 1988 when
cord blood was transplanted into a six year old boy as
a form of treatment of Fanconi anaemia [39].

Cord blood is a source of at least three types of
stem cells: haematopoietic, mesenchymal and is similar to
embryonal cells. Haematopoietic stem cells of the cord
blood are precursors to the cells of all haematopoesis
lines. They constitute 0.02-1.42% of the total quantity of
cells and are capable of differentiating into mature blood
cells [40].

Recent studies prove that they can also
differentiate in vivo towards haepatocytes [41]. Cord
blood is one of the most important and most easily
available sources of mesenchymal stem cells that undergo
differentiation into osteocytes [42] and chondrocytes
[43], muscle cells [44] and haepatocytes [45].

Moreover, the capacity to perform in vitro
differentiation by mesenchymal cord blood cells into
cardiomyocytes is indicated [46]. Embryonic-like stem
cells constitute 0.16% of all mononuclear cells present in
cord blood. They are characterised by a high plasticity
and capability to differentiate into the cells of all three
germ layers [40,47].

Cord blood is a vastly accepted source of stem
cells, hence its collection during child birth (both natural
and Caesarian section), as well as storage in cord blood
banks is becoming increasingly popular [48]. The
procedure of its acquisition is safe for the mother and the
infant. Cord blood contains "young" stem cells of a high
proliferation potential [38].

Their transplantation is characterised by only a
small risk of transplant rejection, as these cells are not
sufficiently mature and do not generate a strong
immunological conflict in an unrelated recipient [49].

Unfortunately the number of stem cells obtained from
a single portion of cord blood is smaller as compared with
bone marrow or peripheral blood, which causes this type
of therapy to be available mainly to paediatric patients
[50].

Peripheral blood stems cells

The continuous advancement of medicine has
resulted in the discovery of an alternative source of stem
cells to bone marrow or cord blood [51]. The application
of a granulocyte colony-stimulating factor (G-CSF) has
enabled mobilisation of haematopoeic stem cells HSC to
peripheral blood and their effective collection [51,52].
Peripheral blood has become an important source of
haematopoeic stem cells used for transplantology
purposes [26].

It is mainly transplanted to unrelated recipients
[53]. In comparison with HSC cells from bone marrow, the
cells originating from peripheral blood indicate faster
migration to bone marrow and a quicker regeneration of
the circulatory system.

This is due to the presence of membranous PMP
microparticles (Platelet Microparticles) [26]. As opposed
to the collection of bone marrow cells, cell collection from

peripheral blood does not require
hospitalisation and is performed without anaesthesia
with the donor being administered solely G-CSF
injections. Donors can present side effects, such as pain in
the bones, headache and flu-like symptoms — feeling
unwell, nausea or subfebrile temperature [54].

Adipose tissue stem cells

Adipose tissue is a source of stem cells that
raises great hopes due to the availability of material, little
invasiveness of the collection method and the simplicity
of both the isolation and growth of collected cells [55,56].
Moreover, it is a source of precursor cells, which does not
raise any ethical considerations [57].

Similarly to bone marrow, adipose tissue is of
mesodermal origin and the cells isolated from it can
replicate and differentiate into numerous tissue types
[56,58]. Stem cells originating from adipose tissue
intensively release growth factors (FGF2, HGF, TGF-B)
and cytokins (G-CSF, interleukin 6, 7,8, 11 and 12, tumour
necrosis factor) [59].

Recent studies indicate that the adipose tissue
stem cells have a great biological significance and
therapeutic potential [60]. They have the capability to
differentiate towards nerve cells [61], endothelial cells
[62] or smooth muscle cells [63].

Satellite cells of striated muscle tissue

Satellite cells were described 50 years ago as
mononuclear cells located between the membrane of
muscle fibres and the basal membrane surrounding each
fibre. These are progenitor cells of skeletal muscles
responsible for their postnatal growth and regeneration.
Besides the capacity to transform into myoblasts, they
also exhibit the capability to self-renew their population
[64,65].

In adults these are usually inactive cells that
constitute the reserve of cells capable of proliferating in
response to damage, which leads to muscle regeneration
and an increase in the quantities of satellite cells.
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Despite the supplementation of the satellite cell
pool during muscle growth their number decreases with
age [66]. Moreover, an occurrence of a population of
mesenchymal stem cells was also noted in skeletal
muscles capable of differentiating into numerous cells of
mesodermal origin [67].

INDUCED PLURIPOTENT CELLS

The acquisition of embryonal stem cells has
always raised a lot of ethical doubts, since in the isolation
of embryonal cell lines the embryo is destroyed. Thus, the
scientific research focused on seeking alternative sources
of pluripotent stem cells. In the 1950s basic laws
governing the processes leading to the induction of
pluripotentiality were described.

Transplantation of a cell nucleus from an
embryo into a nucleus-deprived oocyte has activated the
mechanism of development of a regular embryo [68].
Gurdon [69] proved that a transplanted nucleus may
promote formation of differentiated cells and at the same
time contain genetic information necessary to generate all
kinds of somatic cells.

A considerable breakthrough were the studies
carried out by Takahashi and Yamanaka [70],
who showed that somatic cells can be reprogrammed,
thus inducing their pluripotentiality.

The researchers introduced four transcription
factors — Oct3/4, Sox2, c-Myc and KlIf4 defined as
"Yamanaka cocktail" into the fibroblast in mice. They
observed that the said fibroblast indicated morphology
and properties characteristic of embryonal stem cells.
Somatic cells which are subject to reprogramming are
referred to as induced pluripotent stem cells (iPS). In the
consecutive years of the 20th century [71,72] successful
reprogramming of human somatic cells, mainly
fibroblasts, was conducted with the use of a cocktail of
transcription factors.

Human iPS cells have the morphology,
proliferation capacity and gene expression approximated
to ESC. They contain similar surface antigens and
capability to differentiate into the cells of three germ
layers. Thus far, the iPS cells have been obtained as
a result of reprogramming (besides fibroblasts [70,71])
keratynocytes [73], lymphocytes [74], stomach and liver
cells [75].

The iPS cells are relatively easily to obtain from
each somatic cell, however the efficiency of
reprogramming is low and amounts to approximately
0.01-0.05%. An additional flaw of iPS cells is the fact that
they may form tumours, whereas viral transfection may
lead to achieving an unstable cell population [76].

STEM CELLS IN REGENERATION

Stem cells — the hope of regenerative medicine —
generate specialised cell populations, which could replace
damaged tissues and patient organs.

Currently conducted therapies with their use are
an object of interest of researchers, with the research
being focused on the development of innovative
treatment methods of multiple diseases, including
diabetes, neurodegenerative diseases — Alzeheimer's,
Parkinson's, multiple sclerosis or amyothropic lateral
sclerosis, as well as dermal or myocardial damage.

Diabetes mellitus

The pancreas is an important organ, whose cells
are responsible for secretion of significant digestive
enzymes. Approximately 1% of its mass is constituted by
the Langerhans islets (or pancreatic islets), which are
responsible for carbohydrate metabolism, and 80% of
their cells are f cells that secret insulin.

The most common disturbance in pancreatic
functions, affecting approximately 0.5% of the world
population is type I diabetes (insulin-dependent). In
individuals suffering from this disease,  cells are
destroyed by their own immunological system.

The consequence is chronic hyperglycaemia,
which may lead to blindness, kidney damage, stroke,
neuropathy, or even limb amputation [26,77]. No
significant progress has been noted in relation to diabetes
treatment since the discovery of insulin 90 years ago.
Insulin administration does not reflect physiological
secretion of this hormone.

Therefore, temporary hypoglycaemia or
hyperglycaemia is quite common. Nonetheless, at present
it is the most effective method of treating diabetes. In
search for other methods a successful transplantation of
cells isolated from pancreatic islets was carried out on
a group of patients.

This procedure restored the proper glucose level
in the blood. However, this therapy is limited by
deficiency of organs available for transplantation [78,79].
Great hope is seen in cell therapy with the use of stem
cells. In recent years, significant progress has been made
in this area.

The most recent studies show that it is possible
to direct the differentiation of stem cells in in vitro culture
towards the production of insulin-producing cells, which
may eventually be transplanted into damaged tissues in
patients with diabetes.

It was proven that 8 cells can emerge as a result
of differentiation of both embryonal and adult stem cells
from the pancreas, liver and bone marrow. Lumelsky et al.
[80] showed that embryonal stem cells in mice produce
pancreatic hormones in the presence of glucose.

These arrange into three-dimensional structures
resembling pancreatic islets, and following their injection
into mice with diabetes they undergo quick
vascularisation. Assady et al, on the other hand, [81]
proved that insulin secretion by differentiating human
ESC depends on the degree of culture differentiation and
the appearance of markers characteristic of 3 cells.

In a different experiment, administration of
insulin-producing cells to mice with diabetes caused
reversal of hyperglycaemia within a period of
approximately 3 weeks.

Unfortunately, this simultaneously led to an
occurrence of teratomas [82]. Tateishi et al. [83] proved
that iPS cells originating from fibroblasts also
differentiate and form cell clusters resembling pancreatic
islets.

Cells forming such clusters when subjected to
glucose stimulation released in their experiment peptide
C. A significant fact that may facilitate the use of
stimulated cells in the regeneration of a damaged
pancreas is that the said cells produce hormones, reduce
glucose level and create three-dimensional aggregates
reminding of pancreatic islets both in in vitro and in vivo
conditions [84].
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Despite the enormous progress, thus far the
complex regulatory mechanisms which control
physiological insulin secretion have not been reproduced
[26,85]. An alternative solution would consist in the
development of pharmaceuticals with the use of stem
cells, which could evoke regeneration of native pancreatic
islets [86].

Neurodegenerative diseases

The central nervous system, particularly in
adults is an example of a system that is deprived of
regenerative capabilities [87].

Alzheimer's disease belongs to
neurodegenerative diseases, with the symptoms involving
dementia, i.e. a loss or impairment of supreme cortical
functions such as memory, thinking, orientation or
capability of correct judgement of situation [88]. The
cause of Parkinson's disease is atrophy of cells located in
the brain black matter.

Its symptoms include muscle stiffness, tremor
and poorer movement coordination [89]. Despite the fact
that both diseases are treatable, restoration of full
efficiency in patients is not feasible due to inducing an
irreversible loss of neurons and glial cells.

Thanks to the progress made in the research on
stem cells and the nervous system there is hope for
development of innovative therapeutic methods, which
would aim at regeneration of damaged tissues [90].
Transplantation of neuronal stem cells seems to be
helpful in delaying or even preventing the onset of
Alzheimer's disease [91].

It could increase cognitive capabilities and
reduce the inflammatory state [92]. Ager et al. [93]
showed that the population of human neuronal stem cells
differentiates into immature neurons and glial cells.
Transplantation of such cells improves endogenous
synaptogenesis and does not affect amyloid
B accumulation, which is the underlying cause of
Alzheimer's disease. Park et al. [94] revealed that human
mesenchymal stem cells administered to rats with
experimentally induced Parkinson's disease prevent
neuron loss.

Dopamine neurons originating from human ESC
have a long durability, restore motor functions and
stimulate mesencephalon regeneration in an animal
disease model [95]. Moreover, it was proven that after
being transplanted into the brain of a mouse foetus, the
iPS cells migrate to various brain regions differentiating
into glial cells and neurons, including their subtypes —
GABA-ergic, glutamatergic and catecholaminergic.

What is more, the iPS cells differentiate towards
dopamine neurons characteristic of the mesencephalon
and improve brain functions in a rat model of the
Parkinson's diseases [96].

Multiple sclerosis is a demyelinating multifocal
disease damaging the central nervous system, which
affects over 2 million individuals all over the world, and at
the same time it is the most common non-traumatic cause
of disability in young people. It was also shown that
transplantation of mesenchymal stem cells in mice with
an induced encephalitis and myelitis reduces functional
deficits, leads to the development of oligodendrocytes and
myelin regeneration.

This is undoubtedly the exit point for new
therapies aimed at re-myelinisation in the process of
multiple sclerosis treatment [97]. Burt et al,, on the other
hand, [98,99] documented that autollogic transplantation

of non-myeloablative haematological stem cells in
patients with the relapsing-remitting type of multiple
sclerosis improves the neurological functioning and the
quality of life of patients, as well as inhibits disease
advancement.

A clinical study on patients with secondary
progressive multiple sclerosis showed that following
autollogic infusion of mesenchymal bone marrow stem
cells the visual acuity is improved, visual potentials are
induced and the area of the optic nerve is extended, which
suggests the neuroprotective activity of stem cells [100].
Amyotrophic lateral sclerosis is a neurodegenerative
impairment of upper and lower motor neurons
characterised by progressive weakness and muscular
atrophy.

Studies indicate that through an increase in the
expression in  glial-derived  neutrophic factor,
haematopoeic stem cells show a protective activity
towards motoneurons [101]. Vercelli et al. [102]
documented that human mesenchymal bone marrow
stem cells are able to survive and migrate in the lumbar
section of the spinal cord in mice, where they prevent
astrocytosis and microglia, thus delaying the loss of
motoneurons.

The clinical studies conducted by Mazzini et al.
[103,104] revealed that autollogic administration of
mesenchymal bone marrow stem cells into the spinal
cord of patients with amyotrophic lateral sclerosis is safe
for patients, which provides justification for further
research.

Skin regeneration

Skin constitutes the first line of defence, which
protects the organism against dehydration, injuries and
infections. In order to meet these expectations, the skin
evolved into a water-impermeable layer, which
regenerates in the entire lifetime, whereas a hair follicle is
subject to continuous growth and degeneration cycles
[105].

The stem cells of the epidermis and hair follicles
ensure maintenance of dermal homeostasis and hair
regeneration and participate in the process of wound
healing [106]. These cells are found in the basal layer of
the epidermis as well as the germinal matrix and the
region of bulging of a hair follicle [107].

They are characterised by a high proliferation
potential, capability to self-renew, an extended cellular
cycle and a state of metabolic dormancy [108]. Epidermal
stem cells are precursors of mature keratinocytes and as
far as we know their insufficient number is often the
cause of a hindered wound healing process [109].

Stem cells which are capable of self-renewal and
replication of not only the epidermis but also the skin
appendages can be used in the treatment of various skin
conditions, including severe burns [110], skin cancer
[111], alopecia [112] or acne [113].

Shabbir et al. [114] revealed that exosomes of
mesenchymal stem cells activate signal paths necessary in
the process of wound healing (Akt, ERK), as well as induce
expression of a number of growth factors, including HGF
and NGF. Capturing of MSC exosomes by the cells of the
endothelium of the umbilical vein lead to formation of
a pipe structure by those cells.

Mesenchymal stem cells of the bone marrow
administered directly into wounds accelerate their
healing in humans and mice [115], with the procedure of
skin regeneration being minimally invasive [116]. There
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are also reports confirming the capabilities of human
haematopoeietic stem cells to differentiate towards
keratinocytes [117].

Regeneration of the myocardium

Cardiovascular diseases, which encompass,
among others, hypertension, ischaemic heart disease and
congestive heart failure, are classified as the most
common cause of death in highly developed countries.
Despite the fact that modern medicine allows for
a significant delay in the courses of the above diseases,
the scale of mortality does not decrease [118,119].

Myocardium is mainly composed of
cardiomyocytes, fibroblasts, elements of vascular vessels:
smooth muscles endothelium and cells, as well as
macrophages and extracellular matrix [120,121].

The dominant cells in the myocardium are
fibroblasts, whereas cardiomyocytes, despite constituting
only 30% of the total cell count, take up approximately
70% of the organ's volume [122,123].

Post-infarction heart failure results, among
other things, from the insufficient supply of myocardial
tissue with oxygen, which results in a progressive loss of
cardiomyocytes. This leads to a number of unfavourable
consequences, such as extension and overgrowth of live

cells, post-infarction  heart remodelling
manifested in an extension of its left ventricle and an
occurrence of scar tissue, which significantly weakens the
heart.

The result is progressive heart failure and death
[124,125]. Contrary to other tissues and organs, such as:
liver, intestine, skeletal muscle, bone or skin, the heart is
an organ with a limited regeneration capacity. However,
recent studies give hope that the process of regeneration
is possible thanks to the use of stem cells.

A number of experiments of animals and clinical
studies have been conducted on embryonal and adult
stem cells as sources of cells for regeneration of damaged
cardiac tissues [126].

Embryonal stem cells can differentiate into any
cell of the organism, including those that play a significant
role in the regeneration of the myocardium. A series of in
vivo [127] and in vitro [128] tests have been carried out
with the use of mouse and human cells, which proved that
they differentiate spontaneously, thus creating the cells of
smooth muscles and the endothelium.

Moreover, human embryonal stem cells have the
capacity to differentiate into myocytes with the structural
and functional properties resembling those of
cardiomyocytes [129]. Within the scope of adult stem
cells, particular attention should be paid to skeletal
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thus diminishing possible complications following their
implantation.

Moreover, it is important to resolve the issue of
survival and effectiveness of cells used in the replacement
of damaged tissues, which certainly still requires
numerous tests performed both in in vitro and in vivo
conditions.
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