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ABSTRACT

Cell-therapy is a new approach in medical research field. The increased number of patients, which is reported all over the world, has led
to the development of innovative solutions capable of improving wound healing. Stem cells, due to their self-renewal and differentiation
capacities, gradually replace the traditional medicine used in the past. Even if the risks of using stem cells exists, the promising results
they can offer have led to the design of intelligent materials that can make life easier for patients. Stem cells can be classified by many
criteria, but the most important are embryonic and adult stem cells. The ability of embryonic stem cells of differentiate into any type of
tissue by various strategies makes them an ideal candidate in tissue engineering applications. Ethical problems must be taken into
consideration, so the most used in different therapies are adult stem cells. Nowadays, the applications of stem cells are various. They can
be used in order to restore the function of soft and hard tissue and to improve the healing time of a wound. Skin problems, osteogenesis,
angiogenesis or fracture healing are some examples of tissue disorders that can be restored by using stem cells therapy and

nanotechnology.
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1. INTRODUCTION

Over time, the need of healing different parts of the human
body has imposed the expansion of medical research by obtaining
promising personalized therapies. Nowadays, tissue engineering
has an important contribution in healing disorders. Different
approaches are used to rebuild a tissue by developing smart
biomaterials capable of diminishing the current challenges or to
improve tissue function (Sundaramurthi et al., 2014). Stem cells-
based materials are used in biomedical applications due to their
structure which provides a similarity with extracellular matrix.
Their main advantage is the fact that they can act as a template for
growth and differentiation of tissues by having the ability to
restore the affected function (Marques et al., 2017, O'brien, 2011).

A new approach in materials science is cell therapy. This
therapy involves transplantation of cells to the injured area in
order to restore the function (Ojeh et al., 2015). Due to their
characteristics, stem cells are an appropriate choice in therapies
owing to their potential of self-renewal, differentiation and
plasticity. The possibilities of stem cells administration involve
introducing them in the damaged area of the organ or introducing
them in circulatory system (Mollapour Sisakht et al., 2015). The
integration of stem cells in nanomedicine seems to have noticeable
progress in the medical field. The development of transportable
delivery vehicles for cells therapies, therapeutically agents, gene

2. STEM CELLS SOURCES

Regenerative medicine is used to restore or replace a
damaged tissue caused by various factors. Organ transplantation
can be also used, but the number of patients who need a new organ
is extended while the number of donors is decreasing. To maintain
the life of patients in a larger number, regenerative medicine

vectors or growth factors is an innovative method to stimulate
wound healing (Mofazzal Jahromi et al., 2018).

Stem cells are undifferentiated cells with self-renewal and
differentiation capacities that can transform into specific cells,
with a specific function for an organ. In medical research, stem
cells have the promise to treat and heal various diseases that
traditional pharmaceutical therapies cannot cure (Xian et al.,
2018). Recent studies have demonstrated that stem cells exist in
many organs of the body. The human body, which has some
remarkable mechanisms of self-healing, has the ability of
producing stem cells in bone marrow, adipose tissue, skin or even
liver (Dulak et al., 2015, Dai et al., 2018).

Stem cells-therapy has a lot of advantages for tissue
reconstruction. However, this therapy also involves several risks
for the patient. Depending on the source of stem cells, autologous
or allogenic, the risk of generating teratomas exists. This process
can create serious problems for the receptor through a mis
directional and inefficient targeting of these cells once introduced
into the body (Xian et al., 2018, Suzuki et al., 2013, Amabile et
al., 2013).

In order to avoid such medical complications, it is
important to determine the compatibility of the donor with the
receptor and to perform tests that confirm the efficiency of cell
transplantation.

strategies started to include cell therapy and scaffolds seeded with
cells (Hipp and Atala, 2008).

To obtain cells for tissue engineering it is necessary to
take a small amount of tissue which is processed in a culture. Cells
extracted from the tissue are expanding in the culture and after
reaching a degree of confluence, they are introduced into a matrix
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which is placed into the injured area. The obtained cells can be
autologous, provided from the patient or allogenic, extracted from
another donor. The main advantage of autologous cells is the fact
that they don’t cause any internal injuries in the body and they are
accepted by the other tissues. Although this approach seems to be
an ideal solution, the limited quantity of cells that can be extracted
is not sufficient for a complete regeneration of the tissue (Atala et
al., 2006, Hipp and Atala, 2008, De Coppi et al., 2007).

Stem cells have two main important functions: the ability
of self-renewing for long periods and the capacity to differentiate
in various types of cells (Ramalho-Santos and Willenbring, 2007,
Chu et al., 2018). Stem cells have high plasticity. A cell can
differentiate by conversion from a specific tissue to another type
of tissue and to take over the functions of the new tissue formed
by accepting the new identity (Fortier, 2005).

Stem cells are classified under various categories. One of
the criteria takes into account level of organization of the human
body. Stem cells can be totipotent, pluripotent, multipotent, and
monopotent (Bieniasz et al., 2014). Totipotent cells are capable of
forming an entire organism, pluripotent cells are found in the
blastocyst, multipotent cells can expend only one specific cell type
which can belong to one of the three embryonic layers and
monopotent cells are targeted to a specific tissue. The human body
is formed from three germ layers. The organism is so complex that
only these layers are enough to develop from an embryo an entire
body (Shiraki et al., 2009). The ectoderm forms the skin and the
neural tissue, the mesoderm forms the muscles, kidneys, blood,
stomach, cardiac tissue and the ectoderm forms the lungs, the
pancreas and the thyroid.

A very important criterion for the classification of stem
cells is based on their origin (Aly, 2015). At this moment, there
are four sources of stem cells: stem cells from embryos, stem cells
from fetus, stem cells from adults (Lodi et al., 2011) and induced
pluripotent stem cells. Among these, the adult stem cells can be
extracted from many organs, depending on the disease suffered by
the receptor.

2.1. Embryonic stem cells

After 5-6 days of fertilization, the blastocyst is formed.
Embryonic development begins with a human embryo which
contains 50-150 cells when the blastocyst is formed. Embryonic
stem cells have the origin in the inner mass of a blastocyst (Hui et
al., 2011). Embryonic stem cells have some unique characteristics.
They are able to differentiate into various derivates of the three
germ layers and they have the capacity to proliferate indefinitely,
under certain conditions (Ying et al., 2003).

The advantages of pluripotency and resistance under
many conditions have led to cell cultures which can be maintained
for several passages. Embryonic stem cells can be cultured, frozen
or even transported in different places by maintaining their
integrity. A problem that is currently common are ethical
considerations which must be considered (Chagastelles and Nardi,
2011).

The first embryonic stem cells extracted was murine. As
human cells, murine embryonic stem cells can be cultured for an

unlimited propagation (Hanna et al., 2010). To remain
undifferentiated, murine cells needs some proteins, like leukemia
inhibitory factor or murine embryonic fibroblasts (He et al., 2003).
In the medical field, in order to detect and to confirm the source of
a stem cell within different populations surface markers are used.
In the case of embryonic cells, they include SOX-2, Thy-1, Rex-1,
LIN28, SSEA-3 or Oct-4 (Rippon and Bishop, 2004).

Differentiation of embryonic stem cells is variable, and it
depends on the conditions of the culture. Studies in the literature
describe the possibility of forming neurons, cardiomyocytes,
pancreatic cells or endothelium. In order to obtain a specific type
of cells, some growth factors and proteins are needed. Another
possibility to obtain a certain line is introducing some local
factors. For example, the introduction of a population of
chondrocytes among embryonic cells could lead to cells that can
be used to repair the cartilage (He et al., 2003).

2.2. Adult stem cells

Adult stem cells, or somatic stem cells, have the role of
maintaining the hematopoiesis, replacing dead cells and restoring
the functions of the tissues after various injuries. As embryonic
cells, adult stem cells are self-renewable, but this process is hard
to prove in vivo. They are clonogenic and they have the ability to
form different types of tissues (Montagnani et al., 2016). In
contrast to embryonic stem cells, adult cells have a lower potential
of differentiation and a lower rate of proliferation in culture. The
localization of these cells is dynamic and they are capable of
generating complex microenvironments when they are connected
to offer support and when they are inactivated (Singh et al., 2018).
In the case on an injured organ, stem cells migrate from the niche
and differentiate in the type of cell which is destroyed in order to
maintain the tissue function.

Adult stem cells are divided in two categories. They can
be hematopoietic stem cell, which are directed to the blood and
mesenchymal stem cells, which are going to the other organs such
as muscles, bones and liver. For hematopoietic stem cells, the
main sources are bone marrow and blood (Ribeiro et al., 2013,
Girlovanu et al., 2015). The main function of these cells is to
replace blood cells for short periods of time or even throughout the
entire life. They are rare, this being the reason why nowadays
transplantation is not a solution all the time. Hematopoietic cells
are used for autologous or allogenic transplant for bone marrow.
In this case, the specific surface markers are CD34, CD133 and
ALDH (Mirabelli et al., 2008, Christ et al., 2007).

Mesenchymal stem cells are pluripotent cells which are
found in high amount in the bone marrow stroma (Méndez-Ferrer
et al., 2010). Other sources for these cells are adipose tissue
(Shiratsuki et al., 2015), cardiac tissue (Mayfield et al., 2014),
bones or even neural tissue (Calzolari et al., 2015). Their
characteristics include a high rate of proliferation and a rapid
chemical or mechanical dissociation. Studies reported in the
literature has indicated CD90, CD73 and CD105 as surface
markers (Alison and Islam, 2009).

In the case of mesenchymal stem cells, adipose tissue is a
source that can be easily accessed. Adipose tissue contains various
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types of molecules including mature adipocytes in a high
percentage and the stromal vascular fraction, in which fibroblasts,
endothelial cells, monocytes, macrophages, lymphocytes and
adipose stem cells are found. Several studies have demonstrated
that a culture based on adipose stem cells can form a homogenous
population of mesodermal. By comparison with bone marrow
derived stem cells, the adipose cells present a high capacity of
proliferation. In cell therapy some factors are determinants. One of
them is the age of donor, as the younger the donor is, the greater
the chances for the transplant to be successful are. Additionally,
culture conditions, location, color or patient conditions are factors
that can affect the process (Mizuno et al., 2012).

3. STRATGIES FOR STEM CELLS DIFFERENTIATION

The process of differentiation of stem cells can be
influenced by the culture conditions. Pluripotent stem cells are
maintained in a media which contains specific growth factors in
order to assure cell pluripotency or to induce cellular
differentiation. There are three approaches for stem cell
differentiation. The development of a co-culture, with other cell
types, the formation of embryoid bodies, which are directing the
differentiation and monolayer differentiation (Efthymiou et al.,
2014).

In a co-culture, specific cells are used, which are called
feeder cells, with the role of assuring the external factors that are
needed in stem cells differentiation. A problem about this strategy
is the lack of control. Having a high number of cells and diversity
between them, it is difficult to establish the purity of the
differentiation process. Embryoid bodies in suspension act as a
support for pure stem cells by mimicking the real embryogenesis.
The monolayer system involves the introduction of stem cells in a
media supplied with certain proteins or growth factors (Khatiwala
and Cai, 2016, Efthymiou et al., 2014).

Another strategy to differentiate stem cells is the use of
extracellular matrix. The extracellular matrix maintains the
structural integrity of a tissue. It is composed of many proteins,
such as collagen, elastin, fibronectin, but it also contains other
biological molecules. The use of an extracellular matrix in a
culture of stem cells increases the chances of having a directed

4. BIOMEDICAL APPLICATIONS OF STEM CELLS

4.1. Soft tissue engineering
The evolution of biomedical engineering has shown
promising results for the future of patients worldwide. The design
of materials with innovative properties is important for an optimal
rate of healing. Nowadays, the technology allows for the
fabrication of biomaterials which are tolerated by the human body
and which improve the regeneration of organs by offering support.
Tissue engineering is based on biology and engineering
and was developed to simplify the patient’s life by offering
biological substitutions in the case of an injured tissue
(Sundaramurthi et al., 2014). Scaffolds, the polymeric biomaterials
that are used in regenerative medicine, present the properties

Adipose-derived stem cells are used in regenerative
medicine. They seem to be promising in allogenic cell therapies
and in organ transplants in order to restore the structure and
function of the tissue. They can secrete some growth factors which
can be used for an optimal differentiation. A group of researchers
have shown adipose stem cells potential to be involved in
angiogenesis. The growth factors produced, such as vascular
endothelial growth factor, basic fibroblast growth factor, or
angiopoietin-1/2 can induce the cardiac regeneration after a
myocardial infarction (Cai et al., 2009, Klar et al., 2017). These
results are encouraging for the medical research field because
cardiac muscle is the tissue that heals in the lowest percentage
from the human body.

differentiation of stem cells. For example, the use of a matrix
based on collagen can induce the formation of a population of
cardiomyocytes. One important aspect is the source of the matrix,
as it is important to assure a similarity between the cells and the
matrix support, so that the culture has a high purity (Heng et al.,
2004).

Developmental programming is a strategy based on
directing the embryonic stem cells toward definitive endoderm in
order to obtain a specific population of cells, such as hepatocytes
or cardiomyocytes. Some recent studies have shown that small
molecules can be used to target this differentiation. The cell
culture is extremely important, as it is fundamental to have
substances that can mimic the real structure of the body or even
have some proteins extracted from the host. The addition of
Activin A can be used to induce the endoderm. Activin A acts as a
natural ligand, named Nodal, which has the role of transforming
growth factor-beta signaling so it can begin the endodermal
differentiation. With this method, various types of tissue can be
obtained. Skin, liver or pancreatic tissues are some of the in vitro
models presented in the literature (Bernstein and Hyun, 2012, Hou
et al., 2013, Burridge et al., 2012).

Engineering micropatterned surfaces of a polymer can be
also considered a long-term strategy to direct the human neural
stem cells and to modify the differentiation rate (Béduer et al.,
2012).

necessary for healing. Scaffolds are used for retention and delivery
of cells or proteins to the injured area. Acting as a template, they
guide the formation of a new tissue (Baino and Vitale-Brovarone,
2011, Alaribe et al., 2016). Scaffolds together with cells and
growth factors are the key components of tissue engineering.
These materials can be seeded with cells and introduced in a
bioreactor, a device that assures the chemical and mechanical
conditions for biomaterials (Martin et al., 2004). There are two
possibilities to heal a damaged tissue. The cell-seeded scaffolds
can be cultured in vitro to obtain the tissue which is introduced in
a final form in the body or the cell-seeded scaffolds can be
brought at the injured site allowing the body to induce
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regeneration (O'brien, 2011, Chaudhari et al., 2016). Soft tissue
engineering is addressed to skin problems. Skin, an important
organ with an extended area (Lai-Cheong and McGrath, 2009),
has some important functions. It protects us from external factors
(Kolarsick et al., 2011), acts as a barrier to prevent the loss of
necessary fluids from the body and creates an isothermal barrier
(Varkey et al., 2015, Zomer and Trentin, 2018). Many factors can
destroy the skin. In order to reduce the wounds, stem cells seeded
in scaffolds can be used.

Stem cells-scaffolds can be made of various polymers.
Natural polymers have the advantages of not inducing a response
of the immune system once implanted in the body (Debels et al.,
2015). Collagen is used in such applications due to the specific
characteristics. It is biocompatible, non-toxic, offers similarity
with the extracellular matrix and it is easy to extract, comparing to
other natural polymers (Dong and Lv, 2016, Parenteau-Bareil et
al., 2010, Gomez-Guillén et al., 2011). Many other polymers can
be used such us alginate, silk or chitosan. These suggestions are
confirmed by the high number of biomaterials reported in
literature. According to Mohajeri et al., a collagen sponge
reinforced with polypropylene blend fibers was successfully used
as a scaffold for stem cells which, after the in vitro tests, have
shown a high rate of proliferation and differentiation (Mohajeri et
al., 2010).

4.2. Hard tissue engineering

In hard tissue engineering the main subject is the bone. Bone is a
complex organ, so the characteristics of a biomaterial are
important. Bone regeneration includes the migration, proliferation
and differentiation of osteoprogenitor cells, the entire process
finalizing with bone remodeling (Li et al., 2013). In medical
research, some new techniques were employed in order to obtain a
better cellular integration without producing any inflammation.
Over time, for hard tissue engineering were used metals. To obtain
a better and faster healing, researchers have introduced the
polymeric materials capable of offering support, but also of being
seeded with stem cells (Liu et al., 2013). For osteoporosis, natural
materials such as green tea can be used for differentiation and
guidance of bone marrow thus decreasing the bone resorption
(Ortiz et al., 2018). Laser surface micro structuring is a method
that, according to some recent studies, can promote osteogenesis
by modifying the surface topography of a biomaterial which
includes stem cells. Pores, grooves or pits can induce the

5. CONCLUSIONS AND FUTURE PERSPECTIVES
Cell therapy is a new approach in tissue engineering
which is continuously used in the medical field. The advantages of
having some biological structures have led to the design of various
biomaterials seeded with stem cells. Depending on the possibilities
and on the organ that must be replaced, researchers can use
hematopoietic stem cells or mesenchymal stem cells. The ethical
problems must be taken into consideration because, even if it
seems that the embryonic stem cells are better than adult cells,

transformation of mesenchymal stem cells into a tissue with
specific properties (Béduer et al., 2012, Khang et al., 2012, Ortiz
etal., 2018).

Bone scaffolds can be made of porous polymers which
can offer a better integration of body cells. The main problem of a
medical device implanted in the body is the angiogenesis. It is
very important that new blood vessel can form for an optimal
healing. To produce osteogenesis and angiogenesis, proteins,
growth factors and stem cells can be used (Bose et al., 2012,
Bramfeld et al., 2010). According to Zhang et al, an innovative
scaffold based on silk loaded with stem cells was used as an
implantable device. The role of this biomaterial was to support and
transport the stem cells to the wounded tissue. In vitro and in vivo
tests have shown potential regarding these materials by
determining a better osteogenesis and a high rate of cell
proliferation (Zhang et al., 2014).

Bone regeneration involves also the nanotechnology
which can assure superior properties of the material. Magnetic
nanoparticles can be used in applications for bone tissue
engineering due to the fact that cells react to magnetic and
mechanical stimulation (Chen et al., 2013). According to Xia Y. et
al (2018), magnetic field can be used to improve the properties of
a stem-cell scaffold by allowing a better integration in the tissue.
Superparamagnetic iron oxide nanoparticles provide an effective
strategy for cell-targeted therapies. Magnetic field and
nanoparticles can support the osteogenesis by placing the cells
distribution at a control pattern. By controlling the distribution and
the density of cells and by modifying the intensity of magnetic
field, regeneration of bone can be easily accomplished (Xia et al.,
2018).

Stem cells are also used in muscle or cartilage tissue
engineering by being introduced in the body through a porous
scaffold or an implantable device. According to Fuoco C. et al.
(2016), mesenchymal stem cells are capable of differentiate into
skeletal muscle tissue. Recent studies have proved that
differentiation can occur in vivo by assuring an optimal
microenvironment with a high amount of oxygen. In case of
skeletal muscle tissue, it is necessary to accomplish the
mechanical properties and to have an interconnectivity of the
tissues (Fuoco et al., 2016). Biomaterials used for this type of
scaffolds must offer a support, but also be biocompatible and
accepted by the areas around the wound or the fracture.

there are some rules to be respected. Nowadays, stem cells
therapy, along with biotechnology and tissue engineering, is in
continuous development.

As future perspectives, the possibilities of using stem cells should
involve easier processing and extraction methods in order to
develop novel innovative biomaterials. These materials will be
capable of eliminating the risks that exist from transplants between
patients.
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