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Abstract

Regenerative medicine aims to repair organs or tissues that have congenital
abnormalities, or that have been damaged by disease, aging, or trauma, and to restore
or at least improve their native function. One of the strategies used in regenerative
medicine is stem cell therapy, due to the enormous regenerative potential of stem
cells. A staminal cell line is a group of cells that can replicate for an extended period
in vitro, that is outside the body. These cells are grown in incubators using a culture
medium that should have a temperature and an oxygen/carbon dioxide composition
that simulates the desired environment. This chapter describes the main character-
istics of stem cells, the main fields of application, and outlines what could be the
future developments of their use, also considering the ethical and technical problems
that currently limit their use. There is still much to be done in the field of stem cell
research, and researchers are working tirelessly to remain leaders and innovators in
it. A struggle, step by step, will make it possible to have more information on current
knowledge by expanding the scientific literature and push current limits ever further.

Keywords: stem cells, regenerative medicine, clinical studies, research strategies,
therapeutic method

1. Introduction

In recent years, increasing attention has been paid to the study of various types of
cells, with particular attention to their properties, to promote regenerative processes
and/or to be used for the cellular treatment of many diseases [1]. Great interest in
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research has been aroused by stem cells; their ability to self-renew, and differentiate
into mature adult cells has made them, since their discovery, extremely promising for
the regeneration of human tissue [2]. It is no coincidence that the first results of their
use have contributed to the real definition of “regenerative medicine” [3]. Today, stem
cells and their differentiated derivates are increasingly used in an ever-widening field
of cellular studies, often with the aim of treating the condition of cell loss related to
various diseases [4].

Stem cell division can give birth to an asymmetrical offspring with an additional
progenitor cell and a daughter stem cell. For this reason, they exhibit both self-
renewal and regeneration capabilities. The differentiation capacity of stem cells
depends on their specification potential.

Generally, the renewal of adult stem cells (ASCs) is limited because they can
only differentiate into specific cells of a single tissue. Finding stem cells capable of
differentiating into all tissue types is a challenge. In the event that all terminal cell
populations can be reached the cells are said to have the property of totipotency,
while the ability to pursue a more restricted pattern of phenotypes is the property of
multipotency [5] (Figure1).

Scientists have traditionally dealt with two types of animal and human stem
cells: embryonic stem cells (ESCs) and non-embryonic “somatic” or “adult” stem
cells. Almost 30 years ago, in 1981, researchers discovered how to obtain ESCs from
early mouse embryos [7]. A method to extract stem cells from human embryos, and
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Figure 1.

Totipotent stem cells generate all the cell types of the organism (e.g., zygote or fertilized egg). Pluripotent stem cells
produce all the embryonic germ layers (endoderm, ectoderm, and mesoderm). Multipotent stem cells generate a
limited number of cell types based on their tissue of origin. Mesenchymal stem cells give rise to fat, bone, muscle,
and cartilage. Hematopoietic stem cells give rise to different types of blood cells (for example platelets, and red
and white cells). Neural stem cells give rise to neurons, oligodendrocytes, and astrocytes. Oligopotent stem cells
generate some closely related cell types (for example myeloid stem cells). Unipotent stem cells generate a single cell
type (e.g., epidermal stem cells or muscle stem cells) [6].
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growing the cells in the laboratory was discovered in 1998, as a result of a deepen
examination of mouse stem cell biology [8]. Human embryonic stem cells (hESCs)
were the name given to these cells. The in vitro fertilization techniques utilized in
these investigations were used to produce the embryos for use in reproduction. When
they were no longer needed for that function, they were given to study with the
informed consent of the donor. ESCs possess powerful properties, but their use goes
against ethical principles [9], and for this reason it has been limited. Today there is
already and will probably continue to be in the future, a debate on their use, on the
possibility of keeping them in culture for more than 14 days, and on all the social,
moral and ethical problems connected to them [10].

A possible way to overcome this obstacle was already found in 2006 by Takahashi
and Yamanaka. Under unknown circumstances, some specialized adult cells were
genetically “reprogrammed” to take on a stem cell-like form. The current name of this
novel form of stem cell is induced pluripotent stem cell (iPSCs). iPSCs exhibit mor-
phology, growth properties, and cell marker gene expression of ESCs, without ethical
concerns. iPSCs can differentiate in various human tissues and exploit regenerate
properties [11, 12], given their pluripotency capability. Unlike hESCs, iPSCs do not raise
any ethical concerns regarding the timing of human personality initiation [13, 14].

However, both ESCs and IPSCs carry the risk of tumor formation, a risk related
to both pluripotency and self-renewal. This is a critical factor of both cells types [15].
Furthermore, iPSCs still present some technical issues related to immune rejection
after transplantation. This means that research in this field needs to be expanded
because more studies are needed before using iPSCs as a viable tool for in vivo tissue
regeneration [16, 17].

2. Origin of stem cells

Stem cells have the ability to self-renew, i.e. to create copies of themselves, and to
differentiation into lineage populations, i.e. to develop into more specialized cells,
which allow cell turnover in the respective tissues present in multicellular organ-
isms [18]. The production of tissue-specific stem cells, which generally assist the cell
renewal of all tissue types for the development of the organism, is a necessary step in
the life cycle of a complex organism [19].

The core cells of the 3- to 5-day-old embryo, known as blastocysts, give rise to the
complete body of an organism, including the numerous specialized cell types and
organs such as the heart, lung, skin, sperm, eggs, and other tissues [20].

Distinct populations of ASCs provide replacements for cells lost due to natural
wear and tear, injury, or disease in different adult tissues, such as bone marrow,
muscle, and brain. Stem cells allow novel therapeutic possibilities for addressing these
conditions thanks to their exceptional ability to regenerate [21].

Scientists can study the basic characteristics of stem cells and what distinguishes
them from other specialized cell types through laboratory investigations. In laboratories,
stem cells are already being used by researchers to test new drugs, create models/systems
to study healthy growth, and pinpoint the origins of birth abnormalities. Understanding
of how an organism grows from a single cell and how healthy cells replace damaged ones
in adult creatures has been advanced through stem cell research [19, 22].

One of the most promising areas of modern biology is stem cell biological product
research. It has recently been ascertained that miRNA-containing vesicles, such as
exosomes, could induce a change in some pathologies [23-25] (Figure 2).
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Figure 2.

Adult adipose tissue derived murine stem cells ADAS. Here shown, ADAS cultured with complete DMEM
containing 10% FBS and 1% P/S mix 1:1, and incubated at 37°C in a 5% CO2 atmosphere. These cells have the
characteristic of producing exosomes, which in recent studies have shown to have unique characteristics for some
neuropathologies [23]. The image acquisition was done using a bright field optical microscope, Olympus BX-51
(Olympus, Tokyo, Japan) equipped with a digital camera (DKY-F58 CCD JVC, Yokohama, Japan) and connected
with a PC endowed with image-pro plus 7.0 software.

There is still much work to be done in laboratories and clinics to improve the efficacy
of using these cells and their byproducts in what are termed cellular treatments, or even
regenerative or reparative medicine treatments, of a diverse pool of diseases [26].

3. Stem cells subpopulations

All stem cells can self-renew and develop, as described in the previous chapter, but
they differ greatly in what they can and cannot become and in the conditions under
which they can and cannot perform certain functions. This is one reason why scien-
tists employ different kinds of stem cells in their study.

3.1 Adult stem cells

ASCs are undifferentiated cells found in some differentiated tissues of the body and
have the possible property of self-renewing or producing new cells to replace damaged
or dead tissue [27]. Alternatively, ASCs are sometimes referred to as “somatic stem
cells”, where the term “somatic” refers to the non-reproductive cells of the body (eggs or
sperm). Some examples of ASCs are: Epithelial and Skin Stem Cells, Neural Stem Cells,
Hematopoietic Stem Cells (Blood Stem Cells), Mesenchymal Stem Cells [28] (Figure 3).

ASCs are often insufficient in native tissues, making them difficult to study and
harvest for research [29]. Distinct populations of ASCs, which are present in most
tissues in the human body, produce new cells to replace those lost as a result of natural
repair, disease, or damage.

All tissues in a person, including the umbilical cord, placenta, bone marrow,
muscle, brain, adipose tissue and lipoaspirates, skin, stomach, etc. include ASCs.
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Figure 3.

Fat harvesting via liposuction. Heve shown, human adipose derived mesenchymal stem cells cultured with DMEM
complete medium for 2 weeks, fixed with PFA 3%, washed PBS 1x stained with hematoxylin, the protocol involved
the seeding of ADSCs on a 12-wells plate with sterile slides on the bottom of each well. The cells weve seeded and
incubated with 1 ml of complete culture medium for 24 hours at 37° C and 5% CO2. At the end the cells were fixed
with paraformaldehyde 4%, stained with Mayer’s hematoxylin (bio-Optica, Milan, Italy) for 5 min. Finally, the
cells were washed with tap water for 5 min and mounted with mount quick aqueous solution (bio-Optica, Milan,
Italy). The image acquisition was done using a bright field optical microscope, Olympus BX-51 (Olympus, Tokyo,
Japan) equipped with a digital camera (DKY-F58 CCD JVC, Yokohama, Japan) and connected with a PC endowed
with image-pro plus 7.0 software. Slides were gently cleaned with ethanol, acquired using a 20X.

In 1948, the first ASCs were removed and utilized to create blood [30]. When the
first adult bone marrow cells were employed in clinical therapy for blood disorders in
1968, this process was expanded [31].

For more than 40 years, treatments for blood disorders such as leukemia and lym-
phoma have included transplantation of peripheral blood stem cell and bone marrow [32].
There is an ongoing debate. According to some studies [33], ASCs can only pro-
duce the cell types of the tissue in which they reside. However, other studies suggest

that ASCs may be able to produce cells of other tissue types [34]. More research is
required to clarify this aspect.

Scientists have demonstrated that ASCs are present in most body tissues. Scientific
research is looking for ways to locate, isolate, and multiply these cells for therapeutic use.

Most of the biological effects of ASC are probably mediated by extracellular
vesicles, such as exosomes, which influence surrounding cells. The current develop-
ment of exosome therapies requires efficient and non-invasive methods to localize,
monitor, and trace exosomes [25] (Figure 4). The idea behind these therapies is that
the exosomes and the chemicals released are the stem cells’ way of manifesting their
therapeutic function.

3.1.1 What are exosomes?

Exosomes are vesicles that include peptides, mRNA, and microRNAs ([35, 36]),
range in size from 50 to 150 nm, and are essential for intercellular communication [37].
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Figure 4.

TEM images of ADAS incubation with nanoparticles (NPs) were morphologically analyzed through a
transmission electron microscope (TEM) in order to confirm the intracellular uptake of NPS and visualize their
intracellular localization. The scale bar in the left and right pictures is 5000 nm, and the Centre picture is focused
on the endocytic invagination containing nanoparticles and the internalized nanoparticles inside the endosome
(scale bar 2000 nm). Cell pellets were fixed for 1 h in 2% glutaraldehyde in 0.1 M phosphate buffer (PB) and,
after washed, postfixed for 1 h in 1% OsO4 diluted in 0.2 M K3Fe (CN)6. After rinsing in 0.1 M PB, the samples
were dehydrated in graded concentrations of acetone and embedded in a mixture of Epon and avaldite (electron
microscopic sciences, Fort Washington, PA, USA). Ultrathin sections were cut at 70 nm thickness on a Ultracut E
ultramicrotome (Reichert-Jung, Heidelberg, Germany), placed on Cu/Rh grids and contrasted with lead citrate.
Samples were observed with Pa Philips Morgagni 268 D electron microscope (Fei company, Eindhoven, the
Netherlands) equipped with a mega view II camera to acquire digital images [25].

They mimic the effects of stem cell transplantation by delivering physiologically active
chemicals to recipient cells, which change their gene expression and behavior.
According to several studies, stem cell-derived exosomes may have a role in syn-
aptic plasticity, nerve regeneration, neuronal protection, and neurological recovery
[38, 39].
By using these vesicles as a treatment, rather than their generated parental cells,
restrictions and dangers for cell transplantation are avoided.

3.2 Embryonic stem cells

The embryo, known as a blastocyst at this stage, contains an inner cell mass
capable of growing all the specialized tissues that make up the human body, 3 to
5 days after fertilization and prior to implantation [40]. ESCs are produced from the
inner cell mass of an in vitro fertilized embryo, donated for scientific research. ESCs
are not made from eggs that have been fertilized inside a female’s body [41].

Isolable only in the early stages of development, these pluripotent stem cells can
develop into virtually any cellular form (Figure 5). One of the research objectives is
to understand how these cells differentiate during development [42]. The progressive
increase in knowledge about these stages of development, could allow researchers to
use ESCs generated iz vitro to rebuild different types of tissue, such as neurons, skin,
gut, and liver for transplantation [43].
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Figure 5.

Schematic representation of ESCs. ESCs are pluripotent, and are derived from the inner cell mass of a blastocyst.
Human embryos veach the blastocyst stage 4—5 days after fertilization and at that time consist of approximately
50—150 cells [40].

In the future, ESCs could be used to treat a broader spectrum of disorders. It is hoped
that once this technique is well understood, the information will be applied to vehicular
ESCs, i.e., induce them to differentiate into the specific cell type required for patient
therapy [44]. Currently, diseases treated with ESCs transplantation include diabetes,
spinal cord injury, muscular dystrophy, heart disease, and vision/hearing loss [45].

3.3 Reprogrammed pluripotent stem cells

Halfway between ASCs and ESCs are iPSCs, which are stem cells produced in a
laboratory, by introducing embryonic genes into a somatic cell, such as a skin cell, so
that it returns to a “stem cell-like” state [46].

The production of these cells is an innovative technique of genetic reprogram-
ming. First identified in 2006 [47], several years of study will be required before they
can be used therapeutically.

The potential to alter recipient somatic cells into a “ESC-like” state undoubtedly
makes therapies using iPSCs attractive [48]. The cells required for the therapies could be
produced using appropriate differentiation processes of these iPSC cells. What makes
this technique attractive is that it circumvents the need for lifelong histocompatibility
immunosuppression, as is the case with transplanted cells of donor stem cells [49].

iPSC cells are regarded as pluripotent, making them similar to most ESCs.
However, unlike for ESCs, manipulation of iPSCs has not been successful in growing
the outer layer of an embryonic cell, which is required for the cell to develop into a full
human individual [50]. But, iPSC research is rapidly moving towards translational
and clinical applications [51].

4. Advantages of different stem cell lineages

It is possible to list some advantages and disadvantages associated with the three
distinct stem cell types (ASCs, ESCs, and iPSC) previously described. If we start from
the analysis of the disadvantages and ongoing debates on the use of different stem
cells, we are immediately redirected towards their advantages.

ASCs — Among the positive characteristics of ASCs is their ability to transdifferen-
tiate and reprogram themselves. Also they are less likely to be rejected when used in
transplants [52]. Their efficiency in the therapeutic field has already been proven in
numerous clinical applications [53].
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ESCs— Among their advantageous properties, ESCs have the potential to be maintained
in culture, and to grow even for more than a year. Numerous protocols have been estab-
lished for their maintenance in culture, protocols that consider the ability of these cells to
produce most cell types in the body [54-57]. There are numerous studies relating to these
cells, which appear to be among the most investigated stem cells. A further increase in
these studies may lead to more knowledge about how living things develop and thrive.

iPSCs — iPSCs are mostly derived from donor somatic cells. This means that they
can be utilized in large quantities, avoiding histocompatibility issues in transplants.
These cells have performed well in preclinical drug testing and research/development
studies [58-60]. The definition of the new cellular “reprogramming” procedure, and
the new knowledge deriving from it, could be applied to define iz vivo therapies for
the reprogramming of damaged or diseased cells and tissues.

The currently best-known cell therapy for the treatment of blood malignancies
and other blood problems is bone marrow transplantation, which transplants blood
stem cells [61].

Theoretically, Parkinson’s disease, spinal cord damage, stroke, burns, heart disease,
Type 1 diabetes, osteoarthritis, rheumatoid arthritis, muscular dystrophy, and liver
disease are all possible candidates for stem cell therapy [62]. Additionally, regeneration
of the retina using isolated ocular stem cells could one day contribute to the reversal of
blindness, providing a potential treatment for distressed or injured eyes [63].

Cell therapy, which replaces unhealthy cells with healthy ones to treat disease, is
one potential use of stem cells; it is comparable to organ transplantation, except that
the cells rather than the organs are transplanted (Figure 6).

Workflow for iPSC-based Cell Therapy

e o Reprogramming Induced

- » pluripotent stem
™ cells (iPSCs)
| Somatic cells

Patient

. in vitro differentiation

L] .
Cardiomyocytes Hematapoietic cells Islet cells Neural cells

\ ) J ) )

Autologous transplantation

Figure 6.

Augtologous human iPSCs can be derived from individual patients and differentiate into different cell types. To
develop new therapies, isolated and cultured cells are used to observe specific disease phenotypes and identify
possible new pathological mechanisms. Cell thevapy includes therapies based on stem and non-stem cells,
unicellular and multicellular, with different immunophenotypic profiles, isolation techniques, mechanisms of
action and regulatory levels. The use of human iPSCs, autologous to the patient, offers an innovative approach for
regenerative medicine ([35, 36]).
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5. Limitations and obstacles to their use

Many factors still need to be considered and many studies are still needed to fully
understand how to use stem cells.

ASCs - The differentiating capacity of ASCs are not yet fully elucidated [64]. This
may mean that a different interpretation of their properties is needed, considering
them multi- or unipotent.

Furthermore, ASCs cannot be grown for long periods of time in culture without an
observable phenotypic change occurring and fail to prevent their immortalization.

Another limitation of the use of these cells is that they are present in small quanti-
ties in the tissues. This makes it difficult to identify the niche and the purification/
isolation process is tedious. Currently few technologies are available to generate large
quantities of cultured stem cells and keep them incubating. We have previously suc-
cessfully tested the combination of CELLviewer [65] with Spinco, a new bioreactor
still in the prototype stage [66].

ESCs - The limitations and obstacles that can be found in the use of ESCs concern
various aspects, among which the fundamental one is that the cell line generation
process is inefficient. Moreover, their use is strictly regulated [67].

It is uncertain whether they would be rejected if used in transplants. Therapies
that use ESC pathways are largely new, and much more research and testing is needed
to ascertain their effectiveness as alternative pathways to conventional clinical treat-
ments [68].

Finally, when used directly from the undifferentiated culture, ESCs for tissue
transplants can generate and cause tumors (teratomas) or the development of cancer.

iPSCs — The reasoning on iPSCS turns out to be more complex. Since the transcrip-
tion and reprogramming factors of stem cells were identified in 2006 [47], several
methods to obtain iPSCs have been certified. These methods have been duly included
in protocols that ensure cell reproducibility and maintenance [49]. New discover-
ies are not uncommon, given that the tissues into which they differentiated are not
known a priori [69].

An important limit to the use of these cells are the viruses that are currently used
to introduce embryonic genes into somatic cells. Studies in mouse models have shown
that these viruses can cause tumors.

The use of iPSCs has given rise to several controversies because, however, there
could be numerous application possibilities in the research field and in the market.

As far as ethical aspects are concerned, for the use of ASCs has not raised any signifi-
cant issue. For the use of ESC, to acquire the inner cell mass, the embryo is destroyed.
Therefore, donor consent is required. Relevant problem may concern iPSC cells because,
when exposed to the right conditions, they have the potential to become embryos.

It should be noted that there can be many possible hitches related to the cellular
therapy. For example, in the presence of insufficient synthesis of stem cells in the
bone marrow, a poor transfusion is obtained, i.e. a transfusion with few cells. This
is typical of elderly individuals who, compared to younger individuals, have a lower
capacity of the bone marrow to produce stem cells. Regardless of the number of cells,
the quality of these cells is also crucial.

Finally, not all existing health problem can be solved with stem cell treatment.
Each person responds differently; the fundamental goal of this method is to provide
the body with the means and the optimal environment to repair damaged tissue on its
own. The knowledge of the type of patients to be treated in the different modalities
to optimize therapeutic outcomes has significantly improved. For some pathologies/
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patients, on the other hand, there has been no progress and it is not yet known what
the most suitable cell therapy might be. Additionally, the outcome of any procedure
relies on the participant’s individual body resilience. Each body can respond differ-
ently. Therefore, it is currently not possible to generalize the results of a treatment or
to determine it as the ideal treatment for a given pathological condition. There is no
universal treatment plan.

6. Future perspectives of culturing stem cells

Faced with the possibility of using different stem cells, it should be remembered
that the cells can be used in abundant quantities of donor somatic cells, thus making
autologous treatments possible. In other words, the histocompatibility problems typi-
cal of transplants from donors other than the recipient, which are normally the main
reasons for rejection, could be avoided.

Stem cells can be useful for several areas of interest such as drug development or
development studies.

Finding a suitable stem cell source is the first step. Finding, isolating, and cultivating
the proper type of stem cell, such as a rare cell in adult tissue, requires painstaking work.

Tissue-specific stem cells are thought to be less adaptable than embryonic and
foetal stem cells, in general. The correct environment must be created after the stem
cells have been identified and separated, an environment where the cells can differen-
tiate into the specialized cells needed for a specific therapy.

A transport/migration system for cells to the area of the body where they are to act
must be created. It is only in this area that the cells must perform their action, inte-
grating with the body’s native cells. However, although cells can chemically recognize
injured tissue, there may be a physical barrier, such as a blocked artery, preventing
these cells from “traveling” to damaged regions. The rate of tissue regeneration will be
poor, slow, or non-existent if the root cause of the blockage is not removed.

Like organ transplants, it may be necessary to suppress the immune system of
the body to lessen the immune response triggered by the donated cells. It should be
considered that the body may react negatively to the addition of progenitor cells caus-
ing the formation of tumors or accelerating their growth rate. The oncological field is,
without a doubt, a field in which cell therapy research must be strengthened, given its
potential, but with the appropriate measures.

Since 2001, hundreds of stem cell lines have been developed; these lines are much
more adaptable and easier to deal with than lines established nearly a decade ago [70].
They also have the advantage of not being “contaminated” by being produced from
other cells. Therefore, the National Institutes of Health (NIH) or other competitive
funding organizations are unlikely to support experiments limited to older cell lines,
given the advantages of newer ones [71]. The study of stem cells and their potential
uses for the treatment of various human diseases is still in its infancy, despite encour-
aging results from animal models. To guarantee long-term efficacy and safety, a
thorough research process should be followed.

7. Conclusion and final considerations

Fundamental knowledge of how organisms grow and develop, as well as
how tissues are maintained throughout adult life, is aided by stem cell research.
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Understanding what goes wrong during disease and damage and, ultimately, how
to treat these diseases, is necessary. In the future, researchers will have the means
to simulate diseases, test medications, and create increasingly effective treatments
with the help of developing human tissue and stem cell lines, and related biological
products.

In conclusion, there are two factors that make the creation of disease- or patient-
specific pluripotent stem cells extremely therapeutically promising. First, these cells
may offer a powerful new tool for researching the causes of human diseases and for
developing new drugs. Secondly, the generated ESCs could be transformed into a
specific cell type and, if transplanted into the original donor, would be recognized
as “autologous,” eliminating the issues with immunosuppression and rejection that
arise with transplants from unrelated donors. The research must go on and unlock the
potential of stem cells to further advance regenerative medicine.
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