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Abstract

The research of stem cells and their application in clinical practice represents one of the most exciting areas in
modern science. Due to their specific properties, stem cells offer the possibility of restoring damaged tissues and
the function of impaired organs. Pluripotent cells of embryonic origin as well as reprogrammed adult cells have
the greatest regenerative potential, but also carry the greatest risk of tumor development and autoimmune
reactions. In addition, the use of embryonic cells is ethically unacceptable because it implies the destruction of
the embryo. This manuscript analyzes the potential of pluripotent stem cells, but also the limitations and
challenges that scientists are currently facing.
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Introduction

Since Canadian scientists Ernest McCulloch and James Till, in the early 1960s, discovered hematopoietic
cells able to heal blood diseases, scientific but general interest in stem cell applications has grown
steadily.

Stem cells are specific cells in the human body able to divide and differentiate into other types of cells
forming new tissue and restoring impaired functions. The discovery of stem cells gives hope that many
currently incurable diseases will eventually be cured.

Numerous scientific papers have contributed to new knowledge about the nature of stem cells and their
function, but at the same time opened many questions still waiting for an answer. The first controversy
is related to the term itself. Soviet scientist Alexander Friedenstein isolated cells that under laboratory
conditions present cell progenitors to fibroblasts and other mesodermal fold cells [1]. Caplan named
these cells “Mesenchymal stem cells” [2], but after 25 years the same author suggested other name
“Medicinal Signaling Cells” [3].

The main reason for rename is the adoption of the hypothesis of paracrine action of stem cells rather
than direct transformation into the "new cells", at the site of damaged tissue.

This advanced knowledge has stimulated thinking about the real potential of stem cells, the limits of
their action, and the challenges facing science.

Therapeutic potential of stem cells

Stem cells are undifferentiated cells that under certain circumstances can differentiate into all types of
cells. This allows them to eventually regenerate damaged tissues and restore the body's function [4]
They can be classified in different ways (Figure 1).

Embryonic, infantile, and adult cells consider therapeutically efficient. Recently, reprogrammed adult
cells with similar properties to embryonic cells have attracted attention. They are named induced
pluripotent stem cells (iPSCs).

Human Embryonic stem cells (hESCs)

Due to their pluripotent properties, cells of embryonic origin probably have the greatest therapeutic
potential. However, their use is prohibited because isolation of cells requires the destruction of the
embryo, and in addition, carries the risk of rejection and malignancy [5].

Embryonic stem cells are for the first time derived from an inner layer of blastocyst by Thompson’s
group in 1998 [6,7]. They used in vitro fertilized eggs for obtaining cells. These pluripotent cells possess
the properties of self-renewal and proliferation into all germ layers. They can differentiate into more
than 200 types of cells originating from the endoderm, ectoderm, and mesoderm [8,9].
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Figure 1: Classification of Stem Cells.

Preclinical studies offered promising results. Animal experiments have confirmed that transplantation of
hESCs leads to the formation of oligodendrocyte progenitors and the restoration of motor function after
spinal cord injury [10]. Successful clinical application of hESCs was reported in 2015 in the treatment of
age-related macular degeneration and Stargardt’s macular dystrophy. In two prospective studies after
22 months, most patients had improved vision compared with the control group. No significant adverse
reactions were reported [11].

Ethical dilemmas related to the application of embryonic stem cells remain the subject of intense
discussions involving not only scientists but also lawmakers, religious authorities, and politicians. The
problem is attempted to be overcome by using embryos through in vitro fertilization (IVF). However, the
moral dilemma of whether embryos are future humans even produced in vitro is still the subject of
debate and it is treated differently in different countries.

Induced pluripotent stem cells (iPSCs)

Considering above mentioned challenges, scientists' research was aimed at reprogramming adult cells
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that would have similar properties to embryonic ones, but without ethical implications or potential
health risks.

In 2006, Japanese scientists Takahashi and Yamanaka succeeded in reprogramming mouse cell
fibroblasts by giving them embryonic cell properties. They achieved this by adding four pluripotency-
associated genes, the so-called Yamanaka factors: Oct3/4, SOX2, c-Myc, and KIf4. These cells are named
induced Pluripotent Cells (iPSCs) [12]. A similar result was replicated in humans. At the same time,
another group of scientists (Thomson’s group) announced the invention of human iPSCs by using
different factors [13].

The main advantage of iPSCs would be in their maintenance of pluripotency without ethical
consequences. They can be used for regeneration of damaged tissues, but also for the analysis of
molecular changes in various diseases, as well as for the examination of toxic and other properties of
pharmacological substances.

iPSCs can be obtained by reprogramming any somatic cell. The whole process can be divided into 3
phases:

-isolation and culturing of cells,

- transfected cells with transcription factors and,

- analysis of cells and their expansion (14) (Figure 2).
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Figure 2: Process of Generation of iPSCs [14].

(1) Establishment of culture: the source cells are cultured for further use as host cells for the delivery of
reprogramming proteins. (2) The cultured source cells are then transfected with the four factors from
Yamanaka's cocktail and incubated on feeder layers that provide the nourishment to host cells and are
responsible for the formation of extra cellular matrix, under suitable conditions of media. Two types of
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methods for the delivery of reprogramming factors into the somatic cells can be used- Integrating viral
vector systems and Non-Integrating methods. (3) After the formation of iPSCs, they are characterized by
different morphological and physicochemical analyses, which is followed by the expansion of iPSCs.

Transcription factors can be introduced into the somatic cell in two ways: through Integrating Viral
Vector Systems and Non-Integrating Systems. The integrated system involves the use of retro and lentil
viruses that are integrated into the genome of a somatic cell via a vector [15]. The non-integrated
method involves the use of "non-integrated substances" such as Adenovirus and Sendai virus, Plasmid
DNA, RNA, and proteins [14].

It was confirmed that mouse fibroblasts modified with OCT4, SOX2, KLF4, and MYC factors show a
tendency to proliferate into glial and neural progenitors that migrate and differentiate into glia and
neurons when injected into the embryonic cortex [16].

iPSCs have been used in animal studies to treat Parkinson's disease [17], platelet deficiency [18], spinal
cord injury [19] macular degeneration [20], and many other conditions.

The first clinical application was conducted at the RIKEN Institute in Japan in 2014 on patients with
Macular degeneration [21]. Slowing down of the disease without significant adverse or immunological
reactions was recorded in the first patient. However, the study was stopped in another patient for safety
reasons [22]. Since that time several clinical studies using allogeneic sources of iPSCs have been
approved. The most of ongoing research are nationally approved in Japan. The studies are related to
Parkinson’s disease, AMD, severe cardiac failure, aplastic anemia, spinal cord injury, and corneal stem
cell deficiency [23].

The application of iPSCs faces a lot of challenges. Using the integral viral system initially produced less
than 1% iPSCs. It was also discovered that the insertion of lentiviruses and retroviruses as a part of the
integration process leads to mutagenesis [24]. Two Yamanaka factors, c-Myc and KIf4 have pluripotent
but also oncogenic properties [25]. Another Yamanaka factor Oct3/4 also play the role in the
development of different cancers including pancreatic cancer, gastric cancer, oral squamous cell
carcinoma, seminoma, and bladder cancer [26-28].

The majority of these problems were solved by the implementation of “nonintegrated” factors
[29,30].The preparation of iPSCs by using autologous sources, although immunologically safe, is a very
slow and time-consuming process, unacceptable for widespread application [31]. The allogeneic sources
are susceptible to autoimmune reactions due to the incompatibility of the donor's HLA system with
recipients. The use of immunosuppressive agents is followed by adverse reactions [32]. There is an
attempt to solve the problem by forming the cell banks by matching the HLA of donors with the majority
of the population.
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Conclusion
Interest in the application of pluripotent stem cells is constantly increasing, which is confirmed by the

growing number of published studies [33].

The possibility of reprogramming adult cells opened up the prospect of regenerating damaged tissues

and restoring function without ethical implications. Preclinical research and initial clinical results are

encouraging, albeit many challenges that prevent more frequent clinical applications are still present.

It expects that the selection of the most appropriate cells, the development of new technologies, and a
better understanding of the interactions of pluripotent cells with the host environment will contribute
to the safer application and better therapeutic outcomes.
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