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stem Cell Production: Processes, Practices, and Regulation

Ece Kaya'®, Oytun Erbasg'

Stem cells possess the unique capacity to undergo
self-renewal and differentiation into specialized cell
types. Their remarkable feature lies in their ability to
both regenerate and divide, leading to the formation
of different types of cells. They exhibit elevated
telomerase activity, enabling them to undergo
multiple divisions. Depending on the type of stem
cell, they have the ability to differentiate into different
cell types and create an entire organism.!4

CLASSIFICATION OF STEM CELLS

Stem cells can be classified into two main
categories based on their differentiation potential
and the sources from which they are obtained.

a) Classification of stem cells according to
differentiation potential

Stem cells can be classified into four subtypes
based on their differentiation potential: totipotent,
pluripotent, multipotent, and unipotent.’! The
term “totipotent” is derived from the combination
of the Latin words “totus” (whole) and “potentia”
(power).” Totipotent stem cells are the stem cells
with the highest potential. These cells are present in
the early stages of the zygote, at the two or four-cell
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ABSTRACT

Stem cells possess the unique ability to develop into different
types of cells. Utilizing stem cells allows for the restoration of
cells that have malfunctioned or lost their function entirely,
presenting a promising approach to treating numerous
diseases and repairing impaired biological mechanisms.
Stem cells occur naturally within our bodies through
spontaneous processes, and nowadays, they can also be
artificially generated in laboratory settings for therapeutic
applications. Depending on the intended treatment, diverse
techniques are employed to produce stem cells utilized in
various diseases. This chapter aims to provide insights into
the techniques employed for the production of stem cells.
Keywords: Stem cell, stem cell cure, stem cell isolation.

stage, and have the ability to form an entire embryo.
Totipotent stem cells can differentiate into all cell
types and also have the ability to differentiate into
extra-embryonic cells such as the amniotic sac and
placenta. Due to these characteristics, they have the
ability to create a new organism."”!

Pluripotent stem cells, while similar to totipotent
stem cells in their ability to form all tissue and organs
in the body, differ in that they do not have the
ability to form extra-embryonic cells and thus cannot
create a new organism. They have the potential
to differentiate into approximately 200 cell types
under appropriate conditions and are therefore an
important source of cells for many damaged tissue
therapies.”®

Multipotent stem cells, which were first isolated
from bone marrow by Friedenstein et al.”! and
characterized by Caplan, are stem cell types that
occur in the later stages of embryonic development.
In humans, multipotent stem cells can differentiate
into all blood cells and many tissue cells, and in
adults, they can differentiate into groups of cells with
similar functions." Multipotent stem cells play an
important role in tissue repair.>™



Some scientists consider unipotent stem cells,
which are only able to differentiate into a specific
type of cell, as precursor cells rather than stem cells.
However, others classify them as stem cells.['>!

b) Classification of stem cells according to
their source

According to their sources of origin, stem cells
can be classified into two subcategories: embryonic
and non-embryonic stem cells. Embryonic stem cells
are pluripotent stem cells that are present in the
blastocyst stage (4-5 days) of the embryo and have
the ability to differentiate into various cell types
that originate from the endoderm, mesoderm, and
ectoderm layers.ls71

Non-embryonic stem cells include fetal stem cells,
as well as stem cells derived from the umbilical
cord, placenta, bone marrow, adipose tissue, and
cadavers.[819]

Usage Areas of Stem Cells

Due to their ability to regenerate and differentiate
into various cell types stem cells hold promise in the
treatment of many diseases. Stem cell therapy is used
in the treatment of diabetes®”, sickle cell anemia™",
human immunodeficiency virus infection??, and
various types of cancer.! Additionally, stem cells are
used in veterinary medicine to treat damaged bones
and tissues in animals, as well as to treat diabetes in
cats and dogs, and to treat central nervous system
disorders. 24261

Stem Cell Division

Asymmetric and symmetric divisions can be
observed in stem cells. In symmetric division, stem
cells give rise to two identical daughter stem cells
or two progenitor cells that will differentiate in the
future. In asymmetric division, one stem cell and
one progenitor cell are formed. The generation of
progenitor cells or stem cells in symmetric division is
random. 271

STEM CELL ISOLATION TECHNIQUES

Stem cells can be isolated through physical
techniques based on their size and density or affinity
techniques based on their electrical, chemical, and
magnetic properties. The separation of stem cells
based on size and density relies on the fact that
stem cells and other cells have different sizes and
densities.?® Various methods can be used for stem cell
isolation, including density gradient centrifugation
techniques, pre-coating techniques, conditional
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expansion medium method, dielectrophoresis,
field flow fractionation, flow cytometry, and
magnetic-activated cell sorting. These methods have
certain advantages and disadvantages compared to
each other.”

Isolation by Density Gradient Centrifugation

Although the density gradient centrifugation
method has advantages such as being able to
separate a large process volume, being easily scalable,
and being a cheap method, it is disadvantaged
by having low purity and high heterogeneity and
being a difficult and time-consuming process.?>3% In
this method, the medium containing the cell source
is centrifuged for 30 minutes, and the cell layers
are separated from each other. The heterogeneous
medium containing the cells is separated into different
layers according to their densities. In this method, a
density gradient medium is added to the cell medium
before centrifugation, and the isolation of stem cells
is achieved by collecting them in the gradient region
where the densities of the cells and medium are equal
at the end of the process.2? Ficoll-paque; Percoll
density gradient centrifugation is an example of stem
cell isolation using this method. Additionally, density
gradient centrifugation with negative selection is also
used in stem cell isolation, which can only be applied
to whole blood. The advantage of this method is its
high process volume, easy scalability, and high purity.
RosetteSep can be an example of this method.?”

Isolation with Pre-Plating Method

The pre-plating method, despite its advantages
of easy scalability and high process volume, is
disadvantageous due to its low purity and high
heterogeneity. This method can be used to obtain
human embryonic stem cells, stem cells derived from
human adipose cells, and muscle stem cells.? This
method is based on the different adhesive properties
of cells added to a gelatin-coated cell surface. For
example, muscle cells adhere to culture surfaces
more slowly than fibroblast and epithelial cells. In this
way, the cells added to the culture medium can be
collected from the medium after approximately one
hour, resulting in a 90% yield of stem cells. In a study
focused on myogenic markers in mouse myeloblasts,
the preplating method yielded approximately 98%
pure stem cells.332

Isolation with Conditional Expansion
Environment

The conditional expansion medium method,
especially used in the isolation of mesenchymal stem
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cells, has the advantages of easy scalability and
large process volume, but it has low purity and high
heterogeneity.?”

Mesenchymal stem cells are cells that can renew
and differentiate themselves to a limited extent,
like fibroblast cells that can adhere. They can age
rapidly in culture due to telomere shortening and
morphological changes. Different expansion media
such asfetal bovine serum and L-glutamine containing
Dulbecco’s modified eagle’s medium (DMEM) have
been developed to maintain their properties for
therapeutic purposes. The most commonly used
expansion medium is the one developed by Catherine
Verfaillie. The expansion medium method allows
mesenchymal stem cells to be passaged between
19-40 times.B?

Isolation by Dielectrophoresis

The dielectrophoresis method, which is based on
separating cells according to their electrophysical
properties, separates cells by taking advantage of
the difference in electrical charges between the
cells and the liquid they are in. In this method, an
alternating current field is used.?“ The mostimportant
advantages of this method are that it does not require
labeling the cells with any markers to separate them
and that it separates the cells based on their viability.
However, due to cross-reactivity, low-purity stem cells
can be obtained with this method.**3* The cell placed
in the electric field polarizes and forms a dipole.’*”
Depending on the induced electrical momentum
polarity, the cells move in two different ways,
positive and negative dielectrophoresis. In positive
dielectrophoresis, cells approach the electrodes,
while in negative dielectrophoresis, they move away
from the electrodes. Due to these characteristics,
cell separation can be performed in environments
containing two different cell groups.’3*3

Isolation by Flow Cytometry

The flow cytometry method, which is based on
the examination of cells with different properties
stained with fluorescent dyes in a flowing liquid,
is a highly sensitive and high-resolution method.
However, this method is expensive and not suitable
for large-scale studies.l63"]

In the flow cytometry method, the size, shape,
cytoplasmic content, nucleic acid content, and
fluorescent properties of cells are analyzed.'*** Cells
stained with fluorescent dyes are used to analyze the
properties of cells by measuring the wavelengths of
light transmitted through the method.*”

The flow cytometry method is used to analyze the
quantitative properties of cells in a heterogeneous
cell-containing environment. Monoclonal antibodies
are used to isolate stem cells using this method,
and specialized markers on stem cells are identified,
allowing for the identification of necessary antigenic
structures for treatment.’®

Isolation by Field Flow Fractionation

The areaflow fractionation method, which is based
on the separation of live cells in the environment
where cells are taken according to their morphological
and biophysical properties into different fractions,
relies on the interaction of the sample, which will be
analyzed vertically into the mobile phase in a capillary
containing laminar flow and an empty area.?*#42 |n
addition to traditional methods, more recent isolation
techniques also exist. For example, the isolation of
stem cells is achieved using a temperature-sensitive
polymer, poly(N-isopropylacrylamide) (PNIPAAm),
which conjugates with antibodies specific to stem
cell markers using a two-phase system method.?
Another stem cell isolation method is the systematic
ligand development with exponential enrichment.
This method, which is typically used for the
isolation of erythrocytes, cancer cells, and stem
cells, is an isolation method that uses aptamers
with high sensitivity and selectivity due to their
three-dimensional structure.”*

In conclusion, due to their unique properties
such as the ability to regenerate and create new
tissue and organisms, stem cells are used primarily
for therapeutic purposes in serious diseases such
as cancer. The isolation of these cells and their
subsequent multiplication for use in therapy is
crucial in the field of medicine. Stem cells can be
obtained from various sources, including embryonic
and non-embryonic sources (such as adipose cells,
fetal cells, cord blood, etc.). To isolate stem cells in a
healthy and pure manner, many methods have been
developed. The choice of which isolation method to
use depends on the characteristics of the stem cell
and the treatment method to be used. The isolated
stem cells can then be multiplied using different
methods in vitro under cell culture conditions and
applied to the patient in therapy.
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