Special Article

Introduction to Stem Cell Medicine

Sorapop Kiatpongsan MD*,
Yuen Tannirandorn MD*, Pramuan Virutamasen MD, MSc*

* Department of Obstetrics and Gynecology, Faculty of Medicine, Chulalongkorn University

Embryonic stem cell is the promising novel therapeutic tool for various degenerative diseases and
tissue injuries. With the concept of cell and tissue therapy, many chronic disorders will be curable. The present
article provides basic knowledge of stem cell in areas of definition, classification and future clinical applica-
tions. In addition, stem cell application is not only focusing on regenerative purpose, but also concentrating
on more understanding about the early human development and the pathophysiology of genetic diseases at
the cellular level. However, there are some technical problems and ethical concern that should be resolved

before applying stem cells into clinical practice.
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After the first discovery of mouse embryonic
stem cell in 1981, many medical and biological scientists
have greatly appreciated the specific characteristics
and especially the potential of stem cell for treatment of
various human diseases. Based on current knowledge
in stem cell biology, scientists can develop many disease
models to study molecular mechanisms of diseases,
related genes, intracellular and intercellular communi-
cations, and early stage of human development and
then apply this knowledge into clinical practice®*,

During the last decade, there has been a new
developing medical science branch, “Regenerative
Medicine”®*®, Regenerative medicine applies the
basic stem cell knowledge to develop specific cell or
tissue to replace the original cell or tissue which have
been degenerated, injured or damaged by different
processes. This is the basic concept of the promising
cell and tissue based therapy that would have a poten-
tial to make many chronic diseases “curable” such as
Diabetes Mellitus type I, Myocardial Infarction®®,

Human embryonic stem cell was first discovered
in 1998®. This brought about ethical controversies
on harvesting techniques, storage methods, research
regulation and appropriate control for future clinical
applications. However, there are various unique useful
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characteristics of human embryonic stem cell that
cannot be found in other cell types. As a result, human
embryonic stem cell has been focused as the promis-
ing therapeutic tool even though there is no final con-
clusion on the appropriate regulation and control.

Definition®®

Stem cell isa cell that has three specific charac-
teristics: self renewal, remaining in the undifferentiated
state and differentiation potential to be a specialized
cell.

Classification®®

Stem cell can be classified into 2 categories
based on cell origin.

1. Adult stem cell is a stem cell that has
developed beyond the embryonic state and usually
resides in tissue. It is still in an undeveloped state but
has a potential to differentiate into the specific cell
type. For example, a myocardial stem cell can develop
into a myocardial cell. Based on current data, there is
no strong evidence on differentiation potential of adult
stem cell from one tissue to other tissue type.

2. Embryonic stem cell or ES cell is a cell from
the inner cell mass of developing blastocyst. It has an
ability to differentiate into all kinds of cell types. In
addition, it is also immortal by self renewal capability.
Consequently, ES cell is more promising as a thera-
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peutic tool because it has less limitation on differen-
tiation potential.

Moreover, stem cell can be classified by a
hierarchal system.

1. Totipotent stem cell is the first stage stem
cell that can be found in zygote. It can develop into
both embryonic and extraembryonic tissues.

2. Pluripotent stem cell is the later stage of
totipotent stem cell. This cell type can develop into all
kinds of cells of an embryo (except the extraembryonic
tissues). Pluripotent stem cell can be found in an
embryo, fetus and developing organism.

3. Multipotent stem cell is a stem cell in any
specific tissues, organs or systems. This stem cell has
more limited differentiation potential. For instance,
hematopoietic stem cell has an ability to develop into
only cells in the hematological system.

Progenitor cell is not a stem cell itself but is a
descendant of a stem cell. It resides in all tissues.
Specific characteristics of progenitor and multipotent
stem cell are almost alike except for the self renewal
ability not found in the progenitor cell.

Clinical applications
Adult stem cell1D

Nowadays, the widely recognized clinical
applications of adult stem cell are bone marrow hema-
topoietic stem cell and cord blood hematopoietic stem
cell. They were used for bone marrow transplantation
in leukemia, anemia, autoimmune diseases and immu-
nodeficiency cases. Moreover, some scientists try to
manipulate bone marrow mesenchymal stem cell into
myocardial, bone and cartilaginous cells.

Furthermore, other adult stem cells are of great
interest for clinical application as well, such as skin
epithelial stem cell, and corneal stem cell. Scientists
would like to develop cells and tissues for replacement
therapy; for instance, developing of neuroectodermal
stem cell for Parkinson’s disease and corneal stem cell
for corneal replacement in severe corneal injury.

However, there are several limitations of stem
cell applications. For instance, it is difficult to harvest
an adult stem cell from human tissues due to the fact
that the stem cell population is very limited and har-
vesting techniques of internal organs are technically
difficult and risky for adult stem cell donors except for
bone marrow and cord blood stem cell. There is also a
problem of immunological reaction between trans-
planted cells and tissues from donor and recipient.
Moreover, the quality of an adult stem cell decreases
according to the donor’s age. This causes limitation on
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the concept of self adult stem cell transplantation for
degenerative disorders in target populations which
usually are senile.

Embryonic stem cell or ES cell®*1®

Because of the limitations of adult stem cells,
embryonic stem cells are more promising as they
provide a more flexible differentiation potential. Based
on current evidence, scientists have proved that the
specialized cell developed from ES cell can grow into
diseased tissues and function properly in animal
models®®29, These successful clinical applications in
animal models have been shown in severe combined
immune deficiency, diabetes mellitus type 1, Parkinson’s
disease, spinal cord injury and demyelinated diseases.

Nevertheless, there are still many limitations
to apply this knowledge and experience from animal
models into clinical practice.

1. Alimitation of knowledge on an integration
of stem derived cells and tissues into recipient tissue
and long term regulation of transplantation.

2. A limitation on developing an adequate
amount of stem cells for therapeutic purposes in
humans since the amount of stem cells used in animal
models is small.

3. A contamination problem of mouse feeder
layer for human embryonic stem cells which can trigger
adverse immunological reaction and infection.

In conclusion, stem cell knowledge has been
rapidly developing during the past decade. In addition,
stem cells have been focused as a promising tool for
replacement therapy in the future. It is well established
theoretically that stem cells have numerous potentials
and unique useful clinical characteristics. However,
there are several technical limitations and ethical ~ con-
troversies that require an appropriate solution before
further application:-24.
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Fig.1  The promise of stem cell research (http://stemcells.nih.gov/info/media/)
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