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Cell therapy is the promising therapeutic tool for the next decade. “Regenerative Medicine based
on cell and tissue replacement therapy is proposed as a revolutionary approach to various chronic and
incurable conditions. The first key step for successful cell therapy is the establishment of clinical grade human
Embryonic Stem Cell (hESC) lines. This article provides a concise summary on conventional and novel
methods for hESC line derivation. There is also discussion on progression, future direction and problems in
hESC line development. In Thailand, more advance knowledge, skill, and technology are required to develop

the first human embryonic stem cell line and step forward to make cell therapy a reality.
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In 1981, the first mouse embryonic stem cell
line was isolated from mouse blastocyst by Martin
G.R®, Evans MJ and Kaufman MH also reported the
similar finding in the same year®. Thomson JA et al
successfully established the first human embryonic
stem cell lines from day 5-6 human embryo in 1998©®.
This discovery is a landmark step in stem cell research
and consequentially embryonic stem cell has obtained
great attention as the potential revolution for the
treatment for many chronic and incurable diseases
because of its exceptional properties.

Derivation methods for embryonic stem cell lines®

Establishing human Embryonic Stem Cell
(hESC) lines is not only a crucial step but also basic
principle and technique in stem cell research. hESC
lines are invaluable biomaterials for therapeutic appli-
cation. Currently, there are four methods to develop
embryonic stem cell lines.
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1. Classical method®

This was the first method used for establish-
ing hESC line. The inner cell mass was separated
from a day 5-6 blastocyst by immunosurgery. Then, it
was cultured on feeder cells. Normally, the blastocysts
used in stem cell researches are donated from infertile
couples or they may be specifically created for research
purpose.

2. Single blastomere method®

This new approach was reported by Chung Y
and his colleagues in 2005. This derivation method was
based on blastomere biopsy procedure performed for
Preimplantation Genetic Diagnosis (PGD). The bio-
psied blastomere was co-cultured with an established
embryonic stem cell. By this protocol, new embryonic
stem cell line can be created from single blastomere.
The main advantage of this technique is that it does
not destroy embryo. The biopsied embryo still has a
potential to implant and develop into new offspring.
As a result, there are fewer problems from ethical
viewpoint. However, this method has been tested
only in mouse embryos. Therefore, further studies
are needed before applying this procedure in human
blastocysts.
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3. Nuclear transfer method

Embryonic stem cell line derivation from
nuclear transfer was widely and thoroughly studied
in animals especially in mouse®. Hwang WS and col-
leagues have reported the development of the first hESC
line by this method™. Adult somatic cell nucleus was
transferred into an ennucleated oocyte. Then, an elec-
trical stimulation was performed and cell was cultured
to blastocyst stage. An embryonic stem cell line had
been harvested from inner cell mass of created blastcyst
with the classical method. The proposed advantage
of this technique is that the genetic material of an
established embryonic stem cell line and of an adult
somatic cell are nearly identical. Therefore, it was pre-
sumed that this cell line would not produce immuno-
logical reaction when is used as cell therapy. With this
technique, model of various diseases can be created
using somatic cell nucleus of patients. Unfortunately,
report from Hwang WS group was proved to be fraudu-
lent®. As a result, the possibility and limitation of this
technique in producing human cell line are being under
further investigation.

4. Altered nuclear transfer method®

This method is based on transferring of an
altered nucleus of somatic cell into enucleated oocyte.
The nuclear modification is obtained by turning off
the function of the cdx2 gene, a gene that plays an
important role in blastocyst implantation. Therefore, a
blastocyst established by this method lacks the poten-
tial to implant and to develop to be a fetus. Meisser A
and Jaenisch R have proposed this method in order to
avoid destruction of a blastocyst that has a potential
to develop to be a human being. They would like to
overcome the controversial issues on moral status of
human embryos. Nevertheless, the concept and prin-
ciple of this method has been argued for its ethical
appropriateness and for the possible negative con-

sequences of inhibiting cdx2 gene on the established
cell line.

Efficacy and success rate in the development of human
embryonic stem cell line®?

The success rate in the development of
hESC line from the classical method is 18.8 percent.
This means that 18.8 embryonic stem cell lines can be
created from 100 frozen good quality human embryos.
The success rate of each step of cell line derivation is
shown in table 1. However, other methods have lower
success rate than the classical method. Key factors for
success in embryonic stem cell line derivation are
knowledge in reproductive biology, stem cell biology,
embryonic growth and development, good embryonic
culture techniques and efficient embryonic micro-
manipulation techniques.

Current situations in the development of human
embryonic stem cell lines

According to report of the International
Society for Stem Cell Research (ISSCR) in June 2005,
more than 100 embryonic stem cell lines have been
developed worldwide®-2), However, most of them
face the problem of animal product contamination.
Therefore, nearly all of the established hESC lines
cannot be used in the clinical level due to substandard
quality and safety.

Conclusion

According to current situation and problems
of embryonic stem cell line derivation, there are both
the opportunity and the necessity for creating novel
techniques or modifying traditional techniques for
better quality of the cell lines. These are aiming at
improving the safety from research grade to clinical
grade hESC lines®-®Y. Finally, these would be invalu-
able resources for cell and tissue therapies. However,

Table 1. The success rate in each step for the derivation of hESC lines by the classical method®®

Steps in hESC line derivation (classical method)

Percent of embryos

1. Frozen good quality day 2-3 embryos
2. Thaw survival

3. Blastocysts

4. Zonaremoval

5. Inner Cell Mass (ICM) isolation

6. Primary growth (10-14 days)

7. First colony

8.hESC line

100.0
70.0
42.0
42.0
29.4
235
18.8
18.8
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appropriate solution for the ethical controversies
should be also considered apart from the technical
aspect.

In Thailand, there are several research groups
interested in development of animal embryonic stem
cell lines with different methods. To develop the first
human embryonic stem cell line for clinical purposes,
in-depth knowledge and profound understanding in
stem cell biology and experienced and skillful research
team are required because they are key elements for
the success. Furthermore, these methods should be
widely accepted from the ethical viewpoint of Thai
society.
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