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Summary

  Cellular therapy is the replacement of unhealthy or damaged cells or tissues by new ones. Embryonic 
stem (ES) cells are undifferentiated cells that can generate all the cell types of the body, and there-
fore hold the potential to cure a broad range of diseases and injuries, ranging from diabetis, liver 
and heart diseases, to neurological diseases, such as Alzheimer’s and Parkinson’s diseases. The der-
ivation of human ES (hES) cells has been a major step toward bringing ES cell research to therapy. 
However, there are several challenges to the advent of ES cell research to therapy. Among them, 
the derivation of hES cell lines devoid of animal contaminants, the maintenance of their normal 
karyotypes, their potentials to form tumors upon grafting, and the derivation of isogenic hES cell 
lines. Stringent ethical and political guidelines are also limiting the use of human embryos for re-
search, thereby limiting progress in ES cell research. Recently, several investigators have devised 
protocols to derive hES cells free of feeder layer and animal serum, reported that some established 
cell lines remain stable overtime, pre-differentiated ES cells in vitro to circumvent the risk of tumor 
formation, and derived ES cell lines without destroying embryos. In this manuscript, we will review 
and discuss these developments that may unlock ES cell research and therapy.
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BACKGROUND

ES cells have the ability to remain undifferentiated and pro-
liferate indefi nitely in vitro while maintaining the potential 
to differentiate into derivatives of all three embryonic germ 
layers [1]. They are derived from the inner cell mass (ICM) 
of blastocysts at a stage (4 to 5 day of a human embryo) 
before it would implant in the uterine wall. ES cells have 
been isolated from primate human, – but also non-human 
(rhesus monkey) – blastocysts, cultured and maintained in 
vitro; thereby providing an unlimited source of ES cells for 
cellular therapy [2–4]. The derivation and maintenance of 
ES cells in vitro require stringent culture conditions to re-
main undifferentiated (Figure 1). Human ES (hES) cells 
are grown on mouse embryonic fi broblast feeder layers, 
and in the presence of various reagents of animal origin, 
e.g., coating substrates, serum. Such culture conditions 
are not without limitations. Recently, it was reported that 
mouse feeder layers and/or media used for culturing hES 
cells could lead them to incorporate N-glycolyl-neuramin-
ic acid residues present in these animal sources [5]. N-gly-
colyl-neuraminic acid is a sugar present on the surface of 
most mammal and rodent cells, but is lacking in humans [6], 
and against which most humans have circulating antibodies 
[7]. The incorporation of N-glycolyl-neuraminic acid resi-
dues on hES cell lines would result in the rejection of the 
graft, thereby, limiting the use of existing hES cell lines for 
cellular therapy, and mandating for the generation of new 
cell lines devoid of animal contaminants [5]. To circumvent 
such limitation, protocols have been devised for culturing 
hES cells on autogeneic feeder layer [8,9], free of feeder 
layer [10]. Recently, new hES cell lines have been derived 
free of feeder layer and animal serum [11]. New hES cell 
lines free of animal contaminants may offer a source of tis-
sue for cellular therapy.

FROM ES CELLS TO THERAPY: THE CHALLENGES AHEAD

There are several challenges to the advent of ES cell re-
search to therapy. Some investigators have reported that 
hES cells do not maintain their normal karyotypes [12–14], 
while others have confi rmed that some established cell lines 
remain stable overtime [13,14]. Though the incidence of 
such instability on the behavior of the cells and their abil-
ity to differentiate is not well understood, established cell 
lines must be maintained under stringent culture stand-
ard, and be checked overtime for normal chromosom-
al content. ES cells have also the potential to form tumor 
upon grafting [1]. The formation of teratoma would be as-
sociated with the undifferentiated state of the ES cells. To 
circumvent the risk of tumor formation, it is proposed to 
pre-differentiate the ES cells in vitro to the desired lineage, 
and to remove the cells that have not differentiated from 
the cellular graft prior to grafting. Protocol leading to a 
100% differentiation, or purifi cation by positive selection 
-by isolating the differentiated cells from the bulk culture- 
would provide alternative strategies to this aim. Cell sur-
face markers and fl uorescent activated cell sorting are strat-
egies that are considered for eliminating undifferentiated 
cells, and have been successfully tested in experimental set-
up [15], as well as protocols leading to high yield of differ-
entiated ES cells, such as differentiated oligodendrocytes 
[16]. A third challenge is the potential immunogenicity of 
the hES cell lines. hES cell lines are allogenic cell lines, de-

rived from blastocysts. To limit the risk of rejection by the 
patient, upon transplantation, would require matching the 
donor and recipient genetic make-up. Patients may also fol-
low immunosuppressive treatments, such as treatment with 
cyclosporine. An alternative would be to generate isogen-
ic hES cell lines from the patients by somatic cell nuclear 
transfer (SCNT) [17]. SCNT consists in isolating nucleus of 
a somatic cell type (fi broblast for example) harvested from 
the future recipient into an enucleated oocyte. By mech-
anisms still unknown, the cytoplasm of the oocyte repro-
grams the chromosomes of the somatic cell’s nucleus. The 
cloned cell develops into a blastocyst from which ES cells 
can be derived, that carries a set of chromosomes identical 
to that of the donor, and therefore is unlikely to be reject-
ed by that donor/future recipient [17,18]. Recently, 11 hES 
cell lines were established by SCNT of skin cell nuclei from 
patient with various diseases into donated oocytes, setting 
the stage for future studies assessing the potential of isogen-
ic hES cells and SCNT, as a strategy to derive ES cell lines, 
for therapy [19]. However, though SCNT has such poten-
tial, unknown regarding the behavior of the generated cell 
lines and tissues, in term of viability, development are ma-
jor hurdles to overcome for therapeutic cloning, the clon-
ing of individuals to get matching cells, tissues, or organs 
from the resulting embryos [17].

Asides from these challenges, major constraints faced by ES 
cell research, and SCNT, are the ethical and political con-
cerns over the use of embryos for research [20]. Recently, 
several investigators have proposed several alternatives to 
the derivation of ES cells without destroying embryos or 
cloned embryos.

OVERCOMING THE ETHICAL AND POLITICAL CHALLENGES: 
ALTERNATIVE PROTOCOLS TO DERIVE ES CELLS

Two recent manuscripts have reported the derivation of 
ES cells without destroying embryos. In a fi rst manuscript, 
Chung et al. (2005) reported a protocol to derive ES cells 
by applying a technique of single-cell embryo biopsy [21], 
similar to pre-implantation genetic diagnosis (PGD) of ge-
netic defects used in fertility clinics. This genetic diagnosis 
consists in extracting a cell -to be used for genetic testing- 
from an 8 cells stage embryo (blastomere), a procedure 
that does not interfere with the developmental potential 
of embryos. In the report, the investigators extracted sin-
gle cells from eight-cell mouse blastomeres (2 days old); 
the researchers cultured the isolated cells and found they 
behaved like ES cells. Meanwhile, the embryos went on to 
produce mice. The result suggests that when clinics per-
form PGDs, the isolated cells could be grown. Resulting 
cultures would then be used for genetic testing, and to es-
tablish stem cell lines. In addition to deriving ES cells from 
the “donors”-that would be stored-, the different cell lines 
established could make up a stem cell bank. A second re-
port by Meissner and Jaenisch (2005) used, a variation of 
SCNT, called altered nuclear transfer (ANT), to generate 
ES cell lines [22]. ANT has been proposed as a variation 
of nuclear transfer because it would create abnormal nu-
clear transfer blastocysts that are inherently unable to im-
plant into the uterus but would be capable of generating 
customized ES cells. ANT concept is based on the premise 
that the inactivation of a gene crucial for trophectoderm 
development will eliminate the potential to form the fetal-
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maternal interface, but will spare the ICM (inner cell mass) 
lineage [23]. The investigators chose CDX2 as a candidate 
gene; this gene encodes the earliest-known trophectoderm-
specifi c transcription factor that is activated in the 8-cell em-
bryo and is essential for establishment and function of the 
trophectoderm lineage, so that the eggs could not produce 
an embryo that can implant in a uterus. The cloned blasto-
cysts were morphologically abnormal, lacked functional tro-
phoblast and failed to implant into the uterus. Yet, the eggs 
divided and grew enough to yield stem cells [22]. Since the 
cell lines are derived from a variant of SCNT, if applicable, 
such technique would allow the generation of ES cell lines 
that would match the patient genetic make-up, thus allow-
ing autologous transplantation. However, one of the limi-
tations in the reported procedure is the use of virus (lentil 
virus) to inactivate the gene CDX2; such genetic manipula-
tion may affect adversely the ES cells, and may present some 
risks for the recipient.

These reports proposed alternative protocols to derive ES 
cells. The acceptance of these strategies by the scientifi c, 
ethical and political communities may impact the future 
of ES cells for cellular therapy. These studies also demon-
strate new properties of ES cells, and will contribute to our 
understanding of ES cells and in turn to bring ES cell re-
search closer to therapy.

CONCLUSIONS

Various cell types have been considered for cellular therapy. 
Among them, ES cells represent a major area of research, as 
the potential of ES cells to generate all the cell types of the 
body make them a valuable source of cells for therapy. Data 
discussed here show that though ES cells have such poten-
tial, there are major challenges to overcome to bring ES cells 
to therapy, particularly ethical and political concerns [24]. 
Other ethical issues, such as the possible shortage of oocytes 

and their possible non-ethical origin remain the source of 
concerns, particularly for SCNT. The recent revelations re-
garding the procedures for the recruitment of oocyte do-
nors [25], force us to ensure strict compliance with ethical 
standard and particularly with consent donors. Further, in 
the case of ANT, it has been argued that fi nding acceptable 
to destroy a CDX2 mutant embryo but not a normal embryo 
is “a fl awed proposal”, as there is no basis for concluding that 
the action of CDX2, or any other gene, represents a transition 
point at which a human embryo acquires moral status [26]. 
Thus, whether ANT solves the ethical dilemma of whether 
the mutant embryo is equivalent to normal embryo remain 
the source of debates and controversies [27]. Stem cells can 
also be isolated from adult tissues. Adult-derived stem cells 
may thus offer alternative strategies for cellular therapy, par-
ticularly for the central nervous system [28–31].

Note in addendum

Since the submission of this manuscript, the Journal Science 
issued the following statement on 04 January 2006, regard-
ing the manuscript entitled “Patient-specifi c embryonic stem 
cells derived from human SCNT Blastocysts” [19]: “All au-
thors have indicated a willingness to retract the 2005 pa-
per (“Patient-specifi c embryonic stem cells derived from 
human SCNT Blastocysts” May 19 2005, Science Express; 
June, 2005, Science)”.

REFERENCES:

 1. Wobus AM, Boheler KR: Embryonic stem cells: prospects for develop-
mental biology and cell therapy. Physiol Rev, 2005; 85: 635–78

 2. Bongso A, Fong CY, Ng SC, Ratnam S: Isolation and culture of inner cell 
mass cells from human blastocysts. Hum Reprod, 1994; 9: 2110–17

 3. Thomson JA, Kalishman J, Golos TG et al: Isolation of a primate em-
bryonic stem cell line. Proc Natl Acad Sci USA, 1995; 92: 7844–48

 4. Thomson JA, Itskovitz-Eldor J, Shapiro SS et al: Embryonic stem cell 
lines derived from human blastocysts. Science, 1998; 282: 1145–47. 
Erratum in: Science, 1998; 282: 1827

 5. Martin MJ, Muotri A, Gage F, Varki A: Human embryonic stem cells 
express an immunogenic nonhuman sialic acid. Nat Med, 2005; 11: 
228–32

 6. Schauer R: Chemistry, metabolism, and biological functions of sialic ac-
ids. Adv Carbohydr Chem Biochem, 1982; 40: 131–34

 7. Higashi H, Naiki M, Matuo S, Okouchi K: Antigen of “serum sickness” 
type of heterophile antibodies in human sera: indentifi cation as ganglio-
sides with N-glycolylneuraminic acid. Biochem Biophys Res Commun, 
1977; 79: 388–95

 8. Richards M, Fong CY, Chan WK et al: Human feeders support pro-
longed undifferentiated growth of human inner cell masses and em-
bryonic stem cells. Nat Biotechnol, 2002; 20: 933–36

 9. Stojkovic P, Lako M, Stewart R et al: An autogeneic feeder cell system 
that effi ciently supports growth of undifferentiated human embryonic 
stem cells. Stem Cells, 2005; 23: 306–14

 10. Xu C, Inokuma MS, Denham J et al: Feeder-free growth of undifferen-
tiated human embryonic stem cells. Nat Biotechnol, 2001; 19: 971–74

 11. Klimanskaya I, Chung Y, Meisner L et al: Human embryonic stem cells 
derived without feeder cells. Lancet, 2005; 365: 1636–41

 12. Draper JS, Smith K, Gokhale P et al: Recurrent gain of chromosomes 
17q and 12 in cultured human embryonic stem cells. Nat Biotechnol, 
2004; 22: 53–54

 13. Buzzard JJ, Gough NM, Crook JM, Colman A: Karyotype of human ES 
cells during extended culture. Nat Biotechnol, 2004; 22: 381–82

 14. Maitra A, Arking DE, Shivapurkar N et al: Genomic alterations in cul-
tured human embryonic stem cells. Nat Genet, 2005; 37: 1099–103

 15. Menard C, Hagege AA, Agbulut O et al: Transplantation of cardiac-com-
mitted mouse embryonic stem cells to infarcted sheep myocardium: a 
preclinical study. Lancet, 2005; 366: 1005–12

Figure. 1.  Embryonic stem cells. Mouse ES cell colony on mouse 
fi broblasts. ES cells remain in an undiff erentiated 
stage upon rigorous culture conditions. ES cells are 
undiff erentiated cells that can generate all the cell types of 
the body. They have the ability to remain undiff erentiated 
and proliferate indefi nitely in vitro, thereby providing 
an unlimited source of cells for cellular therapy. They are 
derived from the inner cell mass (ICM) of blastocysts.

Med Sci Monit, 2006; 12(4): RA75-78 Taupin P – Embryonic stem cell therapy

RA77

RA



 16. Keirstead HS, Nistor G, Bernal G et al: Human embryonic stem cell-de-
rived oligodendrocyte progenitor cell transplants remyelinate and restore 
locomotion after spinal cord injury. J Neurosci, 2005; 25: 4694–705

 17. Rhind SM, Taylor JE, De Sousa PA et al: Human cloning: can it be made 
safe? Nat Rev Genet, 2003; 4: 855–64

 18. Campbell KH, McWhir J, Ritchie WA, Wilmut I: Sheep cloned by nu-
clear transfer from a cultured cell line. Nature, 1996; 380: 64–66

 19. Hwang WS, Roh SI, Lee BC et al: Patient-specifi c embryonic stem cells 
derived from human SCNT Blastocysts. Science, 2005; 308: 1777–83

 20. Gilbert DM: The future of human embryonic stem cell research: ad-
dressing ethical confl ict with responsible scientifi c research. Med Sci 
Monit, 2004; 10(5): RA99–103

 21. Chung Y, Klimanskaya I, Becker S et al: Embryonic and extraembryon-
ic stem cell lines derived from single mouse blastomeres. Nature, 2005 
[Epub ahead of print]

 22. Meissner A, Jaenisch R: Generation of nuclear transfer-derived pluripo-
tent ES cells from cloned Cdx2-defi cient blastocysts. Nature, 2005 [Epub 
ahead of print]

 23. Hurlbut WB: Altered nuclear transfer as a morally acceptable means for 
the procurement of human embryonic stem cells. Perspect Biol Med, 
2005; 48: 211–28

 24. Ruiz-Canela M: Embryonic stem cell research: the relevance of ethics 
in the progress of science. Med Sci Monit, 2002; 8(5): SR21–26

 25. Holden C: Stem cell research. Korean cloner admits lying about oocyte 
donations. Science, 2005; 310: 1402–403

 26. Melton DA, Daley GQ, Jennings CG: Altered nuclear transfer in stem-
cell research – a fl awed proposal. N Engl J Med, 2004; 351: 2791–92

 27. Hurlbut WB: Altered nuclear transfer. N Engl J Med, 2005; 352: 
1153–54

 28. Taupin P, Gage FH: Adult neurogenesis and neural stem cells of the 
central nervous system in mammals. J Neurosci Res, 2002; 69: 745–49

 29. Taupin P: Adult neurogenesis in the mammalian central nervous sys-
tem: functionality and potential clinical interest. Med Sci Monit, 2005; 
11(7): RA247–252

 30. Taupin P: Neurogenesis in the pathologies of the nervous system. Med 
Sci (Paris), 2005; 21: 711–14

 31. Taupin P: Consideration of adult neurogenesis from basic science to 
therapy. Med Sci Monit, 2005; 11(10): LE16–17

Review Article Med Sci Monit, 2006; 12(4): RA75-78

RA78



Index 
Copernicus 
integrates

www.IndexCopernicus.com

Index Copernicus
Global Scientific Information Systems  
for Scientists by Scientists

Index 
Copernicus 
integrates

IC Virtual Research Groups [VRG]

Web-based complete research 
environment which enables researchers 
to work on one project from distant 
locations. VRG provides: 

  customizable and individually  
self-tailored electronic research 
protocols and data capture tools, 

  statistical analysis and report 
creation tools, 

  profiled information on literature, 
publications, grants and patents 
related to the research project, 

  administration tools.

IC Scientists

Effective search tool for 
collaborators worldwide. 
Provides easy global 
networking for scientists.  
C.V.'s and dossiers on selected 
scientists available. Increase 
your professional visibility.

IC Patents

Provides information on patent 
registration process, patent offices 
and other legal issues. Provides 
links to companies that may want 
to license or purchase a patent.

IC Lab & Clinical Trial Register

Provides list of on-going laboratory 
or clinical trials, including  
research summaries and calls for  
co-investigators. 

IC Grant Awareness

Need grant assistance?  
Step-by-step information on 
how to apply for a grant. Provides 
a list of grant institutions and 
their requirements.

IC Journal Master List

Scientific literature database, 
including abstracts, full text, 
and journal ranking. 
Instructions for authors 
available from selected journals. 

IC Conferences

Effective search tool for 
worldwide medical conferences 
and local meetings.

Index 
Copernicus 
integrates

EVALUATION & BENCHMARKING

PROFILED INFORMATION

NETWORKING & COOPERATION

VIRTUAL RESEARCH GROUPS

GRANTS

PATENTS

CLINICAL TRIALS

JOBS

STRATEGIC & FINANCIAL DECISIONS

EVALUATION & BENCHMARKING

PROFILED INFORMATION

NETWORKING & COOPERATION

VIRTUAL RESEARCH GROUPS

GRANTS

PATENTS

CLINICAL TRIALS

JOBS

STRATEGIC & FINANCIAL DECISIONS


