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Abstract
Although most stem cell therapy has been non-controversial, 
therapy based on pluripotent stem cells has raised both ethical 
and safety concerns. Despite these concerns, the use of cells 
derived from pluripotent stem cells has recently been approved 
for clinical trials. We suggest that recent advances in the field 
have provided avenues to develop pluripotent cells that raise far 
fewer ethical concerns. Moreover, advances in cell sorting, gene 
modification and screening have allowed the development of 
safer therapeutic approaches. Continued advances in this 
rapidly evolving field are likely to allow therapy to be delivered in 
a safe and effective manner without socially divisive ethical 
controversy in the not-so-distant future.

The current state of stem cell therapies
Cell therapy of some sort has been available for many 
years, most notably hematopoietic cell therapies, which 
use adult bone marrow stem cells to treat the donor 
themselves or a related person. Commercial products, such 
as Carticell, Epicell and limbal stem cells, are used 
worldwide for tendon repair and esthetic surgery. More 
recently, allogenic transplants and xenotransplants of skin, 
pancreatic islets, cord blood or mesenchymal stem cells 
have been used, and trials involving embryonic stem cell 
(ESC)-derived [1] and fetal-derived neural stem cells [2] 
have been approved.

Three different modalities of cell therapy have emerged 
that take into account the differing regulations governing 
processed and unprocessed cells [3]. First is a personalized 
medicine point-of-contact model, in which cells are 
harvested from the same (or a related) individual, undergo 
minimal processing and are delivered immediately to the 
recipient. Second is a model akin to what is used for cord 
blood, which involves an indeterminate period of storage 
with minimal processing. And third is a drug-delivery 
model, in which the manufactured product (cells in this 
case) is approved under a Biologic License Application 
(BLA). Under any model, the ethical and safety issues 

raised by potential pluripotent stem cell therapies are 
significant hurdles that must be overcome if the medical 
promise of this field of research is to be realized.

Ethical concerns
Most cell therapy has not provoked much controversy, but 
an exception is ESC therapy, about which important moral 
and ethical issues have been raised (reviewed in [4]). These 
concerns include donor and consent issues associated with 
obtaining eggs and the issue of destruction of embryonic 
human life [5]. Countries around the world have enacted 
guidelines defining what is permissible for pluripotent stem 
cell research. These regulations range from an outright ban 
on such work to narrowly defined permissions [6]. All these 
guidelines reflect decisions about when during embryonic 
development human life begins as well as measures to 
protect egg donors and to reduce the likelihood of embryo 
destruction.

Scientists working within these guidelines, in concert 
with ethicists, have proposed several alternative sources 
of stem cells that would be morally acceptable [4]. These 
include single cells from a blastocyst, dead embryos, non-
embryo sources of stem cells created using altered nuclear 
transfer [7], parthenogenetic stem cells and germ-cell-
derived stem cells. Initially, many of these alternatives 
were greeted with skepticism, but research has proven 
each of these approaches to be possible. Thus, such 
alternative sources of stem cells offer a path to ethically 
acceptable therapeutic interventions using pluripotent 
cells. The recent change in US Federal policy regarding 
funding of stem cell research [8] has reduced, but not 
eliminated, funding restrictions (for example, the Dickey-
Wicker amendment prohibiting the use of Federal funds 
for embryo-destructive research remains in place). 
However, the recently released National Institutes of 
Health guidelines for stem cell research [9] have raised 
concerns about the eligibility of existing stem cell lines for 
Federal funding [10]. Nonetheless, the change in US 
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policy will undoubtedly increase funding for stem cell 
research and thereby benefit stem cell researchers.

Yamanaka and colleagues took a different approach, by 
trying to reprogram adult cells to a pluripotent state [11]. 
They reasoned that pluripotency was maintained by ESC-
specific factors and that a combination of such factors 
might be sufficient to reprogram adult cells. In a careful 
series of experiments they showed that, when co-expressed, 
as few as three factors could successfully reprogram an 
adult cell to become pluripotent. This work was first done 
in mice [12] and was rapidly replicated in human cells by a 
large number of laboratories [13-15]. Such induced 
pluripotent stem cells (iPSCs) have properties very similar 
to blastocyst-derived stem cells, including similar develop-
mental capabilities, patterns of gene expression and epi-
genetic states [16]. Induced pluripotency offers a relatively 
efficient and reproducible way of generating pluripotent 
cells that does not raise any of the moral and ethical 
concerns associated with obtaining human eggs or with 
destruction of human embryos.

Is pluripotent stem cell therapy safe and can 
it be made safer?
Experiments have shown that undifferentiated pluripotent 
cells, irrespective of their origin, cannot be safely trans-
planted into patients; for example, as few as two 
un differentiated embryonic stem cells transplanted to a 
mouse produce tumors [17]. In mature tissue, pluripotent 
cells do not receive appropriate differentiation signals, and 
they continue to proliferate, forming benign tumors 
(teratomas) that can transform into malignant terato-
carcinomas. Thus, a critical component of ensuring the 
safety of pluripotent stem cell therapy is developing 
effective methods for differentiating cells and for depleting 
any undifferentiated cells from the transplant pool.

Three different approaches that require minimal manipu-
lation have been proposed. The simplest has been to use a 
depletion strategy based on the identification of ESC-
specific markers [18,19]. A parallel approach that has been 
developed by several commercial providers focuses on 
positive rather than negative selection, using cell-type-
specific markers [20,21]. An alternative strategy has been 
to develop a toxin specific to pluripotent stem cells. Yap 
and colleagues [22] identified an antibody to podocalyxin 
that seems to induce rapid death of pluripotent but not 
differentiated cells. Zeng and colleagues have shown that 
several small molecule drugs exist that have a similar effect 
(X Zeng, personal communication).

A second safety concern with pluripotent cell therapy is 
that transplanted cells will induce an immune response, 
leading to failure of the therapy. Although long-term 
immune suppression is available, it produces significant 
medical complications. Initial optimism that ES-like cells 

would be immune privileged has not been borne out, and 
these cells are in fact rejected by the immune system like 
other transplants. Therefore, with the exception of patient-
specific iPSCs, the risk of an immune response remains a 
concern. Several strategies to address immune rejection 
have been proposed [23]. Perhaps the simplest is to main-
tain a bank of cells, akin to a blood bank. It should be 
possible to develop lines from individuals that are homo-
zygous for key alleles in the HLA domains so that fewer cell 
lines would be required. Others have put forward the 
possibility of engineering cells to develop immunologically 
null lines. A third proposed solution has been to use 
nuclear transfer to create patient-specific lines, but this 
approach has proven technically difficult and it raises 
several significant practical and ethical issues, including 
the difficulty of obtaining human eggs in sufficiently large 
numbers and the concerns over producing cloned human 
embryos for use in research and therapy [24].

Finally, in the case of iPSC lines, there were initial concerns 
about the use of retroviral- or lentiviral-based random 
integration of multiple copies of several genes into the 
cells’ genome. Minimizing this risk has been the subject of 
intense effort in the past year or so, and recently some 
novel solutions have been demonstrated [25]. Several 
groups have shown that small molecules, episomal vectors 
or proteins and zero footprint technology can be used to 
induce pluripotency without the possible risks associated 
with viral-based integration [16].

Conclusions
Personalized medicine using stem cells is now a practical 
possibility because of the convergence of two distinct fields: 
genomic research, which has developed techniques to 
analyze cells on a genome-wide scale using a very small 
sample size (even single cells), and direct reprogramming, 
which has allowed researchers to obtain cells of virtually any 
phenotype from any human genotype. The unprecedented 
ability to rapidly compare, screen and analyze single cells (or 
pure populations of cells) at any stage of development will 
radically change our research methodologies and lead to 
novel discoveries and therapies.

Therapies based on tissue-specific stem cells are currently 
benefiting patients with a wide range of medical conditions, 
and there is considerable hope that the future holds even 
greater promise. The use of pluripotent stem cells for 
medical therapies is still in its infancy, and developing such 
therapies has been hampered by the practical and ethical 
issues associated with egg donation and embryo-destruc-
tive research. However, recent research has validated 
multiple alternative sources of pluripotent stem cells that 
are ethically uncompromised. Rapid development of adult 
cell reprogramming has made this approach much safer for 
patients and brought the hope of pluripotent stem cell 
therapeutics much closer to a practical reality.



70.3

http://genomemedicine.com/content/1/7/70 Rao and Condic: Genome Medicine 2009, 1:70

Competing interests
MR is an employee of Life Technologies, which funds a 
stem cell research group and manufactures stem-cell 
related products.

Authors’ contributions
MR and MLC conceived and designed the article, provided 
financial support, wrote the manuscript and approved the 
final version. MLC also provided administrative support.

Acknowledgements
MR gratefully acknowledges the contributions of the 
Packard foundation, CIRM and ALSA. This work was 
supported by a grant NIH-R01 NS048382 to MLC.

References
1. Alper J: Geron gets green light for human trial of ES cell-

derived product. Nat Biotechnol 2009, 27:213-214.
2. Morizane A, Li JY, Brundin P: From bench to bed: the poten-

tial of stem cells for the treatment of Parkinson’s disease. 
Cell Tissue Res 2008, 331:323-336.

3. Ahrlund-Richter L, De Luca M, Marshak DR, Munsie M, Veiga 
A, Rao M: Isolation and production of cells suitable for 
human therapy: challenges ahead. Cell Stem Cell 2009, 4:
20-26.

4. Rao M, Condic ML: Alternative sources of pluripotent stem 
cells: scientific solutions to an ethical dilemma. Stem Cells 
Dev 2008, 17:1-10.

5. Hyun I, Lindvall O, Ahrlund-Richter L, Cattaneo E, Cavazzana-
Calvo M, Cossu G, De Luca M, Fox IJ, Gerstle C, Goldstein 
RA, Hermerén G, High KA, Kim HO, Lee HP, Levy-Lahad E, Li 
L, Lo B, Marshak DR, McNab A, Munsie M, Nakauchi H, Rao 
M, Rooke HM, Valles CS, Srivastava A, Sugarman J, Taylor PL, 
Veiga A, Wong AL, Zoloth L, Daley GQ: New ISSCR guide-
lines underscore major principles for responsible transla-
tional stem cell research. Cell Stem Cell 2008, 3:607-609.

6. International Consortium of Stem Cell Networks: Global 
Regulation of Human Embryonic Stem Cell Research and 
Oocyte Donation [http://www.stemcellcentre.edu.au/PDF/
Global_Regulation_HESC_Research_Oocyte_Donation.pdf]

7. Condic M: Alternative sources of pluripotent stem cells: 
altered nuclear transfer. Cell Proliferation 2008, 41(Suppl 1):
7-19.

8. Holden C: Obama executive order. For Congress and NIH, 
headaches ahead on stem cells. Science 2009, 323:1552-
1553.

9. National Institutes of Health guidelines for stem cell 
research [http://stemcells.nih.gov/policy/2009guidelines.htm]

10. Holden C, Kaiser J: Biomedical policy. Draft stem cell guide-
lines please many, disappoint some. Science 2009, 324:446.

11. Wilmut I: The first direct reprogramming of adult human 
fibroblasts. Cell Stem Cell 2007, 1:593-594.

12. Takahashi K, Yamanaka S: Induction of pluripotent stem 
cells from mouse embryonic and adult fibroblast cultures 
by defined factors. Cell 2006, 126:663-676.

13. Park IH, Zhao R, West JA, Yabuuchi A, Huo H, Ince TA, Lerou 
PH, Lensch MW, Daley GQ: Reprogramming of human 
somatic cells to pluripotency with defined factors. Nature 
2008, 451:141-146.

14. Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, 
Tomoda K, Yamanaka S: Induction of pluripotent stem cells 
from adult human fibroblasts by defined factors. Cell 2007, 
131:861-872.

15. Yu J, Vodyanik MA, Smuga-Otto K, Antosiewicz-Bourget J, 
Frane JL, Tian S, Nie J, Jonsdottir GA, Ruotti V, Stewart R, 
Slukvin II, Thomson JA: Induced pluripotent stem cell lines 
derived from human somatic cells. Science 2007, 318:1917-
1920.

16. Yamanaka S: A fresh look at iPS cells. Cell 2009, 137:13-17.
17. Lawrenz B, Schiller H, Willbold E, Ruediger M, Muhs A, Esser 

S: Highly sensitive biosafety model for stem-cell-derived 
grafts. Cytotherapy 2004, 6:212-222.

18.. Pruszak J, Sonntag KC, Aung MH, Sanchez-Pernaute R, 
Isacson O: Markers and methods for cell sorting of human 
embryonic stem cell-derived neural cell populations. Stem 
Cells 2007, 25:2257-2268.

19. Nagano K, Yoshida Y, Isobe T: Cell surface biomarkers of 
embryonic stem cells. Proteomics 2008, 8:4025-4035.

20. Peh GS, Lang RJ, Pera MF, Hawes SM: CD133 expression 
by neural progenitors derived from human embryonic 
stem cells and its use for their prospective isolation. Stem 
Cells Dev 2009, 18:269-282.

21. Chung S, Shin BS, Hedlund E, Pruszak J, Ferree A, Kang UJ, 
Isacson O, Kim KS: Genetic selection of sox1GFP-express-
ing neural precursors removes residual tumorigenic 
pluripotent stem cells and attenuates tumor formation 
after transplantation. J Neurochem 2006, 97:1467-1480.

22. Choo AB, Tan HL, Ang SN, Fong WJ, Chin A, Lo J, Zheng L, 
Hentze H, Philp RJ, Oh SK, Yap M: Selection against undif-
ferentiated human embryonic stem cells by a cytotoxic 
antibody recognizing podocalyxin-like protein-1. Stem 
Cells 2008, 26:1454-1463.

23. St John JC, Alderson J: Stem-cell banking: the size of the 
task. Lancet 2005, 366:1991-1992.

24. Condic ML, Rao M: Regulatory issues for personalized 
pluripotent cells. Stem Cells 2008, 26:2753-2758.

25. Yamanaka S: Strategies and new developments in the gen-
eration of patient-specific pluripotent stem cells. Cell Stem 
Cell 2007, 1:39-49.

Published: 14 July 2009
doi:10.1186/gm70
© 2009 BioMed Central Ltd


	Abstract
	The current state of stem cell therapies
	Ethical concerns
	Is pluripotent stem cell therapy safe and can it be made safer?
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	References

