
Clinical prospects for human induced pluripotent 

stem cells

Th e fi rst reports of the generation of human induced 

pluripotent stem cells (hiPSCs) from fi broblasts [1,2] 

were greeted with great enthusiasm over their ability to 

mimic the properties and function of embryonic stem 

cells without entailing the ethical controversies and 

resourcing issues associated with the use of human 

blastocysts in derivation. In the several years since those 

fi rst reports, new advances in the derivation of hiPSCs 

from various tissue sources (including those from human 

patients) and using diverse reprogramming techniques, 

and in their use as a pluripotent cell source in the induced 

diff erentiation of a wide array of somatic cell types, have 

appeared with almost startling rapidity. At least one 

biotech company (iPierian) has been founded to exploit 

the commercial potential of these reprogramming tech-

nologies, and the Japanese government has established 

an entire research institute dedicated to fundamental and 

applied iPSC research (Center for iPS Cell Research and 

Application, Kyoto University). Clearly, the early expecta-

tions surrounding iPSCs have been extraordinary.

A number of recent articles, however, have reported 

that hiPSCs are, in fact, notably distinct from human 

embryonic stem cells in terms of their gene expression, 

epigenetic profi le, proliferative capacity and the suscep-

tibility of their diff erentiated progeny to cellular senes-

cence and apoptosis [3-6]. Additionally, the head of a 

prominent human embryonic stem cells fi rm (Geron) has 

publicly questioned the viability of commercialized 

therapeutic applications of autologous hiPSCs due to the 

regulatory requirements imposed by the US Food and 

Drug Administration [7]. Th e important question now is 

whether these barriers are high enough to preclude the 

translation of fundamental hiPSC discoveries into cellular 

therapies.

As for any innovation with potential medical applica-

tions, hiPSCs must satisfy a great number of criteria prior 

to their introduction into clinical practice. First and 

foremost come issues of safety and effi  cacy. Th e earliest 

methods for the induction of iPSCs relied on the use of 

viral vectors, which are encumbered by risks of inser-

tional mutagenesis and transgene reactivation. Numerous 

alternative methods for inducing pluripotency without 

the use of gene insertion have been reported, and 

although their effi  ciency remains problematic, if the 

current rate of progress in methodology continues, these 

should make it possible to bypass some of the primary 

safety concerns. But others will still remain, such as the 

long-term karyotypic stability, appropriate in situ

localiza tion, and potential for wayward diff erentiation of 

somatic cells derived from hiPSCs. Several excellent 

overviews of the scientifi c challenges confronting cell 

therapy have described these issues in detail [8-11].

Of course, safety alone does not guarantee effi  cacy. 

Despite promising results from animal studies, the 

viability of the cell transplantation paradigm in human 

has been demonstrated in only a few contexts, mainly 

involving the use of hematopoietic stem cell transplants, 
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autologous skin and cartilage grafts, or the autologous 

recellularization of decellularized or engineered tissue. 

For hiPSCs, or any stem cells used as a source of human 

somatic cells, to be therapeutically eff ective in trans-

plantation it needs to be shown that their progeny will 

function normally in the intended site for signifi cant 

periods of time, which will require extensive testing fi rst 

in animals, and then in appropriately designed (ideally in 

randomized, double-masked, multi-site) clinical trials.

Such trials are inevitably costly, and the traditional 

strategy for drug development suggests one means of 

undertaking these development expenses is for well-

funded companies to lead the way, motivated by the 

potential return on investment to be gained from a 

successful proprietary therapy. However, with few 

exceptions, the stem cell and regenerative medicine 

industry has remained inadequately capitalized to carry 

out large-scale clinical trials independently, and major 

pharmaceutical fi rms have tended to show more interest 

in the use of hiPSCs as a source of large, pure populations 

of specifi c somatic cells for use in drug compound 

screening and toxicology tests, than they have in 

therapeutic uses of stem cells and their derivatives.

Th is reluctance is due in part to the great many 

unanswered questions over the viability of cell therapy 

business models. At the production stage, issues of end-

product standardization and purity, scalability, and 

timeliness have yet to be worked out. Similarly, delivery 

systems for ensuring integration of hiPSC-derived 

cellular populations must be developed and tested. Even 

beyond these technical issues lie a host of purely business 

concerns, including intellectual property, cost-eff ective-

ness, and regulatory aff airs. Interested readers are 

directed to comprehensive reviews of cell medicine 

business models [12,13].

Despite these many hurdles and the newness of the 

technology, there are already some glimmers of hope for 

clinical applications of hiPSCs. Diseases of the retina may 

off er an early test bed for hiPSC-derived cells, in the form 

of retinal pigmented epithelium, given the relative 

isolation of the tissue, and the small number of cells 

required [14]. A second intriguing possibility would be 

the use of hiPSCs to produce functional cells for use in 

extra-corporeal applications, such as mature hepatocytes 

for use in bio-artifi cial livers. If such early applications 

prove successful, it may help to allay concerns over safety 

and increase public and regulatory acceptance of the 

clinical use of hiPSCs, enabling them to establish a solid 

footing before attempts are made at treating more 

complex and deeply rooted disorders.

At the same time, it will be important for cell therapy 

pioneers to investigate alternative routes for funding 

their work, so as to ensure the standards of safety and 

effi  cacy expected of small molecules are also met by 

cellular applications. In countries with socialized 

healthcare, governments have a strong interest in 

obtaining access to low-cost and eff ective long-term 

remedies, and may prove willing to invest in research and 

development if the economics of the cell therapy strategy 

are shown to be attractive. Japan has taken some steps in 

this direction, both in establishing the fi rst centre 

dedicated entirely to hiPSC research, with an emphasis 

on application, and by publishing a draft of what looks to 

be the world’s fi rst governmental regulations specifi cally 

focused on hiPSC-derived cell safety and quality [15].

As can be seen, a great many issues must be resolved 

before hiPSCs can be responsibly introduced to the 

clinic. But it is important to stress that such hurdles have 

confronted other fl edgling technologies that subsequently 

revolutionized medicine as well. None of the diffi  culties 

confronting hiPSCs appears to be inherently 

insurmountable, and given the revolutionary advances 

that successful applications of reprogramming and cell 

transplantation might one day bring, it would seem that, 

for now, the sustained investment of suffi  cient eff ort, 

capital and time remain imperative.

Abbreviations

hiPSC, human induced pluripotent stem cell.

Competing interests

The author declares that he has no competing interests.

Published: 12 April 2010

References

1. Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda K, Yamanaka S: 

Induction of pluripotent stem cells from adult human fi broblasts by 
defi ned factors. Cell 2007, 131:861-872.

2. 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.

3. Chin MH, Mason MJ, Xie W, Volinia S, Singer M, Peterson C, Ambartsumyan G, 

Aimiuwu O, Richter L, Zhang J, Khvorostov I, Ott V, Grunstein M, Lavon N, 

Benvenisty N, Croce CM, Clark AT, Baxter T, Pyle AD, Teitell MA, Pelegrini M, 

Plath K, Lowry WE: Induced pluripotent stem cells and embryonic stem 
cells are distinguished by gene expression signatures. Cell Stem Cell 2009, 

5:111-123.

4. Pick M, Stelzer Y, Bar-Nur O, Mayshar Y, Eden A, Benvenisty N: Clone- and 
gene-specifi c aberrations of parental imprinting in human induced 
pluripotent stem cells. Stem Cells, 2009 27:2686-2690.

5. Doi A, Park IH, Wen B, Murakami P, Aryee MJ, Irizarry R, Herb B, Ladd-Acosta C, 

Rho J, Loewer S, Miller J, Schlaeger T, Daley GQ, Feinberg AP: Diff erential 
methylation of tissue- and cancer-specifi c CpG island shores distinguishes 
human induced pluripotent stem cells, embryonic stem cells and 
fi broblasts. Nat Genet 2009, 41:1350-1353.

6. Feng Q, Lu SJ, Klimanskaya I, Gomes I, Kim D, Chung Y, Honig GR, Kim KS, 

Lanza R: Hemangioblastic derivatives from human induced pluripotent 
stem cells exhibit limited expansion and early senescence. Stem Cells 2010 

[Epub ahead of print].

7. Henderson M: Medical potential of IPS stem cells exaggerated says world 
authority. TimesOnline 2010 [http://www.timesonline.co.uk/tol/news/

science/medicine/article7029447.ece]

8. Daley GQ, Scadden DT: Prospects for stem cell-based therapy. Cell 2008, 

132:544-548.

9. Kiskinis E, Eggan K: Progress toward the clinical application of patient-
specifi c pluripotent stem cells. J Clin Invest 2010, 120:51-59.

Sipp Stem Cell Research & Therapy 2010, 1:9 
http://stemcellres.com/content/1/1/9

Page 2 of 3



10. Saha K, Jaenisch R: Technical challenges in using human induced 
pluripotent stem cells to model disease. Cell Stem Cell 2009, 5:584-595.

11. Kiuru M, Boyer JL, O’Connor TP, Crystal RG: Genetic control of wayward 
pluripotent stem cells and their progeny after transplantation. Cell Stem 

Cell 2009, 4:289-300.

12. Parson A: The long journey from stem cells to medical product. Cell 2006, 

25:9-11.

13. Mason C, Dunnill P: The strong fi nancial case for regenerative medicine 
and the regen industry. Regen Med 2008, 3:351-363.

14. Jin ZB, Okamoto S, Mandai M, Takahashi M: Induced pluripotent stem cells 
for retinal degenerative diseases: a new perspective on the challenges. 
J Genet 2009, 88:417-424.

15. Hayakawa T, Umezawa A, Yamanaka S, Ozawa K, Yamato M, Sawa Y, 

Yamaguchi T, Matsuyama A, Sato Y, Nakauchi H: Hito kansaibou wo mochi ita 
saibou / soshiki kougaku iyakuhin no hinshitsu kanri oyobi anzensei kakuho 
ni kan suru kenkyuu [Research into quality control and safety of cell and 
tissue engineering medical products using stem cells]. Saisei Iryou 2010, 

9:116-138.

doi:10.1186/scrt9
Cite this article as: Sipp D: Challenges in the clinical application of induced 
pluripotent stem cells. Stem Cell Research & Therapy 2010, 1:9.

Sipp Stem Cell Research & Therapy 2010, 1:9 
http://stemcellres.com/content/1/1/9

Page 3 of 3


	Abstract
	Clinical prospects for human induced pluripotent stem cells
	Abbreviations
	Competing interests
	References

