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Conclusions

Future explorations of the molecular mechanisms of different
reprogramming processes should shed light on two fundamental
questions in mammalian development: how is pluripotency
established and how are cell fate decisions made? It remains to be
shown if transcription factor-induced reprogramming progresses
through the intermediate stages that are normally found during
differentiation. A better understanding of transcription factor-
induced cell fate changes should improve the development, and the
efficiency, of ES cell differentiation approaches, as well as attempts
to convert one cell type directly into another. Indeed, recent work on
the transcription factor-induced reprogramming of pancreatic acinar
cells into insulin-producing [3 cells has been a promising conceptual
advance in this direction (Zhou et al., 2008). Solving the question of
whether any cell type can be directly derived from skin cells or if
transition through the pluripotent ground state is a requirement for
a switch across germ layers or cell lineages will surely stimulate
future research.

Reprogramming with transcription factors offers tremendous
promise for the future development of patient-specific pluripotent
cells and for studies of human diseases. The identification of
optimized protocols for the differentiation of iPS cells and ES cells
into multiple functional cell types in vitro and their proper
engraftment in vivo will be challenges in the coming years.
Moreover, the risk of oncogenic events caused by the use of potent
oncogenes and by the random integration of delivery vectors into the
genome is a major roadblock that needs to be overcome before
translating iPS cell technology into the clinic. Given that the first
small-molecule approaches aimed at activating pluripotency genes
have already been devised (Huangfu et al., 2008a; Huangfu et al.,
2008b; Marson et al., 2008; Shi et al., 2008a; Shi et al., 2008b) and
that murine iPS cells have recently been derived by using non-
integrative transient expression strategies of the reprogramming
factors (Okita et al., 2008; Stadtfeld et al., 2008c), we expect that
human iPS cells without permanent genetic alterations will soon be
generated.
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