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Induced Pluripotent Stem Cells (iPSCs) are cells derived from non-pluripotent cells, such as
adult somatic cells, that have been genetically manipulated so as to return to an
undifferentiated, pluripotent state. Research on iPSCs, initiated by Shinya Yamanaka [5] in
2006 and extended by James Thompson in 2007, has so far revealed the same properties as
embryonic stem cells [6] (ESCs), making their discovery potentially very beneficial for scientists
and ethicists alike. By avoiding the destruction of embryos and the complicated technique and
resource requirements of ESCs, iPSCs may prove more practical and attractive than ESC
research in the study of pluripotent stem cells [7].
Yamanaka and his team were able to revert the differentiated cells to a pluripotent stage by
using a retrovirus [8] to insert specific genes [9] known to be active in ESCs into the cells?
genome [10]. Originally performed with mouse [11] cells by Yamanaka and his team at Japan?s
Kyoto University [12], both Yamanaka?s group and James Thompson?s research team at
University of Wisconsin, Madison, extended the technique to human somatic cells in
November of 2007. A variety of genes [9] and gene families have been identified as key
components of a successful induction [13] to the pluripotent state: Oct-3/4, the Sox family, the
Klf family, the Myc family, Nanog, and LIN28. Additional genes [9] that are expressed in ESCs
include GDF3, REX1, FGF4, ESG1, DPPA2, DPPA4, and hTERT.
Unlike ESCs, iPSCs do not require embryos or even eggs from female donors ? a feature that
has made them very appealing to scientists wishing to do work on pluripotent stem cells [7],
which has heretofore been restricted in the United States and elsewhere due to ethical
concerns and legal limitations. Though early work with iPSCs failed to produce living mice
from embryos containing iPSCs, several research teams in the US and Japan achieved
success after injecting iPSCs into developing embryos. The insertion of iPSCs into mice also
originally caused high rates of cancerous tumors, but removal of the c-Myc genes [9] from the
retrovirus [8] apparently eliminates the unusually high risk of cancer, according to further 2008
research by Yamanaka and his team.
Despite the genetic alteration involved in producing iPSCs, in most other aspects they are as
yet indistinguishable from ESCs. In fact, the skills and resources required to produce iPSCs
are significantly less labor-intensive and costly than those required for ESCs, in that most
scientists with experience in genetic reprogramming [14] can produce iPSCs. Neither iPSCs nor
ESCs have yet been used in clinical treatments, though many researchers believe that
undifferentiated cells hold even more potential for therapeutic applications than do adult stem
cells [15], which are already used in a variety of therapies.
Immediately hailed by the media as the next step toward personalized medicine [16] and the
answer to the ESC research controversy, many researchers, ethicists, writers, and anti-ESC
research groups have called for an end to or reduction [17] in ESC research and funding.
Scientists in the field, including some of the teams working with iPSCs, caution that it is still

too soon to assume that iPSCs can replace ESCs in clinical potential and that ESC research
will continue to be important in increasing science?s understanding of developmental biology.
In addition, some scholars caution that iPSCs may eventually be altered to reach the
totipotent state, which could nullify their ethical simplicity and place them on equal footing with
embryos.
Though iPSCs show a great deal of potential for stem cell therapies and clinical applications,
scientists are still in the fledgling research stages for this technology. If they surpass ESCs in
practicality and success rates without totipotent capabilities, however, iPSCs may lay much of
the ethical controversy surrounding ESC research to rest.
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