Techniques for Obtaining Stem Cells: Article 4
How do Skin Cells become induced Pluripotent Stem Cells (iPS)?
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In November 2007, teams of scientists from Japan and Wisconsin showed that fibroblast skin cells could be reprogrammed to behave like human embryonic stem cells, producing induced pluripotent stem cells, or iPS. Pluripotent cells are able to develop into any of the hundreds of cell types in the human body, such as muscle, nerves, cartilage, blood or bone. Four ‘master regulator’ genes were inserted into the DNA of skin cells using a retrovirus. These regulator genes acted like a reset button, returning the cell to a ‘blank’ state. This reprogramming allowed the former skin cell to behave like an embryonic (pluripotent) stem cell, and give rise to different types of tissue. Though promising, this new technique is not yet ready to be used to treat diseases in humans. In addition to the need for further study on regulation and development, using retroviruses to make iPS cells is problematic. The genes inserted by viruses are spliced into the DNA at random places and cause the iPS cells to be more likely than embryonic stem cells to grow tumors.

Some see using skin cells to produce iPS cells as less ethically objectionable than deriving them from blastulas, since no embryos are destroyed in the process. Most scientists believe that it will be necessary to continue studying embryonic stem cells through traditional means, as they serve as the “gold standard” and as a basis for evaluation and comparison. Earlier studies on embryonic stem cells also identified the genes chosen to reprogram the skin cells.
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Skin Cells fix Sickle Cell Anemia in Mice
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Using a new technique to turn skin cells into stem cells, scientists have corrected sickle cell anemia in mice. The advance provides “proof of principle” that stem cells made without embryos can treat disease, at least in lab animals, says Rudolf Jaenisch, the biologist who led the work at the Whitehead Institute for Biomedical Research in Cambridge, Mass. Jaenisch and his team caution, however, that the technique is not yet suitable for use in humans because it may cause tumors.

Still, Jaenisch says that embryofree stem cells now “have the same potential for therapy as embryonic stem cells, without the ethical and practical issues.” Embryonic stem cells are difficult to obtain, and some people oppose such research because it destroys discarded embryos.

The Whitehead researchers obtained mice engineered to carry a defective version of the human hemoglobin gene. That flaw distorts red blood cells into the characteristic sickle shape. To fix the flaw, the researchers induced skin cells plucked from the tails of the mice to become iPS [induced pluripotent stem] cells, and corrected the genetic defect.

Next, the Whitehead team prodded the corrected cells into becoming blood stem cells, which can produce red and white blood cells. The team used a recipe originally developed for embryonic stem cells and found that it also made iPS cells grow into blood stem cells.

“We wanted to compare the embryonic stem cells versus the iPS cells,” says Whitehead researcher Jacob Hanna. “They behaved similarly.”

Finally, the researchers performed a procedure akin to a bone marrow transplant. They transfused a million of the corrected blood stem cells into each of three mice whose bone marrow—which harbored the mice’s original defective blood stem cells—had been obliterated by radiation. The corrected blood stem cells soon began producing healthy red blood cells. Because the same animal was both donor and recipient, the infused cells were not rejected, as commonly occurs in human bone marrow transplants. After this treatment, the formerly lethargic mice made swift recoveries. “The improvement was profound,” says Hanna. “There was a clear sign of reduction of destruction of red blood cells, which is actually the main problem in sickle cell anemia.”

Mark Walters, a bone marrow transplant specialist at Children’s Hospital and Research Center in Oakland, Calif., says the procedure surmounts the biggest obstacle in performing such transplants in children—finding a genetically matched donor. Worldwide, only 300 to 400 children with sickle cell anemia have received bone marrow transplants because matched siblings are rare. “But the results are outstanding, with a cure rate between 85 and 90 percent,” Walters says.

Before the procedure can advance to human trials, though, researchers must find a more benign way to make iPS cells, because the viruses currently used can trigger cancer. “We’d have to have some information that these are not preleukemic or premalignant cells, that they’re safe in the long term,” says Walters.
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