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Subtle cues can dictate the fate of stem cells

December 4 2017

Inhibition of GSK3 is critical for maintaining embryonic stem cell (ESC)
identity (left panel, ESCs are differentiating without inhibition of GSK3; right
panel, nice self-renewing ESCs when GSK3 is inhibited). Credit: Xi Chen/Ying
Lab/USC

If you've seen one GSK3 molecule, do not assume that you have seen
them all. A new study in Developmental Cell reveals important
differences in two similar forms of GSK3, which, in excess, 1s
implicated in diabetes, cancer, Alzheimer's disease and ALS.

In the study, first author Xi Chen—a PhD student in the USC Stem Cell
laboratory of Qi-Long Ying—describes how the two similar
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forms—known as GSK3-beta and GSK3-alpha—can produce very
different reactions in embryonic stem cells. Inhibiting GSK3-beta can
promote stem cell self-renewal, while inhibiting GSK3-alpha can trigger
differentiation into neural cells.

"The key message is that selective inhibition of GSK3-alpha and
GSK3-beta has very distinct effects on embryonic stem cell fates," said
Ying, professor of stem cell biology and regenerative medicine at USC.
"This is likely also true for other cell types."

In order to selectively inhibit these two very similar forms of GSK3, the
Ying Lab called upon the expertise of colleagues in the Department of
Chemistry at the USC Dornsife College of Letters, Arts and Sciences.

"This 1s an elegant study resulting from collaborative efforts between
two labs of complementary expertise. We employed an innovative
chemical approach to tackle a biological problem that would be difficult
to study using conventional methods," said Chao Zhang, assistant
professor of chemistry.

These findings carry implications for developing drugs that target
overactive GSK3 in certain patients with diabetes, cancer, Alzheimer's
disease and ALS. A drug that targets GSK3 in general could have
unintended side effects. However, no drug can target one form of GSK3
without the other, because of their highly similar
structures—highlighting the need for more refined approaches to
treatment.

Inhibiting only GSK3-beta could also provide a useful tool for producing
stem cells that are not merely "pluripotent” but able to contribute to the
formation of embryos. These so-called naive pluripotent stem cells can
become any cell type in the body. Currently, scientists have derived
naive pluripotent stem cells from mice and rats, but they have not yet
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succeeded in obtaining naive pluripotent stem cells from other species,
including humans. Pluripotent human stem cells are the basic building
blocks for regenerating any tissue or organ in the body.
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