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Jetten explores the role of Glis proteins in development and disease
By Kristin Lichti-Kaiser

Anton Jetten, Ph.D., head of the NIEHS Laboratory of Respiratory Biology, discussed his research on Glisimilar (Glis) proteins, with the potential of these proteins as novel therapeutic targets in a regenerative
approach to treating disease. Jetten spoke March 4 at North Carolina State University.
In his talk, "GLIS Transcription Factors: Mechanism of Action and Roles in Development and Disease,"
Jetten discussed his lab's work on the identification and characterization of Glis proteins, their
physiological function, and their role in the development of diabetes and kidney disease.
Jetten began by reviewing the discovery of Glis proteins by his group. He explained how this threemember family of Kruppel-like transcription factors regulates gene transcription. Kruppel-like
transcription factors are a set of DNA-binding proteins that regulate gene expression.

GLIS proteins, gene-environment interaction, and human disease
Mutations in GLIS1, GLIS2, and GLIS3 - genes that govern the production of Glis proteins - are
associated with a broad spectrum of human diseases. Mutations in GLIS1 have been associated with
coronary artery disease and Parkinson's disease, and mutations in GLIS2 have been associated
with nephronophthisis, a genetic disorder of the kidney. Mutations that inactivate GLIS3
contribute to a multisystem disorder characterized by diabetes, hypothyroidism, and cystic
kidney disease.
Certain DNA sequence variations, called single nucleotide polymorphisms (SNPs), in GLIS3 are
associated with increased risk for diabetes. Jetten found that several of these are present at a
high frequency in a group of North Carolina patients. "Genetic factors, like SNPs in GLIS3,
together with environmental factors, such as obesity, high-fat diet, or environmental exposures
to chemicals, may promote the development of glucose intolerance and the risk for diabetes," he
said.

Physiological functions of Glis proteins
To study the physiological function of Glis proteins, Jetten and his group developed several
mouse models, where the genes for the proteins were inactivated, or knocked out. While the
GLIS1 knockout mice displayed no overt phenotype, or obvious clinical features, GLIS2 and
GLIS3 knockout mice provided excellent models for studying the role of the proteins in diabetes
and kidney disease.
GLIS3 knockout mice died prematurely, due primarily to the development of neonatal diabetes
and showed a dramatic loss of insulin-producing beta cells, which are critical for maintaining
normal blood glucose levels.
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"To understand the role of GLIS3 in different diseases, we have to know what the target genes are
in different tissues," said Jetten. He then provided evidence that GLIS3 directly regulates
neurogenin 3 and insulin gene expression, factors that are critical in the development of beta cells and the maintenance of their
function.

Therapeutic potential in regenerative medicine
A current experimental approach for the treatment of diabetes involves stem cell replacement therapy. Given the physiological
role of GLIS3 in beta cell development, Jetten is interested in how the role of GLIS3 in the differentiation of stem cells into
insulin-producing beta cells could be used therapeutically. As researchers learn more about the function of GLIS3, Jetten hopes
that this protein will become a valid therapeutic target for the treatment of diabetes. "It's likely that upstream signals regulate
GLIS3 activity, and one of our major goals at the moment is to understand what those upstream signals are," he said.
In contrast to current state-of-the art insulin replacement therapies, Jetten looks forward to the development of a way to
address the long-term complications of diabetes. "If we know what these signals are, we may have a tool to increase GLIS3
activity and enhance insulin production, and this could be a strategy to be used in the future for therapy."

(Kristin Lichti-Kaiser, Ph.D., is an Intramural Research Training Award (IRTA) fellow in the NIEHS Cell Biology Group.)
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