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How Fat and Obesity Cause Diabetes

Newly diagnosed Type 2 diabetics tend to have one thing in common: obesity.
Exactly how diet and obesity trigger diabetes has long been the subject of intense
scientific research. A new study led by Jamey D. Marth, director of the Center for
Nanomedicine, a collaboration between UC Santa Barbara and Sanford-Burnham
Medical Research Institute (Sanford-Burnham), has revealed a pathway that links
high-fat diets to a sequence of molecular events responsible for the onset and
severity of diabetes. These findings were published online August 14 in the journal
Nature Medicine.

In studies spanning mice and humans, Marth's team discovered a pathway to
disease that is activated in pancreatic beta cells, and then leads to metabolic
defects in other organs and tissues, including the liver, muscle and adipose (fat).
Together, this adds up to diabetes.

"We were initially surprised to learn how much the pancreatic beta cell contributes
to the onset and severity of diabetes," said Marth. "The observation that beta cell
malfunction significantly contributes to multiple disease signs, including insulin
resistance, was unexpected. We noted, however, that studies from other
laboratories published over the past few decades had alluded to this possibility."

In healthy people, pancreatic beta cells monitor the bloodstream for glucose using
glucose transporters anchored in their cellular membranes. When blood glucose is
high, such as after a meal, beta cells take in this additional glucose and respond by
secreting insulin in a timed and measured response. In turn, insulin stimulates other
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cells in the body to take up glucose, a nutrient they need to produce energy.

In this newly discovered pathway, high levels of fat were found to interfere with two
key transcription factors –– proteins that switch genes on and off. These
transcription factors, FOXA2 and HNF1A, are normally required for the production of
an enzyme called GnT-4a glycosyltransferase that modifies proteins with a particular
glycan (polysaccharide or sugar) structure. Proper retention of glucose transporters
in the cell membrane depends on this modification, but when FOXA2 and HNF1A
aren't working properly, GnT-4a's function is greatly diminished. So when the
researchers fed otherwise normal mice a high-fat diet, they found that the animals'
beta cells could not sense and respond to blood glucose. Preservation of GnT-4a
function was able to block the onset of diabetes, even in obese animals. Diminished
glucose sensing by beta cells was shown to be an important determinant of disease
onset and severity.

"Now that we know more fully how states of over-nutrition can lead to Type 2
diabetes, we can see more clearly how to intervene," Marth said. He and his
colleagues are now considering various methods to augment beta cell GnT-4a
enzyme activity in humans, as a means to prevent and possibly cure Type 2
diabetes.

"The identification of the molecular players in this pathway to diabetes suggests new
therapeutic targets and approaches towards developing an effective preventative or
perhaps curative treatment," Marth continued. "This may be accomplished by beta
cell gene therapy or by drugs that interfere with this pathway in order to maintain
normal beta cell function."

In the United States, more than 24 million children and adults –– nearly eight percent
of the population –– have diabetes. In adults, Type 2 diabetes accounts for about 90
to 95 percent of all diagnosed cases of diabetes. This study was primarily funded by
the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), part
of the National Institutes of Health (NIH). Co-authors of this study include Kazuaki
Ohtsubo at Sanford-Burnham and Mark Z. Chen and Jerrold M. Olefsky from the
University of California, San Diego.

About Sanford-Burnham Medical Research Institute

Sanford-Burnham Medical Research Institute is dedicated to discovering the
fundamental molecular causes of disease and devising the innovative therapies of



tomorrow. Sanford-Burnham, with operations in California and Florida, is one of the
fastest-growing research institutes in the country. The Institute ranks among the top
independent research institutions nationally for NIH grant funding and among the
top organizations worldwide for its research impact. From 1999-2009, Sanford-
Burnham ranked #1 worldwide among all types of organizations in the fields of
biology and biochemistry for the impact of its research publications, defined by
citations per publication, according to the Institute for Scientific Information.
According to government statistics, Sanford-Burnham ranks #2 nationally among all
organizations in capital efficiency of generating patents, defined by the number of
patents issued per grant dollars awarded.

Sanford-Burnham utilizes a unique, collaborative approach to medical research and
has established major research programs in cancer, neurodegeneration, diabetes,
and infectious, inflammatory, and childhood diseases. The Institute is especially
known for its world-class capabilities in stem cell research and drug discovery
technologies. Sanford-Burnham is a nonprofit public benefit corporation. For more
information, please visit www.sanfordburnham.org.

About the Center for Nanomedicine

The Center for Nanomedicine (CNM) is a collaborative partnership that leverages
and synergizes the expertise of two world-renowned institutions, Sanford-Burnham
Medical Research Institute (Sanford-Burnham) and the University of California, Santa
Barbara (UCSB). This model of collaboration brings together Sanford-Burnham's
biomedical research capabilities and UCSB's biomedical engineering. The
partnership creates fertile ground for developing the next generation of effective
disease diagnostics and therapeutics.

 

About UC Santa Barbara

The University of California, Santa Barbara is a leading research institution that also
provides a comprehensive liberal arts learning experience. Our academic community
of faculty, students, and staff is characterized by a culture of interdisciplinary
collaboration that is responsive to the needs of our multicultural and global society.
All of this takes place within a living and learning environment like no other, as we
draw inspiration from the beauty and resources of our extraordinary location at the
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edge of the Pacific Ocean.


