
 

Diabetes in your DNA? Scientists zero in on
the genetic signature of risk
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A depiction of the double helical structure of DNA. Its four coding units (A, T,
C, G) are color-coded in pink, orange, purple and yellow. Credit: NHGRI
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Why do some people get Type 2 diabetes, while others who live the
same lifestyle never do?

For decades, scientists have tried to solve this mystery - and have found
more than 80 tiny DNA differences that seem to raise the risk of the
disease in some people, or protect others from the damagingly high
levels of blood sugar that are its hallmark.

But no one "Type 2 diabetes signature" has emerged from this search.

Now, a team of scientists has reported a discovery that might explain
how multiple genetic flaws can lead to the same disease.

They've identified something that some of those diabetes-linked genetic
defects have in common: they seem to change the way certain cells in the
pancreas "read" their genes.

The discovery could eventually help lead to more personalized
treatments for diabetes. But for now, it's the first demonstration that
many Type 2 diabetes-linked DNA changes have to do with the same
DNA-reading molecule. Called Regulatory Factor X, or RFX, it's a
master regulator for a number of genes.

The team reporting the findings in a new paper in the Proceedings of the
National Academy of Sciences comes from the University of Michigan,
National Institutes of Health, Jackson Laboratory for Genomic
Medicine, University of North Carolina, and the University of Southern
California.

They report that many diabetes-linked DNA changes affect the ability of
RFX to bind to specific locations in the genomes of pancreas cell
clusters called islets. And that in turn changes the cells' ability to carry
out important functions.
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Islets contain the cells that make hormones, including insulin and
glucagon, which keep blood sugar balanced in healthy people. In people
with diabetes, that regulation goes awry - leading to a range of health
problems that can develop over many years.

"We have found that many of the subtle DNA spelling differences that
increase risk of Type 2 diabetes appear to disrupt a common regulatory
grammar in islet cells," says Stephen C.J. Parker, Ph.D., an assistant
professor of computational medicine and bioinformatics, and of human
genetics, at the U-M Medical School. "RFX is probably unable to read
the misspelled words, and this disruption of regulatory grammar plays a
significant role in the genetic risk of Type 2 diabetes."

Parker is one of four co-senior authors on the paper, which also includes
Michael Boehnke, Ph.D., of the U-M School of Public Health's
Department of Biostatistics, Francis Collins, M.D., Ph.D., director of the
National Institutes of Health, and Michael L. Stitzel, Ph.D. of the
Jackson Laboratory.

Prior to their current faculty positions Parker and Stitzel worked in
Collins' lab at the National Human Genome Research Institute. Parker's
graduate student, Arushi Varshney, is one of the paper's co-first authors
with Laura Scott, Ph.D., and Ryan Welch, Ph.D., of the U-M School of
Public Health's Department of Biostatistics and Michael Erdos, Ph.D., of
the National Human Genome Research Institute.

They performed an extensive examination of DNA from islet samples
isolated from 112 people. They characterized differences not just in
DNA sequences, but also in the way DNA was packaged and modified
by epigenetic factors, and the levels of gene expression products that
indicated how often the genes had been read and transcribed.

This allowed them to track the "footprints" that RFX and other
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transcription factors leave on packaged DNA after they have done their
job.

RFX and other factors don't bind directly to the part of a gene that
encodes a protein that does a cellular job. Rather, they bind to a stretch
of DNA near the gene - a runway of sorts.

But when genetic changes linked to Type 2 diabetes are present, that
runway gets disrupted, and RFX can't bind as it should.

Each DNA change might alter this binding in a different way, leading to
a slightly different effect on Type 2 diabetes risk or blood sugar
regulation. But the common factor for many of these changes was its
effect on the area where RFX is predicted to bind, in the cells of
pancreatic islets.

So, says Parker, this shows how the genome - the actual sequence of
DNA—can influence the epigenome, or the factors that influence gene
expression.

The researchers note that a deadly form of diabetes seen in a handful of
babies born each year may be related to RFX mutations. That condition,
called Mitchell-Riley syndrome, involves neonatal diabetes and
malformed pancreas, and is known to be caused by a rare autosomal
recessive mutation of one form of RFX.

  More information: Genetic regulatory signatures underlying islet gene
expression and type 2 diabetes, PNAS, 
www.pnas.org/cgi/doi/10.1073/pnas.1621192114
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