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Message from the American Diabetes Association
Research Policy Committee Chair
Timothy J. Lyons, MD

As I complete my term as the Research Policy Committee Chair, I want to leave
you encouraged that the American Diabetes Association retains the goal of
supporting, first and foremost, promising diabetes investigators at the beginning
of their careers. Priority is also placed on applications from established, highly
productive investigators who lack the funds to currently maintain their labs and
research of interest.

While enjoying your issue of Forefront, keep in mind that the profiled investigators are dedicated, innovative
thinkers who continue the march toward the cure we all so desire, despite the difficulties in funding. The
“Hot Topics” feature provides insights on sleep, or the lack of sleep, and its contributions to increased risks
of obesity, pre-diabetes and type 2 diabetes. The “Research Updates” provides the latest Association research
in the news, noteworthy advances by our funded investigators, as well as recent announcements about the
Association’s funded researchers.

In keeping with our mission to prevent and cure diabetes, the American Diabetes Association funded
$42.5 million in diabetes research in 2008. However, no one is immune from the economic decline that
has affected our country and we too have made difficult decisions in order to continue to accomplish our
mission. With an expected decline in total revenue to the organization, the American Diabetes Research
Program budget is inevitably affected and the Research grant budget will be reduced in 2009 by an amount
totaling $3 to $7.5 million.

All efforts will be and are being made to minimize the effects on the Research Program, but cuts must be
made to all current and newly funded projects. These measures will maintain the number of new grants
funded as closely as possible to the numbers funded in recent years, however, the amount of the awards are,
of necessity, smaller. And once the economy is prosperous again and the Association’s revenues recover, the
Research Program is slated as the first area to be replenished.

In these difficult times, we must all pull together to maximize efficiencies, and to assist the American Diabetes
Association Research Foundation in its fundraising efforts. We cannot afford to neglect diabetes research,
or to lose the next generation of diabetes investigators. We will continue to move forward in our efforts to
prevent and cure diabetes.

Sincerely,
Timothy J. Lyons, MD

Professor and Chief of Endocrinology
University of Oklahoma Health Sciences Center
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Exploring a Newly Discovered Autoantigen in Type 1 Diabetes

Occupation: Director of Research Division, the
Barbara Davis Center for Childhood Diabetes,
Professor of Pediatrics, University of Colorado Health
Sciences Center, Aurora, Colorado

Professional Focus: Transplantation

to pursue diabetes research. Having been

introduced to the complications of the
disease from the Australian ophthalmologist
Fred Hollows, I became inspired by the work
that he was doing around the world with
indigenous populations afflicted by diabetes.

I n the early 1970s, I made a commitment

As a biochemist, 1 initially dedicated myself
to understanding the link between the
metabolic changes associated with diabetes
and its complications, but later moved on to
investigate the mechanism by which the beta
cells secrete insulin. I was also interested

in why the beta cell is so susceptible to
destruction by the immune system.

About the time I entered research, we learned
that type 1 diabetes is a result of an attack
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of the immune system on insulin-producing
beta cells in the pancreas. However, it

has taken more than three decades to get

to the bottom of this mechanism and to
begin to understand this process in terms
of the cells and the molecules involved. A
few years back, my laboratory decided that
we might be able to systematically identify
these so-called autoantigens using powerful
genetic techniques that can document all the
constituents of a cell. Additionally, we could
focus on how specific the autoantigens were

to the cell and how they change with disease.

This led our laboratory at the Barbara
Davis Center for Childhood Diabetes at the
University of Colorado in Denver Health
Sciences Center to discover the first new
autoantigen in a decade: Zinc transporter

Outside Interests: Skiing, fly-fishing, opera and

Research Funding: Mentor-Based Postdoctoral
Fellowship Award

“Autoimmunity towards Zinc transporter 8 (SLC30A8)
in human type 1 diabetes”

Amount Awarded: $180,000
Funded by Peter and Valerie Kompaniez,
Huntington Beach, California

8 (ZnT8), a protein that has the essential
function of adding the metal zinc to insulin,
allowing it to be stored in the cell. It is ironic
that a cellular component that makes the
beta cell so special is also its Achilles heel, so
to speak, and marks the beta cell as foreign
to the immune system. The flip side,
however, is that the uniqueness of ZnT8
makes it promising as a diagnostic and
therapeutic agent.

In our American Diabetes Association Mentor-
Based Postdoctoral Fellowship Award entitled,
“Autoimmunity towards Zinc transporter

8 (SLC3048) in human type 1 diabetes,”

we are defining to which parts of the ZnT8
molecule the autoantibodies bind and how
fragments of the molecule, called peptides,
can be used to reeducate or eliminate the



self-reactive white blood cells that kill the
islet. We are finding that measurement of the
autoantibodies in the blood provides a simple
assay that can tell us whether an otherwise
healthy person might be harboring early
stages of an immune disorder that will lead to
diabetes five to ten years hence.

This knowledge gives us a window of
opportunity to possibly intervene, using the
protein itself, something called “antigen
based therapy.” The treatment of the future
will likely include not only the antigen, but
ways to block inflammation and reprogram
the immune system in the direction of a more
protective (rather than aggressive) outlook
towards the beta cell. Such therapies could
take the form of injection of the protein
under the skin in vaccine-form, which may
stop or slow the progression of disease.

This type of therapy is something we can
achieve in laboratory mice; however, the
challenge is to learn how to accomplish it
in our two-legged compatriots. We stand

on the shoulders of others in pursuing this
goal, not only our scientific colleagues, but
also individuals such as Peter and Valerie
Kompaniez, who have entrusted us to use their
gift wisely; and to the Association’s Research
Foundation who support researchers and
clinicians at each step of their careers.

The Mentor-Based Postdoctoral Fellowship
that Peter and Valerie support has made it
possible for a young Belgian, Pierre Pirot,
PhD, to come to my laboratory for training
in the area of diabetes research and for me
to pass on my knowledge and expertise. The
Mentor-Based Fellowship program is unique
in the diabetes research world by helping
both mentor and fellow alike.

For myself, having the flexibility

of offering a position to someone

at a moment’s notice is a huge
advantage, as one never knows when
a colleague will recommend one of

We stand on
the shoulders
of others... the
Association’s Research
Foundation who support
researchers and
clinicians at each step
of their careers.

his or her students to you as an ideal trainee.
I met Dr. Pirot on an impromptu visit to a

friend and colleague’s laboratory in Belgium.
I was asked to talk to my colleague’s student,
Dr. Pirot, about what it would be like to leave
home and family and live in the United States.

0ddly enough, Dr. Pirot’s laboratory was
where I trained 30 years previously as

a postdoctoral fellow. In my
case, [ was accepted into this
position in response to a
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letter I had sent to the then-director, Willy
Malaisse. Dr. Malaisse had written to La

Paz, Bolivia, where I was living at the time. I
suspect that, for me, offering a job to Pierre
was significantly easier than it had been for
Dr. Malaisse to offer me a job. Regardless, it
is a huge next step in a young investigator’s
career, since what a fellow works on during
this critical phase is what he or she usually
focuses on for the rest of their scientific
career. For the American Diabetes Association,
the support of postdoctoral fellows is a
successful mechanism of capturing bright
young minds to work in the field of diabetes
for the long-run.

While I may be the recipient of the Mentor-
Based Postdoctoral Fellowship Award, the

fellow is the recipient of its educational value.

The quest of the laboratory is to identify the
right persons to provide day-to-day guidance
and to learn from the fellow to what they
aspire. A fellow’s rewards are not monetary,

(Pictured left to right)
Kimberly Fowler, PhD
John Hutton, PhD
Pierre Pirot, PhD




and the hours are long. The formal

agenda at UCHSC includes weekly lab
meetings allowing the fellow to present their
latest results to their colleagues. In addition,
the fellow attends seminars to help articulate
their ideas and hone their ability

to communicate.

A fellow is also immersed in the culture of the
laboratory. Fellows learn from one another,
collaborate, glean new ideas, formulate new
approaches, hammer out the experimental
details and find the flaws in their thinking.
Dr. Pirot has at this point in his career about
six-to-eight years of structured, classroom
learning and a familiarity with the latest in
advanced technologies. The postdoctoral
fellowship is the real first chance for him

to test some of the ideas he has formulated
as a graduate student, now unencumbered
with the exams of his past and teaching and
administrative responsibilities of the future.
This is a time one looks back on as some of
most creative in their lives.

With the financial support of the Mentor
Award, the fellow may stay up to four years.

At times they are called back to their home
institutions or gain support from other
fellowship programs, thus allowing the funds
of the Mentor Award to be redistributed to
another fellow. Such flexibility in funding is
rare and much appreciated; the alternative is
to apply for funds from granting agencies for a
new fellow, a process that takes up to a year.

I am doubly fortunate in that the Association
has also awarded me with a Mentor-Based
Minority Postdoctoral Fellowship to support
Kimberly Fowler, PhD, and her study, entitled

For the American
Diabetes Association,
the support of post-
doctoral fellows is a
successful mechanism
of capturing bright
young minds to work
in the field of diabetes
for the long-run.

“Active tolerosomes, a novel therapy for
type 1 diabetes.” Dr. Fowler works with my
colleague, Dr. Howard Davidson, on immune-
based therapies for diabetes. It is an exciting
time for us all, because we are all striving for
the same goal, borrowing from each other’s
discoveries and using previous projects as
stepping blocks. It is truly a team effort.

From personal experience, I appreciate the
importance of a mentor, whether formal or
informal. T had the good fortune to travel

as a PhD student with Fred Hollows on
impromptu weekend trips in Australia to treat
eye diseases in an aboriginal community.

He taught me that there was more to diabetes
than understanding glucose metabolism and
ketoacidosis from biochemistry text books.

I learned that it was terrible disease, especially
when treated inadequately. Dr. Hollows taught
me by example that an individual can make a
difference, especially when surrounded by a
team of enthusiastic and dedicated colleagues.

As Research Director of a prominent diabetes
research institution with an established career,
I realize the importance of keeping that spirit
alive. However, I worry about the current
generation of investigators and what their
future will be. Research has always been a
labor of love, and young investigators like

Dr. Pirot will not give up easily, always
working hard to find funding. There may be

a point in the near future, however, when
young investigators will decide to put aside
their expertise, dedication and the hours spent
and think about leading a “normal life.”

Dr. Pirot is already worried about where

he can go and what he can expect when his
fellowship is completed.

When there is an economic downturn, NIH-
sponsored research begins to decline, like
now. Our economy has hit that “brick wall,”
which means that higher education and health
spending are the first to start disappearing.
Promising scientific minds have begun to turn
away from having a research career, because
there is very little funding to support it.

So, it is up to outside benefactors, like the
readers of Forefront, to help foster the careers
of investigators, especially the young ones. The
next generation of scientists depends on it. It
will take time to heal promising investigators’
wounds, so that they will know that they may
still have a promising biomedical research
career and enjoy what life has to offer. That is
why we must start supporting these individuals
today. Education and progress are the bricks
and mortar of our culture. And supporting
diabetes research provides a crucial step
forward toward the cure. W



Investigating the CD40 molecule on type 1

diabetes causing T cells
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Kathryn Haskins, PhD, and Rocky Baker, Pharm.D.

Autoimmunity is characterized by an immune response against
a person’s own body cells or tissues, which are mistaken as
foreign invaders. The mechanisms of autoimmunity have been
the focus of type 1 diabetes researchers for years, but definitive
answers relevant to the specific mechanisms involved still
elude us. Identification of early mechanisms could potentially
lead to better methods for diagnosis and perhaps preventative
therapies. Researchers continue to uncover new information
about autoimmunity in the hopes that type 1 diabetes can be
prevented or eliminated. Kathryn Haskins, PhD, is one such
Association-funded researcher who is using her research
efforts to move forward in accomplishing this task.

With her Mentor-Based Postdoctoral Fellowship Award,

Dr. Haskins is using non-obese diabetic (NOD) mice to

better understand the immunological mechanisms by which
autoreactive T cells, the cells causing damage to insulin-
producing beta cells as part of an inflammatory process,
contribute to the development of type 1 diabetes. Conducting
research at the University of Colorado Health Sciences Center,
Dr. Haskins and her Postdoctoral Fellow, Rocky Baker,
Pharm.D., are working on their project entitled, “lmmunobiology

of type 1 diabetes”. Their work could increase understanding
of how T cells responsible for inducing type 1 diabetes
participate in the pathogenicity of the disease and how their
action may be inhibited.

Dr. Haskins has been working in the biomedical field for more
than 15 years. Her experience with type 1 diabetes has made
it easier for her to collaborate with both clinicians and other
basic researchers to identify the shortcomings of diagnostic
tests and adjust the strategy for which they are used. On her
support from the Association she states, “This research award
will help me to attain my goals to be able to interface between
the clinical world and the research world.”

Drs. Haskins and Baker use clones of autoreactive T cells
made from NOD mice that induce type 1 diabetes when
transferred to young mice. In particular, they are looking at a

T cell signaling molecule called CD40, which appears to be
highly expressed on T cells in autoimmune animals and may

be a marker for causing diabetes. Considerable progress has
been made during the past three years of the study, and Dr.
Haskins credits her postdoctoral fellow, Dr. Baker. Results have
shown that the expression of CD40 on autoreactive T cells is
increased and promotes their pro-inflammatory activity.

The finer details of this complicated autoimmune response
continue to be unraveled. Of particular importance is to
determine whether suppression of CD40 on autoreactive T cells
can stop their ability to cause diabetes. Drs. Haskins and Baker
are now collaborating with Dr. Peter Gottlieb at the Barbara
Davis Center to obtain human T cells from new onset and
advanced type 1 diabetes patients to examine whether CD40
acts in a similar manner in humans compared to NOD mice.

Dr. Haskins states, “It is still not widely appreciated that CD40
is a signaling molecule on T cells; its purpose and possible
relevance to autoimmune disease make this topic highly
pertinent to type 1 diabetes.” M



Understanding Leptin and Diabetes Development

Ithough I primarily study the
A mechanisms of type 2 diabetes,

the bottom line for both forms of
diabetes—type 1 and type 2—is that we
need more information on how beta cells

grow and regenerate. As scientists and for the

sake of all individuals who have diabetes, my
laboratory’s goal is to know how beta cells
live, how they die, how we can make them

function better and make them more efficient.

In 2004, my group at the Joslin Diabetes
Center received our first grant from the
American Diabetes Association, which focused
on lipid metabolism. In this groundbreaking
study, we came to more fully understand the
pathogenesis of type 1 and type 2 diabetes.

Medical School

obesity
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The success of this first Association-funded
award led to a notable collaborative paper that
was published in the journal Cell Metabolism.
This paper presented data that indicated a
significant role of intra-islet insulin signaling in
the regulation of alpha and beta cell function
in normal and hypoglycemic conditions.

This published paper, “Insulin signaling in
beta cells modulates glucagon secretion in
vivo,” was one of the reasons I was funded
again by the Association’s Research Foundation
and received my current Research Award
(started in 2007), which is allowing me to
build on the research we already established.

My current Association-funded Award entitled

Occupation: Principle Investigator, Joslin Diabetes
Center, Assistant Professor of Medicine, Harvard

Professional Focus: Islet cell growth, regeneration
of beta cell stem cells, linking type 2 diabetes and

Outside Interests: Squash, skiing, astronomy
and crosswords

Research Funding: Research Award
“Leptin modulation of lipid metabolism and
apoptosis of islets”

Amount Awarded: $300,000

Funded by Stan and Cathy Bernstein,
Boston, Massachusetts

“Leptin modulation of lipid metabolism
and apoptosis in islets” has focused on

leptin (a hormone that regulates appetite

and metabolism) action in the islets and how
it plays a role in the development of type 2
diabetes and obesity-associated diabetes. These
studies also have implications for beta cell
growth that is relevant for type 1 diabetes.

Previous studies, including my own, suggest
that leptin acts in peripheral tissues, including
insulin-secreting beta cells. So, in order

to address our theory that leptin action is
involved in the development of type 2 diabetes,
we have been using cutting-edge genetic
engineering methods to create a new type of
mouse model. This model specifically lacks



Because of this
work, we will have
additional, important
insights into
understanding how
beta cells grow
and regenerate.

leptin receptors in the pancreas and is very
different from a2 more common type of mouse
model that lacks leptin receptors in all tissues
in the mouse.

Therefore, we are dissecting the pathways
and proteins in this unique model, which has
been exposed to a high fat diet. We have been

Because of this work, we will have additional,
important insights into understanding how
beta cells grow and regenerate. This will

be useful in generating new therapies to
improve the growth and survival of beta cells
in order to maintain better glucose control,
and therefore improving the quality of life for
people with diabetes.

Understanding these pathways will allow for a
more comprehensive view of the mechanisms
that regulate beta cell regeneration and
apoptosis (programmed cell death),

potentially uncovering new therapeutic targets.

Additionally, our study will provide a view of
how beta cells fail to grow and function in the
context of obesity.

I have a personal, vested interest in improving
the lives of people with diabetes, because I

have several family members who have type 1
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or type 2 diabetes. I have watched them fight
to maintain their blood glucose in the normal
range at their respective ages. Watching them
fight as both children and adults makes me
work harder through each scientific challenge,
as we all move closer to finding a cure.

More broadly, however, I am motivated to help
find a cure to a disease that affects millions
worldwide. The future of diabetes is exciting,
because more major changes lay ahead for

us. Just in the last decade, there have been
some major, positive milestones for people
with diabetes. It is now easier for people with
diabetes to check their blood glucose and have
better control of it.

Meanwhile, in the research lab we have made
positive progress in the form of new animal
models. We can better understand the role of
growth factors and the regulation of growth

identifying what happens to these animals’ lipid
metabolism and islet function. We hope, at the
closure of this study, that we will be able to
provide insights into the pathways that link type
2 diabetes development in obese individuals.
At that point, we may find therapeutic
approaches to treat this difficult disease.

Obesity is 2 major health problem affecting
the United States and its inhabitants. Nearly
one in three children born in this century will
likely have type 2 diabetes if it is not cured or
prevented in the next few years.

Although almost all of us have recognized this
as a problem, the mechanisms that promote
type 2 diabetes and obesity are still not
completely understood. Our laboratory, like

many labs before us, has observed that obese
humans exhibit high levels of insulin and
leptin, which is an adipose-derived hormone.




and regeneration of beta cells thanks to
genetically engineered animal models.
Our next step, naturally, is to develop
therapeutic targets to stimulate the
regeneration of beta cells.

At the conclusion of this project, we predict
that our research will allow us to compare
these animal proteins to human proteins,
which will hopefully show us a link to humans.
Our next phase would be to work with human
islets, and we expect to be requesting funds
from the American Diabetes Association
Research Foundation to help us in our

next venture.

That said, as each funding cycle goes by, the
Association becomes more critical to securing
the necessary funds to continue our work.
Because the federal government and other
nonprofit organizations have reduced their
funding, the Association’s Research Foundation
becomes that much more important to the
health of pending research projects, like mine.

Running a lab is expensive, particularly one
that involves many employees like mine at the
Joslin Center. We have anywhere from 10 to

14 people in the laboratory at a time with a
budget of about $1 million a year. That budget
includes employee compensation, scientific
equipment, animal models and much more.
In fact, about 15 percent of our budget is
directed towards mouse costs alone!

However, with the financial pressures weighing
on us, there are still reduced numbers

of grant awards available. So, we must

spend significantly more time writing grant
applications than we did before, since our
chances of receiving funding are lower due to
the decreased opportunities and the fact that
there are no guarantees.

Consequently, about 70 to 80 percent of my
time is spent writing grants, when I would
much rather (and so would our benefactors!)
be working in the laboratory. Although the
grant writing process is indeed an education in
itself for our fellows, who are encouraged to
write their own fellowship grant applications,
those of us who are at mid-career level feel we
should be focusing more on science.

That is why we are so very grateful for donors
who take the initiative and direct necessary
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funds to diabetes science. We are very
appreciative toward the American Diabetes
Association for their support, but in particular,
to Stan and Cathy Bernstein, who have chosen
to direct their generous gift to the Research
Foundation to our particular project.

Please know that we are putting every dollar of
your donation to good use.

Even though we will work hard for many
years to observe very small, but importantly,
incremental steps in our research, our lab
will eventually produce science that will reach
the public and change lives for the better.
These gifts encourage my lab to

take an important direction forward in
diabetes science.

In many ways, a grant from the Association is
more than just funds to do research; it gives
me time to focus more on the research itself.
This Research Foundation award allows us to
put into practice a highly productive, and what
we regard as potentially high-impact, scientific
project. This freedom permits us to think
outside of the box and move forward. M



Regulating beta cells with insulin and
understanding type 2 diabetes

The American Diabetes Association funds several
researchers investigating the causes of type 2 diabetes

at the Joslin Diabetes Center including Allison Goldfine,
MD. Her Career Development Award is entitled, “Insulin
regulation of beta cell function in humans in vivo.”

Dr. Goldfine states that her project, “aims to better our
understanding of normal physiology and mechanisms that
underlie defects in insulin secretion and action that are
central and important to this disease.”
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Allison Goldfine, MD

Type 2 diabetes is characterized by two things: insulin not
working well in the body (abnormal insulin action) and a
lack of production of insulin (abnormal insulin secretion).
Previous studies suggest that insulin may play a role in
regulating its own production; and insulin secretion and
action may together, within the beta cell, participate in the
development of type 2 diabetes.

Dr. Goldfine has hypothesized that the beta cell is an
insulin responsive tissue with dysfunctional signaling in
those with or at risk for type 2 diabetes, and that this may
be one mechanism responsible for a disruption in insulin
secretion. Research results show that exposing the beta
cells to insulin will increase glucose stimulated insulin
secretion. Additionally, the results indicate that insulin
signaling regulates enzymes that process insulin proteins
from their immature form into the final insulin hormone that

is secreted. In cultured cells, the investigation shows that
dysregulation of insulin processing leads to an accumulation
of proinsulin (the precursor of insulin) in beta cells and the
results could be the same in humans.

In light of this data, Dr. Goldfine is investigating whether
raising the levels of insulin in healthy persons will increase
the beta cells response to glucose in secreting insulin.
Furthermore, she is investigating whether the same is

true for those with insulin resistance or type 2 diabetes.

In healthy, insulin-sensitive people, Dr. Goldfine has
investigated the effects of pre-exposure to insulin, and these
results have demonstrated that pre-exposure to insulin can
augment the insulin secretion response to glucose.

Dr. Goldfine’s results also identified a potential problem

in current testing for beta cell function. With high levels of
insulin (usually exhibited in persons with obesity, insulin
resistance and type 2), there were increased rates of
C-peptide clearance from the body. C-peptide and insulin
are bound together in a one-to-one ratio before insulin

is processed into its final form and released. It is difficult

to measure beta cell function by measuring insulin levels
because insulin is secreted from the pancreas into the
blood where it flows directly to the liver. A large portion of
insulin acts on and is cleared by the liver before it reaches
the general circulation. Typically, measuring the amount of
C-peptide in the blood is used to estimate beta cell function
because unlike insulin, C-peptide is not cleared by the liver.
With insulin changing the rate of C-peptide clearance, there
could be an incorrect estimation of beta cell functioning
using this standard technique.

Dr. Goldfine’s results may lead to improved methods

in preventing beta cell failure and the development of
diabetes, or new treatments in those with the disease.
As she explains, “l am very grateful to the American
Diabetes Association for providing me the support
necessary to dedicate my time to perform clinical and
translational research in the field of diabetes. This award
will allow me to continue to devote a significant portion of
my time to problems that lie at the interface of research
and clinical care.” M



Identifying the Link between Diabetes and Bone Loss

he great news is that, due to the major

advances made in diabetes treatments

and care, people with type 1 diabetes
are now living longer, healthier lives compared
to even 10 to 20 years ago. However, with the
average age of these individuals increasing, it
is imperative that diabetes scientists establish
how to treat its long-term side-effects and
complications.

Osteopenia and osteoporosis are major
problems of and relating to type 1 diabetes,
in particular. However, in regards to diabetes,
these conditions have not received significant
scientific attention until the last decade or so,
when investigators finally examined a large
group of aged adults with type 1.
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Previously completed analyses on bone density
showed that 50 percent of individuals with
type 1 diabetes, both men and women ages
20-56, have lower bone density than people
who do not have diabetes. Twenty percent of
people with low bone density are considered
osteoporotic. This is especially worrisome,
because this osteoporotic population is
already entering older adulthood and
menopause with a major health disadvantage.

Low bone density (osteopenia) and brittle
bones (osteoporosis) are associated with
increased depression, dependency on others
and morbidity. In addition, fractures incurred
due to osteoporosis often take longer to heal
in type 1 individuals. This is a diabetic health
concern on which I have chosen to focus my

Occupation: Professor, Departments of Physiology
and Radiology, Michigan State University,
East Lansing, Michigan

Professional Focus: Bone health and density,
complications, adipocytes

Outside Interests: Running, hiking, swimming,
painting/drawing, growing plants, brain teaser

Research Funding: Basic Science Award
“Mechanisms of type 1 diabetes induced
osteoporosis—the role of marrow adiposity and wnts”

Amount Awarded: $300,000

attention to help others reach a long life free
of complications.

Our laboratory developed the idea to examine
type 1 diabetic bone loss with an emphasis
on studying wn! signaling pathways. The

wnt signaling pathway is essential in many
biological processes. Wat proteins regulate
cell-to-cell interactions and form a group

of signaling molecules which altogether

form a signaling pathway. Abnormal wni
signaling pathways have been implicated in
disease development which makes this an
exciting exploration. However, we needed the
necessary funding mechanism to pursue this
area of interest, which is a predominantly new
and underdeveloped area of diabetes study.

I received one of my first grants in 1999 to



study bone loss in diabetes. This exciting
grant was given to me by the American
Diabetes Association Research Foundation.
This was at a time when osteoporosis was not
yet considered a common complication.

The American Diabetes Association’s Research
Foundation is known for investing in new
directions and ideas, so we hoped our project
would be a natural fit with the organization.
Fortunately for us, it was, and we have since
had our work funded by the NIH and through
other subsequent ADA awards, like this one.

The Research Foundation has funded my
Basic Science Research Award, entitled,
“Mechanisms of type 1 diabetes induced
osteoporosis—the role of marrow adiposity
and wnts,” in which T work to identify certain
avenues that can provide an early detection
method for type 1 diabetes-induced bone loss.

One such avenue is marrow adiposity. Our
previous studies, and the studies of other
scientists, indicate that type 1 diabetic bone
loss is a result of a defect in bone formation,
which can be seen in the bones in type 1
diabetic mice, where there is a major
decrease in minerals (i.e. bone loss) and
increased fat content (adiposity).

The initial support from the Association was
an additional validation of my nearly life-long
interest in the sciences. Back in my hometown
of Chicago, I would stay

after class in elementary
school to help with the next
day’s science experiments.
During this time, I remember
everything about science was
fun. As an undergraduate,

I worked as a laboratory
assistant, which then escalated
into a graduate school career
in science.
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The ADA is known
for investing in new
directions and ideas,

so we hoped our

project would be a

natural fit with the

organization.

After graduate school, I made the conscious
decision to focus on research that would
help identify the causes of diseases and
their potential therapeutic targets. In short,
I wanted to help people. Although I always
aspired to work in the sciences, it was the
type of data my labs have accrued over the
years that led me into the arena of skeletal
health and osteoporosis. To this day,

I consider almost all of my experiences

in the lab as fun—still.

Skeletal health is an important but overlooked
area of research. Despite recent literature,
many lay individuals do not think about bone
loss as a possible complication of diabetes,
although more is known as of recently. I have,
unfortunately, witnessed in my own family
how problematic osteoporosis and the
subsequent, painful bone fractures can be.

It is essential that we all view skeletal health as
an integral part of our overall healthcare. It is
even more necessary to raise the awareness of
predisposed patient populations, like those
with type 1 diabetes.

My colleagues at Michigan State University
and I have determined thus far that Wnt10b, a
factor that suppresses bone fat and increases
bone mineral content, is lessened in type 1
diabetic mice. Our goal, through our Basic
Science Award, is to determine if increasing
Wnit10b levels in bone prevents osteoporosis
in type 1 diabetic mice.

In addition, our laboratory is investigating
why diabetes decreases Wnt10b from the
start, and if the same characteristics of high
bone fat that type 1 mice exemplify are similar
in type 1 humans. At the conclusion of this
investigation we hope to determine if marrow
adiposity may provide an early detection
method to identify people at risk for bone loss
in individuals with diabetes and to determine
if Wnt10b can act as a therapeutic target to
treat type 1 diabetes-induced osteoporosis.

Dr. McCabe with
Doctoral Student
Lindsay Marie Martin




The initial support
from the Association
was an additional
validation of my
nearly life-long interest
in the sciences.

So far, our research shows that uncontrolled
type 1 diabetes in mice is associated with
bone loss in both males and females, which is
consistent with other studies. All the bones in
the body were affected, including long bones
(i.e. legs) and vertebrae. This is a problem
because, as already seen in type 1 adults, it
increases the risk of bone fractures, especially
in those already considered osteoporotic. It
also increases the chance of more bone loss
in the future and the healing time of fractures.

As previously indicated, we have also found

in our studies an increase of bone marrow

fat with the onset of bone loss. Our lab can
identify the fat-to-mineral ratio by measuring
the number of adipocytes in each section of
bone and comparing those numbers with non-
diabetic mice models.

This concept is predominantly new to the

field of diabetes, but consistent with changes
in bone seen under other conditions similar
to diabetes. As we age, bone marrow fat
increases, which is significantly associated
with bone mass loss. The osteoblasts, i.e.
bone forming cells, are derived from the same
stem cell that creates adipocytes.

Why does this occur? One theory is that the
combination of aging with type 1 diabetes
may promote stem cells to create fat at the
expense of bone-forming cells. My lab is
focusing on the signaling pathway involved in
this cell lineage regulation. We hypothesize
that type 1 diabetes causes a decrease in
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a specific pathway that promotes bone
formation. A decrease in this pathway’s activity
leads to bone loss and increased marrow

fat in mouse models. Our lab wants to see
whether mice that are genetically altered

to increase wnt signaling in bone will have
better bone mass. Results from this study
will help identify potential targets for treating
bone loss in people with type 1 diabetes. We
are using imaging techniques to determine if
bone marrow fat is increased in people with
diabetes, as we see in our mice models.

It is very important for us to understand the
mechanisms of bone loss in each autoimmune
disease, such as type 1 diabetes, as the
therapies associated with the illness will likely
differ depending on the cause of bone loss.
Unlike basic aging, where the reason behind
bone loss is usually reabsorbtion, type 1 bone
loss is usually marked with a lack of bone
formation. In the meantime, of course, basic
precautions like receiving sufficient amounts
of calcium and getting an adequate amount
of exercise, beginning at an early age, are

the first steps in attaining and maintaining
healthy bones.

Ideally, clinicians and parents should work
with children—the younger the better—to

Dr. McCabe with
graduate student
Dan Issac

help them maintain and grow healthy bones.
Most of our bone mass, as humans, is
accumulated in those formative stages. It is
a lost opportunity not to take advantage of
that phase of quick-growth where we could
intervene with therapies, some of them very
simple if the problem is identified early
enough. This is especially true with children
who have type 1 diabetes, who are already at
a disadvantage.

Obtaining funds to support a laboratory
and its staff is extremely difficult and
expensive in itself. However, finding grant
support is necessary in order to continue
new directions in diabetes research. Now
that type 1 individuals are living longer
lives, we must take complications seriously.
The Association’s Research Foundation is
instrumental in advancing research for not
just a cure, but for identifying mechanisms
and therapeutic targets for treatments.

To those who help the American Diabetes
Association’s Research Foundation, thank
you. For me, my work in diabetes
complications is not just work, but a
rewarding life experience. M




Examining the adverse health effects of
gestational diabetes on the fetus

While Dr. McCabe
is studying
complications that
affect older people
with diabetes,

Dr. Andrew Norris,
MD, PhD, of

the University of
lowa in lowa City
is studying the
complications at
the other end of
the age spectrum.
His work examines
gestational diabetes
and its adverse
effects on the fetus
in animal models.

-
.
Andrew Norris, MD, PhD

Dr. Norris is currently conducting ground-breaking
research with his Basic Science Research Award
entitled, “Macronutrient contributions to fetal diabetic
programming”. Dr. Norris became involved in diabetes
research because of his role as a pediatric diabetologist,
caring for children with type 1 and type 2 diabetes, and
because of its effects on members of his own family.
However, the science itself is what drives the researcher.
On his career choice Dr. Norris comments, “My natural
scientific interests and strengths are centered on metabolic
biochemistry, thus making diabetes research an exciting
arena in which to apply my efforts.”

With the help of Association funding, Dr. Norris is
examining the poorly understood details of the adverse
risks to the fetus associated with gestational diabetes.
During maternal diabetes, the levels of energy fuels
(sugar or fat) in the blood are raised. This leaves the fetus
exposed to excessive glucose and/or fatty acids. It is
believed that this same exposure is responsible for the
possible adverse health effects the fetus can develop.

Dr. Norris is proposing to test which of these specific
energy fuels circulating in the blood contributes to fetal
health problems. During his first year of Association
funding, Dr. Norris and colleagues developed a novel
model using pregnant rats that will be used to examine
the effect of the energy fuels during gestation. This model
exposes one side (unilateral) of the rat uterus to increased
glucose, while the other side sees normal levels.

Using a Positron Emission Tomography (PET) scan, he
confirmed that in fact excess glucose was delivered to
the fetuses on one side of the uterus only. A PET scan
uses a compound to trace the uptake of glucose and
uses a computer to produce a three-dimensional picture
of the organ and the compound location. The PET scans
successfully demonstrated that the placenta and fetus
were ideal for the uptake of circulating maternal glucose.
In addition, there was a difference in the accumulation of
glucose between the multiple fetuses.

Through this new mouse model, Dr. Norris and his
colleagues have found a way to measure the competition
in glucose uptake between fetal and maternal tissues.
The stage has also been set to develop an experimental
model for the unilateral exposure of fatty acids in the
uterus. This technique will allow a better understanding
of how fetuses are exposed to the excess sugar and fats
during pregnancy. Dr. Norris” work has also revealed that
exposure to diabetes in utero programs the subsequent
development of vascular dysfunction, coupled with insulin
resistance later in the life of the offspring.

Dr. Norris summarizes, “Our anticipation is that the

results of these studies will help find approaches to

improve the health of newborns that are exposed to
gestational diabetes.” M

Dr. Norris is a 2009 Order of the Amaranth Award
recipient.
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Investigating Type 1 Diabetes in the Real and Virtual Worlds

s a clinician, I have been able to
A work with diabetes patients on a

personal level, especially through
clinical trials. At Yale University, I aim to bridge
the knowledge I glean from patients to the

research laboratory. In addition to my role as
an immunologist working with patients, I serve

as a principal investigator for two successful
collaborative research efforts: the American
Diabetes Association/Entelos Diabetes Research
Center (DRC) and TrialNet, one of the largest
and most successful ongoing diabetes clinical
trial groups to date.

A few years ago, in collaboration with Dr.
Jeffrey Bluestone, we showed that anti-CD3
monocolonal antibody (mAB) could reduce
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the loss of insulin production in the first
years of type 1 diabetes. In collaboration with
Dr. Matthias von Herrath, and in my own
laboratory, we began to look at the effects of
combinations of drugs with anti-CD3 mAB in
order to improve the efficacy and duration of
the effects of the drug.

More recently, we have worked with the Entelos
Type 1 Diabetes Physiolab® to expand these
studies. This iz silico platform, developed with
joint funding from Entelos and the American
Diabetes Association, created a “virtual”
non-obese diabetic (NOD) mouse. The NOD
mouse is the primary animal model used in
experimental labs to study type 1 diabetes. This
new cutting edge technology allows for virtual

Occupation: Professor of Immunobiology and
Medicine, Yale University School of Medicine, New
Haven, Connecticut

Professional Focus: Pathogenesis and treatment
of autoimmune disease

Outside Interests: Tennis, running, sailing

Research Funding: ADA-Entelos Diabetes
Research Center, Type 1 Diabetes TrialNet

Amount Awarded: $250,000 (Entelos)

experiments to be conducted in a computer
biosimulation environment.

The Type 1 Physiolab® was utilized to
determine if using an anti-CD3 combination
treatment would be effective in NOD mice.

The DRC’s in silico methodologies allowed

us to explore alternate dosing schemes and to
determine the possible mechanisms underlying
efficacy. This work resulted in us developing an
improved dosing schedule: once a day for five
consecutive days and increasing the number
of days until treatment is effective. And finally,
we have learned that the addition of an anti-
inflammatory/anti-oxidant to the combination
treatment enhances its efficacy.



The anti-CD3 discovery in mice was exciting,
and the use of the Entelos Physiolab® is
technologically advanced. However, to see
immune regulation by anti-CD3 mAB in people
with diabetes is what is truly gratifying. So, in
addition to my lab work, I am working on an
anti-CD3 prevention trial as a collaboration with
TrialNet as one of the participating physicians
and as director of the program here at Yale.

The Type 1 Diabetes TrialNet involves 2 major
consortium of diabetes experts who are
working to uncover ways to prevent, stall and
cure type 1 diabetes. TrialNet’s purpose is to
perform intervention studies for individuals

“at risk” for developing diabetes. We have
determined that this “risk” factor is dependent
on whether the person has autoantibodies or
other markers of diabetes. Other tests, like oral
and intravenous glucose tolerance examinations
are useful as well.

Through a series of worldwide clinical trials,
a group of 18 Clinical Centers throughout
Australia, Canada, Finland, Germany, Italy,
New Zealand, the United Kingdom, and the
United States are performing intervention
studies for TrialNet on individuals at risk for
type 1 diabetes and those who have new onset
type 1 diabetes.

TrialNet was initiated in response to Healthy
People 2010, the Surgeon’s General report
that was released in January 2000. The report
focused on 28 areas of the health of the U.S.,
with objectives focusing on eliminating health
disparities and increasing the quality and
length of our country’s lives. In this report,
statistics confirmed that diabetes was (and
still is) a major health concern, and therefore
should be considered one of the national
health objectives.

As a result of the Report, Congress instituted
the Diabetes Research Working Group (DRWG)
through the National Institute of Diabetes and

RESEARCH | Targeted

The Type 1 Diabetes TrialNet involves
a major consortium of diabetes experts who

are working to uncover ways to prevent,

stall and cure type 1 diabetes.

Digestive and Kidney Diseases (NIDDK). The
DRWG is comprised of scientific experts and
lay individuals—both internal and external
to the National Institutes of Health (NIH).
Other organizations that focus on diabetes,
like the American Diabetes Association, have
representatives on this panel also.

The goal of the DRWG was to develop various
plans for implementing a new phase of diabetes
research. One such plan was to conduct
additional research studies to prevent type 1
diabetes, specifically clinical trials. With the
support of four branches of the NIH and others,
TrialNet was formed in 2001 to fill this need.

In addition to the 18 Clinical Centers
participating in TrialNet, more than 150
medical centers and physicians’ offices are
engaged in this program as well. Study
participants at these venues are people newly
diagnosed with type 1 diabetes and relatives
of people with type 1 diabetes who are at
risk for diagnosis.

Although individual investigators and
researchers may determine their own study
interventions, each TrialNet study is committed
to a protocol that demonstrates exactly how
the study will take place. Every protocol is
reviewed and approved by an Institutional
Review Board before recruitment for

the clinical study may begin, such

that no person is subjected to

unnecessary risk.

Within TrialNet, researchers and clinicians

are performing two types of studies: Diabetes
Intervention Studies that test ways to stop the
progression of type 1 diabetes in those who
have been diagnosed with the disease and
Prevention Studies to prevent its occurrence
in those who are at risk for the disease. The
Natural History Study provides data regarding
risk factors associated with developing type 1
diabetes and identifies individuals who might
benefit from participation in prevention trials.

The Natural History Study has been screening
relatives, ages 1 through 45, of individuals
with type 1 diabetes. These people have a
higher risk of developing diabetes than the



..l am
appreciative of the
Association’s role

in the diabetes
research arena as
an ambassador
of all types of
diabetes.

general population. Screening these participants
includes a blood test, which will help clinicians
and researchers identify autoantibodies in the
body’s system that may appear well before

the initial onset of type 1 diabetes. In fact,
relatives of people with type 1 diabetes have a
three-to-four percent chance of having these
autoantibodies associated with diabetes in

their system.

With these studies, individuals who are very
likely to develop diabetes within the coming five
to seven years can be identified at a time when
they are able to produce insulin sufficiently

to maintain normal glucose levels. We are
planning to move ahead with a trial of anti-CD3
mAB in this group of patients with the goal of
testing whether it can delay or even prevent the
onset of type 1 diabetes.

The Diabetes Intervention Studies work
with people who have been diagnosed with
type 1 diabetes in the last three months.
Experimental groups receive new
investigative treatments and control groups
receive inactive, placebo treatments.
Comparing and contrasting the results
from the two will help researchers

identify whether the treatment is
successful.

So far, my colleagues and I
are optimistic with the
amount of interest

for our prevention
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trial. Study participants who have relatives
with type 1 diabetes have come forward as
interested in our trial. Most of participants
were identified by TrialNet's Natural History
Study. This type of “borrowing” trial patients is
extremely economical and efficient, and what
makes TrialNet special. However, although
several hundred individuals may be willing to
participate, we know that only a few (about
3.5%) of these people will be eligible, as their
blood tests will show that they do not have the
particular autoantibodies to proceed.

Recruitment efforts, therefore, have been
ongoing and intense. Because of these
nationwide recruitment endeavors, TrialNet

has been found to be a very efficient way of
conducting clinical trials. Positioning centers
throughout the country and the world allows the
trial to reach its tentacles to all corners. So far,
this is the only way—through many centers and
affiliate centers—that we can engage individual
physicians, like myself, in a trial that interacts
with thousands of people. This is relatively
uncommon at this point, but proving to be an
ideal setup. At the conclusion of this clinical
trial, we will have a broad view of possible
prevention and intervention techniques, possibly
changing the face of type 1 diabetes.

In addition to being thankful for the American
Diabetes Association Research Foundation’s

support of TrialNet, I am appreciative of the
Association’s role in the diabetes research
arena as an ambassador of all types of
diabetes. The Association has the unique
position to comprehend the diabetes world
in 2 more comprehensive manner than other
organizations. Having a broad view of this
very complex disease is integral to ever
finding effective treatment options and
ultimately a cure.

Although none of the individual therapies in
TrialNet or any other projects alone will be the
“magic bullet” to cure type 1 diabetes at this
point, these trials have already given us new
ways to think about treatment and perhaps,
through combinations of successful approaches,
will give us a comprehensive treatment. Having
an organization like the American Diabetes
Association will help us cross-reference the
information we gather from TrialNet and other
groundbreaking trials in the future. That way,
we may look at the bigger picture of diabetes
and provide new ways to proceed to one day
find a cure.

Dr. Herold is a July 2009 recipient of the
American Diabetes Association-Merck
Clinical/Translational Science Postdoctoral
Fellowship.




Matthias von Herrath, MD,

has collaborated with many
researchers including Dr. Herold.
Dr. von Herrath is Professor

and Director for the Center for

Matthias von Herrath, MD

Type 1 Diabetes Research,
La Jolla Institute for Allergy and Immunology. Both
researchers have individually utilized the ADA-Entelos
Diabetes Research Center (DRC) to advance their research
efforts aimed at the prevention and cure of type 1 diabetes.

Dr. von Herrath first became interested in diabetes research
while in Germany where he worked in the field of internal and
emergency medicine. He then began a fellowship in virology
and autoimmunity in San Diego, California, and became
familiar with the non-obese diabetic (NOD) mouse model for
type 1 diabetes. Thus, he began his career path in diabetes
research, which has culminated in his current research
accomplishments.

Using the NOD mice, his research team developed a
treatment regimen for type 1 diabetes and its complications.
Dr. von Herrath identified two separate treatments tested in
NOD mice that could be combined to treat type 1 diabetes.
Targeting the immune system, the anti-CD3 monoclonal
antibody treatment was promising and could be used to
reverse the effects of hypoglycemia as well as resulting in a
permanent remission of disease progress in mice. However,
a single course treatment cannot give the same permanent
remission in humans. A second treatment, vaccination

with islet-autoantigens and insulin-derived peptides, has
been shown to protect from diabetes in pre-diabetic mice
models. This treatment avoids immunosuppression. Since
neither treatment works efficiently alone, Dr. von Herrath
hypothesized that combining them could have better results.

The Physiol.ab® platform, developed by Entelos and the
American Diabetes Association, was used to test several
different treatment scenarios in “virtual” NOD mice that were
used for later experimentation.

The platform addressed key scientific questions related to

In Silico advances in type 1 research

disease onset in the NOD mouse and reproduced type 1
diabetes pathogenesis in a female NOD mouse from birth
through diabetes onset. The Physiol.ab® platform was of
great support to the experimental design by performing
biosimulation and posing testable hypotheses for laboratory
investigation. Determining the multiple dosing scenarios for a
combination therapy could take years. Thus, scenarios using
the Physiol.ab® platform to develop and validate the multiple
possibilities accelerates the path to a cure.

With funding provided by the American Diabetes Association,
the DRC created an innovative opportunity to advance
research efforts for type 1 diabetes. Dr. von Herrath explains,
“The American Diabetes Association’s program filled a crucial
niche for which it would have been impossible to obtain seed
funding elsewhere back in 2007.” The ADA-Entelos project
was entitled, “Continuation of Physiol.ab® platform for type 1
diabetes in silico research (Realab).”

Overall, Dr. von Herrath made two significant discoveries
during this research project. The first discovery, related to
intranasal (within the nose) insulin in combination with the
anti-CD3 antibody, provided a more precise dosing regimen
where delayed administration of the anti-CD3 antibody

after the intranasal insulin demonstrated better protection in
animals with higher glucose. Furthermore, the investigation
predicted that immunizations that were too frequent would
inhibit the generation of T cells critical for immune protection.
Conducting the experiment defined the optimal time frame
that the T cells would be induced after immunization which
can be used to design future studies.

Dr. von Herrath’s fundamental career goal is to cure

and prevent type 1 diabetes in his lifetime. His message
to Association donors, “Please keep doing this—your
generosity matters in areas where NIH cannot fill the gaps,
especially when exploring completely new technologies or
cutting-edge approaches.” M

Dr. von Herrath received the American Diabetes
Association’s 2008 Outstanding Scientific Achievement
Award at the 68th Scientific Sessions. He currently holds
a Mentor-Based Postdoctoral Fellowship.
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“To sleep, perchance to dream — ay, there’s the rub”

While Hamlet was wrestling with his own inner demons
(as indicated in his very famous soliloguy), other demons
are lurking within all of us, linking sleep to obesity and
diabetes. Numerous epidemiological studies have
pointed to the connection between sleep, primarily

not enough sleep, and increased risk for obesity, pre-
diabetes and type 2 diabetes. Recent statistics indicate
that 30 percent of adult men and women between the
ages of 30 and 64 in the United States report sleeping
fewer than 6 hours per night. Of course increased risks
associated with sleep and diabetes are not limited to
just type 2 diabetes. Any parent of a child with type 1
diabetes can talk about their experience with lack of
sleep, worrying about the ever present possibility of
nocturnal hypoglycemia and its consequences in their
child. Recently published data relevant to these topics
provides some insight into the proposed mechanisms
involved and measures being explored to counter these
pathophysiological processes.

Obesity, pre-diabetes and sleep.

Epidemiological studies over the past decade in

seven different countries have established a significant
association between sleep duration and BMI (body
mass index), a measure of overweight and obesity, in
both adults and children. Many studies conducted in
adults have observed a significant association between
short sleep, defined as under 7 hours per night, and
being obese. Among the studies conducted in the U.S.,
an analysis of data collected by the American Cancer
Society indicated a decrease in BMI with increasing
sleep duration among men, but a U-shaped relationship
between these variables in women. A U-shaped
relationship means both too little and too much sleep
predisposed to increased BMI. Data analysis from the
Nurse’s Health Study of more than 80,000 women also
showed a cross-sectional U-shaped association between
sleep duration and BMI. In this study, lowest mean
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BMI was observed among those reporting sleeping 7-8
hours per night. A longitudinal study of the association
between sleep and BMI in young adults concluded that
for every extra hour of sleep, there was an associated
50% reduction in risk of obesity. As indicated above,

the association between sleep and BMI is also seen in
children, although sufficient hours of sleep differ between
children and adults. One study of sleep duration at 38
months of age that subsequently examined obesity at 7
years of age observed that sleep duration of less than
10.5 hours, or of 10.5-11.4 hours, was associated with
an increased risk of obesity at 7 years of age compared
to similar aged children with sleep duration of greater
than or equal to 12 hours per night. Another study in the
US of 11-16 year old adolescents indicated that for every
extra hour of sleep, there is an 80% reduction in the risk
of being obese.

Finally, a more recent six year study of 1,500 adults

in the Western New York Health Study reported that
participants who slept on average less than 6 hours a
night during the work week were 4.56 times more likely
to convert from normal blood sugar levels to impaired
fasting glucose (one measure of pre-diabetes) than those
getting 6-8 hours of sleep. No association was found in
people who slept for more than 8 hours compared to
those who slept 6-8 hours.

Therefore, epidemiological studies have established the
association between sleep duration and risk for obesity
and pre-diabetes. Is there evidence that physiological
changes occur under similar circumstances? Alteration

in normal sleep patterns can substantially alter normal
physiology, potentially predisposing humans to
development of obesity and/or pre-diabetes. Total or
partial sleep deprivation results in increased sympathetic
nervous system activity, increased levels of cortisol in the
evening, and increased levels of growth hormone (GH)

in the daytime. Extended exposure to higher GH levels
may induce a rapid decrease in muscular glucose uptake

r h
adversely affecting glucose regulation. Recent evidence
indicates that decreased sleep quality without changes
in sleep duration may also result in impaired glucose
metabolism. Elevated evening cortisol concentrations
may result in reduced insulin sensitivity the following

morning. Increasing exposure to partial sleep loss may
also contribute to the development of insulin resistance.

After sleep restriction, the levels of leptin (a satiety factor)
are lower and levels of ghrelin (an appetite stimulant)
are higher. Less time sleeping also allows for more
opportunity to eat. Emotional and psychosocial factors
may enter the mix as well. Epidemiologic data show an
association between short sleep duration and irregular
eating habits, snacking between meals, excessive food
seasoning and reduced consumption of vegetables.
Thus, sleep loss can lead to increased appetite and
increased food intake, which can lead to development
of obesity.

Acute total sleep loss, or even a 2 hour reduction

of sleep per night for one week, is associated with
increased levels of proinflammatory cytokines and low-
grade inflammation, a condition known to predispose
to insulin resistance and development of diabetes.

This type of sleep deprivation has been shown to also
result in elevation of CRP (C-reactive protein), a marker
of systemic inflammation. Changes in biomarkers of
inflammation may not be as simple as this however.

A recent study reported that increases in habitual sleep
duration were associated with elevations in CRP and
another inflammatory marker IL-6 (interleukin-6), while
reduced sleep duration was associated with elevated
TNF-a (tumor necrosis factor alpha), a molecule known
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to be associated with increased inflammation. Thus, too
little, as well as too much, sleep may lead to a persistent
state of pathological inflammation.

Complicating, or perhaps contributing to, the above-
mentioned physiological changes is the presence of
sleep-disordered breathing, an independent risk factor
for insulin resistance, in obese individuals. Obstructive
sleep apnea (OSA) is the most common sleep-related
breathing disorder. Patients with OSA experience
recurrent episodes of hypoxia/reoxygenation associated
with pauses in normal breathing while sleeping. These
episodes promote systemic oxidative stress, as indicated
by increased levels of reactive oxygen species, and
inflammation. Interestingly, the inflammatory markers IL-6
and TNF-a, as well as insulin levels, have been shown
to be elevated in sleep apnea independent of obesity.

A recent study of elderly non-obese subjects reported
elevated CRP levels in patients with more severe sleep-
disordered breathing. Visceral fat does however appear
to be linked to sleep apnea. In studies of severely obese
individuals presenting for bariatric surgery, 71-81% of
patients were diagnosed with OSA and all patients in
one study, regardless of the severity of apnea, exhibited
high serum levels of CRP. Of interest, women with
polycystic ovary syndrome (PCOS), who more often
than not are obese and insulin resistant, are much more
likely than controls to have sleep-disordered breathing.
In both normal weight and overweight/obese individuals,
sleep-disordered breathing has been reported to be
associated with pre-diabetes, as measured by impaired
fasting glucose (IFG), and IFG plus impaired glucose
tolerance (IGT).
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Type 2 diabetes and sleep.

The previous discussion concentrated on individuals
who were at greater risk of developing type 2 diabetes,
i.e. those with obesity and/or pre-diabetes. While very
many people with type 2 diabetes are overweight or
obese, not all are. Certainly issues of abnormal glucose
regulation and insulin resistance are present. Has a link
been established between abnormal sleep and presence
of type 2 diabetes, and do similar physiological changes
occur? The simple answer is yes.

A very recent epidemiological study of non-Hispanic
whites and Hispanics concluded that short sleep was
an independent risk factor for type 2 diabetes. A recent
analysis of data from the first National Health and
Nutrition Examination Survey (NHANES I) found that
people with sleep duration of 5 or fewer hours, and
those with sleep duration of 9 or more hours, were at an
increased risk of developing type 2 diabetes. A separate
study of short (5-6 hours) and long (9-10 hours) sleepers
found both increased insulin and glucose levels in these
groups compared to normal (7-8 hours) sleepers.

All of the pathophysiological changes discussed for
obese and pre-diabetic individuals are also relevant to
people with type 2 diabetes. Other

studies have further established
a link between sleep
disturbances and impaired
glucose metabolism.
Hemoglobin A1C

(HbA1C) levels

have been £
shown
to be



inversely correlated to sleep efficiency in people with
type 2 diabetes, i.e. the greater one’s sleep disruptions,
the higher the HbA1C level. These findings suggested
that type 2 diabetes is associated with sleep disruptions
even in the absence of complications or obesity. A
recent study in normal, non-diabetic Japanese adults
also reported higher fasting plasma glucose and HbA1C

levels in subjects with either short or long sleep duration.

Obstructive sleep apnea is also present in patients
with type 2 diabetes. A recent study published in the
June 2009 issue of Diabetes Care examined obese
type 2 diabetic patients in the Sleep AHEAD study, an
ancillary study to the larger Look AHEAD (Action for
Health in Diabetes) study. The investigators found mild
OSA in 33.4%, moderate OSA in 30.5%, and severe
OSA in 22.6% of the patients. Waist circumference was
the only significant predictor of the presence of OSA,
although higher BMI did increase risk of severe OSA.
The investigators found it remarkable that 86.6% of the
obese patients with type 2 diabetes had undiagnosed
OSA. Population-based epidemiology studies of OSA
patients have not only shown a higher prevalence of
type 2 diabetes in these individuals, but also higher
prevalence of hypertension (high blood pressure),
cardiovascular disease and stroke.
Continuous positive airway pressure
(CPAP) therapy, primarily
used as a treatment for
OSA, may also be

beneficial for type

2 diabetes. Recent

studies have shown

improved glycemic

control during the night

in patients with type 2 >
diabetes and OSA who use 7/
CPAP therapy. ;

A “ticking” time bomb?

Many mechanisms have been

proposed to explain the physiological

alterations associated with changes in §
sleep. One of the more intriguing ones ’
supported by recent data involves processes
related to our internal clocks. Humans have
adapted to our 24 hour light and dark cycle by
optimizing the timing of our bioclogical processes.
These circadian (circa means “around”; dies means
“one day”) rhythms govern our behavior, physiology
and metabolism, with sleep-wake cycle, feeding
behavior, and control of body temperature among these.
The clock system is governed by a central or master
clock in the hypothalamus of the brain, but peripheral
molecular clocks exist in most tissues and their cells.
Each cell contains a set of clock genes, with Clock being
an example of these. Environmental disruptions in these
molecular clocks can certainly alter normal physiology.
Sleep loss has been linked to these changes. Many
recent studies support an association between
polymorphisms (different forms) of the Clock gene with
sleep dysregulation in humans. Another gene related

to our internal clock has been recently implicated in
increasing the risk for developing type 2 diabetes. Some
variants in the gene MTNR1B, which controls the body’s
melatonin receptors, have been shown to influence
glucose-stimulated insulin secretion and plasma glucose
concentrations. Melatonin is a circulating hormone
primarily released from the pineal gland and is known
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to regulate seasonal and circadian rhythms. Melatonin
levels are high at night and low during the day. Insulin
levels are usually lower at night than during the day, and
evidence has accumulated to support inhibition of insulin
release by melatonin. Interestingly, MTNR1B has been
shown to be expressed in pancreatic islet beta cells,
the source of insulin. In addition to variations in insulin
secretion and plasma glucose concentration, variants

in MTNR1B are also associated with impaired beta

cell function. Finally, American Diabetes Association-
funded researcher Dr. Joseph Bass at the Northwestern
Healthcare Research Institute has pinpointed another
important genetic and molecular loop that potentially
explains the relationship between our internal clock and
diabetes which involves a family of “aging enzymes”
known as sirtuins. Sirtuins appear to control the

clock and enable feeding and glucose turnover to be
coordinated with the availability of food.

Another example of the importance of our internal

clock can be found in night-shift work. The 8.6 million
Americans who work the night shift are at increased risk
to develop obesity, diabetes and cardiovascular disease.

Topics IMPROVING THE QUALITY OF LIFE FOR THOSE WITH DIABETES

Why? A recent study indicates that night-shift workers may
physiologically keep their day-shift timing. Study participants
whose cycle shifted 12 hours out of phase got seriously
out of rhythm. Among the changes seen were blood

sugar spikes and insulin resistance similar to that seen in
people with pre-diabetes or diabetes, insulin levels went
up, leptin levels went down, sleep efficiency decreased,
blood pressure got higher, and cortisol levels rose and
dropped at the wrong time. This “circadian misalignment”
or persistent phase shifting not only disrupts sleep/wake
cycles and eating patterns, but has been shown to disrupt
peripheral clock gene expression and has been associated
with weight gain and premature death. Thus, the molecular
clock sits at the core of synchronizing our metabolism with
the external environment and is involved in physiological
processes essential to our health and longevity.

Type 1 diabetes and nocturnal hypoglycemia

Hypoglycemia is the most common side-effect of insulin
treatment for diabetes and some believe the single greatest
barrier to achieving and maintaining good glycemic control.
The annual prevalence of severe hypoglycemia is about
30% in people with type 1 diabetes, and is higher in people
with risk factors such as strict glycemic control, impaired
awareness of hypoglycemia and increasing duration

of diabetes. It is also common during sleep (nocturnal
hypoglycemia). Interestingly, a recent report indicates that
the frequency of unrecognized hypoglycemia in patients



with type 2 diabetes was higher than expected. The
prevalence of nocturnal hypoglycemia has reportedly
ranged from approximately 20% to 70% depending on
the patient population and whether both type 1 and type
2 diabetics were included.

Investigation continues to better determine the
pathophysiological mechanisms involved with nocturnal
hypoglycemia. Certainly sleep-induced impairment in
counterregulatory hormone response likely contributes to
the increased risk of hypoglycemia during the overnight
period in youth with type 1 diabetes. Data from the
Diabetes Research in Children Network (DirecNet)
indicate that spontaneous nocturnal hypoglycemia
stimulated only a small increase in plasma epinephrine
and GH concentrations, and failed to cause a rise

in norepinephrine, cortisol, or glucagon levels in
comparison with values during the hour before and after
hypoglycemia, or at other times during the same nights.
Furthermore, diminished hormonal counterregulation may
be more profound in late versus early sleep.

A lot of effort has been put into either preventing
nocturnal hypoglycemia, or at the very least having the
ability to detect its occurrence in order to counteract
the potentially devastating effects. Many studies have
compared the efficacy of the newer continuous glucose
monitoring systems (CGMS) compared to self monitoring
blood glucose (SMBG) to recognize or predict nocturnal
hypoglycemia. For the most part, studies seem to
indicate that CGMS improve detection of asymptomatic
nocturnal hypoglycemia. One recent study indicated
that CGMS is useful to reduce the risk of nocturnal
hypoglycemia in 75% of their patients. However it has
been suggested that nocturnal hypoglycemia alarms
need to be improved, since patients can sleep through
the currently available alarm systems. CGMS monitoring
of nocturnal hypoglycemia also indicates that nocturnal
episodes tend to be longer than daytime episodes, and
less likely to be recognized by the subject.

“These brain images show how functional magnetic resonance
imaging (fMRI) can be used to identify brain regions, such as
the hypothalamus, that are activated by hypoglycemia.”

Page KA, Arora J, Qiu M, Relwani R, Constable RT, Sherwin RS.
Small decrements in systemic glucose provoke increases in
hypothalamic blood flow prior to the release of counterregulatory
hormones. Diabetes. 2009 Feb;58(2):448-52. Epub 2008 Nov 18.

Another strategy that appears to be effective is use of
newer insulin analogs. Rapid acting insulin aspart and
insulin lispro reportedly provide better postprandial
glucose control and less hypoglycemia (primarily
nocturnal and severe hypoglycemia in type 1 diabetes)
than regular insulin. A recent review of multiple trials in
type 1 and type 2 diabetic patients indicated that long-
acting insulin analogs, i.e. insulin detemir and insulin
glargine, also have a lower risk of producing nocturnal
hypoglycemia than traditional human basal (NPH) insulin.
Finally, recent work by American Diabetes Association-
funded investigator Dr. Phil Cryer at Washington
University School of Medicine has indicated bedtime
administration of terbutaline, a fast-acting bronchodilator,
may prevent nocturnal hypoglycemia. He suggests a
suitably powered randomized control clinical trial needs
to be conducted to confirm this hypothesis.

So sleep, or more specifically the right amount of sleep,
is essential to our health and to avoiding the increased
risk of developing obesity, pre-diabetes and type 2
diabetes. Nocturnal hypoglycemia in type 1 diabetes
really is one of those things that go bump in the night.
Considering how core good sleep is to us all, perhaps
we should amend Hamlet’s quote to read, “To sleep,
perchance to dream — ay, there’s the hub”.
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Umut Ozcan, PhD

The 2009 Thomas R. Lee
Award Winner

With the highest scoring Career Development Award
application this year, Umut Ozcan, MD is the recipient
of the 2009 Thomas R. Lee award. Funded by the
Estate of Mr. Thomas R. Lee of Norfolk, Virginia, this
award recognizes excellence in diabetes research.
The award also signifies the belief that the recipient
will continue to be a premier diabetes researcher

who will have a great impact on diabetes treatment,
prevention and/or the search for a cure.

Dr. Ozcan will be conducting his research at the
Children’s Hospital in Boston, Massachusetts. His
research project is entitled, “Role of ER Stress and
ATF4 in development of leptin resistance”. Dr. Ozcan
proposes to investigate the mechanisms that can
lead to leptin resistance. Leptin is a fat-derived
hormone that suppresses appetite through its action
on the brain. He will use cutting-edge molecular
bioclogy and genetically engineered mice models in
his laboratory to explain this important topic.

In addition to supporting his transition to true
independence as a diabetes research investigator,
funding from this American Diabetes Association
grant will provide better understanding of how leptin
functions and why the brains of obese people are
unresponsive to this hormone. This could potentially
lead to the development of new drugs to treat
obesity, diabetes and related metabolic disorders. M
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Cardiovascular
complications training
awards co-sponsored by
Takeda Pharmaceuticals
North America, Inc.

Takeda Pharmaceuticals North America, Inc. continues
to foster mentoring opportunities by co-sponsoring the
Cardiovascular Complications in Diabetes Postdoctoral
Fellowship Award with the American Diabetes
Association. This year, four newly-funded, established
investigators will train their fellows in the area of
diabetes and cardiovascular disease:

Takeda Pharmaceuticals
North America, Inc.
supports Beta Cell
Fellowship Awards

The American Diabetes Association and Takeda
Pharmaceuticals North America, Inc. also co-support the
Beta Cell in Diabetes Postdoctoral Fellowship, ensuring
the training of the future scientists in diabetes and beta
cell biology research, as well as providing the most
conducive environment to progress in their careers.

In July 2009, the recipients of this award are:



Eric N. Olson, PhD, Chad Grueter, PhD

Mentor: Eric N. Olson, PhD

Fellow: Chad Grueter, PhD

Title: “Decoding the therapeutic potential of a
microRNA and its target for improving cardiovascular
risk in diabetes”

University of Texas Southwestern Medical Center
Dallas, TX

Mentor: Marian Rewers, MD

Fellow: Janet Snell-Bergeon, PhD

Title: “Accelerated cardiovascular disease in
type 1 diabetes”

University of Colorado Health Sciences Center
Denver, CO

Yurika Nishiki, Raghavendra G. Mirmira, MD, PhD  Suzanne Tollerud lldstad, MD, Yujie Wen, MD

Mentor: Raghavendra G. Mirmira, MD, PhD
Fellow: Yurika Nishiki

Title: “Transcriptional and Survival Mechanisms in
Beta Cell Biology”

Indiana University

Indianapolis, IN

Mentor: Suzanne Tollerud lldstad, MD

Fellow: Yujie Wen, MD

Title: “Mixed Chimerism-Mediated Reversal of Diabetes”
University of Louisville

Louisville, KY

Marian Rewers, MD, Janet Snell-Bergeon, PhD

ANNOUNCEMENTS

1
P o
Steven E. Shoelson, MD, PhD,
Takeshi (Ken) Shimada, MD, PhD

)
| NS '
Jean E. Schaffer, MD, Jiyean Lee

Mentor: Jean E. Schaffer, MD

Fellow: Jiyean Lee

Title: “Mechanisms of cardiac lipotoxicity in diabetes”
Washington University

St. Louis, MO

Mentor: Steven E. Shoelson, MD, PhD
Fellow: Takeshi (Ken) Shimada, MD, PhD
Title: “Basic, Translational and Clinical Roles of
Inflammation in Obesity, T2D and CVD”

Joslin Diabetes Center

Boston, MA W

Bjorn Pér Tyrberg, PhD,
George Kyriazis, PhD

Melissa K. Thomas, MD, PhD,
Gennifer Mager, PhD

Mentor: Melissa K. Thomas, MD, PhD

Fellow: Gennifer Mager, PhD

Title: “Postdoctoral Fellowship in Pancreatic Beta
Cell Biology”

Massachusetts General Hospital

Boston, MA

Mentor: Bjorn Par Tyrberg, PhD
Fellow: George Kyriazis, PhD
Title: “Regulation of Beta Cell Proliferation in Pregnancy”
Burnham Institute for Medical Research at Lake Nona
Orlando, FL =
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Order of the Amaranth continues to support
diabetes research in 2009-2010

In 2009, the Order of the Amaranth donated $636,000 to the American Diabetes Research Program giving a grand
total of over $10 million over the years to the Association. The social, fraternal and charitable organization affiliated with
the Masons, continues in their tradition of funding progressive research projects that will improve the lives of those with
diabetes. For July 2009-June 2010, they will sponsor a total of seven research studies.

Beata Lecka-Czernik, PhD
1 —

——

it Andrew Norris, MD, PhD

Nicole Glaser, MD

-
A

&

Andrea Vincent, PhD

..I

Christopher Bell, PhD
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Jason Allen, PhD

Duke University Medical Center
Durham, NC

Focus: Complications,
Cardiovascular

Title: “Effect of Hb glycation on
NO metabolism and bioactivity in
diabetes”

Nitric oxide is carried in the red
blood cells (RBCs) around the
body and delivered to blood
vessels to help prevent disease.
The RBCs must change shape
to accomplish this carrier task,
but high sugar levels make

this difficult. Dr. Allen aims to
investigate this process by
measuring the amounts of NO
released from RBCs having
different levels of sugar exposure/
damage.

Christopher Bell, PhD
Colorado State University

Fort Collins, CO

Focus: Exercise/Insulin resistance
Title: “Short-term sprint-interval
training and metabolic regulation
in adult humans”

Endurance exercise training

is associated with superior
metabolic regulation in adults
such as increased control of
blood sugar and energy balance.
Dr. Bell proposes to perform a
series of studies to investigate
whether short-term sprint-interval
training will improve metabolic
regulation.

Nicole Glaser, MD
University of California Davis

Medical Center
Sacramento, CA
Focus: Pediatrics
Title: “Cerebral edema and cerebral
injury in pediatric diabetic ketoacidosis”
Dr. Glaser hopes to provide a more
complete understanding of the
mechanisms responsible for 1% of
patients who develop cerebral edema
(brain swelling) resulting from diabetic
ketoacidosis.

Beata Lecka-Czernik, PhD
University of Toledo Health

Science campus
Toledo, OH
Focus: Signal Transduction
Title: “Prevention of TZD-induced bone
loss and improvement of TZD-affected
bone fracture healing”
Dr. Lecka-Czemik’s studies will provide
information crucial to developing therapies
to prevent thiazolidinedione (TZD)-
associated bone loss and improve bone
fracture healing in older diabetic women.

Andrew Norris, MD, PhD

University of lowa

lowa City, IA

Focus: Pregnancy/Pediatrics

Title: “Macronutrient contributions to
fetal diabetic programming”
Gestational diabetes raises the levels
of various energy fuels in the blood,
exposing the developing fetus to
excessive glucose and fatty acids. Dr.
Norris will test whether excessive fats
and/or excessive sugars contribute to
the adverse health affects on the fetus
during gestational diabetes.

ANNOUNCEMENTS

Robert Toto, MD

University of Texas Southwestern
Medical Center at Dallas

Dallas, TX

Focus: Clinical Therapeutics

Title: “Novel biomarkers for

predicting response to treatment

in diabetic nephropathy”

Dr. Toto’s long-term goal is to

identify new biomarkers

in urine that predict the response

to treatment with

drugs that block a hormonal

system in the body that

contributes to development and

progression of kidney disease in

diabetes.

Andrea Vincent, PhD

University of Michigan

Ann Arbor, Ml

Focus: Complications

Title: “New therapeutic targets in
diabetic neuropathy”

Dr. Vincent aims to define the
mechanisms of injury to the cells
that line blood vessels when
blood glucose and oxidized low
density lipid proteins increase

in diabetic patients. She will

also explore the potential for
fenofibrate to directly prevent
oxidative stress and mitochondrial
dysfunction as well as alleviate
diabetes.
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Early eating and activity
habits may contribute
to childhood obesity

American Diabetes Association-funded researchers

Drs. Hollie Raynor, Rena Wing, and Chantelle Hart

have published findings related to a childhood obesity
study that were highlighted in the January 9, 2009
edition of ScienceDaily News. Hollie Raynor, PhD, RD,

is the recipient of an ADA-Healthy Food Choices Award
funded by the Aramark Charitable Fund. Rena Wing,
PhD, is the recipient of a Mentor-Based Postdoctoral
Fellowship Award of which Chantelle Hart, PhD, was the
postdoctoral fellow from June 2006 to June 2007 .

In their research study conducted at Brown University
School of Medicine in Providence, Rhode Island, the
researchers investigated the eating and activity patterns
of children ages 2 to 12. They hypothesized that the
early patterns of unhealthy eating and exercise habits

in preschool can contribute to the onset of childhood
obesity in school-aged children.

Quantitative data was collected on the parent’s age,
height, and weight. The child’s height and weight were
collected from their previous medical records. In addition,
parents completed a questionnaire on their child’s eating
and activity habits.

The questionnaire results showed that parents of
school-aged children reported increased consumption

of unhealthy foods such as sweet drinks, salty and

sweet snacks in their children. They also reported other
behaviors such as eating dinner less with parents, which
led to their less healthy food choices, and more time in
front of the TV. On the other hand, a greater percentage
of parents with preschool children reported that their child
was “just as” or “a little more” active than their peers.
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Hollie Raynor, PhD, RD

Rena Wing, PhD and Chantelle Hart, PhD

Study results indicate that parents perceived their
school-aged children as having less healthy eating

and activity habits, while parents with preschool-aged
children perceived their children as having healthier
habits. Researchers were surprised to find that even
though preschool parents perceived that their children
had healthy eating and activity behaviors, their children
only met two dietary recommendations — eating fruit and
low-fat dairy — and did not meet other recommendations
for diet or leisure activity. Furthermore, neither group of
parents reported any behaviors related to weight status
which can be a consequence of these unhealthy habits.

This may indicate that parents need more information in
aiding their children to lead healthier lifestyles. Dr. Hollie
Raynor writes, “Interventions designed to help children
meet dietary and leisure time activity recommendations
should begin by assisting parents with preschool-aged
children in developing skills to provide the structure
and the environment necessary for their young children
to develop healthy lifestyles.” The original study was
published in the January 2009 issue of the Journal of
Nutrition Education and Behavior.

(Hollie A. Raynor, PhD, RD; Elissa Jelalian, PhD; Patrick
M. Vivier, MD; Chantelle N. Hart, PhD; and Rena R.
Wing, PhD. Parent-reported Eating and Leisure-time
Activity Selection Patterns Related to Energy Balance in
Preschool and School-aged Children. Journal of Nutrition
Education and Behavior, Volume 41, Issue 1, January/
February 2009)



Blocking gene inhibits the

development of insulin resistance

in a high-fructose diet

In a March 3, 2009 Reuters Health article, Gerald
Shulman, MD, PhD, an ADA Distinguished Clinical
Scientist Award recipient, was highlighted for his

work related to the molecular mechanisms that are
responsible for insulin resistance and type 2 diabetes.
Dr. Shulman conducted his research at Yale University
School of Medicine and found that a specific gene,
PGC-1, appears to play a role in the development of
insulin resistance in response to a high-fructose diet.

The addition of high-fructose corn syrup to foods has
been proposed to be linked to the increased incidence
of obesity and diabetes in the US. Previous studies

have shown that the use of this sweetener in sodas

and processed foods is potentially harmful because it is
metabolized differently than glucose, and more readily
converted to fat. Other studies have shown an increased
risk of developing high triglyceride levels and fat buildup
in the liver.

Dr. Shulman and his research team focused on the
PGC-1 beta gene because of its action in the pathway
that regulates the production of hepatic fat. Using rats
in two diet groups, high starch versus high fructose,
they blocked PGC-1 gene activity in the high-fructose
diet group and found that the animals not only did not
develop insulin resistance, but also failed to exhibit
elevated triglyceride levels. Significantly, this data
supports the theory that the PGC-1 beta gene plays
an important role in fat buildup in the liver and inhibiting
the gene’s activity could be a potential target for future
treatments of this condition.

IN THE NEWS

Gerald Shulman, MD, PhD

The original article can be found in the March 4, 2009
issue of Cell Metabolism.

(Nagai Y, Yonemitsu S, Erion DM, Iwasaki T, Stark R,
Weismann D, Dong J, Zhang D, Jurczak MJ, Loffler
MG, Cresswell J, Yu XX, Murray SF, Bhanot S, Monia
BP, Bogan JS, Samuel V, Shulman Gl. The role of
peroxisome proliferator-activated receptor gamma
coactivator-1 beta in the pathogenesis of fructose-
induced insulin resistance. Cell Metabolism. 2009 Mar;
9(3):252-64.)
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Fructose beverages are more health damaging than glucose
beverages for overweight consumers

Peter Havel, MD

Jean-Marc Schwarz, PhD

The April 21, 2009 issue of MedPage Today highlighted
the published findings of ADA-funded researchers Peter
Havel, MD (University of California-Davis), and Jean-
Marc Schwarz, PhD (Touro University in Vallejo, CA).
Dr. Havel is a past recipient of a Basic Science Award
and Dr. Schwarz is the current recipient of a Clinical/
Translational Research Award. Their clinical study
results indicate that overweight consumers of fructose
sweetened beverages exhibited increased adverse
effects characterized by insulin resistance,
intra-abdominal fatty tissue, and an increase in fat
buildup in the blood and liver tissue compared to those
that consumed glucose sweetened beverages.

Drs. Schwarz and Havel conducted research over

a ten-week period with thirty-two study participants
who consumed soft drinks sweetened with fructose
or glucose. Twenty-five percent of the participants’
daily energy intake was consumed from these drinks,
which exceeds the typical sixteen percent daily
intake for the average American. While both groups
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in the study gained comparable amounts of weight,
those consuming the glucose sweetened beverages
exhibited a different, less toxic pattern of fat deposition
(subcutaneous instead of intra-abdominal) and did not
exhibit increased insulin resistance or increased fat in the
liver or circulatory blood compared to those consuming
fructose sweetened beverages.

Commercial soft drinks typically contain sucrose (50%
glucose and 50% fructose) or high-fructose corn syrup
(45%-58% glucose, 42%-55% fructose) as opposed to
the pure form of either sugar that was used in the study.
Drs. Schwarz and Havel believe that the adverse effects
observed in the study are a larger scale indication of
what could be exhibited in commercial drinks, where
sugars are more diluted. Additional testing is needed

to determine the levels of added sugars that can bring
on various degrees of these adverse effects and their
effects in different populations.

These findings suggest that chronic overconsumption of
dietary sugars in general is detrimental to our health and
these effects may be synergistic with chronic increases
in caloric intake.

The original article can be found in the May 2009 issue
of the Journal of Clinical Investigation.

(Stanhope KL, Schwarz JM, Keim NL, Griffen SC,
Bremer AA, Graham JL, Hatcher B, Cox CL, Dyachenko
A, Zhang W, McGahan JP, Seibert A, Krauss RM,

Chiu S, Schaefer EJ, Ai M, Otokozawa S, Nakajima

K, Nakano T, Beysen C, Hellerstein MK, Berglund L,
Havel PJ. Consuming fructose-sweetened, not glucose-
sweetened, beverages increases visceral adiposity and
lipids and decreases insulin sensitivity in overweight/
obese humans. Journal of Clinical Investigation. 2009
May;119(5):1322-34. doi: 10.1172/JCI37385.)



IN THE NEWS

Elevated triglyceride levels can be used to predict nerve loss

American Diabetes Association funded researchers, Eva This study was published in the journal Diabetes July 2009
Feldman, MD, PhD, (Basic Science Award) and Rodica print edition.

Pop-Busui, MD, PhD, (Clinical/Translational Award) have

found that elevated levels of triglycerides (a form of fat (Wiggin TD, Sullivan KA, Pop-Busui R, Amato A, Sima
found circulating in the blood) can be used as a predictor AA, Feldman EL. Elevated Triglycerides Correlate with

of nerve loss (neuropathy) in persons with diabetes. Progression of Diabetic Neuropathy. Diabetes. 2009

Elevated triglyceride levels in the blood are a risk factor for May 1. [Epub ahead of print])
cardiovascular disease and are one of the most common
features of lipid disorders in those with type 2 diabetes.
Diabetic neuropathy is a complication of both type 1 and
type 2 diabetes, and affects about 60 percent of those
with diabetes. Their research was highlighted May 16,
2009 in the online issue of HealthNewsDigest.com.

In their study conducted at the University of Michigan,

Drs. Feldman and Pop-Busui analyzed data from a
previous trial that investigated a drug to relieve neuropathy.
Although the drug was determined to be ineffective, the
data revealed potential clues to nerve loss. Comparing the
data related to lipids and blood glucose, they determined
that there were elevated levels of triglycerides in those with
diabetes who had worsening neuropathy symptoms over a
period of a year. Triglyceride levels were a more accurate
predictor compared to all other measures.

Results from this study are beneficial to clinicians and
patients alike. Since triglycerides are routinely measured
during blood testing, it can be used as a readily available
predictor of nerve damage. People with diabetes can

take action to reduce their triglyceride levels by avoiding
harmful foods and participating in a regular exercise
routine. The study also confirms a growing belief among
diabetes researchers that elevated blood levels of certain
lipids, in addition to blood sugar levels, are important in the
development of diabetic neuropathy.

Eva Feldman, MD, PhD Rodica Pop-Busui, MD, PhD
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Restoring leptin sensitivity in the brain can lower glucose levels
and increase activity levels in mice

Leptin, a hormone that is produced by fat cells, works
through the brain to manage appetite and metabolism.
Christian Bjorbaek, PhD (Beth Israel Deaconess Medical
Center, Boston, MA), has published findings from his
study that clarifies the mechanisms through which
leptin works. He is the recipient of a Pinnacle Program
Project Award from the American Diabetes Association,
which is funded by the Richard and Susan Smith
Family Foundation. Using severely obese and diabetic
mice, Dr. Bjorbaek’s study showed that by restoring
leptin sensitivity to specific neurons in the brain (pro-
opiomelanocortin or POMC), insulin levels returned to
normal and mouse activity levels increased.

Over time, many researchers have found that leptin was
responsible for weight regulation and appetite control

Christian Bjorbaek, PhD
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through its effects on the central nervous system.

Most believed that it was through a region in the

brain’s hypothalamus known as the arcuate nucleus
(ARC) that leptin primarily did its work. But

Dr. Bjorbaek hypothesized that the POMC neurons
were also involved. He tested his hypothesis using
obese and diabetic mice that lacked leptin receptors.
He genetically restored leptin receptor activity to neurons
in the POMC region. The results showed that mice not
only ate fewer calories and lost weight, but their glucose
levels returned to normal levels independent of food or
weight changes. In addition, mouse activity levels
increased, and actually doubled.

Dr. Bjorbaek explains the role that leptin plays, “POMC
neurons may reduce the amount of glucose released
into to the blood by the liver and/or increasing glucose
uptake from the blood into the muscle.” Another
significant finding is that glucose levels were restored
independent of food or weight changes. These data
suggest that it may be possible to normalize blood
glucose without weight loss. These research findings
could point to a new potential target for therapeutic
drugs in the treatment of those who are obese and
insulin resistant. It may even stimulate a desire to
exercise in these individuals.

Dr. Bjorbaek’s published findings can be found in the
June 3, 2009 edition of Cell Metabolism.

(Huo L, Gamber K, Greeley S, Silva J, Huntoon N, Leng
XH, Bjerbaek C. Leptin-dependent control of glucose
balance and locomotor activity by POMC neurons. Cell
Metabolism. 2009 Jun;9(6):537-47.) M



