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Changes in lifestyle and eating behavior in humans over
the last century have contributed significantly to the
epidemic of obesity and an associated dramatic increase in
the incidence of diabetes worldwide. Type 2 diabetes
accounts for more than 90% of all diabetes cases, and is
characterized by impaired insulin action in peripheral
tissues such as skeletal muscle, adipose tissue, and liver
(insulin resistance) and insufficient secretion of insulin
from pancreatic B-cells in response to a rise in glucose.
Defects in insulin action always precede the development
of overt diabetes, and although increased insulin secretion
initially compensates for the insulin resistance, overt
diabetes occurs when B-cell compensation fails.

Obese individuals who do not develop diabetes show
an increase in B-cell mass that seems to compensate for
the metabolic demand and insulin resistance, while a
failure of B-cell adaptation in some obese individuals
triggers the development of overt type 2 diabetes.
Understanding how B-cells compensate for insulin
resistance will be important in the planning of
therapeutic approaches to prevent and/or delay the
onset of type 2 diabetes.

Adult B-cell mass can adapt to metabolic demands such
as pregnancy, obesity, and insulin resistance through
developing islet hyperplasia and hyperinsulinemia.The
mechanisms that maintain adult B-cell mass are
currently intense area of research in type 2 diabetes and
also in stem cell biology. Several mechanisms have been
proposed to regulate adult B-cell mass including B-cell
replication, B-cell size, neogenesis from duct cells, and
apoptosis. Among these mechanisms, studies in rodents
including lineage analysis methods support B-cell
replication as a major pathway for the renewal of adult
B-cells. Two independent reports have examined the
role of cyclin D2 and provide additional support for the
replication hypothesis. Mice lacking cyclin D2 showed
a selective decrease in B-cell expansion while
maintaining a normal complement of ductal cells
suggesting that the cell cycle protein is important for
proliferation of B-cells independent of contributions
from duct cells. Conversely, many studies have
demonstrated that islet progenitor cells reside in the
pancreatic ducts of adult humans and rodents, and

neogenesis of B-cells from pancreatic duct cells may be
one of the mechanisms of B-cell regeneration in
humans. Several factors, such as transforming growth
factor (TGF)-α, epidermal growth factor (EGF),
extracellular matrix, and glucagon-like peptide-1
(GLP-1), have all been suggested to be involved in this
proliferation process. While most of these studies have
been reported to occur in rodent models of
pancreatectomy or pancreatic-duct ligated models, or in
vitro experimental systems, it is currently unclear
whether similar mechanisms and pathways are also
operative in vivo in insulin-resistant states in humans.

Another potential mechanism that can contribute to 
B-cell expansion is mostly associated either with early
tissue development or neoplasia and is termed epithelial-
to-mesenchymal transition (EMT). EMT generally
occurs in epithelial cells and involves disappearance of
differentiated junctions, reorganization of cytoskeleton,
and redistribution of organelles, together transforming
epithelial into mesenchymal cells.The mesenchymal cells
in turn may regain a fully differentiated epithelial
phenotype via a mesenchyme-to-epithelial transition
(MET) or reverse EMT. It is possible that a similar process
also occurs in normal cells responding to physiological
demands that require cell or tissue expansion. Indeed,
features suggestive of EMT were shown to occur in vivo
in mouse models of insulin resistance manifesting robust
islet hyperplasia—namely the insulin receptor (IR)/IR
substrate-1 (IRS-1) double heterozygous (IR/IRS-1)
mouse and the liver-specific IR knockout (LIRKO)
mouse. Evidence that EMT can occur in human islet
precursor cells suggests this process may be a conserved
response across species. It is worth exploring whether
such a process occurs in early stages of diabetes in humans
to allow for a compensatory islet hyperplastic response
that prevents/delays the overt manifestation of the disease.

Several hormones and nutrients that utilize varied
mechanisms and signaling pathways have been
implicated in islet hyperplastic processes to overcome
hyperinsulinemia caused by whole body insulin
resistance. A role for glucagon-like-peptide-1 7-36
(GLP-1) is supported by human and rodent studies.
GLP-1 receptor agonists, among which exendin-4 has
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DIABETES PHD:  
Personal Health 
Decisions
A revolutionary health risk model 
designed to help better 
understand the risks of diabetes 
and how different interventions 
can change those risks.

� Dramatically more accurate 
than any other model.

� Based on the trial-validated 
Archimedes health system model.

Go to www.diabetes.org/diabetesPHD to learn more.

Visit us at www.diabetes.org
Or call 1-800-DIABETES (1-800-342-2383)

The American Diabetes Association’s initiative to help
patients and providers improve the quality of diabetes
care by providing free or low-cost innovative tools.

Practical Tools

� The Doing Better Pedometer helps
people increase physical activity.

� The Doing Better Deluxe Pill Case
helps you neatly and securely organ-
ize an entire week’s worth of pills
with slots for up to 4 doses per day.

� The Doing Better Rotating Pill Box
provides a handy way to carry your
medications with you or to simply
store them at home.

� The Doing Better Pill Splitter safely
and reliably cuts pills in half. 

� The Doing Better Portion Control
Plate is microwaveable with a snap-
on lid designed to demonstrate just
what is meant by “a serving” of meat,
vegetables, and other components of
a healthy meal.

These Doing Better tools are available at
a fraction of their regular retail cost.
Learn more at www.diabetes.org/
doingbetter, or call 800-232-6733.

Club Ped
Many people find walking to be the
easiest, least expensive way to get and
stay active. Doing Better’s Club Ped
helps you track your walking progress,
and you can even reach “reward” 
levels when you reach your goals and
interact with others through online

discussion groups. You can even form an online walking group! Try it out today
at www.diabetes.org/doingbetter.

Doing Better is supported by 
unrestricted educational grants from
AstraZeneca LP, Lifescan Inc., Novo
Nordisk Inc., and sanofi-aventis.

Tools to Help Patients Take 
Better Care of Their Diabetes

Visit Planning Tool
A free booklet to help patients prepare for an office
visit. There are spaces for medications, lab values,
questions to ask, and steps to follow. Call 
1-800-DIABETES for a free sample or go to
www.diabetes.org/doingbetter to see how to get a free supply for your office.
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been developed for clinical use, not only acutely lowers
blood glucose but also engages signaling pathways in the
B-cell that lead to stimulation of B-cell replication and
neogenesis and inhibition of B-cell apoptosis.Through a
similar mechanism, glucose-dependent insulinotropic
polypeptide (GIP) receptor activation stimulates insulin
secretion, enhances B-cell proliferation, and reduces
apoptosis. Moreover, potentiation of the endogenous
postprandial GLP-1 and GIP levels by inhibition of
dipeptidyl peptidase-IV (DPP-IV) also expands B-cell
mass through related mechanisms.

Recent reports describe a fraction of patients who have
undergone gastric by-pass surgery manifest severe
hypoglycemia and hyperinsuliemia that is inappro-
priate for the ambient glycemia. While most of these
patients exhibit altered B-cell mass, some of them show
a greater than normal GLP-1 secretory response after a
meal suggesting the incretin hormone may contribute
to either an increase in B-cell mass and/or insulin
hypersecretion. It is worth noting that almost all
patients manifest hyperinsuliemia that is inappropriate
for the levels of circulating glucose, prompting the
notion that insulin itself is a potential B-cell growth

factor. Several lines of evidence support this possibility.
Insulin treatment has been shown to increase the
regenerative activity of B-cells in rodent models of
diabetes induced by alloxan or streptozotocin.A role of
insulin as a growth factor is also supported by studies
in B-cell-specific IR knockout (BIRKO) mice, which
display an age-dependent decrease in B-cell mass, and
by reports that MIN6 B-cells treated with IR siRNA
leads to altered expression of cell cycle protein and
proliferation. Importance of insulin and its signaling
cascade in controlling B-cell mass in the context of
diabetes is also supported by recent studies of mouse
with knockout of some of insulin signaling
components. Disruption of IRS-2, but not IRS-1, in
mice leads to overt diabetes because of insufficient B-
cell compensation for whole body insulin resistance.
Other insulin signaling components, such as p70 S6
kinase, Akt1/PKBα, Foxo1, 3-phosphoinositide-
dependent protein kinase 1 (PDK1), that are shown to
be involved in B-cell growth by knockout or
transgenic approaches, also support the importance of

insulin signaling in B-cell growth in vivo. Together,
these studies make a strong case for insulin as a direct
or permissive factor in B-cell growth.

Several other proteins in the insulin/IGF-I signaling
pathway have been linked to B-cell growth and survival
responses. Notably, the transcription factor FoxO1 has
been linked to the pancreatic homeodomain protein
PDX-1, which was originally described to be critical
only for embryonic pancreatic cell proliferation. The
homeodomain protein has now been shown to be
required for islet compensatory responses to insulin
resistance indicating an important role in post-
developmental states of B-cell growth.

Glucose has been shown to increase B-cell mass in
rodent models, however, it is possible that the effects of
glucose are mediated by secreted insulin acting in an
autocrine manner. Other mechanisms that have been
proposed to contribute to regeneration of B-cells are
transdifferentiation from pancreas acinar cells or
hepatocytes. Whether one or all of these mechanisms
are involved in islet compensatory response to insulin
resistance in humans is not known.

Among pharmacological agents, the observation that
sulfornylureas (SUs), widely used oral hypoglycemic
agents, can induce apoptosis in rodent B-cells or
cultured human islets has prompted intense interest in
the development of therapeutic agents that preserve or
restore functional B-cell mass. Several agents with the
potential to inhibit B-cell apoptosis and/or increase B-
cell mass have been identified in pre-clinical studies.

In addition to GLP-1 analogs (discussed above), the
thiazolidinediones (TZDs) have also been suggested to
promote B-cell survival. Although it remains unclear if
TZDs affect B-cell mass by direct or indirect
mechanisms, it might be one attractive anti-diabetic
agent that is potentially suitable for obese diabetic
patients with insulin resistance, that can both improve
insulin sensitivity and preserve B-cell mass. ■

A version of this article with references can be found in the
Reference Section on the website supporting this briefing
(www.touchendocrinedisease.com).

Several mechanisms have been proposed to regulate adult 

B-cell mass including B-cell replication, B-cell size,

neogenesis from duct cells, and apoptosis.
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