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The etiology of type 2 diabetes is characterized by obesity, insulin and leptin resistance, and compensatory 3 cell
hyperplasia followed by islet degeneration, resulting in the eventual dysregulation of glucose and lipid homeostasis. The
recent identification of insulin receptor substrate 2 (IRS2) as a central player in the pathophysiology of many of these
processes suggests a potentially unifying molecular link underlying the initiation and progression of type 2 diabetes.
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sumably, despite high local concentrations
of stimulators in the tumor microenviron-
ment, such as VEGF. How might this hap-
pen? Watanabe et al. (13) provide a poten-
tial answer on the basis of an experiment
in which hypoxia — which is commonly
associated with solid tumors — was found
to suppress the VEGF-mediated induction
of vasohibin in cultured endothelial cells.
What about the effects on vasohibin by
other endothelial cell-reactive inhibitors
such as TSP-1? Might they actually sup-
press its expression, possibly leading to a
form of induced or acquired resistance to
various endogenous angiogenesis inhibi-
tors (20-22)? Finally, if vasohibin acts on
mature vascular endothelial cells, what are
its effects on putative circulating peripher-
al blood endothelial progenitor cells (23)?
In this regard, Watanabe et al. report that
despite the lack of a classic secretion signal
sequence, a cleaved form of vasohibin is
apparently released from endothelial cells.
This means it may freely circulate and, pro-
vided that sufficient concentrations can be
attained in the blood, it could potentially
affect either circulating endothelial cells or
their progenitor subset cells, assuming such
cells actually express a vasohibin receptor or
binding element.

Clearly, these questions are only the tip
of the vasohibin iceberg. As answers begin
to unfold we shall learn whether or not an
exciting new field in endothelial cell biology
and angiogenesis has just been launched.
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The etiology of type 2 diabetes is characterized by obesity, insulin and leptin
resistance, and compensatory [3 cell hyperplasia followed by islet degenera-
tion, resulting in the eventual dysregulation of glucose and lipid homeostasis.
The recent identification of insulin receptor substrate 2 (IRS2) as a central
player in the pathophysiology of many of these processes suggests a poten-
tially unifying molecular link underlying the initiation and progression of
type 2 diabetes (see the related articles beginning on pages 908 and 917).
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Diabetes mellitus is characterized by an
inability of the body to efficiently utilize cir-
culating nutrients. Normally, in response to
elevation of plasma glucose, insulin is secret-
ed by B cells in the islets of Langerhans and
promotes energy uptake, metabolism, and
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storage. Type 2 diabetes is preceded by the
development of insulin resistance in target
tissues (1), but the molecular causes of its
initiation and progression remain unclear.
Obesity is the predominant risk factor for
the onset of insulin resistance, although
other genetic and environmental factors
also contribute (2). Islets initially compen-
sate for the loss of insulin sensitivity by
expanding § cell mass and insulin secretory
capacity, but over time, they cannot contin-
ue to meet the chronic stress of increased
insulin demand. The loss of §§ cells and
reduction in circulating insulin levels occur
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despite continuing peripheral insulin resis-
tance, resulting in chronic hyperglycemia.
However, the underlying molecular links
among the cascade of obesity, insulin resis-
tance, islet compensation, eventual 3 cell
failure, and onset of frank diabetes remain
unidentified.

IRS2 mediates insulin signaling

in responsive cells

Insulin signals by binding to a specific
tyrosine kinase receptor expressed in tar-
get cells, which results in the increased
phosphorylation of a number of substrate
proteins and activation of complex second
messenger cascades that regulate glucose
and lipid metabolism (3). Insulin recep-
tor substrate (IRS) proteins are a family of
molecules that are directly phosphorylated
by the insulin receptor (Figure 1), which
leads to the recruitment and activation of
additional signaling proteins (4). The cru-
cial role of IRS proteins in insulin action
has been demonstrated using transgenic
knockout mouse models (5). Ablation of
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Irs1 resulted in growth retardation and
insulin resistance, but not overt diabetes
due to increased f cell mass (6-8). In con-
trast, Irs2/- mice displayed many of the
hallmarks of type 2 diabetes in human sub-
jects: peripheral insulin resistance coupled
with a lack of compensatory p cell expan-
sion, resulting in hyperglycemia, diabetes,
and premature death (9, 10). These results
demonstrated a crucial role for IRS2 in
insulin sensitivity in liver and skeletal mus-
cle, as well as 3 cell proliferation.

However, due to the systemic knockout
of Irs2 in these animals, the relative con-
tribution of reduced IRS2 levels in various
cell types to the development of diabetes
remained unclear. In this issue of the JCI,
Linetal. (11) and Kubotaetal. (12) indepen-
dently generated a novel transgenic mouse
model by crossing a floxed Irs2 mouse with
a mouse expressing Cre recombinase under
the control of the rat insulin promoter.
Thus, the floxed Irs2 would only be excised
from the genomic DNA in cell types that
also expressed Cre, resulting in a tissue-spe-
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Figure 1

Role of IRS2 in insulin signaling. Insulin
binds to its receptor in target cells, leading to
the activation of an intrinsic tyrosine kinase
located in the § subunit. The resulting auto-
phosphorylation (P) of the insulin receptor on
tyrosine (Tyr) residues increases the associa-
tion of various signaling molecules, including
IRS2. Insulin receptor directly phosphorylates
IRS2 on multiple tyrosine residues, which, in
turn, initiates a variety of second messenger
cascades. Recent work has demonstrated a
critical role for IRS2 in the maintenance of
peripheral insulin sensitivity, central leptin
sensitivity, and proper § cell development in
the islets of Langerhans (11, 12). Thus, IRS2
plays a central role in preserving insulin action
in multiple cell types, while reduction of IRS
expression and/or function may be a funda-
mental cause of the development of insulin
resistance, obesity, § cell failure, and type 2
diabetes. S-S, disulphide bond.

cific knockout of Irs2. In the offspring of
these mice, Cre expression was, as expected,
highest in the insulin-producing p cells,
but it also was present in several regions
of the brain including the hypothalamus.
The mice exhibited targeted disruption of
Irs2, with levels reduced by greater than 90%
in islets and 30-50% in the hypothalamus
but no change in skeletal muscle, liver, or
adipose tissue. Despite the restricted reduc-
tion in Irs2, these mice exhibited many of
the same phenotypic changes seen in the
global Irs2-/- mice: central leptin resistance,
peripheral insulin resistance, obesity, glu-
cose intolerance, 3 cell failure, and hyper-
glycemia. Of particular interest, partial
reduction of hypothalamic Irs2 affected
peripheral insulin sensitivity independently
of reduced Irs2 levels in liver, muscle, or fat.
Perhaps most unexpectedly, Lin et al. also
reported the spontaneous reversal of dia-
betes in their transgenic mice upon aging
due to B cell regeneration and subsequent
compensation for the persistent peripheral
insulin resistance.
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Targeted disruption of Irs2
expression results in multiple

type 2 diabetic phenotypes

Several intriguing phenotypes exhibited
by the mice were described in these two
reports (11, 12), although there were some
unexplained temporal variations in weight
gain and the appearance of hyperglycemia.
Initially, the mice developed normally, but
at four weeks of age, they began to display
leptin resistance, hyperphagia, obesity,
and insulin resistance. Interestingly, the
development of peripheral insulin resis-
tance could be uncoupled from increased
fat mass, suggesting that the reduction
in hypothalamic IRS2-mediated signal-
ing affected insulin sensitivity in other
tissues. Further complicating this issue
was the development of leptin resistance
in the transgenic animals, which was not
explained by the obese phenotype and
resulting elevation in circulating leptin
levels. Several subtypes of hypothalamic
neurons exert profound effects on feed-
ing behavior (13). There is also evidence
for crosstalk between leptin and insulin
signaling that regulates hypothalamic
neuronal energy sensing and appetite
(14). However, the mechanisms by which
reduced Irs2 expression in the brain
diminishes both central leptin sensitiv-
ity and peripheral insulin sensitivity are
unclear. Moreover, the precise identity of
the neurons mediating these effects is not
known, and indeed, their putative localiza-
tion in the hypothalamus is a logical but
unproven assumption. Additional work
will be needed to untangle these complex
and fascinating issues.

Despite a nearly complete lack of Irs2
in the f cells, both groups reported nor-
mal islet development and size in young
animals but a failure of islet mass to
increase after 4 weeks (11, 12). Thus, no 3
cell expansion occurred either in response
to cues from normal animal growth or
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to compensate for the developing insu-
lin resistance. These results alone would
strongly suggest a critical role for IRS2 in
postnatal (3 cell proliferation. However,
Lin et al. made the surprising discovery
that as animals passed 6 months of age,
the islets were substantially repopulated
with new 3 cells containing the floxed
Irs2 but inexplicably lacking Cre expres-
sion. Unfortunately, Kubota et al. did
not study longer time points, so these
results were not confirmed. Regardless of
the mechanism mediating the loss of Cre
expression, the fact that f cell regenera-
tion occurred in an adult diabetic animal
model — and was substantial enough to
correct the fasting hyperglycemia — is
tremendously exciting. The identity of
regenerating p cells in adult subjects is
controversial, with both progenitor cells
and division of mature p cells proposed
as replenishing sources (15, 16). Given
the explosion in the number of diabetic
patients requiring islet transplantations,
and the limited availability of donor tis-
sue, the successful isolation of §§ cell pre-
cursors would be a milestone in diabetes
research. Unfortunately, the origin of the
regenerated P cells could not be identi-
fied in the present study and thus offers
no resolution to the continuing debate
on f} cell propagation. However, this work
strongly suggests that enhancement of
[ cell IRS2 expression in insulin-resistant
patients might significantly delay islet
destruction and onset of diabetes.
Together, these reports make a com-
pelling argument for the central role of
IRS2 in the hypothalamic regulation
of central leptin and peripheral insulin
sensitivity, as well as p cell propagation.
Investigation into the molecular mecha-
nisms by which IRS2 mediates these dis-
parate effects will undoubtedly increase
our understanding of the initiation and
development of type 2 diabetes.
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