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F
or many years, the prevailing view has been that
the initiating event in type 2 diabetes is de-
velopment of insulin resistance in peripheral tis-
sues that triggers overproduction of insulin by

pancreatic b-cells. Eventually, b-cells reach a stage at
which they are unable to compensate for the insulin re-
sistance, resulting in hyperglycemia and overt diabetes. The
underlying cause of tissue insulin resistance is not well
understood, but several putative mechanisms including
ectopic lipid accumulation and low-grade activation of
inflammatory pathways have been proposed (1). Recent
evidence suggests that b-cell failure may occur in parallel
with the development of insulin resistance (2), and b-cell
failure may in itself be a cause of insulin resistance (3).

Insulin is secreted into the portal vein in a pulsatile
fashion with approximately 5-min cycles (Fig. 1) (4–6).
Insulin pulses may account for as much as 70% of the total
insulin secretion in the basal state (4). This pulsatile b-cell
secretion pattern is controlled by an intrinsic rhythm of
intracellular Ca2+ oscillations (7). Adjacent b-cells in the
islets adapt to each other via autocrine interaction, resulting
in a coordinated secretion pattern. In addition, synchroni-
zation of all islets so that insulin release by the entire pan-
creas occurs in distinct peaks results from autonomic
nervous system involvement (8). Interestingly, a pulsatile
secretion of somatostatin takes place in phase with the
insulin release, whereas pulsatile glucagon secretion is
antisynchronous to that of both insulin and somatostatin
(Fig. 1) (5). The resulting .20-fold variations in portal vein
insulin-to-glucagon ratio may be of importance for short-
term regulation of hepatic glucose metabolism.

A substantial decline in b-cell function is now believed to
occur in the early stages of type 2 diabetes development.
b-Cell mass is reduced by approximately 40–65% when
patients present with type 2 diabetes (9). To compensate for
decreased b-cell mass, the remaining b-cells produce high
levels of insulin, but the pulsatile secretion pattern is mod-
ified in that the insulin pulses are markedly attenuated (4).
This altered insulin secretion has several consequences,
including effects on the autocrine regulation of insulin
secretion (10), higher plasma levels of uncleaved pro-
insulin (11), and development of hepatic insulin resistance
in both animals and humans. In addition, more insulin

seems to escape hepatic retention, leading to elevated
peripheral insulin levels. Insulin resistance has partly
been ascribed to decreased number and downregulation
of insulin receptors with subsequent effects on the in-
tracellular signaling system, including insulin receptor
substrate 1 (IRS-1). Normally, IRS-1 binds to the cyto-
plasmatic portion of the activated, autophosphorylated
insulin receptor and becomes phosphorylated at several
tyrosine residues, thereby initiating the intracellular sig-
naling cascade of insulin (12).

In this issue of Diabetes, Matveyenko et al. (13) present
new evidence regarding the effect of different modes of
intraportal insulin delivery on hepatic intracellular insulin
signaling and whole-body glucose utilization in animals.
Insulin administration was either pulsatile (representing
the healthy state), constant rate, or with reduced magni-
tude of the pulses (mimicking the defective insulin secre-
tion of type 2 diabetes). Activation of intracellular insulin
signaling via IRS-1 and IRS-2, Akt, and Foxo1 was evalu-
ated. The investigators provide evidence that phosphory-
lation of these signaling proteins, as well as the mRNA
expression of glucokinase, was delayed and impaired fol-
lowing constant rate and type 2 diabetes–like insulin
infusions as compared with the pulsatile infusion. These
findings provide the first direct evidence that the loss of
pulsatile insulin secretion leads to intrahepatic molecular
changes and altered gene expression consistent with the
development of hepatic insulin resistance. Moreover, pul-
satile insulin administration was accompanied by a modest
decrease in plasma glucose levels, whereas both the con-
stant infusion and the type 2 diabetes–mimicking infusion
resulted in increased plasma glucose levels in the fasting
state. The insulin secretion pattern appears to influence
both blood glucose regulation and tissue insulin re-
sistance. Finally, to extend these short-term results, the
investigators used the human islet amyloid polypeptide
(HIP) transgenic rat model of type 2 diabetes in studies
covering up to 12 months. Compared with age-matched
Sprague-Dawley control rats, the HIP rats exhibited a pro-
gressive loss of b-cell mass, decreased mass of insulin
pulses, elevated fasting levels of glucose, and decreased
levels of glucokinase mRNA.

The pulsatile secretion of insulin by the b-cells is not
a piece of evolutionary whimsy, yet its possible functional
importance and the consequences of the loss of this func-
tion in type 2 diabetes have received only limited attention
to date. Therefore, the present results by Matveyenko et al.
(13) represent a welcome tour de force of new information
in this area and bring to the foreground the distinct possi-
bility that loss of insulin pulsatility and b-cell dysfunction
may not only be initiating events, but also drivers in the
development of hepatic insulin resistance and progression
of type 2 diabetes. The extent to which the present findings
for rats and dogs translate to people with type 2 diabetes
needs to be evaluated. A primary role for b-cell dysfunction
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in the pathogenesis of type 2 diabetes may not apply to all
forms of this disorder, but support for the hypothesis
is provided by the fact that among the several common
genetic variations associated with type 2 diabetes, b-cell
a2A-adrenergic receptor is overexpressed, potentially me-
diating suppression of insulin secretion (14). Moreover, ep-
idemiological data show that b-cell dysfunction, loss of
pulsatile insulin secretion, and insulin resistance are fre-
quently observed in relatives of patients with type 2
diabetes (15). Finally, the findings by Matveyenko et al.
may have therapeutic implications. If confirmed, the find-
ings imply that increasing circulating insulin levels by
secretagogues or administration of long-acting insulin
preparations may contribute to the development of tissue
insulin resistance, and the possibility of providing insulin
in a pulsatile manner should be explored (16).
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FIG. 1. Schematic representation of the pulsatile nature and temporal relationships of insulin, glucagon, and somatostatin secretion by glucose-
stimulated human b-cells. Hormone concentration tracings from Ref. 5 with permission.
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