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THE CONTROL OF cell growth and me-
tabolism is critically important to

the developing organism. Recently, the
discovery of the drosophila homologs
for the Insulin Receptor, InR, and the
Insulin Receptor Substrate 1 gene,
nicknamed chico, has lead researchers
to ask whether mutations in either gene
alters growth and developmental pro-
cesses in these organisms. The answer
is of course, yes. In worms (1), flies
(2), and in transgenic mice (3), muta-
tions in the insulin signaling pathway
reduce growth and size of the organ-
ism. Curiously, during the course of
these studies it was discovered that in
flies longevity was prolonged by 48%
in female chico mutants and by 85% in
InR mutants. Both mutations stalled or
blocked reproduction, suggesting that
hormonal signals that regulate growth
and reproduction may also play a role
in lengthening life span.

The insulin signaling pathway acti-
vates two major branches: the Ras/Map
Kinase pathway and the IRS1/phospho-
inositide 3-kinase/Akt pathway. Muta-
tions in chico in the fly or in the insulin/
IGF-I-like receptor signaling pathway in
the worm C-elegans also results in in-
creased accumulation of fat (2, 4), and
promoted the resistance to starvation,
suggesting a relationship between lon-
gevity and energy storage. Restoring the
PI 3-kinase signaling pathway to muscle
rescued the metabolic defects, but not
longevity. However restoration of the
pathway in neurons did both (5). These

studies point to insulin signaling in the
central nervous system as a key regulator
of both longevity and conservation of
growth and metabolism in a broad range
of species.

Unlike mammals, drosophila make a
single hybrid insulin/IGF-1 receptor,
however there is evidence for a role of
IGF-1 in longevity and growth in mice,
dogs and possibly primates (6). It is
also possible that these same genes
may independently regulate growth
during the preadult period as well as
survival during adulthood. Caloric re-
striction during adulthood has long
been known to increase longevity and
decrease IGF-1 and insulin levels with-
out an effect on body size. Indeed
when food is scarce, adult animals typ-
ically enter into a semi-dormant state
allowing them to survive periods of
food deprivation. Similarly, over-
expression of growth hormone or
IGF-1 levels in transgenic mice tends
to decrease life span. These results
support the idea the insulin-like signal-
ing pathway and its control of meta-
bolic activity are likely to be a general
regulator of the rate of aging, as well
as growth and reproduction.

In humans, homozygous mutations
for the insulin receptor tend to be lethal,
and combinations of insulin receptor and
IGF-1 mutations are very rarely re-
ported. While mutations in the insulin
signaling pathway can lead to diseases

such as diabetes and obesity, the fact that
conserving resources can lead to en-
hanced longevity, and these processes
use the same signaling pathway, sug-
gests that modulation of insulin-like sig-
naling processes in-utero could be im-
portant determinants of future metabolic
activity, including aging. Connecting
these pathways with alterations in the
amounts of hormones, their function,
and environmental conditions will in-
crease our understanding about how in-
sulin signaling affects not only growth
and development but also possibly reg-
ulation of aging.
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