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Summary

In peripheral insulin-sensitive tissues, insulin receptor substrate (IRS-1) undergoes tyrosine phosphorvlation
immediately after cells are stimulated by insulin or insulin-like growth factor-1 (IGF-1), and may function as
4 molecular link between insulin/IGF-1 receptor tyrosine kinases and enzymes regulating cell growth and
metabolism. A fundamental guestion pertaining to insulin/IGF-1 action in the brain is whether ITRS-1 is ex-
pressed by neurons, In this study, the distribution of cells containing immunoreactivity to IRS-1 in the brain
was determined by immunocytochemistry with polyclonal TRS-1 antiserum, and compared to the localization
of immunostaining for phosphotyrosine using polyclonal phosphotyrosine antiserum. The immunostaining re-
sults with ABC-peroxidase method and eryostat sections showed the presence of TRS-1 immunoreactivity in
many neuron cell bodies throughout the rat forebrain, particularly in the habenula, cerebral cortex and piriform
cortex. In the hypothalamus, IRS-1 immunostaining was present in neurons of the paraventricular nucleus,
supraoptic nucleus, and arcuate nucleus. The choroid plexus stained intensely for IRS-1. The populations of
cells that stamed for IRS-1 also showed strong immunostaining for phosphotyrosine. Studies at the cellular level
are needed to verify cocxpression of IRS-1 and receptors for insulin or IGF-1 by the same neurons, as well
as in cells of the choroid plexus. The present results are the first demonstration of TRS-1 expression by neu-
rons in adult mammalian brain, These findings are consistent with the hypothesis that insulin and IGF-1 ac-
tions in the brain involve signal transduction mechanisms common to those found in peripheral tissues.
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Introduction

Insulin receptor substrate (IRS-1) (previously
identified as ppl83) is a phosphoprotein which may
function as a molecular link belween insulin and
insulin-like prowth factor-1 (IGF-1) receptor tyrosine
kinases and enzymes regulating cell growth and
metabolism. It undergoes tyrosine phosphorylation
immediately afier cells are stimulated by insulin [1,2]
or IGF-1[3], and associates with phosphatidylinosi-
tol 3'-kinase [4=7]. The physiological significance of
IR5-1 in insulin and IGF-1 signal transduction in
vivo is uncertain since IRS-1 has been studied mainly
in cultured cells, Numerous reports [ 3,4,7-9] suggest
that IRS-1 functions in the responses of cells Lo in-
sulin and IGF-1 in vivo. A ¢cDNA encoding the pro-
tein structure of IRS-1 was isolated from rat liver
cDNA libraries [4], and IRS-1 mBNA transcripts
(9.5 kb) have been found by Northern blot analysis
in a variety of insulin-sensitive rat tissues, including
brain [1]. However, the types of cell that express
IRS-1 in these organs and the extent to which cells
expressing IRS-1 also express insulin receplors or
IGF-1 receptors (type 1 LGF receplors) have not
been reported. Moreover, no previous reports have
documented IR5-1 expression by neurons of the
adult mammalian brain,

Althoueh the brain contains large numbers of spe-
cific receptors for insulin and IGF-1 [10-13], it is
not generally viewed as an insulin-sensitive organ,
Insulin does not exert effects on substrate uptake,
transport, or metabolism on brain neurons that char-
acterize the responses of classic insulin-sensitive tis-
sues such as liver, adipose cells, and skeletal muscle
[14]. The roles of insulin and IGF-1 in the adult
brain are still somewhat undefined, although there is
much evidence to suggest that they may function as
srowth factors that influence cell metabolism and
gene expression [ 14]. Therefore, understanding pos-
treceptor signaling in neurons is of critical impor-
tance for characterizing the nature of insulin and
IGF-1 action in the brain.

Neurons expressing insulin and IGF-1 receptors

and their mRNAs are concentrated in discrete re-
gions, parlicularly in the olfactory bulb, hippocam-
pus and hyvpothalamus. Within these brain areas,
specific structures containing high densities of insu-
lin and IGF-1 receptors are surrounded by cells with
very low insulin and 1GF-1 receptlor expression [ 10—
13]. The brain, therefore, provides a unigque model
for evaluating the specificity with which cells express-
ing receptors for insulin and IGF-1 also express
IRS-1.

In preliminary work [15], we detected IRS-1
mBNA in populations of forebrain neurons that have
been shown to express insulin receptor mENA
[10,16] and phosphotyrosine immunoreactivity
[17,18]. Since IRS-1 is heavily phosphorylated on
tyrosine residues following insulin and [GF-1 hind-
ing to their cognate receptors [1-3], we asked
whether the IRS5-1 protein can be detected by immu-
nocylochemistry in the brain and if so, whether neu-
ron populations that contain IRS-1 immunoreactiv-
ity also show phosphotyrosine immunoreactivity.

Materials and Methods

Tissues

Brains were oblained from 260-300 g male Wistar
rats anesthetized with Equithesin (3 ml/kg, i.p.). The
brains were perfused via the lefl cardiac ventricle
with cold 200 ml 4%, paraformaldehyde in (.1 M
phosphate buffer, pH 7.3, for 15 min, then removed
and immersed in (.1 M phosphate buffer containing
25" sucrose for several dayvs at 6°C and frozen in
Freon 22, Cryostat sections (16 um) were thaw
mounted on pgelatin-coated slides and stored at
-80°C,

Antivera

IR5-1 polyclonal antiserum was raised in rabbits
using a synthetic peptide sequence corresponding to
the amino acid residues 489-307 of the IRS-1 pro-
tein and affinity purified [19]. The phosphotyrosine
antibodies were raised in rabbits and affinity purified







