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Male rats (200 g) were rendered diabetic with one intra-
peritoneal injection of alloxan (150 mg/kg) or streptozotocin
(60 mg/kg). In hyperglycemic animals within 3 hours after the
injection, the binding of EGF to liver membranes decreased by
43-52%; the maximal drop was by 70% and persisted for the 20
days of the experiment. EGF receptors decreased in number with
almost no changes in their affinity. Autophosphorylation of the
receptors decreased parallel to the ligand binding. In animals
that received lower doses and did not develop diabetes and in
animals in whom diabetes was prevented by the injections of glu-
cose (before alloxan) or nicotinamide (before streptozotocin)
the binding of EGF to liver receptors remained normal. We con-
clude that the decreased expression of EGF receptors was caused
by diabetes and not by the toxic effects of the diabetogenic
compounds on the liver. © 1986 Academic Press, Inc.

EGF receptors, like those to insulin, PDGF and IGF-1, are
characterized by their autophosphorylation and tyrosine-kinase
activity (1). Changes in the EGF receptors were reported in
many situations, mostly related to cell growth, transformation
and liver regeneration. Much less is known about their role
and regulation in vivo but several hormones were shown to change
the expression of the EGF receptors (2-5). Since the liver is
the first organ to receive secreted insulin and since EGF is a
potent growth factor and liver mitogen, we investigated EGF

receptors in experimental diabetes.

MATERIALS AND METHODS

The experiments were performed on male Sprague-Dawley rats.
In the first series animals (200 g) after an overnight fast were
given a single intraperitoneal injection of alloxan (37.5-150
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mg/kg as alloxan monohydrate) or streptozotocin (30-60 mg/kg)
After 3 hours, 1, 5 and 20 days, plasma glucose was determined
with a Beckman glucose analyzer, and groups of animals were sac-
rificed by exsanguination under light ether anesthesia, their
livers perfused in situ with cold saline and excised; Golgi and
microsomal fractions were isolated (6). A group of 3-4 control
animals was alwa{s sacrificed on the same day. We determined
the binding of [125-I]-EGF (2 ng, 40,000 cpm/tube) to the iso-
lated fractions. The results were expressed as the percent
specific binding per 0.1 mg protein for the Golgi and per 0.5

mg protein for the microsomal fraction. The competitive binding
with cold EGF was studied with the ligand concentrations 0.1-200
ng/tube, the highest concentration used for the determination of
non-specific binding. The number and affinity of the receptors
were derived from the Scatchard plots. The autophosphorylation
of the receptors (Mr 170,000) was determined with y-[32p]-ATP
(7).

In another series of experiments rats were injected in the
tail vein with glucose 1000 mg/kg followed immediately with
alloxan 150 mg/kg or i.p. with nicotinamide 300 mg/kg followed
after 15 minutes by streptozotocin 60 mg/kg. The animals were
sacrificed on the 5th day and their liver EGF receptors studied.

RESULTS

All animals given alloxan 150 mg/kg or streptozotocin 60
mg/kg developed overt diabetes with the plasma glucose level
increasing from the initial values of 145 + 13 mg/dl to a level
of 312-448 mg/dl after 3 hours; 408-713 mg/dl after 1 day, 564-
800 mg/dl at 5 days and 528-757 mg/dl at 20 days. With lower
doses of both diabetogenic chemicals diabetes did not develop
and plasma glucose remained below 200 mg/dl.

In animals rendered diabetic with alloxan and streptozoto-
cin, the binding of EGF to its receptors and their autophosphor-
ylation sharply decreased (Figures 1,3). As compared to con-
trols, the maximal drop of the binding to the Golgi fraction was
by 70% and to the microsomes - by 75%, all the differences be-
tween the control and experimental groups being highly signifi-
cant. The competition curves and corresponding Scatchard plots
(Figure 2) clearly show a decrease in the number of EGF recep-
tors without significant changes in their affinity. Calculation
of the number of receptors showed it to be in the controls 2.53
pmol/mg, in the alloxan treated animals 0.85 pmol/mg and in the

streptozotocin-treated rats 1.13 pmol/mg. The autophosphoryla-—
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Figure 1. Binding of EGF to liver receptors in rats with
alloxan (upper panel) and streptozotocin (lower panel)
diabetes. Binding to the microsomal (e) and Golgi (o) frac~
tions. The number in parentheses show the number of animals.
Difference from controls: * P=.05; ** P<,02; *** P<,001.

Figure 2. Competition curves and Scatchard plots of EGF
binding to the liver microsomes of rats treated with alloxan
(o) and streptozotocin (A) as compared to the controls (e).
Diabetic animals were studied at 5 days.

tion of the receptors decreased concomitant with the drop in the
ligand binding (Figure 3).
Rats in whom diabetes did not develop after a lower dose of

alloxan or streptozotocin or in which diabetes was prevented by
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Figure 3. Autophosphorylation of EGF receptors in diabetic
and control animals. Lanes A,D- alloxan diabetic rats; B,E-
streptozotocin-diabetic rats; C,F- control animals. Radio-
activity in Mr 170,000 bands (cpm): A-295; B-598; C-1676;
D-554; E~898; F-2650.
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the injections correspondingly of glucose and nicotanamide, the
binding of EGF to their liver receptors was not decreased as

compared to controls.

DISCUSSION

It seems that this is the first report of the changes in
the liver EGF receptors in experimental diabetes. Both alloxan
and streptozotocin cause diabetes by their direct action on the
beta~cells with subsequent hypoinsulinemia. Under these condi-
tions, insulin receptors in the liver and on the isolated hepa-
tocytes, not being down-regulated, increase in number as was
shown by most researchers (8-11) with only one dissenting state-
ment (12).

EGF receptors are regulated by many factors. Uterine EGF
receptors are stimulated by estrogens (5), mammary EGF receptors
undergo changes during gestation and lactation (13). Glucocor-
ticoids increase the EGF binding to C3H10T 1/2 (2) and to Hela
S3 cells (14) as well as to the fetal rabbit lung receptors
(15). Liver EGF receptor binding in culture is stimulated by
glucocorticeids; this stimulation is inhibited by insulin,
though the latter has no effect on the basal binding (16). The
normal expression of EGF receptors also requires thyroid hor-
mones {4). We found only one report of the effect of alloxan
diabetes on EGF receptors, and it described their decrease in
exocrine pancreas, restored to normal by insulin (17).

Qur experiments clearly showed that the decrease in the
expression of EGF receptors in liver was caused not by alloxan
and streptozotocin as chemicals but by diabetes. Since diabetes
in this experimental setting means the combination of hypoin-
sulinemia and hyperglycemia further studies are needed to
clarify which of the two factors was instrumental. Unfortu-

nately, it is impossible experimentally to produce chronic
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hyperglycemia in normoinsulinemic animals or to induce hypo-
insulinemia without concomitant elevation of plasma glucose.
Therefore inevitably the approach will have to be an indirect
one. In view of the probable important role of EGF receptors,

their function in diabetes deserves further study.
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