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Summary. In this study, we compared the binding of IGF-I and IGF-11 to liver
microsomes of normal and hypophysectomized (Hypox) rats. The binding of [1251]-IGF-II,
measured by centrifugation of membrane-bound ligand, was lower in Hypox than in normal
rats (15 ± 2 vs 26 + 1 %, p < 0.001) but binding was increased (46 ± 1.5 vs 31 ± 1 %,
p < 0.001) when bound and free hormones were separated using polyethyleneglycol (PEG)
precipitation. This was due to the presence of soluble binding activity which dissociated
from membranes to compete for IGF binding. When soluble binding activity was first
removed from microsomal membranes by a washing procedure no difference was found in
[1251]-IGF-1I binding to microsomes of Hypox and normal animals (33 ± 1 vs 32 + 1 %).
However, in the microsomal washing supernatant from Hypox (containing soluble binding
activity) IGF-II binding was much higher than in that from normals (17 ± 2 vs 6 + 0.5 %,
p < 0.001). The binding of (1251]-IGF-1 was lower than that of [1251]-IGF-1I but was
comparably changed. By contrast, (1251]-insulin binding was similar in Hypox and normal rats
and was not influenced by PEG precipitation or prewashing of the membranes.

Inhibition dose-response curves showed a paradoxical increase in [’z51]-IGF-II binding
to unwashed microsomes of Hypox rats in the range of 0.5-5 ng/ml cold IGF-11. In normal
animals [’z51]-IGF-II binding to microsomes was progressively inhibited by IGF-II in a range
of 0.5-500 ng/ml. For soluble binding sites, assayed by PEG precipitation, there was a
dose-dependent inhibition of [’z51]-IGF-II binding. The IC50 for the soluble binding moiety in
Hypox (3.5 ng/ml) was almost half that found for microsomal receptors (6 ng/ml).

We conclude that hypophysectomy does not affect IGF binding to rat liver microsome
receptors, but is associated with the accumulation of a high affinity binding activity which
dissociates from the membranes in Hypox animals.

Introduction.

Insulin-like growth factors (IGFs) are polypeptides that have been proposed
as the mediators of the peripheral actions of growth hormone (GH1. Two major
IGFs have been characterized in human plasma : IGF-I whose secretion is mainly
under the control of GH, and IGF-11 whose GH-dependency is less clear (Zapf et
a/., 1981 ; Daughaday et al., 1981b ; Roberts et al., 1986).
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Unique among polypeptide hormones, IGFs circulate in blood largely
complexed to binding proteins of higher molecular weight (Moses et al., 1976 ;
Hintz et al., 1981 ; Binoux et al., 1982a, b). IGF binding proteins are a family of

heterogeneous peptides which also differ with respect to their GH-dependency
(Rechler et al., 1980 ; Furlanetto, 1980 ; Morris and Schalch, 1982). These

proteins are often described as simple carrier proteins appearing to prolong the
half-life of IGFs (Cohen and Nissley, 1976) and to prevent diffusion out of the

capillary bed (Moses et al., 1976). More recent reports suggest that binding
proteins modulate IGF biological effects (Drop et al., 1979) in inhibiting IGF

binding to cell membrane receptors either by competition with IGFs or by altering
binding directly at the cell surface (De Vroede et al., 1986 ; Clemmons et al.,
19861.

IGFs bind to two different but specific membrane receptors in target tissues
(Kasuga et al., 1981 ; Nissley and Rechler, 1985). Rat tissues possess mainly
type-!) IGF receptors (Daughaday et al., 1981a ; Nissley and Rechler, 1985). The
following experiments were designed to study the effects of hypophysectomy and
therefore GH status on IGF binding to rat liver microsomes. No effect was

observed on plasma membrane receptors, but the binding of IGF-I and IGF-11

was altered by a tissue binding protein moiety resembling one species of IGF
binding protein. This binding protein was increased in hypophysectomized
animals compared to normal control.

Materials and methods.

Animals. &horbar; Normal and hypophysectomized (Hypox) male Sprague-Dawley rats
were obtained from Charles River Canada Inc (St Constant, Quebec) and
maintained on Purina Chow. Hypox rats were operated upon when they were 27-
days-old and then received water containing 5 % sucrose. Hypophysectomy was
confirmed by observing the growth rate over a two-week period. All rats were

fasted overnight before being sacrificed.

Hormones and other chemicals. &horbar; IGF-I and IGF-II were isolated by HPLC from a
semi-pure preparation (IGFS) obtained by acid gel filtration of acid-ethanol
extracts of Cohn fraction IV-4 of human plasma (Posner et al., 1978, Blanchard et
a/., 1987). Porcine insulin (24.5 U/mg) was a gift from Connaught Laboratories
(Willowdale, Ontario). Carrier-free [!251]-iodine was purchased from NEN Corp
(Boston, MA). Bovine serum albumin (BSA) was obtained from Sigma (St Louis,
MO), rabbit gammaglobulin from Daymar Laboratories (Toronto, Ontario) and

Sephadex G-50 from Pharmacia Fine Chemicals (Uppsala, Sweden). All other

chemicals were analytic grade.

[1251 ]-labelling of IGF-I, IGF-11 and insulin was performed by the chloramine-T
method followed by purification by Sephadex G-50 chromatography (IGF-I and
insulin) or binding to and elution from purified human placental microsomes (IGF-
11), as previously described by Posner et al. (1978).



Microsome preparation. &horbar; Rats were anesthetized with ether. The blood was
removed by circulating saline solution (0.9 % NACI) in situ through the portal vein
for 10 min. The liver was immediately dissected out and homogenized in 0.3M
sucrose (5 ml/g of tissue) using a Waring blender and centrifuged (15,000 x g for
25 min). The supernatant was decanted and centrifuged at 100,000 x g for
90 min to yield a microsomal membrane pellet that was washed by resuspension
of the pellet in 25 mM Tris-HCI, 10 mM MgCl2 buffer (pH 7.4) (Tris buffer) and

centrifuged again under the same conditions. The pellet was then resuspended in
the same buffer, and membrane protein was measured by the Bio-Rad assay.
Finally, the membranes (1 mg protein/ml) were stored frozen at - 20 °C until
use.

Binding studies. &horbar; Membranes were gently thawed and homogenized (Dounce)
three times. They were centrifuged (100,000 x g for 90 min) where specified, in
which case, the supernatant was kept for binding studies and the pellet was
resuspended in the same volume of Tris buffer. Membrane samples 1100 pg of
protein) or supernatants (1-2 !g of protein) were incubated overnight at 4 °C
with f!251]-labelled hormones (20,000 cpm for IGF-I and IGF-11, 30,000 cpm for
insulin) in a final volume of 0.5 ml Tris buffer containing 0.1 % pure BSA. Non-
specific binding was determined by adding an excess of semi-purified IGFs (20 pg)
for both IGF-I and IGF-II binding studies and an excess of 10 !g of insulin for
insulin binding studies. Bound and free hormones were separated by adding 3 ml
ice-cold Tris buffer and centrifugating at 4,000 rpm for 30 min. Soluble binding
activity was measured by adding 1 ml 0.125 % rabbit gammaglobulin, followed by
1 ml 25 % polyethyleneglycol (PEG 8000), both in Tris buffer, followed by
thorough mixing and standing for 15 min at 4 °C before centrifugation as above.
The tubes were then decanted and the radioactivity counted in a gammacounter
(LKB).

Results.

When bound and free hormones were separated by dilution and

centrifugation of the membranes, the binding of IGF-11 to liver microsomes (fig. 1,
row A) was significantly less in Hypox than in normal rats (15 ± 2 vs 26 + 1 %,
p < 0.001) while there was no change in the binding of IGF-I (3.5 ± 1 vs

3 ± 1 %). When separation was achieved using PEG (fig. 1, row B), both IGF-II
and IGF-I binding became significantly higher in Hypox than in normal rats

(46 ± 1.5 vs 31 ± 1 and 14.5 ± 2 vs 6 ± 1 % respectively, p < 0.001 ).
No difference in the binding of either IGF-11 or IGF-I was observed between

Hypox and normal rat liver microsomes (33 ± 1 vs 32 + 1 and 2 + 0.5 vs

3 ± 1 % respectively) which were prewashed prior to binding assay (fig. 1,
row C). In the corresponding supernatants (fig. 1, row D), the binding of both
IGF-11 and IGF-I was significantly higher in Hypox than in normals (17 ± 2 vs

6 ± 0.5 and 14 ± 1 vs 2.5 ± 0.5 %, respectively ; p < 0.001). ).



In contrast, there was no difference in the binding of insulin to liver
microsomes of Hypox and normal rats whatever the separation technique nor
with prewashing of the membranes (fig. 1, rows A, B, C). In all cases insulin
binding varied between 9 and 13 %. In the supernatants corresponding to

microsomal washings, insulin binding was less than 1 % in both Hypox and
normals (fig. 1 row D).

The inhibition of [1251]-IGF-1I binding to liver microsomes of normal rats was
progressive over a range of 0.5-500 ng/ml (IC! = 6 ng/ml) of unlabelled IGF-11
(fig. 2). With microsomes from Hypox rats, the binding of [!z51]-IGF-II was lower
than in normals (13 vs 22 %) and paradoxically increased in the presence of 0.5-
5 ng/ml of unlabelled IGF-11 before decreasing as higher concentrations of IGF-11
were added (10-500 ng/ml).

In the soluble fraction of the binding medium of normal rat microsomes,
there was a measurable specific binding of [!251]-IGF-II which increased from 0.5
to 2.5 % in presence of 0.5-20 ng/ml unlabelled IGF-11 (fig. 2). The percentage of
[!251]-IGF-II specifically bound to the corresponding fraction of Hypox rat

microsomes was higher than that of normals (7.5 vs 0.5 %) and binding



decreased in a dose-dependent manner in presence of unlabelled IGF-II (0.5-
500 ng/ml ; IC! = 3.5 ng/ml).

Discussion.

Our experiments indicate that there is no effect of hypophysectomy on the
binding of IGF-I and IGF-11 to washed rat liver microsomes. Since the

predominant form of the IGF receptor in this species is type-11 (Daughaday et al.,
1981a), we can infer that the regulation of hepatic type-11 IGF receptors is not

pituitary dependent. This finding parallels the observation that plasma IGF-11 levels
are less well related to plasma GH levels than IGF-I (Zapf et al., 1981 ; Daughaday
et al., 1981 b ; Roberts et al., 1986).

The reduced binding of IGF-11 to unwashed hepatic microsomes from Hypox
rats was caused by the presence of soluble binding proteins which were readily
dissociated from the membranes to compete with IGF receptors for binding to the
ligand. This was also observed in normal rats but to a much lesser extent. In the
latter animals, the majority of the soluble moiety may have been bound to

endogenous IGFs!.
The importance of the interference of soluble binding proteins in the binding

of IGF-11 to membrane receptors was well demonstrated by inhibition dose-



response studies. In Hypox rats, the presence of the binding moiety in

microsomal fractions induced a paradoxical increase of IGF-11 binding to

membrane receptors at low doses of unlabelled ligand. The binding moiety
probably mediated this effect since l!!!ll-IGF-11 binding to membrane receptors
increased when the binding to soluble binding sites was decreasing, and began
to decrease on membranes when saturation of the soluble sites was almost

complete. Similar paradoxical increases of labelled-IGF binding at low doses of
unlabelled hormone have been previously observed in studies of IGF-I binding to
cultured human fibroblasts (De Vroede et al., 1986 ; Clemmons et al., 1986) and
IGF-11 binding to erythroleukemia cells (Blanchard et al., 1987). In the former

studies, the phenomenon was attributed to the release of membrane-associated
IGF binding proteins into the medium though it was not demonstrated in the

latter study.
Several differences were observed in the binding moieties released from liver

microsomes of either Hypox or normal rats. In normal rats, IGF binding to soluble
material was low and had little effect on IGF binding to microsomes. We recently
reported that IGF-11 has equal affinity for the soluble moiety and the membrane
receptor sites (Barenton et al., 1986). Conversely in Hypox rats, IGF binding to
the soluble moiety was high and interfered with the binding of IGFs to

microsomes. In addition, the affinity of IGF-11 for the soluble binding moiety was
higher than for membrane receptor sites. This was recently confirmed by
Scatchard analyses of separate binding assays with microsomal membranes and
the corresponding soluble material (Barenton et al., 1986). Changes in the affinity
of plasma binding proteins have been previously reported in hypopituitary children
(Hintz et al., 1981). Thus, it is possible that the structure of the molecule(s)
released from Hypox rat liver is modified or that there are different binding
moieties in Hypox and normal animals.

The material released from liver microsomes had the characteristics of IGF

binding proteins since it bound IGF-11 with high affinity and did not bind insulin. It
is not yet possible to state whether or not the binding moiety is related to plasma
IGF binding proteins. Grizzard et al. (1984) reported that membrane-associated
IGF binding proteins released from placental membranes represented a

contamination by plasma and/or amniotic fluid binding proteins. This is unlikely in
our experiments because blood was removed from the liver by prior perfusion. In
addition there should be less contamination in Hypox rats since plasma IGF
binding proteins are depressed in these animals (Moses et al., 1976). In contrast,
binding to the soluble moiety increased in Hypox animals.

The heterogeneity of IGF binding proteins is now well documented (Rechler
et al., 1980 ; Furlanetto, 1980 ; Morris and Schalch, 1982). Some binding protein
species are GH-dependent (Kaufmann et a/.,1978 ; Moses et al., 1979) while
others are not (Hintz et al., 1981 ; Binoux et al., 1982b). As observed in the rat

plasma (D’Ercole and Wilkins, 1984), it is possible that the binding moiety
harvested from normal rat liver is predominantly related to GH-dependent binding
proteins and that most obtained from Hypox animals are related to non-GH-

dependent binding proteins. Differences have also been observed according to
the respective affinities of the binding proteins for each IGF (Binoux et al.,



1982a). Such information about membrane-released moieties is not yet available.
We conclude from these experiments that hypophysectomy has no effect on

IGF binding to rat hepatic membrane receptors. However, the liver, and maybe
other tissues, release binding moieties which interfere in the binding of IGF to
their membrane receptor sites. We speculate that these molecules are involved in
the modulation of IGF biological effects at the cell surface.
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Résumé. Liaison des facteurs de croissance IGF-1 et IGF-11 aux microsomes hépatiques
de rats hypophysectomisés : altération par un composant soluble.

Au cours de cette étude, nous avons comparé la liaison de IGF-1 et IGF-11 aux microso-
mes hépatiques chez des rats normaux et hypophysectomisés (Hypox). Nous avons trouvé
que la iidison de [’251]-IGF-II est plus faible chez le rat Hypox que chez le rat normal (15 ± 2
vs 26 + 1 %, p < 0,001) lorsqu’elle est mesurée par centrifugation des membranes, mais
elle devient plus élevée (46 ± 1,5 vs 31 + 1 %, p < 0,001) lorsque les fractions libre et liée
de l’hormone sont séparées par précipitation au polyéthylèneglycol (PEG1. Ceci est dû à la
présence de sites de liaison solubles qui se dissocient des membranes et entrent en compé-
tition avec le récepteur. Quand la fraction liante soluble est séparée de la fraction microso-
miale par un processus de lavage, la liaison de [’251]-IGF-II sur les microsomes est identique
chez les rats Hypox et normaux. En revanche, cette liaison est beaucoup plus élevée dans
les résidus de lavage des microsomes (contenant la fraction liante soluble) des rats Hypox
que dans celle des rats normaux (17 + 2 vs 6 + 0,5 %, p < 0,0011. La liaison de [1251]-
IGF-1 est inférieure à celle de [’251]-IGF-II mais varie dans les mêmes proportions. Au con-
traire, la liaison de [1251]-insuline n’est influencée ni par l’emploi du PEG pour la précipita-
tion, ni par le prélavage des membranes et ne diffère jamais entre les groupes d’animaux.

Les courbes d’inhibition compétitive mettent en évidence une augmentation para-
doxale de la liaison de [1251]-IGF-1I sur les microsomes de rat Hypox dans une gamme de
0,5-5 ng/ml d’IGF-11 froid. Cette liaison est progressivement inhibée par IGF-II dans une
gamme de 0,5-500 ng/ml chez le rat normal. L’inhibition de la liaison de [’251]-IGF-II sur la
fraction soluble, mesurée par précipitation au PEG, est dose-dépendante. L’IC! correspon-
dant à la fraction liante soluble chez les Hypox (3,5 ng/ml) est presque la moitié de la valeur
trouvée pour les récepteurs membranaires (6 ng/ml).

Nous concluons que l’hypophysectomie est sans effet sur la liaison des IGFs aux

récepteurs hépatiques de rat. Toutefois, une fraction liante soluble faiblement associée aux
membranes réduit la capacité de liaison des IGFs à leurs récepteurs membranaires chez le
rat Hypox.
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