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Interaction between heterologous receptor tyrosine kinases

Hormone-stimulated insulin receptors activate unoccupied IGF-I receptors
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To determine whether heterologous receptor tyrosine kinases interact with cach other we have investigaied the ability of insulin receptors to
transphosphorylate and transactivate IGF-1 receptors. Using partially purified receptors we show that hormone-stimulated insulin receptors
induced a 40% increase in IGF-I receptor phosphorylation. Remarkably, this transphosphorylation of IGF-I receptors by insulin receptors resulted
in a 2.5-fold augmentation of the IGF-I receptor tyrosine kinase activity for substrates. Our findings demonstrate that transphosphorylation with
transactivation can occur between insulin and 1GF-! receplors, We would like to propose that such a phenomenon participates in the insulin-induced
pleiotropic program by mediating the growth promoting effects of the hormone.
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1. INTRODUCTION

Insulin and insulin-like growth factor-1 (IGF-I) are
structurally related polypeptides that elicit a similar pat-
tern of biological effects after binding to their respective
cell surface receptors [1]. Like their ligands, insulin re-
ceptors and IGF-] receptors are highly homologous.
They are heterotetrameric glycoproteins composed of 2
extracellular a- and 2 transmembrane S-subunits [2-4),
Both receptors bind insulin and 1GF-I, but each recep-
tor binds its cognate ligand with a 100-1000-fold higher
affinity than the cross-reacting polypeptide. Interaction
of the ligand with the a-subunit stimulates the B-subunit
tyrosine kinase activity leading to autophosphorylation
of the latter and tyrosine phosphorylation of intracellu-
lar substrates [5-6]. A general consensus has now been
reached concerning the idea that the receptor tyrosine
kinase is crucial for ligand-induced signal transduction
and generation of biological effects [7].

Despite their homologous structures and their over-
iapping biological effecis, ihe insuiin and the IGF-1
receptors seem to play significantly different physiologi-
cal roles. The main function of insulin appears to be
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regulation of metabolism [8], while IGF-I is considered
to be involved chiefly in cellular proliferation and dif-
ferentiation [9]. Generally speaking, the effects on cell
growth seen with high concentrations of insulin can be
accounted for by cross-binding of insulin to the 1GF-I
receptor. However, in some cell lines, which express the
2 receptors (i.e. human skin fibroblasts and CHO-K1
cells), insulin seems to be mitogenic through its own
receptor [10,11]. Additionally, in fibroblasts over-ex-
pressing the human insulin receptors, it has been ob-
served that insulin leads to mitogenesis through its own
receptor [12,13]. Recent studies have shown that all the
receptor-linked tyrosine kinases analyzed so far, includ-
ing the EGF [14,15], PDGF [16], CSF-I1{17] and insulin
receptor [18,19], appear to use a similar activation
mechanism involving intermolecular interaction of ho-
mologous cytoplasmic domains. Based on this prevail-
ing idea that intermolecular transphosphorylation oc-
curs amongst homologous tyrosine kinase receptors, we
hypothesized that it might also take place amongst heter-
ologous, but related, receptor tyrosine kinases, More
specifically, we investigated whether the activated insu-
lin receptor kinase could phosphorylate and transacti-
vate the IGF-1 receptor. Such a heterologous receptor
cross-talk could explain, at least in some cell systems,
the stimulating effects of insulin on cell proliferation. To
test this idea, we have studied in the present report, the
ability of insulin receptors 1o interact with IGF-I recep-
tors, Using a cell-free phosphorylation assay we demon-
strate that hormone-stimulated insulin receptors indeed
can transphosphorylate, and more importantly, trans-
activate IGF-I receptors. Based on these data we would
like to suggest that suchk a transactivation mechanism
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may play a role in mediating mitogenic responses of
insulin, and as such explain at least in part the plei-
otropism of insulin and related growth factors.

2. MATERIALS AND METHODS
2,

1. Antibodies and cell lines

Antibodies to phosphotyrosine were prepared as previously de-
scribed {20]. 2IR-3 is a murine-specific monoclonal antibody directed
against the g-subunit of the IGT-1 receptor [21] and was gencrously
provided to us by Dr. S. Jacobs (Wellcome. Reseurch Triangle Park,
NC, USA). NIH3T3 fibroblasts, transfected with an expression plas-
mid encoding the human insulin receptor and expressing 6x10* recep-
tors per cell {22]. were a gift from Dr. J. Whittaker (Stony Brook, NY.
USA). NIH3T3 fibroblasts transfected with an expression plasmid
encoding the human IGF-1 receptor and having 1.5x10° cell surface
receptors were provided to us by Dr. P. De Meyts (Hagedorn Institute,
Copenhagen, Denmark).

2.2, Pre-phosphorylation of insuiin receprors

Insulin receptors partially purified by wheat germ agglutinin chrom-
utography as previously described [23] were incubated without or with
insulin (10°* M) for 1 h at room temperature and then pre-phosphoryl-
ated with unlabeled ATP (15 uM), MgCl, (8 mM) and MnCi, (4 miM).
After 30 min at the same temperature, the reaction was stopped by
addition of a solution containing (0.1 M NaF, 20 mM EDTA. 0.1 mM
ZnCl,). These insulin receptors were immunoprecipitated using affin-
ity-purified antibodies to phosphotyrosine pre-bound on protein A-
sepharose for 90 min at 4°C. The immune complexes were washed 3
times in HNT buffer (HNT: 30 mM NaCl, 30 mM HEPES, pH 7.5.
0.1% Triton X-100) and tyrosine phosphorylated receptors were cluted
with 30 mM 4-nitrophenyl phosphate.

2.3, [y~="PJATP phosphorviation assay

An cluate containing pre-phosphorylated insulin receptors was
added to partially purified IGF-I receptors and phosphorylation was
initiated by the addition of 10 uCi of [y-**PJATP (3000 Ci‘mmol) in
the presence of 3 mM MnCl., 10 mM Mg(CH,COO),. 5 uM ATP and
10 uM/ml of poly-L-lysine as described [24]. After 15 min. IGF-I
receptors were immunoprecipilated using afR-3 as outlined above.
The immunoprecipitates were washed 3 times with high salt bufTer (0.5
M NaCl, 30 mM HEPES, pH 7.5, 0.1 Triton X-100) and 3 times in
HNT buflfer. Finally, the receptors were analyzed by SDS-PAGE
under reducing conditions and visualized by autoradiography. For the
tyrosine kinase activity assay, IGF-I receptors were phosphorylated
in the sume way as above. Afier immunoprecipitation with antibodies
to receplor, the washed pellet was incubated in 50 ul of HNT buffer.
Phosphorylation of the substrite, poly(Glu:Tyr) (0.2 mg/ml), was ini-
tiated by adding 2.5 uCi of [y-“P]JATP, 10 mM Mg(CH;COO),, and
30 uM ATP, After 15 min the samples were spotted on Whatman 3M
paper, precipitated in 10% trichloroacetic acid, Na P04 (5 mM) and
ihe radivaciivity was esiimaied by Chercnkov counting.

3. RESULTS AND DISCUSSION

In a first series of in vitro experiments we have ad-
dressed the question of whether insulin receptors were
able to transphosphorylate IGF-I receptors. The insulin
receptor was treated without or with insulin, and then
phosphorylated with unlabeled ATP in order to activatc
its tyrosine kinase activity, After immunoprecipitation
with antibodies to phosphotyrosine and elution with
4-nitrophenyl phosphate, pre-phosphorylated insulin
receptor was added to basul IGF-1 receptor. Then phos-
phorylation of receptors was performed in the presence
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Fig. I, Transphosphorylation of IGF-I receptors by insulin receptors,
Partially purified IGF-1 receptors were incubated in the absence (lane
1) or presence of basal pre-phosphorylated iR (lane 2) or stimulated
pre-phosphorylated IR (lane 3) as described in Materials and Meth-
ods. The receptors were then allowed to phosphorylate upon addition
of a [y-¥P)ATP mixture. Therealter. the receptors were subjected to
immunoprecipitation with antibody to IGF-I receptor (zIR-3). After
extensive washes the 3 samples were analyzed on the same gel by
SDS-PAGE under reducing conditions. The gel was dried and exposed
10 Kodak X-AR film for 5h at =70°C. An autoradiogram of this gel
is shown (IR: insulin receptor). Nole that the same experiment was
performed on 3 diflerent occasions, and comparable results were
found.

of labeled ATP and poly-L-lysine as described [24].
After immunoprecipitation with alR-3, a specific anti-
body directed against the IGF-! receptor a-subunit, the
phosphoproteins were analyzed by SDS-PAGE under
reducing conditions (Fig. 1). When the IGF-1 receptor
was incubated solely with a labeled ATP mixture we
observed a basal level of receptor f-subunit autophos-
phorylation (Fig. 1, lane ). Addition of activated in-
sulin receptor induced a 40% augmentation of 1GF-I
recepior phosphorylaiion (Fig. 1, lane 3). This increase
in phosphorylation could have been due to a co-pre-
cipitation of insulin receptors (re-phosphorylated with
labeled ATP) and IGF-I receptors. However, we were
able to rule out this possibility. Indeed, when we per-
formed pre-phosphorylation of insulin receptors with
labeled ATP and transphosphorylation of IGF-I recep-
tors with unlabeled ATP, no *P-labeled insulin re-
ceptors were precipitated by alR-3, indicating that nei-
ther co-precipitation nor association between the 2 par-
tially purified receptors occurs (data not shown). Hence,
our data show that in a cell-free system the IGF-I re-
ceptor is a substrate for the insulin receptor. This de-
monstrates that intermolecular phosphorylation is in-
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Fig. 2. Tyrosine kinase activity of immunoprecipitated IGF-I recep-
tors. Parlially purified 1GF-I receptors were incubated and phospho-
rylated in the presence of basal pre-phosphorylated IR or stimulated
pre-phosphorylated IR (IR*) as described in the legend to Fig. 1. After
immunoprecipitation with antibody to IGF-I receplors (2l R-3), the
washed pellets were incubated in a phosphorylation assay mixture
containing the artificial substrate poly(Glu:Tyr) (0.2 mg/ml). After 15
min the samples were analyzed using a filter paper assay. In control
experiments, partially purified IGF-I receptors were incubated in the
absence or presence of IGF-1 (107* M) for 1 h at room temperature.
Finally phosphorylation of poly(Glu:Tyr) was performed as described
above. The results are the mean = SEM of 3 separate experiments
where cach point was done in triplicate.

deed possible between 2 heterologous, but structurally
related molecules, such as insulin receptors and IGF-I
receptors. Furthermore, our results provide an explana-
tion, at the molecular level, of the observations made by
Beguinot et al. [25] showing phosphorylation of IGF-1
receptors upon addition of insulin to skeletal muscle
cells.

Similar to other tyrosine kinase receptors, tyrosine
autophosphorylation of the IGF-I receptor is necessary
for activation of its signaling function [7]. Indeed, it has
been shown that autophosphorylation of the IGF-I re-
ceptor increases its tyrosine kinase activity [26]. There-
fore, we were interested to see whether the empty IGF-I
receptor becomes activated upon transphosphorylation
by the hormone-stimulated insulin receptor. To investi-
gate this possibility, we looked at the phosphorylation
of the substrate poly(Glu:Tyr) by IGF-I receptors trans-
phosphorylated by insulin receptors as described above.
Measurements of kinase activity were performed after
immunoprecipitation of IGF-I receptors by aIR-3 (Fig.
2). In control experiments, without addition of pre-
phosphorylated insulin receptors, we observed that
IGF-I induced a 2-fold increase in poly(Glu:Tyr) phos-
phorylation. Importantly, phosphorylation of IGF-I re-
ceptors by activated insulin receptors induced a more
pronounced enhancement of poly(Glu:Tyr) phospho-
rylation (2.5-fold). In the absence of IGF-I receptor, we
found no tyrosine kinase activity precipitated by alR-3,
which is consistent with the specificity of this antibody
for the IGF-I receptor. Our results show thus that the
insulin receptor can Lransactivate the tyrosine kinase of
the IGF-I receptor, possibly by a transphosphorylation
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mechanism. We would like to suggest that such a cross-
talk phenomenon between insulin receptors and IGF-1
receptors occurs in living cells.

Intermolecular transphosphorylation appears to be a
common characteristic of receptor tyrosine kinases [14—
19]. For the insulin receptor, at least 2 independent
reports support this view. In the first [18], using cells
expressing a chimeric epidermal growth factor/insulin
receptor and a kinase-deficient insulin receptor, we have
shown the occurrence of transphosphorylation between
these 2 insulin receptor constructs. In the second, Accili
et al. [19] have demonstrated in vitro transphosphoryla-
tion and transactivation of a mutated insulin recepior
by the wild-type insulin receptor, In addition to trans-
phosphorylation and (ransactivation between insulin
receptors described in these studies, our data illustrate
that a similar phenomenon can also take place between
insulin receptors and IGF-1 receptors. To the best of
our knowledge, this is the first direct demonstration of
a transactivation amongst heterologous receptor-linked
tyrosine kinases involving a ligand-stimulated receptor,
the insulin receptor, and an empty receptor, the IGF-I
receptor. Recent studies have identified, in various tis-
sues and cell lines, the existence of insulin/IGF-I recep-
tor heterotetramers, composed of an insulin receptor af
heterodimer and an IGF-I receptor af heterodimer {27-
29]. Based on these observations it seems reasonable to
imagine that transphosphorylation/transactivation
reactions between insulin and IGF-I receptor S-sub-
units also exist within insulin/IGF-1 receptor hybrids.
While the precise physiological significance of trans-
phosphorylation and transactivation involving insulin
and IGF-I receptors remains to be determined, the de-
monstration of such receptor interactions provides us
with a novel insight into the intricate biological effects
evoked by the polypeptides binding to these receptors.
We would like to propose that such phenomena may
play a role in mediating growth promoting responses of
insulin, and as such explain, at least in part, the pleioiro-
pism of insulin and related growth factors,
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