0021 -972 /39,6501 -01 4 2802.00,/0
Journal of Clinical Endocrinclogy and Metabalism
Copyright © 1983 by The Endocrine Society

Vol. 63, No. 1
Printed in U5, A

Tyrosine-Kinase Defect of the Insulin Receptor in
Cultured Fibroblasts from Patients with Lipoatropic

Diabetes*

JOCELYNE MAGRE, FLORIN GRIGORESCU, CHRISTINE REYNET,
MARTINE CARON, JEAN-PAUL CAPONY, MORRIS F. WHITE, JACQUES PICARD,

JACQUES MIROUZE anp JACQUELINE CAPEAU

Laboratory of Cell Biology INSERM U181, Saint Antoine Faculty of Medicine, 75012 Paris; and the
Department of Endocrinology and Metabolic Diseases, Lapeyronie Hospital (F.G., J M) CRBM CNRS LP
B0402/INSERM U249, University of Montpellier I (F.G., J.-P.C.), Montpellier, France; and the Research
Division and Department of Medicine, Joslin Diabetes Center, Harvard Medical School (M.F.W.),

Boston, Massachusetts 02215

ABSTRACT. Postbinding defects in insulin action were de-
scribed previously in cultured fibroblasts from six patienta with
lipoatropic diabetes. To define the contribution of the insulin
receptor tyrosine kinase in these defects, we studied autophos-
phorylation and kinase activity of lectin purified receptors from
these six patients and six normal cell lines. The patients’ insulin
receptors, prepared by precipitation with polyethylene glyeol,
had normal insulin binding characteristics and autophosphoryla-
tion properties, but a 56% decrease in the tyrosine kinase activity
toward an exogenous substrate. To identify more subtle quali-
tative defects in autophosphorylation, insulin receptors were
sequentially immunoprecipitated and analyzed for their phos-
phoaminoacid content. The phosphorylated receptors precipi-
tated with an antiphosphotyrosine antibody contained labeled

phosphotyrosine, whereas those in the supernatant, when fur-
ther precipitated with an antireceptor antibody, contained only
phosphoserine. Under these conditions, the insulin-stimulated
autophosphorylation of tyrosine was significantly decreased by
54% in the patient receptors compared to normal subjects’
receptors. In addition, insulin-like growth factor-I stimulation
of autophosphorylation of its receptor was reduced by 59% in
the patients’ cells compared to those from normal subjects, We
conclude that fibroblasts from patients with lipoatropic diabetes
have defects in the tyrosine kinase activity of their insulin and
their insulin-like growth factor-I receptors that might give rise
to the in vitro hormone resistance and be related to the in vivo
hormone resistance that occurs in these patients. (Jf Clin Endo-
erinol Metab 69: 142, 1988)

IPOATROPIC diabetes is a rare human disorder

characterized by complete or partial lack of adipoze
tissue, hepatosplenomegaly, hyperlipidemia, and severe
insulin resistance (1, 2). This syndrome, the type A
insulin resistance syndrome, and leprechaunism belong
to a family of apparently inherited diseases associated
with severe insulin resistance and acanthosis nigricans
(2). The pathogenesis of the insulin resistance in lipoa-
tropic diabetes is unknown. The presence of abnormali-
ties in glucose metabolism which are maintained in cul-
tured fibroblasts from patients with lipoatropic diabetes
strongly suggests a primary defect in insulin action lo-
cated at the cellular level (2-4). Most studies of lipoa-
tropic diabetes have focused on the measurement of
insulin binding to identify alterations in receptor number
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or affinity as possible mechanisms of insulin resistance.
However, in contrast to leprechaunism or the type A
gyndrome, in which the insulin resistance can often be
explained by a major decrease in insulin receptor number
(2, 5-T), in most patients with lipoatropic diabetes, in-
sulin binding to both ecirculating and cultured cells is
normal (3, 4, 8, 9) or moderately decreased (10). Thus,
the cellular defect is presumably a postbinding defect.
The insulin receptor contains tyrosine-specific protein
kinase activity, which is required for the transmembrane
signaling induced by the hormone (11-18) and which
may be abnormal in diabetic syndromes. The binding of
insulin to the «-subunit of the receptor (mol wt, 135 K)
is followed rapidly by the activation of a tyrosine-kinase
located in the §-subunit (mol wt, 95K). This activation
results in phosphorylation of the g-subunit, primarily on
tyrosine residues (autophosphorylation), as well as trans-
fer of phosphate from the receptor to exogenous sub-
strates (phosphotransferase activity). Furthermore, in
intact cells, serine residues of the insulin receptor are
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also phosphorylated; this serine phosphorylation may
inhibit the tyrosine kinase activity of the insulin receptor
(11-14, 18, 19).

In several genetic syndromes of severe insulin resist-
ance and acanthosis nigricans, such as the type A syn-
drome and leprechaunism, there are specific tyrosine
kinase abnormalities (20-22). However, for lipoatropic
diabetic patients a defect in insulin receptor autophos-
phorylation has been reported only once (23).

We previously demonstrated the presence of postbind-
ing defects in insulin action in cultured fibroblasts from
six patients with lipoatropic diabetes (4), In this study
we attempted to detect, in these six patients, an abnor-
mality in receptor autophosphorylation and tyrosine ki-
nase activity. Then, using antiphosphotyrosine antibod-
ies, which allowed us to discriminate between the tyro-
sine- and serine-labeled receptor §-subunits, we tried to
define the nature of the alteration. Simultaneously, the
tyrosine kinase activity of the insulin-like growth factor-
I (IGF-I) receptor was studied in lectin-purified receptors
from these patients compared to those from normal
subjects. We found that both insulin and IGF-I receptor
tyrosine kinase activities were altered in lipoatropic di-
abetes. This alteration may be located at a common step
involved in the phosphorylation of serine vs. tyrosine
residues of the receptor 8-subunits.

Materials and Methods
Materials

Porcine insulin was purchased from Novo Research Institute
{Copenhagen, Denmark); ['"**I-Tyr*"]monoiodoinsulin (73
TBq/mmeol), IGF-1, and [v-ZPJATP (110 TBg/mmol) from
Amersham (Buckinghamshire, United Kingdom}); Dulbecco's
Modified Eagle's Medium (H18) and fetal calf serum from
Gibeo (Grand Island, NY); ATF, poly-Glu: Tyt (4:1 ratio), phen-
ylmethylsulfonylfluoride, N-acetyl-D-glucosamine, and cellu-
lose thin layer plates from Sigma Chemical Co. (St. Louis,
MO); Triton X-100 and polyethylene glycol (PEG; mol wt,
8000) from Merck (Darmstadt, West Germany); bovine +-
globulins (fraction II) and protein-A (Pansorbin) from Calbi-
ochem-Behring Corp. (La Jolla, CA); and aprotinin (Iniprol)
from Choay Laboratories (Paris, France). All compounds for
electrophoresis were obtained from Bio-Rad Chemical Division
{Richmond, CA). Wheat germ agglutinin-agarose was obtained
from Pharmacia PL Biochemical, Inc. (Uppsala, Sweden). All
other reagents used were of the best analytical grade. The
antiphosphotyrosine antibody («PY) was prepared as previ-
ously described (19). The antibody against the human insulin
receptor (serum B-8) was a gift from Dr. C. R. Kahn (Boston,
MA).

Cells for study

Fibroblasts were obtained by forearm skin biopsy in six
female patients (age range, 1-32 yr; designated D1-D6) with

lipoatropic diabetes. Each patient had lipoatrophy, acanthosis
nigricans, and hepatomegaly (except D5), and severe insulin
resistance as estimated by the euglycemic clamp technique or
the inefficacy of insulin therapy. The clinical and laboratory
features of these patients were described previously in detail
(4). The control group consisted of six normal subjects, four
women and two men (age range, 20-23 yr), who had no personal
or family history of diabetes mellitus,

The fibroblasts were grown in monolavers in Dulbecco's
Modified Eagle's Medium containing glucose (1 mg/mL) and
supplemented with 10% fetal calf serum. The cells were sub-
cultured at a 1:3 ratio by mild digestion with trypsin (0.05%
trypsin and 0.02% EDTA). Confluent cell monolayers were
used between the 5th and 12th passages. Before the experi-
ments, fibroblasts were incubated for 18 h in serum-free culture
medium.

Furification of insulin receptors by lectin affinity chromatogra-
phy

Fibroblast monolayers (75-cm® flasks of confluent cells) were
washed with cold Dulbecco’s phosphate-buffered saline and
scraped from flasks at 4 C in a solution of 50 mmol/L. HEPES
(pH 7.6}, 1% Triton X-100, 1,200 PIU/mL aprotinin, and 2
mmol/L phenylmethylsulfonylfluoride as previously described
(21, 24). The cell extract then was stirred for 1 h at 4 C and
centrifuged (100,000 x g; 2 h; 4 C) in a Beckman ultracentrifuge
(Palo Alto, CA). The supernatant containing the soluble recep-
tor was applied to a 1-mL column of wheat germ agglutinin
coupled to agarose and recycled three times. The column was
washed with 400 mL of a buffer containing 50 mmol/L. HEPES
{(pH 7.4) and 0.1% Triton X-100 (25). The partially purified
receptors were eluted with 0.3 mmol/L N-acetyl-D-glucosa-
mine, and the eluates were collected in 500-uL fractions. The
protein concentration of an aliquot of each fraction was meas-
ured by the dye-binding method (Bio-Rad) using BSA as stand-
ard. The fraction containing the maximal protein concentration
(=70 pg protein/mL) was used for subsequent assays.

Insulin binding assay

Lectin-purified receptors (~3 ug protein) were incubated in
duplicate with 50 pg/mL [**IJmonoiodoinsulin and increasing
concentrations of unlabeled insulin (from 0-10,000 ng/mL) for
15 h at 4 C in a final volume of 50 gL. The incubation buffer
contained 50 mmol/L. HEPES (pH 7.8), 150 mmol/L. NaCl,
0.08% Triton X-100, and 0.1% BSA (buffer A). Bound and free
hormone were separated by precipitation of the former with
PEG at a final concentration of 12.5%, using 0.1 mg/mL bovine
v-globulin as carrier (24). After 15 min at 4 C, the samples
were centrifuged at 12,000 X g for 5 min in a Beckman micro-
fuge, and the pellet obtained was washed with 12.5% PEG and
counted for radipactivity in a Kontron +y-counter.

Autophosphorylation assay

Lectin-purified receptors (~3 ug protein) were preincubated
in duplicate at 4 C for 15 h with increasing concentrations of
insulin or IGF-I in a final volume of 50 uL. buffer A. The
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phosphorylation reaction was initiated by the addition of MnCl,
{4 mmol/L) and 30 uCiftube [v-“PJATP (50 wmol/L) and
allowed to proceed for 15 min at 20 C. The reaction then was
stopped by addition of 50 mmol/L NaF, 10 mmol/L sodium
pyrophosphate, 5 mmol/L EDTA, and 5 mM ATP (24).

Two procedures were used to measure insulin-stimulated
receptor autophosphorylation. In one set of experiments, the
phosphorylated lectin-purified proteins were precipitated (15
min; 4 C) with PEG (12.5%) in the presence of 0.1 mg/mL
bovine v-globulin. The precipitated proteins were solubilized
in Laemmli sample buffer containing 100 mmol/L dithiothrei-
tol and boiled for 3 min, and the proteins were separated by
sodium dodecyl sulfate-polyacrylamide (7.5%) gel electropho-
resis (11, 25). The phosphorylated proteins were detected by
autoradiography of the stained and dried gels on Kodak X-
Omat AR film (Eastman Kodak, Rochester, NY) with an in-
tensifying screen. The incorporation of *P into the 95K band
was quantified by scanning densitometry of autoradiograms of
the same time exposure (dual-wavelength TLC scanner CS-
930, Shimadzu Co. Tokyo, Japan) and expressed as arbitrary
units (au), which represented the integrated area of the peak
and corresponded to the scanning result x 107% In some in-
stances, the labeled band was cut off and counted; the **P
radiocactivity determinations were very similar to the scanning
results.

In a second set of experiments the phosphorylation of phos-
photyrosine-containing proteins was determined by specific
immunoprecipitation with an antiphosphotyrosine antibody
{aPY, at a final dilution of 1:50) (19). After incubation (6 h: 4
C), the immune complexes were precipitated with protein-A,
separated by electrophoresis, and autoradiographed as de-
scribed above (11, 25). To analyze the remaining receptors, the
supernatant obtained after the precipitation with oPY was
submitted to a second immunoprecipitation using an antiinsu-
lin receptor antibody (serum B-8, at a final dilution of 1:100).

Twrosine kinase assay

Lectin-purified receptors (~1.5 ug protein) were incubated
in duplicate with or without insulin (10,000 ng/mL) for 30 min
at 20 C in a final volume of 50 gL buffer A. The synthetic
copolymer GluwTyr at a final concentration of 2.5 mg/mL,
MnCl: (4 mmol/L), MgCl: (12 mmol/L), unlabeled ATP (50
pmaol/L}, and 10 pCi/tube [v-*P]ATP were added at time zero
(20). After incubation (20 min; 20 C), 25-uL aliquots were
spotted on filter papers (Whatman 3 MM), which were dried
and placed in 10% trichloroacetic acid containing 10 mmol/L
sodium pyrophosphate. After extensive washing with the same
buffer for 24 h, the filter papers were counted for radioactivity
in a liquid scintillation counter.

Phosphoamino acid analysis

Phosphoamino acids were analyzed after trypsin digestion
and hydrolysis of the protein bands in polyacrylamide gel
fragments as previously deseribed (13, 26). The position of the
insulin-stimulated phosphorylated proteins on the polyacryl-
amide gel was located by autoradiography. The corresponding
bands were excised, rehydrated in 20% methanol (12 h at 37
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(), dried at 110 C, and digested for 24 h at 37 C in 50 mmel/L
NH,HCO,, pH 8, containing 50 ug/mL trypsin. The tryptic
peptides were lyophilized and hydrolyzed in 6 mol/L HCI (2 k;
110 C). The phosphoamino acids were separated by high voltage
electrophoresis on cellulose thin layer plates (250 pm) in H,0-
acetic acid-pyridine (89:10:1). Standards of phosphoamino
acids were identified by reaction with ninhydrin, and the radio-
activity of the samples was evaluated by autoradiography.

Statistical analysis

Individual values obtained by scanning densitometry of the
95K protein band, expressed in arbitrary units, were corrected
for protein concentration. The results in the patient and the
normal groups were compared by Student’s ¢ test. The results
are expressed as the mean * SEM. To compare individual
patient values with the normal group, the 95% confidence
interval of the normal group was calculated. P < 0,05 was
considered significant.

Results
Insulin binding to soluble receptors

Previous studies of insulin binding to intact fibroblasts
obtained from the six patients with lipoatropic diabetes
revealed normal binding properties compared to normal
cell lines (4). To gquantify the amount of receptor from
each cell line and to compare the level of hormone
binding to that of hormone-induced protein phosphor-
ylation, ["*I]insulin binding to partially purified soluble
receptors was determined. The mean values for insulin
binding to soluble receptors were similar in the patients
and the normal group (Fig. 1); the levels of tracer binding
were 11.3 # 1.8% and 11.5 + 2.2% (+SEM), and half-
maximal inhibition of tracer insulin binding (EDg;) oe-
curred at 3.7 £ 1.2 and 3.9 £+ 1.0 nmol/L insulin, respec-
tively. Five patient cell lines yielded binding curves
within the 95% confidence interval of the normal group
(5.4-17.6%), and only one cell line had a slightly in-
creased value (patient Dg; 19.1%). Scatchard analysis of
the insulin binding data for patient D; revealed an in-
crease in the insulin receptor number without an alter-
ation in affinity constant (data not shown).

Insulin-stimulated phosphorylation of the lectin-purified
receplors

Lectin-purified receptors were incubated with increas-
ing concentrations of insulin, phosphorylated in the pres-
ence of [y-**P]ATP, and precipitated with PEG. By this
procedure all proteins over the molecular mass of 120K
were precipitated. The autoradiograms of the gels ob-
tained under reducing conditions revealed only one major
protein band (with an apparent mol wt of 95K), the
phosphorylation of which was markedly enhanced in the
presence of insulin. Autoradiograms obtained from a
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Fic. 1. Competition-inhibition curves of insulin binding to seluble
insulin receptors from fibroblasta of normal subjects and lipoatropic
diabetic patients. ['"®I]Insulin binding to lectin-purified receptors from
the normal (®) and patient {O) groups was performed by incubation
for 15 h at 4 C with 50 pg/mL [**I-Tyr*"*|monoicdoinsulin and various
concentrations of unlabeled insulin. The resulta are expreasad as the
mean (+ SEM) percentage of ["*[]insulin bound per 4 ug protein.

patient and a normal subject are shown in Fig. 2 (left
panel). The presence in this fraction of the insulin recep-
tor f-subunit was verified. When phosphorylated lectin-
purified receptors were immunoprecipitated with an an-
tiinsulin receptor antibody (serum B-8), among the 95K
phosphorylated proteins in the supernatant was a minor
band whose labeling was not modified by insulin. Con-
versely, labeling of the insulin receptor §-subunit, re-
covered in the precipitate, was markedly insulin depend-

LECTIN PURIFICATION

Fic. 2. Autoradiograms of insulin-stim-

ulated phosphorylation of the 95K pro- A
teins from a lipoatropic diabetic patient
and a normal subject. Lectin-purified re-
ceptors from the normal subject (lane A)
and patient fibroblasts (lane B) were
preincubated with (+) or without (=)
insulin (10,000 ng/mL) or IGF-I (1,000
ng/mL), and phosphorylation was car-
ried out as described in Materials and
Methods, The phosphorylated glycopro-
teins were analyzed by electrophoresis

ent {data not shown).

The quantification by scanning densitometry of auto-
radiograms revealed that the mean dose-response curves
from the patient and the normal groups were similar
(Fig. 3). The basal levels of phosphorylation were similar,
representing 0.67 x 0.12 and 0.68 + 0.17 au for the
patient and the control group, respectively. Insulin was
active at a concentration as low as 1 ng/mL, and insulin
activity was maximal at 5,000-10,000 ng/mL. For the
patient group the EDsy was 14.8 = 2.2 nmol/L (normal
group, 11.5 £ 3.0 nmol/L), and the maximal insulin-
stimulated autophosphorylation was 1.96 = 0.41 au (nor-
mal group, 2.08 = 0.48 au). The insulin stimulation
relative to the basal activity in the normal subjects is
shown in Table 1. When analyzed as individual values,
the dose-response curves from five patient cell lines were
situated within the 95% confidence interval of the nor-
mal group, and a decreased level of phosphorylation was
found in only one patient (D3). These data indicate that
insulin stimulates the autophosphorylation of the recep-
tor §-subunit to the same extent in normal subjects and
patients with lipoatropic diabetes.

As shown in Fig. 4B (left panel), the phosphoamino
acid analysis of the PEG-precipitable 95K proteins re-
vealed that under the conditions used, phosphorylation
occurred on both phosphoserine and phosphotyrosine
residues.

Protein kinase assay of the lectin-purified receptors

The receptor kinase activity was measured using the
exogenous substrate poly-Glu:Tyr as a phosphoacceptor.
In the absence of insulin, the basal activity was 66.5 =
10.0 % 107 epm/mg protein in soluble receptors of pa-
tients and 108.8 + 11.6 X 10° cpm/mg protein in soluble
receptors from normal subjects (Fig. 5). The maximal
effect of insulin (at 10,000 ng/ml) was reduced by 56%
in the patient group compared to that in the normal

PHOSPHO-TYROSINE Ab

after precipitation with PEG (lectin pu- 43- A
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Fic. 3. Dose response of autophosphorylation of insulin receptors from
normal subjects and lipoatropic diabetic patients. Lectin-purified re-
ceptors from lipoatropic diabetic patients (O) and normal subjects (@)
ware preincubated with increasing concentrations of insulin for 15 h at
4 C and phosphorylated in the presence of [v-“P]JATP for 15 h at 20
C. The phosphorylated proteins were analyzed after precipitation with
PEG (12.5%) using 0.1 mg/mL bovine v-globulin as carrier. The basal
activity was subtracted from each value, and the results were expressed
in arbitrary units (mean + SEM).

group (95.2 £ 17.9 and 218.8 + 355 x 10° cpm/mg
protein; P < 0.05). This stimulation represented 143 %
26% of the basal level in the patients and was reduced
compared to the stimulation in the normal receptors (202
+ 32% of the basal value; P < 0.01).

Thus, receptors from patient fibroblasts appeared less
able to tyrosine-phosphorylate exogenous substrate de-
spite the equal level of insulin binding and the equal
degree of autophosphorylation. These results prompted
us to analyze more specifically receptor tyrosine auto-
phosphorylation.
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Immunoprecipitation of the autophosphorylated receptor
with the antiphosphotyrosine antibodies

To estimate the level of tyrosine phosphorylation in
patient and normal insulin receptors, the phosphorylated
proteins were analyzed after specific immunoprecipita-
tion with an aPY antibody directed against phosphoty-
rosine-containing proteins (19).

The antibody «PY selectively immunoprecipitated one
protein (mol wt, 95K) which displayed increased labeling
upon hormone stimulation and, thus, could be identified
as the 8-subunit of the insulin receptor (Fig. 2). The
phosphoamino acid analysis of this band revealed the
presence of only radiolabeled phosphotyrosine residues,
thus confirming the specificity of this antibody (Fig. 4B).
The immunoprecipitation was complete because a second
immunoprecipitation of the supernatant with aPY did
not reveal any phosphorylated band at the 95K level
(Fig. 4A, right panel). Interestingly, when the same su-
pernatant was further immunoprecipitated with an an-
tiinsulin receptor antibody (serum B-8), one insulin-
stimulated 95K band was identified on the autoradi-
ogram (Fig. 4A, right panel). The phosphoamino acid
analysis revealed only the presence of labeled phospho-
serine (Fig. 4B, right panel). We concluded from these
experiments that under the conditions used, at least two
pools of insulin receptors were present in the soluble
fraction, and specific precipitation with «PY allowed the
identification of the receptors phosphorylated on tyro-
sine, whereas the antiinsulin receptor antibody precipi-
tated the remaining receptors phosphorylated on serine.

To investigate further the insulin receptor in the pa-
tients with lipoatropic diabetes, the level of receptor
autophosphorylated on tyrosine residues was specifically
quantified using «PY. An autoradiogram of the phospho-
tyrosine-containing proteins in the absence or presence
of insulin from a patient and a normal cell line is shown
in Fig. 2 (right panel). The quantification by scanning
densitometry of autoradiograms obtained from the pa-
tients and the normal group is shown in Table 1. In the
basal state, tyrosine phosphorylation of the 95K proteins
was 0.18 = 0.04 and 0.44 £ 0.10 au for the patient and

TABLE 1. ®P incorporation into the 93K proteins from fibroblasts of normal subjects and lipoatropic diabetic patients

Receptor precipitated with PEG Receptar precipitated with antiphosphotyrosine
Cells (au) antibody (au)
Mo treatment + Insulin Mo treatment + Insulin + IGF-1
MNormal subjects (n = 6) 0.68 = 0.17 2.08 £ 0.48 0.44 £ 0.10 L5657 £0.27 1.54 £ 0.29
{100) (457) (100) (358) (350)
Patients (n = &) 0.67 £ 0.12 1.96 £ 0.41 0.18 £+ 0.04 0.72 £ 0.18 0.63 £ 0.20
(o9) (446) (40) (164) (143)

The glycoproteins phosphorylated in the absence or presence of insulin (10,000 ng/mL) or IGF-I (1,000 ng/mL) were analyzed after precipitation
with PEG or antiphosphotyrosine antibody. The results are expressed in arbitrary units (mean + SEM). The numbers in parentheses represent the

phosphorylation relative to the basal activity in normal subjects (100%).
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Fig. 4. Autoradiograms and phosphoamino acid analysis of the 95K
phosphorylated proteins from a normal subject. A, The phosphorylated
glycoproteins in the absence (—) or presence (+) of insulin {10,000 ng/
mL) were analyzed after precipitation with PEG or antiphosphotyrao-
sine antibody (P-Tyr Ab; left panel). The supernatant obtained after
initial reaction with the antiphosphotyrosine antibody was further
immunoprecipitated with either P-Tyr Ab or antiinsulin receptor an-
tibedy (TR Al; right panel). B, Phosphoamino acid content of the 95K
protein bands obtained under the conditions deseribed in A. M,, Mol
wi.

normal groups, respectively (P < 0.05). In the presence
of insulin, tyrosine-specific phosphorylation of the 95K
proteins reached 0.72 = 0.18 au in the patient group,
which was 46% of the value in the normal group (1.57 +
0.27 au; P < 0.05). Moreover, the increment in auto-
phosphorylation stimulated by insulin (ie stimulated
minus basal) also was reduced to a similar extent in the
patient group (0.54 au) compared to that in the normal
group (1.13 au). These data indicate that lipoatropic
diabetes is characterized by an impaired ability of insulin
to stimulate the tyrosine-containing receptor subpopu-
lation.

Immunoprecipitation of phosphorylated phosphotyrosine-
containing proteins stimulated by IGF-1

To determine whether the defect in tyrosine phos-
phorylation was selective for the insulin receptor, we
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Fiz. 6. Tyrosine-specific kinase activity of the insulin receptor from
normal subjects and lipoatrepie dishetic patients toward the synthetic
copolymer poly-glu:Tyr (4:1). Lectin-purified receptors from the nor-
mal subjects (O0) and the patient group (B) were incubated with (+) or
without (—) insulin (10,000 ng/mL) and phosphorylated in the presence
of poly-GlwTyr (2.5 mg/mL) as indicated in Materials end Methads,
The data are expressed as the mean * SEM (counts per min x 107%/mg
protein),

studied the phosphotyrosine-containing proteins stimu-
lated by IGF-I using specific immunoprecipitation with
the aPY antibody.

On the autoradiogram (Fig. 2, right panel) only one
labeled band appeared to be stimulated by IGF-L. It had
an apparent mol wt of 95K, which corresponded to the
f-subunit of the IGF-I receptor (27). The quantification
by scanning densitometry of autoradiograms is shown in
Table 1. In the presence of a maximally effective concen-
tration of IGF-I (1000 ng/mL), the tyrosine phosphor-
ylation in the patient receptors reached 0.63 + 0.20 au,
41% of the value in the normal group (1.54 + 0.29 au; P
< 0.05). The increment in phosphorylation stimulated
by IGF-I also was decreased to a similar extent in the
patient group (0.45 au) compared to that in the normal
group (1.10 au),

Discussion

Among the genetic syndromes of severe insulin resist-
ance and acanthosis nigricans, the type A syndrome and
leprechaunism have been extensively studied in order to
understand the pathogenesis of insulin resistance (2, 5,
7). Decreased insulin binding to freshly isolated or cul-
tured cells from these patients has been proposed as a
common mechanism of insulin resistance. However,
there are patients whose cells bind insulin normally but
respond poorly to insulin, suggesting defects located at a
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postbinding level. In a few patients the defect was located
at the level of the 3-subunit of the receptor, e.g. tyrosine-
specific kinase activity was decreased (20-22), or it re-
sulted from a low mol wt circulating factor that uncou-
pled insulin action from receptor binding and phos-
phorylation (28, 29).

In lipoatropic diabetes, insulin binding to cultured cells
usually 1s normal (3, 4, 8, 9) or moderately decreased
(10), and the contribution of insulin receptor kinase
defects to the insulin resistance has not been studied
extensively. Whittaker et al. (9) found insulin receptor
phosphorylation to be normal in Epstein-Barr virus-
transformed lymphoeytes of three lipoatropic diabetie
patients, while Kriauciunas et al. (10), studying three
related patients with lipoatropic diabetes, found that
insulin binding to fibroblasts and insulin-stimulated re-
ceptor autophosphorylation were decreased in parallel in
two cases, while in the third this latter parameter was
normal. Thus, in these studies, a specific defect at the
level of receptor autophosphorylation was not revealed.
Such a defect was only found in erythrocytes from one
patient (23).

In an attempt to investigate further insulin receptor
kinase function in lipoatropic diabetes, we studied recep-
tor autophosphorylation and kinase activity in skin fi-
broblasts from six such patients (4). Cultured fibroblasts
were used because they can be grown for several gener-
ations after removal from the in vivo milieu, thus allow-
ing the detection of cellular abnormalities due to a pri-
mary defect. We previously reported the presence of a
normal level of insulin receptors together with heterog-
enous alterations in glucose metabolism in these cell
lines (4). As expected from our previous experiments
using intact cells, insulin binding to lectin-purified re-
ceptors from patient fibroblasts was not altered com-
pared to those from normal subjects. Moreover, insulin-
induced autophosphorylation of the soluble receptor was
normal, and the phosphorylation dose-response curves
were similar in both groups. Thus, measurements of
insulin binding and receptor autophosphorylation in lec-
tin-purified material revealed no specific defect at the
level of insulin receptor kinase, in accordance with the
results of previous studies of lipoatropic diabetic patients
(9, 10) or other insulin-resistant patients (6, 9).

We then studied the ability of insulin receptors to
phosphorylate tyrosine contained in an exogenous sub-
strate (poly-Glu:Tyr). Both basal and hormone-activated
phosphorylation of poly-Gly:Tyr were decreased. Such a
discrepancy between endogenous and exogenous receptor
kinase activities iz rather uncommon, since in most
studies of insulin-resistant patients, both activities were
affected in parallel (6, 20, 21). Nevertheless, similar
discrepancies have been reported recently in patients
with noninsulin-dependent diabetes (30) and lepre-
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chaunism (22). Another study (31) dealt with cells trans-
fected with a plasmid coding for a human insulin receptor
mutated on the twin tyrosines in positions 1162 and 1163
(15), which behave as a major site of receptor autophos-
phorylation (32, 33); even though receptor autophos-
phorylation was minimally modified, exogenous kinase
activity and insulin metabolic responses were markedly
reduced.

To further investigate endogenous receptor kinase ac-
tivity, sequential immunoprecipitations were conducted
in parallel with analysis of labeled phosphoamino acids.
When the phosphorylated receptors were immunoprecip-
itated with an antiphosphotyrosine antibody («PY), in-
sulin-stimulated phosphate incorporation was reduced in
the patient group. Under these conditions, phosphoa-
mino acid analysis revealed only phosphotyrosine, while
both phosphoserine and phosphotyrosine were present
in the receptor fraction before immunoprecipitation. The
extent of this alteration correlated well with the defect
in exogenous kinase activity. Thus, 1) the striking dis-
crepancy between the normal level of autophosphoryla-
tion when the receptor was precipitated with PEG and
the defect when «PY was used along with 2) the detection
of receptors labeled on both amino acids strongly suggest
the presence of a subpopulation of serine-phosphorylated
insulin receptors. We were able to document this sugges-
tion in the supernatant obtained after immunoprecipi-
tation with «PY. Phosphorylation of serine residues, in
addition to tyrosine residues, on the insulin receptor has
been reported previously in most studies using intact
cells and less often in cell-free systems (11-14, 33, 34).
Two recent studies (35, 36) analyzed more precisely the
conditions that allowed the copurification of the insulin
receptor; with serine kinase activity responsible for in-
sulin-dependent phosphorylation of the insulin receptor;
some of these conditions, such as the absence of NaCl
during the purification procedure or the performance of
the kinase assays at 22 C, were fulfilled in our experi-
ments. Thus, it is likely that our partially purified recep-
tor fractions contain an insulin-responsive serine kinase,
As previously found in vivo, serine phosphorylation of
the insulin receptor S-subunit appears to antagonize
tyrosine phosphorylation and, thus, reduce receptor sig-
nalling (12, 18, 19). Similarly, the presence of a popula-
tion of insulin receptors phosphorylated on either serine
or tyrosine residues was recently reported in noninsulin-
dependent diabetic patients (37).

To investigate further whether the defect in kinase
activity in patient cells was due to an intrinsic receptor
defect rather than increased serine kinase activity in the
lectin-purified fraction, we performed several additional
experiments. Insulin receptors were separated from the
other glycoproteins by immunoprecipitation with an an-
tiinsulin receptor antibody (serum B-8) before the phos-
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phorylation assay. The defect in autophosphorylation
was still found in the patient receptors (data not shown),
thus suggesting an intrinsic alteration of the receptor.
The abnormal tyrosine kinase activity in the insulin
receptor from the lipoatropic diabetic patients correlated
well with the in vitro insulin resistance in each cell line
(4). However, just as for postbinding abnormalities con-
cerning glucose metabolism, some heterogeneity was
found in the defects of receptor kinase activities, the
most important alterations being observed in the D3 and
D4 cell lines. Nevertheless, as the moment a clear cor-
relation between alterations at the kinase and posthind-
ing levels was not found in the cells from these six
patients. Interestingly, two recent studies using cells
transfected with plasmids coding for human insulin re-
ceptors either truncated by the C-terminal 43 amino
acids (38) or mutated on the twin tyrosines at the major
site of autophosphorylation (31) revealed that these mod-
ifications induced insulin resistance for some biological
responses while others were conserved. These data led
the researchers to conclude that different actions of
insulin may be mediated by different domains of the
insulin receptor and, in particular, by distinct and spe-
cific receptor phosphorylation sites. Similarly, in our
patient cell lines, the heterogeneous alterations in insu-
lin-responsive pathways could result from alterations in
the receptor serine or threonine vs. tyrosine phosphor-
ylation state. In addition, the heterogeneity of the defects
among the different patients could be easily related to
the well known heterogeneity in clinical and biological
features that was previously reported in the different
syndromes of insulin resistance (2, 6, 22) and in lipoa-
tropic diabetes in particular (4, 8, 10), suggesting that
the defects in the different patients could result from
different mutations in the same gene. It is obvious that
the assays concerning endogenous and exogenous kinase
activities that were carried out in this study could not
document the precize nature of such subtle alterations.
As the g-subunits of both insulin and IGF-I receptors
have important structural homologies (39), we also in-
vestigated the extent of tyrosine autophosphorylation of
the IGF-I receptor in response to IGF-I; marked defects
were found in the patient group, the extent of which
were similar to those of the insulin receptor. This alter-
ation could be ascribed chiefly to an alteration of the
IGF-I receptor A-subunit; indeed, since IGF-I was 400-
fold less potent than insulin as an inhibitor of insulin
binding to its receptor (data not shown), in accordance
with previous studies (40), the IGF-I concentration used
would have been too low to fully activate the insulin
receptor, Moreover, binding and metaholic assays per-
formed with some of the patient cell lines revealed a
normal level of IGF-I binding to cultured fibroblasts
together with postbinding alterations similar to those

found with insulin (4) (our unpublished data). These
data further argue for an actual alteration of the IGF-I
receptor tyrosine kinase. Thus, although insulin at the
concentrations used could cross-react with IGF-I recep-
tors, the fact that similar alterations were found with
both hormones clearly indicates that the two kinds of
receptors were affected in the same way.

In addition to the defects in hormone-activated recep-
tor endogenous and exogenous tyrosine kinase activities
in the patient group, the basal activities also were de-
creased. Even though similar results have been reported
previously for insulin-resistant patients (6, 20, 21), the
meaning of such a defect is unclear. It may result from
an altered structural conformation of the receptor §-
subunit, a more generalized defect such as a chronic lack
of insulin, an inhibitor, or another factor.

These results indicate the presence of a primary defect
in the tyrosine kinase activity of both insulin and IGF-I
receptors from fibroblasts obtained from lipoatropic di-
abetic patients. These alterations might be located at a
common step or implicate a common cellular component,
such as lipid environment, which would be involved in
both receptor phosphorylation processes and thus could
induce subtle structural modifications of the receptor 8-
subunits. As a result, increased serine and/ or decreased
tyrosine autophosphorylation of the receptors could lead
to reduced exogenous kinase activity and receptor sig-
nalling, and these defects might be involved in the path-
ogenesis of the insulin resistance in this syndrome.
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