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ABSTRACT

Hybrid receptors (HRs), insulin receptor (IR)/insulin-like growth
factor I receptor (IGF-I-R) heterodimers have been reported increased
in skeletal muscle of obese and type 2 diabetic patients and to con-
tribute to the patient insulin resistance. To investigate whether or not
the increased expression of hybrid receptors is an early defect (prob-
ably genetic) of insulin resistance, we measured by specific enzyme-
linked immunosorbent assays both IR, IGF-I-R, and HR content in
skeletal muscle of healthy nonobese, nondiabetic subjects either in-
sulin sensitive or insulin resistant, and also in patients with moderate
obesity.

IR content was significantly reduced in insulin-resistant subjects

both nonobese and obese, compared with insulin-sensitive subjects
(2.32 = 0.26,2.36 * 0.18, and 3.45 *+ 0.42 ng/mg protein, respectively,
P = 0.002). In contrast, IGF-I-R content was similar in the three
groups. Muscle HR content was not different in insulin-sensitive vs.
insulin-resistant subjects (both nonobese and obese) (4.90 + 0.46,
4.69 * 0.29, and 4.91 = 0.25 ng/mg protein, respectively, P = not
significant). These studies indicate that, in insulin-resistant subjects
without diabetes or severe obesity, muscle IR content but not IGF-I-R
or HR content is reduced. They do not suggest, therefore, a primary
(genetic) role of increased HR as a cause of IR decrease and insulin
resistance. (J Clin Endocrinol Metab 85: 4219-4223, 2000)

YBRID RECEPTORS (HRs), formed by assembling one
insulin receptor (IR) aB-heterodimer and one type I
insulin-like growth factor receptor (IGF-I-R) af-heterodimer,
are present in tissues and cells coexpressing both IR and IGF-I-R
(1-3). These HRs behave like IGF-I-R rather than IRs because
they bind to and are activated by IGF-I with an affinity similar
to that of typical IGF-I-R, whereas they bind insulin with a much
lower affinity (3, 4).

Although the mechanisms regulating HR formation are
not known, random assembly of heterogeneous dimers,
made available during IR and IGF-I-R syntheses, is believed
to be the most likely evidence. If this is the case, factors
affecting availability of either IR or IGF-I-R heterodimers will
influence the cell/tissue abundance of HRs (5).

Clinical interest for HRs has been raised by recent obser-
vations that the relative abundance of HRs is increased in
skeletal muscle tissue of patients with type 2 diabetes with
respect to control subjects (6). In these studies, HRs were
measured as the '*I-IGF-I fraction that was first bound to a
solid phase anti-IGF-I-R antibody and then immunoad-
sorbed with an anti-IR antibody. Data were expressed as the
fraction of total labeled IGF-I binding (to both typical
IGF-I-Rs and to HR). An increased formation of HRs was
hypothesized to contribute to the insulin resistance by draw-
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ing away afB-heterodimer to the formation of IR homodimers
and consequently reducing the cell IR content, cell insulin
binding, and responsivity (6, 7). Chronic hyperinsulinemia
has been hypothesized as a possible cause of increased HR
formation in type 2 diabetic patients (7). This hypothesis was
supported by the observation that patients with hyperinsu-
linemia due to insulinoma had a relative abundance of HR
higher than normal subjects (7). In insulinoma patients, how-
ever, hyperinsulinemia does not reflect that observed in type
2 diabetic patients both because insulin plasma levels are
usually more elevated and because hyperinsulinemia caused
by insulinoma is a primary phenomenon and not the con-
sequence of insulin resistance as it is in diabetic patients. The
reasons and the role of increased HRs in insulin resistance,
therefore, remain unclear.

To investigate this problem, we first set up direct mea-
surements of IR, IGF-I-R, and HR by specific enzyme-linked
immunosorbent assays (ELISAs) and then measured HR con-
tent in muscle tissue of healthy nonobese, nondiabetic sub-
jects either insulin sensitive or insulin resistant. In these
insulin-resistant individuals, insulin resistance precedes
more relevant metabolic abnormalities like obesity and/or
diabetes and is believed to be mostly genetically determined
(8,9). We measured IR, IGF-I-R, and HR also in muscle tissue
of moderately obese, nondiabetic patients, a model in which
acquired insulin resistance may be considered a predomi-
nant feature, in addition to the genetic component. The re-
sults indicate that: 1) the HR content in human muscle tissue
is higher than expected by the random assembly model; 2)
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HR content is not increased in muscle tissue of insulin-
resistant subjects who are not severely obese or diabetic; and
3) the moderate chronic hyperinsulinemia typical of insulin
resistance does not cause HR increase. Therefore, HRs do not
seem to contribute to insulin resistance in these subjects.

Materials, Subjects, and Methods
Materials

Triton X-100, bacitracin, phenylmethyl sulfonyl fluoride (PMSF), and
BSA were purchased from Sigma (St. Louis, MO). The following mono-
clonal antibodies to the IR were used: MA-20, which reacts with an
a-subunit epitope close to the insulin binding site (10) and does not
recognize HR; aCT-1, which reacts with B-subunit at residues 1344-1355
(11); and 83-7, which reacts with an epitope at the a-subunit (12) and
recognizes both IR and HR. Monoclonal antibodies to the IGF-R were:
alIR3, which reacts with the a-subunit at residues 223274 and recognizes
typical IGF-1-R (13); and 17-69, which reacts with the a-subunit residues
440-586 and recognizes both the IGF-1-R and HR (14, 15). Antibody
MA-20 was kindly provided by Dr. I. D. Goldfine (University of Cali-
fornia—San Francisco, San Francisco, CA). Antibodies aCT-1, 83-7, and
17-69 were kindly provided by Dr. Siddle (University of Cambridge,
Cambridge, UK). Monoclonal antibody aIR3 was purchased from Cal-
biochem Oncogene Research Products (Cambridge, MA). For immuno-
blotting, the following antibodies were used: an anti-IR B-subunit poly-
clonal antibody (Transduction Laboratories, Lexington, KY) and a
chicken polyclonal antibody against the a-subunit of IGF-I-R (UBI, Lake
Placid, NY). Plasma insulin and IGF-I levels were measured (by immu-
noradiometric assay) with commercially available kits (for insulin: IMx
system insulin, Abbott Laboratories, Daimabot, Tokyo, Japan; for IGF-I:
Diagnostics Systems Laboratories, Inc., Webster, TX).

Subjects

Fourteen moderately obese [body mass index (BMI), 27.5-35.2 kg/
m?] patients and 21 nonobese (BMI, <27) subjects undergoing elective
abdominal surgery were studied after giving informed consent, accord-
ing to the Declaration of Helsinki. All subjects were not diabetic as
evaluated by oral glucose tolerance test, according to WHO criteria. In
all of them “homeostasis model assessment” (HOMA), an index of
insulin sensitivity, was calculated according to the formula: insulin/
(22.5e-" glucose) (16). The 21 nonobese subjects were subdivided ac-
cording to HOMA values into 11 insulin-sensitive (having HOMA <14,
the median value) and 10 insulin-resistant (HOMA, >1.4) subjects.
Moreover, in 8 obese patients and in 13 nonobese individuals who gave
informed consent, insulin-mediated whole-body glucose utilization was
also determined by the euglycemic hyperinsulinemic clamp technique
after an overnight fast. Insulin-stimulated glucose disposal was evalu-
ated with an insulin infusion at a constant rate (1.0 mU/kg ™ "'min~') and
a variable glucose infusion to maintain plasma glucose within 10% of the
baseline value, as described previously (17).

All subjects were fed a weight-maintaining diet (50% carbohydrate,
30% lipid, and 20% protein) for the 8 days preceding the study.

Tissue specimens

Human muscle tissue specimens were obtained from the human
rectus abdominus skeletal muscle during elective abdominal surgery
from all subjects studied, 3-5 days after insulin sensitivity studies. After
adipose tissue was dissected and blood was removed, muscle specimens
were immediately frozen in liquid nitrogen. Soluble extracts were pre-
pared from frozen muscle tissue as described previously (18). Briefly,
muscle tissue (~150 mg) was pulverized under liquid nitrogen and then
homogenized in a 2-mL buffer [50 mmol/L HEPES, 150 mmol/L NaCl,
and 2 mmol/L PMSF (pH 7.6)] at 4 C using a polytron homogenizer for
10 sec at medium speed. Triton X-100 was added to a final concentration
of 1%, and the homogenates were solubilized for 60 min at 4 C. The
material was then centrifuged at 100,000 X g for 60 min at 4 C, and the
supernatants were used for the IR, IGF-I-R, and HR content measure-
ment. The protein content was measured by the Bradford method (19).
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IR, IGF-I-R, and HR measurements

By ELISA—IR ELISA. IR muscle content was measured by a specific
ELISA as described previously (20). Briefly, wells in Maxisorb plates
(Nunc, Roskilde, Denmark) were precoated (overnight incubation at 4
C) with anti-IR antibody MA-20 (2 ug/mL). After washing to remove
unbound antibody, wells were blocked with 1% BSA and then ~100-200
g protein extracts were added to each well, and IR was allowed to bind
overnight at 4 C. After extensive washing, biotinylated anti-IR antibody
a-CT-1 was added [0.3 ug/mL in 50 mm HEPES (pH 7.4), 150 mm NaCl,
0.05% Tween 20, 1 mm PMSF, 1 mg/mL bacitracin, and 1% BSA). After
2 h at 22 C, the peroxidase-streptavidin was added, and 30 min later
wells were washed again, and then 100 uL biotinyl-tyramide solution
were added. After a 15-min incubation at 22 C, wells were washed with
TBST (20 mm Tris, 150 mm NaCl, and 0.05% Tween 20) and streptavidin-
horseradish peroxidase solution was added (30 min at 22 C). After
further extensive washing, the peroxidase activity was determined colo-
rimetrically by adding 3.3.5.5'-tetramethylbenzidine at a concentration
of 0.4 g/L in an organic base, and the absorbance was measured at
451 nm.

The IR standard was purified from NIH-3T3 cells transfected with
human IR complementary DNA, as described previously (20). No ap-
preciable interference was caused by adding IGF-I-R or IR /IGF-I-R to the
IGF-I-R standard curve (20).

IGF-I-R ELISA. IGF-1-R was measured by immunocapturing receptors
with anti-IGF-I-R «IR-3 monoclonal antibody (2 ug/mL) and revealed
by biotinylated anti-IGF-I-R 17-69 monoclonal antibody (20). The IGF-
I-R standard was obtained from Chinese hamster ovary cells transfected
with human IGF-I-R complementary DNA, as described previously (21).
No appreciable interference was caused by adding IR or HR to the
IGF-I-R standard curve (20). About 200—-400 ug protein extracts were
added to each well, and the assay was performed as described above.

Assay sensitivity was linear from 0.125-1.0 ng/well, intra- and in-
terassay coefficients of variation were less than 10% (20).

HR ELISA. HRs were measured by immunocapturing receptors with
anti-IR 83-7 monoclonal antibody (2 ug/mL) and using biotinylated
anti-IGF-I-R 17-69 monoclonal antibody (0.3 ug/mL) as a revealing
second antibody (20). The HR standard was obtained from human
placenta, as described previously (3). About 100-300 ug protein extracts
were added to each well, and the assay was performed as described
above. A typical standard curve for HR hybrid ELISA using a purified
HR preparation is shown in Fig. 1. The minimal detectable amount of
hybrids was 0.125 ng/100 uL (1.25 ng/mL). The assay was linear from
0.125-1.0 ng/well. No appreciable interference was caused by adding 1
ng IR or IGF-1-R to the HR standard curve (20). Intra- and interassay
coefficients of variation were less than 10%. Multiple dilution of solu-
bilized muscle tissue produced a dose-response curve parallel to that
obtained with the purified HR standard (Fig. 1).

IR, IGF-I-R, and HR content was normalized for protein content (19).
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Fic. 1. A representative standard curve of ELISA for the HR is
shown. Increasing concentrations of Triton X-100 extracts of human
muscle tissue elicit dose-response curves that are parallel to those
obtained with purified HR standard.
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By Western blot. To validate the ELISA methods, IR, IGF-I-R, and HR

content were measured by Western blot analysis in muscle tissues from &) z
six subjects showing a wide range of both IR and HR content as mea- T
sured by ELISA. Muscle extracts (1.5 mg protein) were immunoprecipi- ; g -
tated (2 h, 4 C) with anti-IR antibody MA-20 (4.0 ug/sample) or anti- S|Zs
IGF-I-R antibody «-IR3 (4.0 pg/sample) for IGF-I-R or anti-IGF-I-R LSS
receptor antibody 17-69 (4 pg/sample) for HR. Samples were then H 4
precipitated with rabbit antimouse Ig-G prebound to protein A Sepha- om
rose and subjected to SDS-PAGE in a 7.5% polyacrylamide gel under e
reducing conditions. Proteins were transferred (3 h at 4 C) to nitrocel- -~
lulose membranes that were first blocked with 10% BSA, then washed SR
with TBST buffer (10 mm Tris, 150 mm NaCl, and 0.5% Tween 20), and g 9 T
incubated with an anti IR B-subunit polyclonal antibody (1 pg/mL) for |2
IR and HR or with a polyclonal antibody against the a-subunit of the g2
IGF-I-R for IGF-I-R. After 16 h at 4 C, membranes were incubated for 1 h |~
with a rabbit antimouse serum conjugated with horseradish peroxidase, & e
and the reaction was developed according to an enhanced chemilumi- = ;‘ ;'
nescence detection system. The specific signaling was revealed by o ™

™M

autoradiography.

Predicted value of IR/IGF-I-R and statistical analysis

If we assume that HRs are formed by random assembly of af-
heterodimers of IR and IGF-I-R, before they are assembled with homol-
ogous ap-heterodimers to form typical IR and IGF-I-R, the predicted HR
formation can be calculated on the basis of the cell /tissue IR and IGF-I-R
content. If the total concentrations of IR and IGF-I-R half receptors are
I and G, respectively, and these half receptors combine randomly, then
the predicted relative concentrations of HRs would be I*:G*2IG (22).
Thus, on the basis of random assembly, the expected HR content of each
specimen can be calculated as equal to 2.0/IR.\/IGF-I-R (22).

Unpaired Student’s t test and ANOVA were used to compare mean
values. Linear regression analysis was used to calculate numerical cor-
relation between variables.

FIRI (pmol/L)
33.2 = 3.6 (16.5—-46.6)
76.5 = 7.7* (55.2-126.3)

Results

FPG (mmol/L)
4.7 + 0.1 (4.3-5.3)

Subjects studied

The clinical characteristics of the 35 subjects studied are
shown in Table 1. According to HOMA values, the 21 nono-
bese subjects were divided as insulin sensitive and insulin
resistant. Age, gender, and fasting plasma glucose (FPG)
were neither different in these two groups nor in comparison
with the 14 obese patient group. BMI was similar in the two
groups of nonobese subjects. Obese subjects had a signifi-
cantly higher BMI (P < 0.001) and were insulin resistant by
HOMA (P < 0.01) with respect to the 11 nonobese insulin-
sensitive subjects. This difference in insulin sensitivity was
confirmed by the euglicemic hyperinsulinemic clamp in ran-
domly selected individuals from each group: the M value
was significantly (P < 0.01) lower in nonobese insulin-
resistant (by HOMA) individuals (n = 5, M = 4.4 = 0.2) and
obese patients (n = 7; M = 4.1 = 0.7) compared with the eight
insulin-sensitive subjects (M = 6.8 = 0.6). FPG was signifi-
cantly higher (P < 0.01) in obese patients compared with both
insulin-sensitive and insulin-resistant nonobese subjects.
Fasting plasma insulin concentrations were significantly
higher in insulin-resistant subjects (both nonobese and
obese) compared with insulin-sensitive subjects (P < 0.004).
The average plasma IGF-I concentration was similar in the
three groups (Table 1).

BMI (kg/m?)
23.6 + 0.9 (18.5-26.7)
43 = 3.3(28-64) 25.1 * 0.4 (23.4-26.5) 4.8 + 0.1 (4.3-5.3)

Age (yr)

51 + 4.3 (21-74)
45 + 3.5 (22-62) 29.9 = 0.7°(27.5-35.2) 5.3 + 0.2°(4.3-6.4) 96.9 + 17.2% (43.0-269.8) 27.7 + 3.9 (12.3-41.4) 3.3 = 0.7° (1.3-10.7)

Data are expressed as mean * SEM, with the range in parentheses; FIRI, Fasting immunoreactive insulin.

@ P < 0.004 vs. insulin-sensitive subjects.

® P < 0.01 vs. insulin-sensitive subjects.
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Gender (m/f)
8/3
5/5
7

Subjects

IR and IGF-I-R content in skeletal muscle tissue

Skeletal muscle IR content was significantly reduced in
insulin-resistant subjects (both nonobese and obese) with
respect to insulin-sensitive subjects (2.32 * 0.26, 2.36 *+ 0.18,

¢ P < 0.001 vs. insulin-sensitive and -resistant subjects.

TABLE 1. Clinical characteristics of the subjects studied

Insulin resistant (n = 10)

Insulin sensitive (n = 11)
Obese (n = 14)
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and 3.45 * 0.42 ng/mg protein, respectively; P = 0.002). In
contrast, skeletal muscle IGF-1-R content was similar in the
three groups (0.66 * 0.06,0.71 = 0.09, and 0.82 * 0.08 ng/mg
of protein, respectively; P = not significant). When all sub-
jects were considered together, muscle IR content was in-
versely correlated with fasting plasma insulin levels (r =
—0.37; P = 0.03) and muscle IGF-I-R content was inversely
correlated with plasma IGF-I levels (r = —0.45; P < 0.05).

HR content in skeletal muscle tissue

Skeletal muscle HR content ranged from 2.7-8.0 ng/mg pro-
tein and was not different in insulin-resistant subjects (both
nonobese and obese), when compared with insulin-sensitive
nonobese subjects (4.69 £ 0.29, 491 + 0.25, and 4.90 + 0.46
ng/mg protein, respectively; P = not significant) (Table 2).

When we calculated the predicted HR content in each
muscle tissue specimen on the basis of the specific content of
IR and IGF-I-R, and assuming that HR assembly occurs at
random, the measured HR content in skeletal muscle was
significantly higher than the predicted value in all instances,
although it was significantly correlated with the predicted
value (r = 0.47; P < 0.05). The average HR content directly
measured in the 35 specimens studied was 4.81 + 0.19ng/mg
protein. In contrast, according to the muscle IR and IGF-I-R
content, the expected HR value was 2.73 = 0.14 ng/mg
protein (P < 0.01, vs. the value measured). In muscle tissue,
therefore, at variance with other human tissues (20, 22, 23),
a preferential formation or a decreased degradation of HR
occurs. This difference between measured and expected HR
content persisted also when subjects were subdivided in the
groups of insulin-sensitive and insulin-resistant (nonobese
and obese) subjects (Table 2).

Skeletal muscle HR content was significantly correlated
with IGF-I-R content (r = 0.45, P < 0.01) while the correlation
with IR content did not reach the significance level (r = 0.31,
P = 0.06). No correlation was observed between either
plasma insulin (r = 0.18, P = 0.3) or plasma IGF-I concen-
trations and HR content (r = 0.10, P = 0.6).

Western blot studies

To validate the ELISA immunoassay, quantitation of IR,
IGF-I-R, and HR was assessed also by Western blot. A single
band of ~97 kDa corresponding to the B subunits of the IR
and the HR and a single band of ~130 kDa corresponding to
the a subunits of IGF-I-R were revealed (Fig. 2). The intensity
of the bands was quantitated by scanning densitometry and
was significantly correlated to results obtained in the same
six subjects with the ELISA measurements of IR (r = 0.94; P <
0.02), HR (r = 0.8; P < 0.05), and IGF-I-R (r = 0.92; P < 0.001).

TABLE 2. IR, IGF-I-R, HR, and HR predicted in skeletal muscle
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Discussion

Insulin resistance is a common clinical condition, the eti-
ology of which is poorly understood and for which there is
no effective treatment. Because insulin resistance is a major
feature of obesity and type 2 diabetes, its reversal could
potentially either prevent, delay, or ameliorate obesity and
hyperglycemia. Recent studies, by indirect measurement of
HRs, have suggested that an increased HR content in skeletal
muscle of obese and type 2 diabetic patients is a possible
cause of insulin resistance. This hypothesis is based on the
assumption that an increased HR formation would decrease
the availability of IR homodimers and, therefore, insulin
responsiveness. However, it is not clear whether the in-
creased HR content is the cause or a consequence of the
metabolic alterations that characterize insulin-resistant states
like obesity and diabetes. At variance with previous studies
where HRs were measured by indirect methods, in the
present study we measured skeletal muscle HR content us-
ing a novel, direct ELISA measurement. In addition to this
technical advancement, we also evaluated skeletal muscle
HR content in insulin-resistant individuals who do not have
the metabolic and endocrine abnormalities due to severe
obesity and/or diabetes. Lean, healthy subjects with insulin
resistance are believed to represent a model of insulin resis-
tance with a strong genetic component. These subjects are
still able to compensate the tissue insulin resistance by in-
creasing insulin secretion (8, 24, 25). Patients with moderate
obesity and more pronounced insulin resistance were also
studied. In all these subjects, in addition to HRs we measured
also muscle tissue IR and IGF-I-R contents.

No difference in muscle HR content was observed in the
three groups of subjects, despite the observation that both
lean insulin-resistant individuals and obese patients were
clearly hyperinsulinemic and had a significantly reduced IR

KDa a b c d 3 f

. IP: MA-20
IR 97 o= @u§ p= g e = IB: anti IR B
IP: 17-69
HR 97 @ (4 t4 o0 e IB: anti IR B
IP: «IR-3

IGFIR 130 Gl mo @b bon +ui o8 L o IRG

Fic. 2. Quantification of IR, IGF-I-R, and HR as assessed by Western
blot. Muscle extracts, from six subjects with a wide range of IR and HR
content as measured by ELISA, were immunoprecipitated with MA-20,
aIR3, and 17-69 monoclonal antibodies, respectively, for IR, IGF-I-R, and
HR. The immunoblotted antibodies precipitated molecular species of

approximately M, 97,000 corresponding to the B-subunits of IR and HR
and Mr 130,000 corresponding to the a-subunits of IGF-I-R.

Subjects IR (ng/mg prot)

IGF-I-R (ng/mg prot)

HR (ng/mg prot) HR predicted (ng/mg prot)

3.45 + 0.42 (1.6—6.1)
2.32 + 0.26° (1.0-3.3)
2.36 = 0.18° (1.3—4.1)

Insulin sensitive (n = 11)
Insulin resistant (n = 10)
Obese (n = 14)

0.82 + 0.08 (0.5-1.3)
0.66 = 0.06 (0.4-1.0)
0.71 = 0.09 (0.2-1.4)

4.90 = 0.46 (2.9-8.0)
4.69 + 0.29 (2.7-6.4)
4.91 + 0.25 (3.5-6.4)

3.28 = 0.29% (2.0-4.7)
2.39 + 0.17%? (1.3-3.1)
2.53 + 0.20%° (1.7-3.8)

Data are expressed as mean * SEM, with the range in parentheses; prot, Protein.

P < 0.01 vs. measured HRs.
b P < 0.05 vs. insulin-sensitive subjects.
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content in muscle, a likely consequence of a down-regulation
effect (26, 27) as indicated by the significant inverse corre-
lation between plasma insulin levels and muscle IR content.

In lean or moderately obese insulin resistant subjects,
therefore, insulin resistance and hyperinsulinemia are asso-
ciated with (and probably cause) reduced muscle IR content
but are not associated with changes of either IGF-I plasma
levels or IGF-I-R content in skeletal muscle. In these subjects,
the muscle HR content is not altered, arguing against the
possibility of a primary role of increased HR formation (and
IR af heterodimer sequestration) as a cause of insulin re-
sistance. This conclusion is also supported by the consider-
ation that a 30% decrease of muscle IR content is unlikely to
cause insulin resistance because of the presence of spare
receptors: a more marked IR reduction may be necessary to
become a limiting step for insulin action (28); more so when
hyperinsulinemia is present. Therefore, although the HR/IR
ratio is slightly increased in subjects with insulin resistance,
the present findings do not support a clinical relevance of this
condition. Finally, our data also argue against the possibility
that the moderate hyperinsulinemia (2- to 3-fold increase)
secondary to insulin resistance may per se cause an increased
HR formation in human muscle tissue.

Differences between the present data and previous data may
be explained both by differences in the technique used to mea-
sure HR in the type of patients investigated. The ELISA assays
that we have used provide a direct measurement of muscle
receptor protein content and very well reflect measurements
obtained by Western blot studies. The coprecipitation method,
instead, provides HR measurement data as the percentage of
bound '*I-IGF that is immunoprecipitated by an anti-IR anti-
body. By calculating total IGF-I binding by competition/inhi-
bition studies, it is then possible to extrapolate the HR aliquot.
Of course the two methods rely on different assumptions and
do not necessarily provide similar results.

Relevant differences between the present study and pre-
vious studies also regard the subjects studied. Severely obese
(average BMI, >40) and diabetic patients were investigated in
previous studies. In those patients, complex metabolic and hor-
mone abnormalities are present and may contribute to abnor-
malities in muscle HR content. For instance, an important de-
crease of IGF-I plasma levels and the consequent up-regulation
of IGF-I-R muscle content was observed in those patients. In-
creased IGF-I-R synthesis may provide overabundant was «f8
heterodimers that become available for HR formation.

Additional information obtained in the present study con-
cerns the HR formation in of IR and IGF-I-R «f3 heterodimers.
In human muscle tissues this may well be the case because
the measured value of HR content was directly correlated
with the value that can be predicted on the basis of IR and
IGF-I-R content in each muscle specimen. Measured values,
however, were always higher than predicted values, sug-
gesting that in muscle, at variance with other tissues (20, 22,
23), some mechanisms may provide a more efficient assem-
bly of available IR and IGF-I-R aff heterodimers into HR
rather than into typical IRs or IGF-I-Rs. Alternatively, in
muscle tissue, HR degradation and recycling may be slower
than that of IR and IGF-I-R, resulting in an overall HR content
higher than expected. The biological relevance of this obser-
vation, if any, remains to be understood.
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