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Summary. Recently, we demonstrated insulin resistance due 
to reduced glucose storage in young relatives of Type 2 
diabetic patients. To investigate whether this was associated 
with a defective insulin receptor kinase, we studied ten of 
these young (27 + 1 years old) non-obese glucose tolerant 
first degree relatives of patients with Type 2 diabetes and 
eight matched control subjects with no family history of 
diabetes. Insulin sensitivity was assessed by a hyperinsulin- 
aemic, euglycaemic clamp. Insulin receptors were partially 
purified from muscle biopsies obtained in the basal and the 
insulin-stimulated state during the clamp. Insulin binding 
capacity was decreased by 28 % in the relatives (p < 0.05) in 
the basal biopsy. Tyrosine kinase activity in the receptor 
preparation was decreased by 50 % in both basal and in- 
sulin-stimulated biopsies from the relatives. After stimula- 
tion with insulin "in vitro", kinase activity was reduced in 

the relatives in basal (p <0.005) and insulin-stimulated 
(p < 0.01) biopsies and also when expressed per insulin 
binding capacity (p -- 0.05). Insulin stimulation of non-oxi- 
dative glucose metabolism correlated with "in vitro" in- 
sulin-stimulated tyrosine kinase activity (r = 0.61, p < 0.01) 
and also when expressed per binding capacity (r = 0.53, 
p < 0.025). We suggest that the marked defect in tyrosine ki- 
nase activity in partially purified insulin receptors from 
skeletal muscle is an early event in the development of in- 
sulin resistance and contributes to the pathophysiology of 
Type 2 diabetes. 
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Type 2 (non-insulin-dependent) diabetes mellitus is char- 
acterized by abnormalities in insulin secretion and by in- 
sulin resistance in target tissues [1-5]. Studies of twin- 
pairs and pedigrees have demonstrated a strong genetic 
component in Type 2 diabetes [6-13], and it has been hy- 
pothesized that insulin resistance in skeletal muscle is in- 
herited [6, 8, 9, 12]. Thus, insulin resistance in the glucose 
storage pathway was demonstrated in obese "pre- 
diabetic" Pima Indians [8, 10, 12] and in middle-aged, 
obese non-diabetic first degree relatives of patients with 
Type 2 diabetes [6]. Recently, we demonstrated insulin 
resistance in muscle of non-obese first degree relatives of 
Type 2 diabetic patients 20-30 years before the probable 
onset of frank diabetes [14]. Events following the interac- 
tion between insulin and its receptor have been sug- 
gested to be the predominant causes of this reduced re- 
sponse to insulin [15-27]. In Type 2 diabetes, decreased 
skeletal muscle insulin receptor kinase activity has been 
reported [15-19]. Furthermore, impaired insulin activa- 
tion of glycogen synthase in skeletal muscle from Type 2 
diabetic patients [26, 28], and from their young, non- 

obese relatives [14] has been demonstrated. Finally, 
although the expression of the glucose transporter 
GLUT 4 seems normal in Type 2 diabetes [29-32], im- 
paired activation of GLUT 4 could contribute to the 
pathophysiology of this disease. 

Given that a defect in the skeletal muscle insulin recep- 
tor kinase has been repeatedly demonstrated in Type 2 
diabetes, and that activation of the receptor kinase is 
necessary to trigger the intracellular effects of insulin [27] 
including activation of glycogen synthase [33], impaired 
receptor kinase activation could be crucial for the devel- 
opment of insulin resistance. To address this question, we 
have studied insulin receptor function in non-obese glu- 
cose tolerant first degree relatives of patients with Type 2 
diabetes. We selected relatives under the age of 30 to es- 
tablish whether a defect in insulin receptor signal trans- 
duction is present long before the possible development 
of diabetes. 
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Table 1. Clinical characteristics of first degree relatives of patients 
with Type 2 diabetes and control subjects with no family history of 
Type 2 diabetes. Fasting glucose and insulin are the means of four 
determinations 

Relatives Control subjects 

Age (years) 27.1 + 0.8 25.1 _+ 1.1 

Sex (female/male) 5/5 4/4 

Weight (kg) 74.3 + 4.8 75.3 + 3.9 

BMI (kg/m 2) 24.05 _+ 1.0 24.2 _+ 0.9 

Fasting plasma glucose 5.3 _+ 0.1 5.3 + 0.1 
(retool/l) 

Fasting plasma insulin 0.078 + 0.01 0.056 + 0.01 
(nmol/1) 

Glycated haemoglobin (%) 5.3 _+ 0.2 5.4 + 0.1 

Values are given as mean + SEM;p = NS for all comparisons 

Table 2. Glucose disposal rates in a group of first degree relatives to 
patients with Type 2 diabetes and a matched control group during a 
euglycaemic insulin clamp 

Relatives Control subjects 

GDRb~s 2.73 + 0.25 2.42 __+ 0.08 
GDR~s~ 9.58 + 0.98 10.18 + 0.54 
d-GDR 6.9 _+ 0.88 7.8 + 0.52 

GDRu ........ 1.04 _+ 0.35 1.52 _+ 0.43 
GDRi~ ...... 5.38 + 0.7 6.69 + 0.57 
d-GDRn .... 4.3 + 0.7 5.6 + 0.48 

Values are given as mean _+ SEM;p = NS for all comparisons. 
Glucose disposal rates are given in the basal steady-state (GDRbss) 
and after a 3-h insulin infusion (40 mU. (m2) -a. rain -1) (GDR~s) and 
expressed in (mmol. kg fat free mass 1. rain 4) and as insulin stimula- 
tion of glucose disposal estimated as the difference between the two 
(d-GDR). Non-oxidative glucose disposal is given in the basal state 
(GDRb ........ ) and the insulin-stimulated state (GDRi ........ ), and as 
the difference between the two (d-GDRnonox) 

Subjects, materials and methods 
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diabetes. The subjects were randomly chosen from a larger popula- 
tion of relatives who participated in our previous study [14]. Table 1 
illustrates the relevant clinical data of the subjects studied. The two 
groups were carefully matched with respect to age, sex and BMI and 
all participants were non-obese, normoglycaemic and had fasting 
plasma-insulin within the normal range. None of the subjects had 
clinical evidence of endocrine, cardiac, hepatic or renal diseases, nor 
were they taking medication known to influence glucose metabo- 
lism. The subjects were not undertaking strenuous exercise and they 
were instructed to avoid excessive physical exercise for at least 
2 days before the study. Informed consent was obtained from all sub- 
jects and the study was approved by the regional ethical committee 
and was performed in accordance with the principles of the Helsinki 
Declaration. 

In vivo methods 

Euglycaemic hyperinsulinaemic clamp was performed as previously 
described [14]. Studies were started at 07.30 hours after a 10-h over- 
night fast. After a 120-rain equilibration period for basal measure- 
ments, insulin was infused for 180 min at a constant rate of 40 
mU.(mZ)-~-miff 1 in both relatives and control subjects. Eugly- 
caemia was kept constant and the plasma glucose concentration was 
monitored in arterialized blood every 5-10 rain during the clamp. 
Steady-state periods were defined as the last 30 rain in the basal state 
and the last 30 rain during insulin infusion. 

Tritiatedglucose. The euglycaemic clamp study was combined with a 
primed continuous infusion of [3-3H]glucose as previously described 
[14]. To ensure that isotope equilibrium was achieved, the continous 
infusion of [3-3H]glucose (0.22 gCi/min) was begun 90-120 rain be- 
fore measurements used for calculation of glucose turnover were 
performed. 

Indirect calorimetry was performed using a computerized, flow- 
through canopy gas analyser system (Deltatrac; Datex, Helsinki, 
Finland) as described previously [14]). Briefly, air was suctioned at a 
rate of 40 litres per min through a canopy placed over the head of the 
subject and analysed for changes in 02 and CO2 concentrations. 
After an equilibration period of 10 rain, the average Oz consumption 
and CO2 production along with urea nitrogen excretion in the two 
30-min steady-state periods were used to calculate carbohydrate 
oxidation rates. 

Chemicab 

Monocomponent porcine insulin, mono-125I-(Tyr-A14)-porcine in- 
sulin (2 gCi/pmol) and insulin infused during clamp studies (Act- 
rapid), were kindly donated by Novo-Nordisk (Bagsvaerd, Den- 
mark). [3-3H]glucose for infusion during clamp and 7:32P-ATP (3000 
Ci/mmol) was obtained from New-England-Nuclear (Boston, 
Mass., USA) and Trasylol from Bayer AG (Leverkusen, FRG). Ac- 
tivated charcoal was from Merck (Darmstadt, FRG) and wheat- 
germ-agglutinin (WGA) sepharose from Pharmacia (Uppsala, 
Sweden). The protein assay was from Bio-Rad (Munich, FRG). All 
other reagents were from Sigma (St. Louis, Mo., USA). 

Subjects 

Ten first degree relatives of patients with Type 2 diabetes were re- 
cruited to the study. Inclusion criteria were the presence of at least 
two first degree relatives with Type 2 diabetes, or alternatively, the 
presence of one first degree relative and at least two second degree 
relatives with Type 2 diabetes. All participants had at least one par- 
ent with verified Type 2 diabetes, and only relatives between the age 
of 18 and 30 years who had normal oral glucose tolerance tests were 
included. They were compared with eight control subjects with nor- 
mal oral glucose tolerance and with no family history of Type 2 

Muscle biopsies were obtained from the vastus lateralis muscle at the 
end of the basal and the insulin-stimulated steady-state periods using 
a modified BergstrCm needle (including suction) under local anaes- 
thesia. Before extraction of insulin receptors the muscle samples 
were freeze-dried and dissected free of visible connective tissue, fat 
and blood. 

Calculations of glucose kinetics were performed as previously de- 
scribed [14]. During the steady-state periods, glucose turnover rates 
(hepatic glucose output and total peripheral glucose disposal) were 
calculated at 10-rain intervals using Steele's equations [34]. Rates 
were expressed per kg fat free mass (FFM). Total body fat (and thus 
FFM) were measured using the bioimpedance method. Non-oxida- 
tive glucose disposal (glucose storage) was calculated as the dif- 
ference between total glucose disposal and glucose oxidation, as 
determined by indirect calorimetry. 

In vitro methods 

Partial purification of insulin receptors. Receptors were isolated in 
parallel from biopsies obtained in the basal and in the insulin-stimu- 
lated state from each study subject. Whether the biopsy was ob- 
tained from the group of relatives or from the control group was not 
known to the technician preparing the receptors. Four receptor 
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preparations were run in parallel. Insulin receptors were partially 
purified essentially as described by Bryer-Ash [35], with modifica- 
tions. Freeze-dried muscle (15-50 mg, corresponding to around 60- 
200 mg of wet weight), was homogenized on ice with a Polytron ho- 
mogenizer at maximum speed, for 2 x 15 s in 5 ml of 40 mmol/1 
Hepes, pH 7.6, 1% Triton X-100 (weight/volume, w/v), 900 kal- 
likrein inhibiting units (KIE)/ml Trasylol, 5mmol/1 EDTA, 
10mmol/1 NaF, 10mmol/1 Na-pyrophosphate, 1.5 mg/ml benz- 
amidine, 2 mmol/1 phenylmethylsulphonyl-flouride (PMSF) and 
1 mmol/1Na-vanadate. The homogenate was centrifuged at 8000 x g 
for 8 min, 4~ followed by solubilization using end-over-end rota- 
tion for 30 min at 4~ After centrifugation at 200,000 x g for 60 rain, 
4~ the supernatant was passed over a 1 ml WGA-sepharose col- 
umn three times followed by washing with 50 ml of 40 mmol/1Hepes, 
pH 7.6, 0.1% Triton X-100, 150 mmol/1NaC1, and the partially puri- 
fied insulin receptors were eluted in 1.5 ml of 40 mmol/1Hepes, 7.6, 
150 mmol/1 NaC1, 0.1% Triton X-100 (w/v) and 0.3 mol/1 N-ace- 
tylglucosamine. Protein concentrations of the eluates were deter- 
mined according to the method of Bradford [36] using the Bio-Rad 
assay. PMSF (1 mmol/1) and Trasylol (900 KIE/ml) were added and 
the preparations were stored at -80~ until assayed. Protein re- 
coveries after receptor purification were not different in the two 
groups studied (0.41 + 0.035 gg/mg freeze-dried muscle in the rela- 
tives and 0.33 + 0.018 ~tg/mg muscle in the control group, NS). 

Insulin binding. Fifty microlitres of WGA-eluate was incubated 
overnight with 125I(Tyr-A14)-insulin (3 x 10 -11 mol/1 final) with or 
without various concentrations of unlabelled insulin (10 l~ - 10 -6 
tool/1 final) in a buffer consisting of 25 mmol/1 Hepes, pH 7.6, 
5 mmol/1 MgSO4 and 0.5 % bovine serum albumin (BSA) at 4~ 
Bound and free insulin were separated using dextran-coated char- 
coal. 

Receptor kinase activity towards poly ( Glu; Tyr(4: l ) ). Aliquots of par- 
tially purified insulin receptors were incubated with or without in- 
creasing concentrations of insulin (10 -1~ - 10 ~ mol/1 final) for 1 h at 
room temperature. Poly(Glu,Tyr(4:l)) (1.3 mg/ml) was added and 
after 20 min the phosphorylation reaction was initiated by addition 
of i mmol/1 Na-vanadate and 50 gmol/1 7~32P-ATP (2 gCi per vial), 
10 mmol/1 MgC12 and 5 mmol/1 MnC12. The reaction was stopped 
after 30 rain by spotting aliquots on Whatman 3 MM filter paper and 
precipitating in ice-cold 10% trichloroacetic acid containing 
10 mmol/1 Na-pyrophosphate followed by washing, drying and 
counting in a fl-scintillation counter. 

Immunofluorescence assay of insulin receptors. In order to validate 
the use of bound/free (B/F) ratio at tracer insulin concentration as a 
relative measure for insulin receptors in the preparations, insulin re- 
ceptor number was also determined by use of an immunofluores- 
cence assay in some of the preparations. After protein determina- 
tion, binding, and kinase studies had been performed, immunoreac- 
tivity of receptors was determined in preparations where a sufficient 
amount of WGA eluate was available. A time-resolved Europium 
immunofluorescence assay for human insulin receptor was set up as 
a two-antibody sandwich reaction; 200 gl titre wells (Delfia; Wallac 
Oy, Turku, Finland) were coated with 100 gl of a mouse monoclonal 
antibody directed against the C-terminus of the insulin receptor/3- 
subunit, CT-1, [37] at a concentration of I gg/ml in potassium phos- 
phate buffer for 1 h at pH 8. The wells were emptied and blocked 
with a solution of 0.1% Triton X-100 in Tris (10 mmol/1) buffered 
saline (150 mmol/1) pH 7.6 (buffer A) and 0.5 % BSA. The receptor 
preparation, diluted to 100 gl in buffer A, was added and incubated 
for 16 h at room temperature. After washing the wells six times with 
buffer A, 100 gl of an Europium (Eu) chelate labelled (5 tool Eu/mol 
antibody) monoclonal antibody directed against the N-terminus of 
the insulin receptor c{-subunit, 83-14, [38] diluted to a concentration 
of 0.1 gg/ml, was added. Following a 2-h incubation, the wells were 
washed and after addition of Enhancement solution (Delfia; Wallac 
Oy), Eu fluorescence was measured in a 1232 Delfia Fluorometer 
(Wallac, Oy). The concentration of dilutions of insulin receptor 

preparations from human muscle biopsies was determined from a 
standard curve of known dilutions of insulin receptors purified from 
human placenta as previously described [39]. The receptor anti- 
bodies were generously donated by Dr. K. Siddle (Cambridge, UK). 

A regression analysis of the B/F ratio at tracer insulin concentra- 
tions in the preparations from different subjects, in the basal and in- 
sulin-stimulated state, on the insulin receptor concentrations deter- 
mined by the assay described above gave a coefficient of correlation 
of 0.712, p < 0.00005, n = 26. Since measurements of the variables on 
both axes were subject to errors, an ortogonal regression analysis 
provides the most correct estimation of the slope and the intercept of 
the regression line. Using this regression analysis, the reciprocal 
slope (a measure for (Kd + Itrac~r); where Kd is the equilibrium dis- 
sociation constant for insulin-receptor binding and It ....  is the con- 
centration of insulin in tracer solution) gave an estimated Kd of 
0.33 nmol/1 and an intercept, not significantly different from zero, of 
6 % of mean B/F ratio. 

Statistical analysis 

Data in the text, tables and figures are given as mean + SEM. Statis- 
tical significance between groups was tested with Student's t-test for 
unpaired comparisons and Pearsons rho (r) for correlation analysis 
was employed. Comparisons of dose-response curves were per- 
formed by analysing the means of individual curves using a one- 
sided Monte Carlo simulation test, number of runs were 104. Statisti- 
cal analysis were performed using Medstat version 2.1, programmed 
by Drs. H. R. Wulff and R Schlichting, Herlev University Hospital 
(Herlev, Denmark). 

Results 

Basa l  and  insu l in - s t imula ted  g lucose  u p t a k e  ra tes  were  
no t  d i f fe ren t  in the  two g roups  s tud ied  (2.73 + 0.25 vs 
2.42 + 0.08 (NS) and  9.58 + 0.98 vs 10.18 + 0.54 (NS) ,  re la-  
t ives  vs con t ro l  subjects ,  Tab le  2). T h e  insu l in - s t imula ted  
non -ox ida t i ve  g lucose  d i sposa l  t e n d e d  to  be  r e d u c e d  in 
the  g roup  of  re la t ives  (5.38 + 0.7 vs 6.69 + 0.57, p -- 0.18, 
Table  2). T h e  concen t r a t ions  of  p l a s m a  insul in o b t a i n e d  in 
the  in su l in - s t imula t ed  s t eady  s ta te  we re  iden t ica l  in the  
two groups  (0.43 + 0.03 vs 0.46 + 0.03 nmol/1, NS, re la t ives  
vs con t ro l  subjects) .  

Insul in  r e c e p t o r  b ind ing  to  pa r t i a l ly  pu r i f i ed  r ecep to r s  
f rom musc le  b iops i e s  is i l lus t ra ted  in F igure  1. M e a n  b ind-  
ing to  r e c e p t o r s  pu r i f i ed  f rom the  b iopsy  o b t a i n e d  in the  
basa l  s ta te  is r e d u c e d  in the  group  of  re la t ives  (p < 0.025) 
and  f rom the  Sca t cha rd  p lo ts  (Fig.  1) it  a p p e a r s  tha t  the  re-  
d u c e d  b ind ing  is due  to  a r e d u c t i o n  of  r e c e p t o r  n u m b e r  
w h e r e a s  b ind ing  aff ini ty seems  unchanged .  T h e  m e a s u r e d  
B/F  insul in  ra t io  at  t r ace r  concen t r a t i ons  of  insulin,  
r e f e r r e d  to as b ind ing  capaci ty,  was chosen  as a re la t ive  
m e a s u r e  of  the  to ta l  r e c e p t o r  n u m b e r  in the  p r e p a ra t i ons ,  
and  in the  re la t ives  this  va lue  was r e d u c e d  by  2 8 %  
(p < 0.05). In  r ecep to r s  pur i f i ed  f rom the  b iopsy  o b t a i n e d  
dur ing  the  insul in infusion,  however ,  B /F  at  t r ace r  insul in  
concen t r a t i on  was the  same  in the  two groups  as were  the  
m e a n s  of  the  b ind ing  curves.  R e c e p t o r  number ,  de t e r -  
m i n e d  by  use of  an  i m m u n o f l u o r e s c e n c e  assay  in some  of  
the  r e c e p t o r  p r e p a r a t i o n s ,  c o r r e l a t e d  s ignif icant ly  wi th  
B /F  p e r  v o l u m e  W G A  e lua t e  (r  =0.71,  p < 0,00005, 
n = 26). 

In  W G A  e lua tes  i so la ted  f rom b iops ies  o b t a i n e d  be -  
fo re  and  af te r  " in  v ivo"  admin i s t r a t i on  of  insulin,  k inase  



A. Handberg et al.: Insulin receptors in relatives of Type 2 diabetic patients 671 

A C 
300 300 

s 

200 2OO 

0 i i i i i 
10 20 30 40 50 10 20 30 40 50 

Bound ( pmol/mg prot ) Bound ( prnol/rng prot ) 

300 

2"  
'~ 200 

100 

B 
300 

~ ~  200 

/ f 1 ~  

-11 -10 -9 -8 -7 
Insulin (rnol/I) 

D 

I 
-11 -10 -9 -8 -7 

Insulin (mol/I) 

Fig. 1. (A-D) Insulin binding to partially purified insulin receptors. 
Insulin binding to receptors isolated from muscle biopsies obtained 
in the basal steady state (A and B) and the insulin-stimulated steady 
state (C and D) during a hyperinsulinaemic euglycaemic clamp from 
relatives (�9 and control subjects ( �9  A and C show Scatchard 
plots of binding data and in B and D data are expressed as 
bound/free insulin as a function of insulin concentrations in the incu- 
bation media. Binding data are expressed per mg of protein in the re- 
ceptor preparation 
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tyrosine kinase activity towards 
poly(Olu;Tyr(4:l)). Dose-response curves showing in vitro insulin 
stimulation of kinase activity expressed per mg of protein in the re- 
ceptor preparation (A and C) and per bound/free insulin at tracer in- 
sulin concentration (B and D). Receptors were isolated from muscle 
biopsies obtained either in the basal steady state (A and B) or in the 
insulin-stimulated steady state (C and D) during a hyperinsulin- 
aemic clamp from relatives ( O ) and control subjects ( � 9  

activity towards exogenous substrate was stimulated in a 
dose-dependent manner by insulin added "in vitro" in 
both groups (Fig. 2). The dose-response curves in the 
group of relatives appeared to be shifted downwards in 
parallel with the curves representing the control subjects. 
Mean receptor kinase activity expressed per mg of protein 
in the W G A  eluate, was significantly reduced in the rela- 
tives, both in receptors purified from the biopsy obtained 
under basal conditions (p < 0.005) and after insulin infu- 
sion (p < 0.05) (Fig. 2). Likewise, mean kinase activities 
corrected for differences in receptor binding were re- 
duced in the group of relatives in the basal state (p = 0.05) 
(Fig. 2) and in the insulin-stimulated state (p <0.02) 
(Fig. 2). No effect on kinase activity of insulin adminis- 
tered "in vivo" could be demonstrated in W G A  eluates 
from the two groups. 

Although plasma insulin tended to be elevated in the 
group of relatives this was not statistically significant (p 
-- 0.14). In the total population of subjects, insulin binding 
capacity was negatively correlated with fasting plasma in- 
sulin (r = -0.48,p < 0.05; Fig. 3 A). Insulin-stimulated glu- 
cose disposal was correlated with "in vitro" stimulated ki- 
nase activity (r = 0.5, p < 0.05; Fig. 3 B). Insulin stimula- 
tion of the non-oxidative glucose disposal exhibited a 
tighter correlation with "in vitro" stimulated kinase activ- 
ity per mg of recovered protein (r =0.61, p<0.01;  
Fig. 3 C) and this correlation persisted when the kinase ac- 
tivity was expressed per insulin binding capacity (r = 0.53, 
p < 0.025; Fig. 3D). Furthermore, insulin stimulation of 
the non-oxidative glucose disposal was significantly corre- 
lated with basal tyrosine kinase activity (r =0.53, 
p < 0.025) and tended to be correlated with basal tyrosine 
kinase activity when expressed per binding capacity 
(r = 0.45,p < 0.07). 

D i s c u s s i o n  

Since a strong genetic component is involved in the pa- 
thogenesis of Type 2 diabetes, a possible strategy in the 
attempt to identify hypothetical "primary events" contri- 
buting to the development of Type 2 diabetes is to screen 
healthy individuals, prone to develop the disease, for de- 
fects known to be present in overt Type 2 diabetes and in- 
volved in glucose homeostasis. This strategy has focused 
attention on insulin resistance in skeletal muscle. In the 
sequence of reactions elicited by insulin, impaired trans- 
mission of the insufin signal across the plasma membrane 
due to a defective insulin receptor kinase or a decreased 
insulin binding to its receptor have previously been sug- 
gested as factors contributing to the development of in- 
sulin resistance [15-18]. In the present study both a reduc- 
tion in insulin receptor binding capacity and tyrosine ki- 
nase activity were demonstrated in young, healthy, non- 
obese relatives of Type 2 diabetic patients. The sub-group 
of relatives studied was randomly selected from a larger 
group [14] in which a significantly reduced insulin-stimu- 
lated glucose disposal, due to a decreased rate of non-oxi- 
dative glucose metabolism was previously demonstrated. 
The reduction in insulin-stimulated glucose metabolism 
was, however, not statistically significant in the subjects 
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Fig. 3. (A-D) Analysis of covariation. Relationship between fasting 
plasma insulin and bound/free insulin at tracer concentration, ex- 
pressed per mg protein in the receptor preparation isolated from the 
muscle biopsies obtained in the basal steady state during the eugly- 
caemic clamp (A). Receptor kinase activity, measured over a period 
of 30 rain, and maximally stimulated in vitro by insulin (Vstim), ex- 
pressed per mg of protein in the receptor preparation isolated from 
the basal muscle biopsy, is plotted against the difference between 
total glucose disposal in the basal steady state and the insulin-stimu- 
lated steady state (GDR) (B), and against the difference in non-oxi- 
dative glucose disposal (GDR ...... ) during the euglycaemic insulin 
clamp (C). In (D) (GDRnonox) is plotted against V~m of the receptor 
kinase, expressed per bound/free insulin at tracer concentrations. 
Glucose disposal rates are expressed as mg glucose.kg fat free 
mass -1. min-L Relatives are represented by ( �9 ), the control group 
by (@). Ar=4).48, p<0.05; Br=0.51, p<0.05; Cr=0.61, 
p <0.01; D r =0.53,p <0.025 

participating in the present study. Because we studied a 
randomly selected sub-group this group is assumed to be 
representative, and the lack of statistical significance is 
considered to be due to the smaller sample size. 

Our finding of a 28 % reduction of receptor binding in 
skeletal muscle in "pre-diabetic" individuals is equivalent 
to results from previous studies on obese individuals [16] 
and Type 2 diabetic patients [16, 18]. However, insulin 
binding in muscle has been reported as normal in Type 2 
diabetes [15, 17, 19]. The existence of down-regulation of 
receptor number as a consequence of long-term exposure 
to insulin is generally accepted in adipocytes and some cell 
lines. We have demonstrated a negative correlation be- 
tween receptor number and fasting insulin levels. Whether 
the reduced binding is primary to Type 2 diabetes or sec- 
ondary to an elevated level of insulin remains unknown. 
Only a few studies on the short-term effect of" in  vivo" in- 
sulin on binding capacity of receptors purified from skele- 
tal muscle have been reported. Freidenburg et al. [40] dem- 
onstrated, in agreement with our finding in control sub- 
jects, no effect of insulin infusion on receptor number in 
healthy subjects who had no family history of diabetes. In- 
terestingly, we demonstrated that the decreased receptor 
binding in the relatives was normalized after insulin infu- 
sion. This suggests that the reduced receptor number might 
be overcome by an effect of insulin on transcription, post- 
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transcriptional processing (glycation and thereby re- 
covery) or degradation of the receptor. 

In agreement with most studies on muscle receptor ki- 
nase activity in obesity, Type 2 diabetes, or both, we dem- 
onstrated a marked decrease in receptor-phosphotrans- 
ferase activity [15-18]. A decreased tyrosine kinase activ- 
ity in partially purified insulin receptors therefore seems 
to be an early event in the development of muscle insulin 
resistance. In vitro unstimulated kinase activities in biop- 
sies obtained both before and following insulin infusion 
"in vivo" were reduced by more than 50 % in the relatives 
in our study in agreement with the findings of Nyomba 
et al. [19]. The significant covariation between insulin 
stimulation of non-oxidative glucose disposal and "in 
vitro" unstimulated as well as maximally insulin-stimu- 
lated tyrosine kinase activity points to a physiological sig- 
nificance of this finding. The method of receptor purifica- 
tion involves addition of various phosphatase and kinase 
inhibitors, preserving the "in vivo" state of insulin recep- 
tor kinase activation induced by autophosphorylation. 
With respect to the spectrum of inhibitors it is comparable 
to the methods used in two other studies on "in vivo" re- 
ceptor activity [19, 40]. With the present rate of insulin in- 
fusion, we were not able to demonstrate ("in vivo") acti- 
vation of the receptor kinase. Accordingly, in a previous 
study [40] kinase activation was obtained at higher plasma 
insulin levels. 

Recently, we reported a reduced insulin activation of 
muscle glucose uptake and glycogen synthase in relatives 
[14]. Several authors have suggested that receptor auto- 
phosphorylation initiates a phosphorylation cascade 
which amplifies the insulin signal and causes activation of 
the enzymes involved in intracellular processing of glu- 
cose and activation of glucose uptake [27, 33]. The pres- 
ently demonstrated reduced tyrosine kinase activity could 
thus be the cause of the previously demonstrated reduced 
glycogen synthase activity [14]. Supporting the proposed 
key role of receptor kinase activity for stimulation of glu- 
cose uptake, we demonstrated, in contrast to [19] and in 
agreement with [40], a positive correlation between in- 
sulin-stimulated glucose uptake and insulin-stimulated ki- 
nase activity. The latter was also correlated with non-oxi- 
dative glucose metabolism, presumed to occur mainly in 
skeletal muscle. Since the reduced kinase activity is not 
secondary to decreased receptor binding capacity it seems 
likely that the major "defect" is intrinsic to the kinase. 
However, the gene sequences of insulin receptors from 
patients with Type 2 diabetes have been analysed and 
found to be normal [41-43], and it was concluded that in- 
sulin resistance was not due to variation in the coding se- 
quence of the insulin receptor gene. On this basis it could 
be suggested that the reduced kinase activity was caused 
by a different phosphorylation level or pattern of the ki- 
nase. Indeed, an elevated level of phospho-tyrosine-phos- 
phatase (PTPase) activity was recently demonstrated in 
Type 2 diabetic patients [25]. The decreased kinase activ- 
ity in the receptor preparations from the relatives could 
thus be secondary to a primary defect in the regulation of 
PTPase activity; however, a specific insulin receptor 
PTPase must be isolated and studied to confirm this hypo- 
thesis. 



A. Handberg et al.: Insulin receptors in relatives of Type 2 diabetic patients 

In  a g roup  of  young  individuals ,  gene t ica l ly  p red i s -  
p o s e d  to deve lop  Type  2 d i abe te s  l a t e r  in life, a m a r k e d l y  
r e d u c e d  ty ros ine  k inase  ac t iv i ty  was d e m o n s t r a t e d  in par -  
t ial ly pur i f i ed  insulin r ecep to r s  f rom ske le ta l  muscle ,  even  
af ter  co r rec t ion  for  d e c r e a s e d  b ind ing  capacity.  We  the re -  
fore  suggest  tha t  a r e d u c e d  insul in r e c e p t o r  ty ros ine  ki- 
nase  act ivi ty  is an  ear ly  even t  in the  d e v e l o p m e n t  of  
musc le  insulin res i s tance  and  con t r ibu tes  to the  p a t h o p h y -  
s io logy of  Type  2 d iabe tes .  I t  is l ike ly  tha t  the  r e d u c e d  ki- 
nase  act ivi ty  occurs  as early, o r  even  ea r l i e r  than  the  re-  
duc t ion  in the  insul in  ac t iva t ion  of  muscle  g lucose  s torage.  
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