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Summary. To study whether insulin resistance in Type 2 (non- 
insulin-dependent) diabetes mellitus is due to a defect in the 
expression of the insulin-responsive glucose transporter gene 
(GLUT-4) in human skeletal muscle, we measured the level of 
GLUT-4 mRNA and (in some of the subjects) its protein in 
muscle biopsies taken from 14 insulin-resistant patients with 
Type 2 diabetes, 10 first-degree relatives of the diabetic pa- 
tients and 12 insulin-sensitive control subjects. Insulin sensi- 
tivity was measured with a + 45 mU. m 2 '. min- 1 eugtycaemic 
insulin clamp in combination with indirect calorimetry and in- 
fusion of [3-3H]gtucose. GLUT-4 mRNA was measured using 
a human GLUT-4 cDNA probe and GLUT-4 protein with a 
polyclonal antibody specific for the 15 amino acid carboxy- 
terminal peptide. Both Type 2 diabetic patients and their rela- 
tives showed impaired stimulation of total-body glucose dis- 
posal by insulin compared with control subjects (29.5 • 2.1 
and 34.0 _+ 4.8 vs 57.9 + 3.1 gmol. kg lean body mass- i. min- 1; 
p < 0.01). This impairment in glucose disposal was primarily 
accounted for by a reduction in insulin-stimulated storage of 
glucose as glycogen (13.0+2.4 and 15.6_+3.9 vs 36.9+ 
2.2 gmol. kg lean body mass -1 -min-i; p < 0.01). The levels 
of GLUT-4 mRNA expressed both per btg of total RNA 
and per btg DNA, were higher in the diabetic patients com- 
pared with the control subjects (116 +25 vs 53 + 10 pg/gg 

RNA and 177 + 35 vs 112 + 29 pg/gg DNA;p < 0.05,p < 0.01, 
respectively). The GLUT-4 mRNA levels in the relatives 
were not significantly different from that observed in the con- 
trol subjects (90 + 16 pg/gg RNA and 117 + 23 Pg/Bg DNA; 
p = NS). The GLUT-4 protein levels did not significantly dif- 
fer between control subjects, diabetic patients and relatives 
(494 + 85, 567 + 133 and 323 + 80 cpm/100 gg protein). No 
correlation was observed between the level of GLUT-4 
mRNA and its protein. However, the level of GLUT-4 mRNA 
and the rate of total-body glucose disposal correlated posi- 
tively in the control group and in the relatives (bothp < 0.05) 
but not in the diabetic subjects. A positive correlation be- 
tween the level of GLUT-4 protein and total-body glucose dis- 
posal was also observed in the control subjects (r = 0.759; 
p < 0.05)andintherelatives (r = 0.794;p < 0.01)butnotinthe 
diabetic subjects. We conclude that insulin resistance in 
Type 2 diabetes is not related to a defect in the expression of 
the GLUT-4 gene in skeletal muscle. Nevertheless, the levels 
of GLUT-4 mRNA and GLUT-4 protein are related to the 
rate of total-body glucose disposal in subjects with normal 
fasting glucose concentrations. 
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Insulin resistance is a characteristic feature of Type 2 
(non-insulin-dependent) diabetes mellitus involving both 
the oxidative and non-oxidative pathway of glucose meta- 
bolism [1, 2]. A defect proximal to these metabolic path- 
ways such as impaired glucose transport into the cell has 
therefore been suggested to explain the insulin resistance 
in Type 2 diabetes [3, 4]. Insulin-stimulated glucose trans- 
port  in skeletal muscle is facilitated by an insulin-respon- 
sive glucose transporter (GLUT-4),  which is encoded by a 
gene located on the short arm of chromosome 17 [5]. If in- 
sulin resistance in Type 2 diabetes is due to an inherited 
defect in glucose transport, this could be associated with a 
defect in the expression of the GLUT-4 gene in skeletal 
muscle of patients with Type 2 diabetes. 

Patients with Type 2 diabetes are, however, charac- 
terized by hyperglycaemia, which can influence glucose 
transport [6]. Therefore,  it is not always possible to dif- 
ferentiate that which is genetic and that which has de- 
veloped secondary to chronic hyperglycaemia. One 
possibility to circumvent this problem is to study 
insulin-resistant first-degree relatives of patients with 
Type 2 diabetes, as these subjects are at greater risk of 
developing Type 2 diabetes [7-9]. 

To test this hypothesis, we have measured the insulin- 
responsive glucose transporter (GLUT-4) m R N A  and its 
protein in muscle biopsies taken from insulin-resistant 
Type 2 diabetic patients and their first-degree relatives 
and compared them with the levels measured in insulin- 
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Table 1. Clinical characteristics of subjects 

Control Type 2 (non- Relatives 
subjects insulin-depen- 

dent) diabetic 
patients 

n (female/male) 12 (5/7) 14 (7/7) 10 (6/4) 

Age (years) 44 + 7 60 + 2 a 51 + 2 

Body mass 23.4 + 0.6 29.7 _+ 1.2 b 27.0 + 1.1 
index (kg/m 2) 

Lean body mass (kg) 49 + 2 47 + 3 51 + 4 

Fasting plasma glucose 5.0 + 0.1 10.5 _+ 0.9 c 5.3 + 0.2 
(mmol/1) 

Glycohaemoglobin (%) 5.9 + 0.2 9.9 + 0.5 c 6.1 + 0.3 

Fasting serum insulin 5 + 1 13 _+ 2 b 10 _+ 2 
(gU/ml) 

Values are mean + SEM. a p <~ 0.05, b p < 0.01 VS control subjects 
and c p < 0.01 vs relatives and control subjects 

sensit ive cont ro l  subjects. The  data  indicate  tha t  the 
G L U T - 4  m R N A  and  G L U T - 4  pro te in  levels are n o r m a l  in 
these subjects  despi te  severe degree  of insul in  resistance,  
the reby  chal lenging the view that  a genet ic  defect  result-  
ing in a l tered levels of glucose t ranspor ters  could be the 
cause of insul in  resis tance in Type 2 diabetes.  

Subjects and methods 

Subjects 

Fourteen Type 2 diabetic patients, 10 first-degree relatives of pa~ 
tients with Type 2 diabetes and 12 healthy control subjects without a 
family history of diabetes participated in the study. The clinical char- 
acteristics of the subjects are given in Table 1. Informed consent was 
obtained from all subjects, and the study protocol was approved by 
the Ethical Committee of the Helsinki University Hospital. 

Methods 

Insulin sensitivity was measured by a euglycaemic hyperinsulin- 
aemic clamp in combination with indirect calorimetry and infusion 
of [3-3H]glucose [10]. After three baseline samples were obtained for 
measurement of glucose and insulin, a primed constant infusion of 
short-acting human insulin (Actrapid; Novo Industr_y, Copenhagen, 
Denmark) was administered at a rate of 45 mU. m z- �9 min- 1 for 2 h. 
The plasma glucose concentration was determined at 5 min inter- 
vals, and an infusion of 20 % glucose was adjusted to maintain a con- 
stant plasma glucose concentration. In the diabetic patients, whose 
plasma glucose concentrations were initially high, no glucose was in- 
fused until the plasma glucose concentration had declined to 
55 mmol/1. The clamp was applied for 2 h in the control subjects and 
relatives, whereas it was applied for a mean ( _+ SEM) of 138 ( + 7) 
min to achieve the desired goal in the diabetic patients. At a constant 
plasma glucose concentration, the amount of glucose required to 
maintain euglycaemia equals the value for total-body glucose me- 
tabolism, provided there is no entry of glucose from the liver. The 
steady-state serum insulin concentrations achieved during the last 
60 min of the clamp in Type 2 diabetic patients, relatives and control 
subjects were 85 + 3, 84 + 6 and 81 + 5 gU/ml, respectively. The coef- 
ficient of variation in steady-state plasma glucose and insulin con- 
centration s during the last 60 min of the insulin clamps was 4 + 2 % 
and 7 + 2 %, respectively. 

Hepatic glucose production was measured by the isotope dilu- 
tion technique using [3-3H]glucose (Amersham, Amersham, UK) 
administered at a primed (25 gCi; this dose was increased if fasting 
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plasma glucose was high) constant infusion rate of 0.25 gCi/min for 
150 min. Blood samples were obtained for determination of insulin 
levels and [3-3H]glucose specific activity at baseline and at 15-min in- 
tervals during the clamp. Indirect calorimetry was employed in the 
basal state and during the last 60 rain of the insulin clamp to estimate 
net rates of glucose and lipid oxidation [11]. A computerized, open- 
circuit system was used to measure gas exchange through a transpar- 
ent plastic canopy (Deltatrac; Datex, Helsinki, Finland). The moni- 
tor has a precision of 2.5 % for oxygen consumption and of 1.0 % for 
carbon dioxide production. Protein oxidation was calculated from 
the urinary urea nitrogen excretion obtained before and during the 
insulin clamp and corrected for urea clearance. 

Lean body mass (LBM) was determined using the tritiated water 
dilution technique [12]. 

Muscle biopsies 

A percutaneons muscle biopsy (20-40 rag) was taken from the vas- 
tus lateralis muscle under local anaesthesia (1% lidocaine) using a 
Bergstr6m needle [13]. The muscle specimens were immediately 
placed into liquid nitrogen and kept frozen at - 70 ~ until analysed. 

Assays 

The plasma glucose concentrations were measured by the glucose 
oxidase method on a Beckman glucose analyser II (Beckman Instru- 
ments, Fullerton, Calif., USA). Glycohaemoglobin concentrations 
in blood were measured by high pressure liquid chromatography 
(range 5-7 %). Serum insulin was measured by a double-antibody 
radioimmunoassay (Pharmacia, Uppsala, Sweden). [3-3H]glucose 
specific activity was measured in duplicate on supernatants of 
i mol/l perchloric acid extracts of plasma samples after evaporation 
of radiolabelled water. 

Quantitation of GLUT-4 mRNA. Total tissue RNA was extracted 
using a modified guanidine thiocyanate (GuSCN) water saturated 
phenol extraction method [14]. Samples were homogenized in 
4 mol/1 GuSCN containing octylphenolethylenoxid detergent (non- 
ident P-40; Sigma Chemical Co., St. Louis, Mo., USA) and multiple 
phenol/chloroform/isoamylalcohol extractions were applied. The 
quantity and quality of RNA samples were determined by absorb- 
ance at 260 and 280 nm; the values for the 260/280 ratio were over 2.0 
in each sample. 

Quantitation of GLUT-4 mRNA was performed by dot blot ana- 
lysis utilizing human GLUT-4 cDNA probe. Human GLUT-4 
cDNA was isolated from a jejunal cDNA library [15] using rat 
GLUT-4 as the probe [16]. Sequence analysis indicated that the 1.7 
kilobase human cDNA insert was identical to the lambda HJHT-3 
clone previously described [17]. This clone contains a 260 base pair 
intron at the 3' end. The cDNA was subcloned into a Bluescript 
SK + plasmid (Stratagene, La Jolla, Calif., USA). Transcription of 
synthetic mRNA standard and 32p-labelled cRNA with T3 or T7 
RNA polymerase was performed according to the manufacturer's 
instructions. Aliquots of total RNA (0.5-10 gg) and dilutions of syn- 
thetic mRNA (0.5-1000 pg) and cDNA (1-1000 pg) as standards 
were dissolved in 15 % formaldehyde/10 x standard saline citrate 
(SSC) and blotted onto Nytran (Schleicher and Schuell Inc., Keene, 
NH, USA) membranes. Membranes were hybridized for 16-18 h at 
60~ in a 50% formamide, 5 x SSPE (0.75 mol/l NaC1, 5 mmol/1 
EDTA, 50 retool/1NaH2PO4, pH 7.4), 5 x Denhardts', 0.1% sodium 
dodecyl sulphate (SDS), 200 gg/ml salmon sperm DNA and then 
washed at 65 ~ in 0.1 x SSC, 0.1% SDS, according to the recom- 
mendations of the vendor. Blots were exposed to Kodak XAR5 
film at "70~ using intensifying screens (Cronex Lightening Plus; 
E. I. Dupont de Nemours Co., Wilmington, Del., USA). The amount 
of mRNA present in each sample determined in duplicate, was 
measured by densitometric analysis, comparing the intensity of the 
sample dot with standard dots. Autoradiographs were developed for 
various periods of time so that the intensity of the unknown samples 
was within the finear range of standards. The DNA concentrations in 
homogenized tissue samples were determined by fluorometer 
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Table 2. Insulin-stimulated glucose metabolism 

Control Type 2 (non- 
subjects insulin-de- 

pendent) dia- 
betic patients 

Relatives 

Glucose disposal 
(gmol.kgLBM-l.min -I) 57.9+3.t 29.5-+2.1 a 34.0+4.8" 

Glucose oxidation 
(gmol. kg LBM- 1 min 1) 21.0 + 1.4 16.6 + 1.5 18.4 + 1.9 

Non-oxidative glucose 
metabolism 36.9 -+ 2.2 13.0 + 2.4" 15.6 + 3.9 a 
(gmol. kg LBM < min- 1) 

Values are mean _+ SEM. a p < 0.001 vs control subjects. 
LBM, lean body mass 
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vals and subtracted from the total rate of glucose appearance to ob- 
tain hepatic glucose production rate. This model is known to pro- 
duce negative estimates of hepatic glucose production at high rates 
of glucose disposal. Negative numbers were occasionally observed in 
the control subjects and first-degree relatives during the insulin 
clamp. Total-body glucose metabolism was calculated by adding the 
mean rate of hepatic glucose production (if a positive number) dur- 
ing the last 60 min of the insulin clamp to the mean rate of glucose in- 
fusion during the same period. Non-oxidative glucose metabolism 
i. e. mainly glycogen synthesis in skeletal muscle [20] was calculated 
as the difference between total-body glucose metabolism and glu- 
cose oxidation as determined by indirect calorimetry. 

Net glucose and lipid oxidation rates were calculated from indi- 
rect calorimetric measurements. The constants used to calculate glu- 
cose, lipid and protein oxidation have been specified by Ferrannini 
[11]. 

TabLe 3. GLUT-4 mRNA and protein concentrations in muscle bi- 
opsies taken from healthy control subjects, patients with Type 2 
(non-insulin-dependent) diabetes and first-degree relatives of pa- 
tients with Type 2 diabetes 

Control Type 2 diabe- Relatives 
subjects tic patients 
(n = 7) (n = 7) (n = 10) 

GLUT-4 mRNA 
(pg/gg RNA) 53 _+ 10 116 • 25 a 90 + 16 

GLUT-4 mRNA 
(pg/gg DNA) 112_+ 29 177_+ 35 b 117+23 

GLUT-4 protein 
(cpm/100 gg protein) 494 + 85 567 _+ 133 323 + 80 

Values are mean_+ SEM. a p < 0.05, b p < 0.01 VS control subjects 

(DNA fluorometer; Model TKO 100; Hoefer Scientific Instrument, 
San Francisco, Calif., USA) using the Hoechst 33258 dye. Coeffi- 
cient of variation for GLUT-4 mRNA expressed per total RNA and 
DNA were 7 % and 8 %, respectively. 

Irnmunoblotting. Muscle from seven control, seven diabetic subjects 
and ten relatives was homogenized with a polytron (Brinkman, 
Westbury, NY, USA) on ice at high speed for 45 s in HES buffer 
(20 mmol/1 Hepes, i mmol/1 EDTA, 250 mmol/1 sucrose, pH 7.4, 
1:20 weight/volume). The protein concentration was determined by 
a modification of the method of Lowry [18] and samples were sub- 
jected to SDS-polyacrylamide gel electrophoresis. Protein was elec- 
trophoretically transferred (Polyblot; ABN, Hayward, Calif., USA) 
to nitrocellulose paper. Nitrocellulose sheets were incubated with 
phosphate-buffered saline (pH 7.4) containing 50 mg/ml of pow- 
dered milk (Carnation Co., Los Angeles, Calif., USA) for 60 min at 
22~ and thereafter with a polyclonal antibody specific for the 15 
amino acid GLUT-4 carboxy-terminus peptide (F349). After wash- 
ing, blots were incubated with 125I-labelled protein A (Amersham 
Corp., Arlington Heights, Ill., USA). Quantitation was performed 
by excising labelled bands and counting in a gamma counter (Pack- 
ard Instrument Co., Downers Grove, Ill., USA). Equal areas away 
from the band of interest were excised and analysed to establish 
background. 

Calculations 

Basal hepatic glucose production was calculated by dividing the [3- 
3H]glucose infusion rate by the steady-state plateau of [3-3H]glucose 
specific activity during the last 30 rain of the basal tracer infusion 
period. After administration of insulin and glucose, a non-steady- 
state condition in glucose specific activity exists, and the rate of glu- 
cose appearance was calculated by a non-steady-state equation [19]. 
The infusion rate of cold glucose was integrated over 20 min inter- 

Statistical analysis 

All values are expressed as mean + SEM. Differences between 
group means were tested with analysis of variance and analysis of co- 
variance with age as covariate using a BMDP computer program 
[21]. Scheffe's method was used for multiple comparisons between 
group means. Correlations were tested with linear regression anal- 
ysis. 

Results  

Insulin-st imulated glucose disposal was reduced  by 49 % 
and 41% in Type 2 diabetic patients and first-degree rela- 
tives, respectively, as c o m p a r e d  to control  subjects 
(p < 0.001, Table 2). Since there  was no difference in in- 
sulin-stimulated glucose oxidat ion be tween  the groups, 
the impai rment  in glucose disposal in the insulin-resistant 
subjects was almost  complete ly  accounted  for by impaired  
non-oxidat ive glucose metabol i sm (p < 0.001 vs control  
subjects, Table 2). 

The  levels of  G L U T - 4  m R N A  expressed both  per  gg of  
total  R N A  (p < 0.05) and per  ~tg of  D N A  (p < 0.01) were  
higher  in the diabetic subjects c o m p a r e d  to the control  
subjects. The  levels in the relatives were  in termedia te  be- 
tween these two groups  (Table 3). There  was no correla-  
t ion be tween  the G L U T - 4  m R N A  levels and the rate of  
to ta l -body glucose disposal when  all subjects were  ana- 
lysed toge ther  (r = - 0 . 2 7 6 ) .  However ,  the G L U T - 4  
m R N A  corre la ted positively with the rate  of  glucose dis- 
posal  in control  subjects (r = 0.598;p < 0.05) and relatives 
(r =0.587; p <0.05)  but  not  in the diabetic pat ients  
(r = 0.127;p = NS). 

The  G L U T - 4  prote in  concentra t ions  did not  signifi- 
cantly differ be tween  control  subjects, relatives and 
diabetic subjects (Table 3). The  levels of  G L U T - 4  prote in  
corre la ted positively with the rate of  glucose disposal in 
the control  subjects (r = 0.759; p < 0.05) and in the rela- 
tives (r = 0.794; p < 0.05), whereas  there  was an inverse 
correla t ion in the diabetic subjects (r = - 0.706;p < 0.05). 
W h e n  the G L U T - 4  pro te in  data  f rom all the groups  were  
combined,  a weak  positive correla t ion with the rate  of  glu- 
cose disposal was observed  (r = 0.426; p < 0.05) (Fig. 1). 
There  was no  significant correla t ion be tween  the levels of  
G L U T - 4  m R N A / g g  R N A  and the G L U T - 4  pro te in  or  be- 
tween  the G L U T - 4  m R N A / g g  D N A  and the G L U T - 4  
prote in  levels in any of  the groups  studied. 
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Fig. 1. Representative Western blot. 100 gg total muscle protein per 
lane from control (C), diabetic (D), or rat soleus standard (S). 
kDa, kilodalton 

8O 

E 
T' 70 

m 60 
J 

-6 50 
fi 
21. 

40 

8 30 

0~ 20 
8 

r~ 

o 
o o 

�9 o 
o 

I l l  �9 l ~  �9 

O 

�9 O 

I I I I I I I I I 

100 200, 300 400 500 !600 700 800 900 

GLUT-4 protein (cpm/100 pg protein) 

Fig.2. Relationship between rate of insulin-stimulated glucose dis- 
posal and GLUT-4 protein concentrations in healthy control sub- 
jects (O, r = 0.759; p < 0.05), Type 2 (non-insulin-dependent) 
diabetic patients ( O, r = - 0.706; p < 0.05) and relatives of patients 
with Type 2 diabetes ( I ,  r = 0.794,p < 0.01). All subjects, r = 0.426; 
p < 0.05. LBM, lean body mass 

Discussion 

Insulin-mediated glucose uptake into insulin-sensitive 
cells, i.e. adipocytes, heart and muscle cells, is mediated 
by specific insulin-responsive glucose transporters. After 
insulin stimulation, the glucose transporters translocate 
from intracellular membrane vesicles to the plasma mem- 
brane [22-24]. In rat adipocytes insulin stimulation pro- 
duces a ten-fold increase in the transporters at the plasma 
membrane [24]. Given this knowledge, impaired insulin- 
stimulated glucose transport in skeletal muscle has pro- 
vided an attractive hypothesis to explain peripheral in- 
sulin resistance in Type 2 diabetes [3, 4]. This hypothesis 
has been supported by studies showing decreased glucose 
transporter number and intrinsic activity in adipocytes 
from streptozotocin-diabetic rats [25, 26] and patients 
with Type 2 diabetes [3]. In addition, a decrease in the 
pool of intracellular glucose transporters has been related 
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to a decrease in the expression of the insulin-responsive 
glucose transporter gene in adipocytes from streptozo- 
tocin-diabetic rats [27]. Insulin treatment has been able to 
normalize the GLUT-4 mRNA content in adipocytes 
from these animals [25]. 

Extrapolating data from studies in insulin-deficient 
streptozotocin-diabetic rats to patients with Type2 
diabetes may, however, be dangerous. Furthermore, it is 
not known whether changes observed in adipocytes really 
reflect changes in human skeletal muscle. The major part 
of glucose uptake occurs in skeletal muscle whereas adi- 
pocytes contribute less than 5 % [28]. 

Therefore, only studies in skeletal muscle of insulin- 
resistant patients with Type 2 diabetes can answer the 
question whether insulin resistance in Type 2 diabetes is 
related to a defect in glucose transport. We addressed this 
question by measuring the concentration of GLUT-4 
mRNA and its protein in muscle biopsies from both 
insulin-resistant Type 2 diabetic subjects and their first- 
degree relatives, and comparing these to insulin-sensitive 
control subjects. The Type 2 diabetic patients showed a 
49 % reduction in total glucose disposal, which was pri- 
marily accounted for by reduced storage of glucose as gly- 
cogen. In contrast to data in streptozotocin-diabetic rats 
[22, 27] we did not observe reduced expression of GLUT-4 
mRNA or its protein in these Type 2 diabetic patients. On 
the contrary, the GLUT-4 mRNA concentrations were 
slightly higher in the diabetic patients than in the control 
subjects. Of note, the diabetic subjects had both fasting 
hyperglycaemia and hyperinsulinaemia. 

Chronic hyperglycaemia can induce insulin resistance 
and impaired glucose transport in adipocytes from 
diabetic rats [29, 30]. Normalizing of hyperglycaemia by 
phlorizin can reverse both insulin resistance and impaired 
glucose transport in these animals [31]. It is, therefore, un- 
likely that chronic hyperglycaemia would stimulate glu- 
cose transport. Preliminary data suggest that acute hyper- 
insulinaemia created during a euglycaemic clamp 
increases levels of GLUT-4 mRNA in skeletal muscle 
[32]. One could therefore assume, that chronic hyperin- 
sulinaemia as observed in the diabetic subjects resulted in 
the slight increase observed in GLUT-4 mRNA levels. To 
circumvent the problem with chronic hyperglycaemia, we 
also examined insulin-resistant normoglycaemic first-de- 
gree relatives of patients with Type 2 diabetes. These sub- 
jects represent a high risk group for development of 
Type 2 diabetes [7-9] and they presented almost the same 
degree of insulin resistance as the Type 2 diabetic patients. 
Expression of the GLUT-4 mRNA and its protein was not 
significantly altered in the relatives, challenging the view 
that insulin resistance in these subjects is due to a genetic 
defect in the expression of the GLUT-4 gene in skeletal 
muscle. On the other hand, in keeping with previous data, 
the GLUT-4 protein levels in the control subjects corre- 
lated positively with the rate of total-body glucose dispos- 
al [32]. A strong positive correlation was also observed be- 
tween the GLUT-4 protein levels and the rate of glucose 
metabolism in the relatives. Although this correlation sug- 
gests that glucose uptake and transport are related under 
physiological conditions, the negative correlation be- 
tween the GLUT-4 protein levels and glucose disposal in 
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the  Type  2 d iabe t ic  subjec ts  suggests  tha t  o the r  factors  
mus t  be  r e spons ib le  for  man i f e s t a t i on  of  insul in  res i s tance  
in Type  2 d iabe tes .  Two r ecen t  pape r s  have  r e p o r t e d  nor-  
ma l  concen t r a t ions  o f  the  G L U T - 4  p r o t e i n  in ske le ta l  
musc le  f rom pa t ien t s  wi th  Type  2 d i a b e t e s  [33, 34]. In  the  
p r e s en t  study, the  ind iv idua l  subjects  were  shown to be  in- 
sulin res i s tan t  b y  insul in c l amp m e a s u r e m e n t s .  W h i l e  the  
n u m b e r  of  d e t e r m i n a t i o n s  is small ,  and  la rger  sample  size 
m a y  revea l  smal l  d i f fe rences  in levels,  t a k e n  together ,  the  
da t a  do no t  suppo r t  a ro le  for  a gene t ic  defec t  in levels of  
G L U T - 4  p roduc t s  in the  p a t h o g e n e s i s  of  insul in  res i s tance  
in Type  2 d iabe tes .  T h e s e  da t a  do  no t  exclude,  however ,  
the  poss ib i l i ty  of  an  inhe r i t ed  de fec t  in the  G L U T - 4  gene  
which  could  resul t  in  a l t e r ed  G L U T - 4  funct ion.  
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