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Summary. Since corticosteroid treatment is often accompa- 
nied by insulin resistance, we explored the role of cortico- 
steroids in the regulation of the insulin effectiveness in cul- 
tured 3T3 (mouse) adipocytes. Exposure of the fat cells to 
dexamethasone or corticosterone (0-5 days) induced a time-, 
concentration-, and protein synthesis-dependent and revers- 
ible decrease in insulin binding and in basal and insulin- 
stimulated 2-deoxyglucose uptake. The decrease in binding 
(50%) was primarily due to a decrease in receptor affinity i.e. 
to an increase in the rate of dissociation of insulin from its re- 
ceptors, and was independent from the effects of pH and tem- 
perature on the affinity. The reduction in the 2-deoxyglucose 
uptake (30-50%) was due to a decrease in the hexose trans- 
port capacity rather than to a decrease in the phosphorylation 
component of the 2-deoxyglucose uptake process. Lineweav- 

er-Burk analysis revealed the dexamethasone induced a de- 
crease in the apparent Vmax of the transport system i.e. in the 
number or activity of the hexose transporters. The effect of 
dexamethasone seemed to be superimposed on that of long- 
term insulin treatment, suggesting a different mechanism. It is 
concluded that corticosteroids act as long-term regulators of 
the insulin effectiveness by influencing the rate at which insu- 
lin dissociates from its receptors and by altering the number or 
activity of the hexose transporters by a common mechanism, 
which differs from that of the long-term regulatory effect of 
insulin. 

Key words: Insulin binding, corticosteroids, cultured 3T3 
adipocytes, hexose uptake, hexose transport characteristics, 
cycloheximide, insulin. 

Cort icosteroid-induced insulin resistance is a well- 
known phenomenon  [1]. Corticosteroid administration 
in vivo is accompanied by both receptor and post-re- 
ceptor  alterations in various cell types [2-5]. Generally, 
insulin binding as well as insulin-sensitive glucose up- 
take and oxidation are decreased. The relationship be- 
tween corticosteroids and insulin receptor binding in 
vitro appears to be more complex. In isolated fat cells 
and adipose tissue explants, incubation with cortico- 
steroids for 2-48 h does not affect insulin receptor bind- 
ing [6-8]. In cultured cells, on the other hand, cortico- 
steroids have been reported to affect insulin binding, al- 
though not uniformly. In cultured lymphocytes [9] and 
in fibroblasts [10] corticosteroids enhance insulin recep- 
tor binding, whereas in cultured adipocytes insulin 
binding is decreased [11]. The relationship between cor- 
ticosteroids and the activity of  insulin-sensitive hexose 
uptake in vitro, on the other hand, is less variable and 
appears to resemble the relationship observed in vivo. 
Corticosteroids decrease insulin-sensitive hexose up- 
take in isolated fat cells [12], adipose tissue explants [7] 
and cultured adipocytes [11]. The mechanism by which 

these alterations in hexose uptake are mediated, how- 
ever, is still unclear. 

In the present study, we at tempted to unravel the 
role of  corticosteroids in the regulation of  the insulin 
binding, hexose uptake and insulin response, using cul- 
tured 3T3 (mouse) adipocytes [13, 14]. This insulin-sen- 
sitive cell culture system has previously been shown to 
be a suitable model for the study of  long-term regula- 
tion of  insulin effectiveness [10, 11, 15-17]. 

Materials and methods 

Cell culture 

3T3-L1 pre-adipocytes (Flow laboratories, Irvine, Ayrshire, UK) were 
grown and differentiated into adipocytes as described previously [15]. 
For studying the effects of cortocosteroids on the insulin effective- 
ness, fully differentiated 3T3 adipocytes were cultured in standard 
medium in the presence or absence of dexamethasone for up to 
5 days. 

Insulin binding 

Fully differentiated fat cells (60 mm wells, 2 x 106 cells) were washed 
four times with 2 ml phosphate buffered saline (PBS) at pH 7.4, and 
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Fig.t. Displacement curve of ~2sI-insulin binding. Fat cells were cul- 
tured in the absence (O) or presence (�9 of dexamethasone 
(20 nmol/l, 72 h). Subsequently, a~5I-insulin binding was determined 
at 20 ~ in the presence of increasing amounts of native insulin. Inset: 
Scatchard plot of the binding data 
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Fig.2. Dose-response relationship of insulin-sensitive 2-deoxyglu- 
cose uptake. The uptake of 2-deoxyglucose in cells cultured in the ab- 
sence ( 0 )  or presence ((3) of dexamethasone (20 nmol/1, 72 h) was 
determined in the absence and presence of increasing amounts of in- 
sulin. The arrows indicate the half-maximal effective insulin concen- 
tration 

incubated in 1.5 ml Krebs-Ringer Tris-HCl buffer (pH 7.4) containing 
2% bovine serum albumin. Then 18pmol/1 mono-A~4JzsI-insulin 
(2800 cpm/fmol) was added and the cells were shaken (75 oscilla- 
tions/min) at 20 ~ for 3 h. Since in this period approximately 20% of 
the 125I-insulin was degraded by both the dexamethasone-treated 
(20.1% +0.7) and control (22.3%+1.3) cells, as detei'mined by the 
TCA precipitation method [18], bacitracin (1.5 mmol/1) was added to 
inhibit extracellular degradation. In the presence of bacitracin only 
2-3% of the amount of insulin added was degraded during the incu- 
bation period. After the attainment of binding equilibrium (3 h) the 
cells were washed four times with 2 ml ice-cold PBS, scraped off the 
dishes and treated with 1 ml of 0.1 mol/1 NaOH. Aliquots (0.1 ml) 
were taken for protein determination [19], and 125I was  counted in a 
gamma counter (Packard Instruments, Downers Grove, Illinois, 
USA). Non-specific binding was defined as the amount of 125I bound 
in the presence of an excess of native insulin (1000 nmol/l). The rate 

of association of the hormone to the receptor was determined by stop- 
ping the binding assay at appropriate times (1-15 min). The rate of 
dissociation was studied by adding a large volume (0.2 ml/cm 2) of 
Tris buffer to the cells after the attainment of binding equilibrium. 
Every 10-15 min the buffer was replaced by fresh buffer and the 
amount of dissociated 125I counted. 

2-Deoxyglucose uptake 

Fat cells (30 mm wells, 5 • 105 cells) were incubated in 0.75 ml Tris 
buffer in the presence or absence of insulin, at 37 ~ After 30 min, 
2-deoxyglucose-D-(1-14C)-glucose (0.1 mmol/1, 710cpm/nmol), was 
added. The uptake was assayed during intervals in which uptake was 
linear with time (2-10 min), and was stopped by rinsing the wells four 
times with 1 ml ice-cold PBS. The cells were treated as for insulin 
binding, except that 14C was counted in al liquid scintillation counter 
(Packard Instruments, Downers Grove, Illinois, USA). The presence 
of cytochalasin B (0.1 mmol/1) in the termination procedure did not 
influence the 2-deoxyglucose uptake, indicating that effiux of label 
from the cells was not a predominant feature. 

To determine the nature of the label in the cells, they were dis- 
solved in 1.5 ml of ice-cold Tris-Acetate buffer (0.1 mol/l) containing 
Triton-X-100 (0.2%), pH 7.8. This mixture was vortexed vigorously, 
and 1.5 ml of iced chloroform was added for delipidization. After cen- 
trifugation at 2600 g for 10 rain at 4 ~ the supernatant, containing all 
the label taken up, was passed over a Dowex-l-chloride column 
(3 cm) in a pasteur pipette. The non-phosphorylated 2-deoxyglucose 
was removed from the column by washing with Tris buffer. The phos- 
phorylated label was eluted with HC1 (4 mol/l). By this procedure, the 
recovery of the labelled hexose was 97-104%. 

The intracellular waterspace was determined using a double-la- 
belling technique. Fat cells were incubated in 1.5 ml of Tris buffer (pH 
7.4, 37~ A time zero 3-O-methyl-(3H)-glucose (330nmol/1; l0  4 
dpm/pmol) and (UJ4C)-sucrose (800nmol/1; 840dpm/pmol) were 
added. After 5 and 10 rain, when equilibrium was attained, the cells 
were rinsed four times with 2 ml ice-cold PBS, containing phloretin 
(0.1 mmol/l) in order to remove all extracellular sugar. Phloretin was 
used to inhibit the efflux of methylglucose from the cell; it did in so 
far more than 95%. The cells were then scraped offthe dishes and dis- 
solved in 0.1 mol/1 NaOH. 14C and 3H were counted in a liquid scintil- 
lation counter (Packard Instruments, Downers Grove, Illinois, USA). 
The intracellular waterspace was calculated by subtracting the 
amount of sucrose from the amount of methylglucose. The intracellu- 
lar non-phosphorylated 2-deoxyglucose concentration was calculated 
from the amount of non-phosphorylated 2-deoxyglucose in the cell 
and the intracellular waterspace. The hexokinase activity in the cells 
was determined as described previously [15]. 

Determination of  the cellular A TP content 

Cellular ATP levels were determined by bioluminescence. Cells 
(60 mm wells) were scraped off the dishes and dissolved in I ml ice- 
cold Tris-acetate buffer (0.1 mol/1 Tfis) containing EDTA (2 mmol/1) 
and Triton-X-100 (0.2%), pH 7.8. After vigorous mixing, 250-~tl sam- 
ples were transferred to microcentrifuge tubes and kept on ice. The 
tubes were centrifuged at 10,000 g for 10 s. Fifty ~tl of the clear inter- 
mediate phase (containing all the ATP) were added to 50 ~tl of lucifer- 
in-luciferase in a luminometer (Packard Instruments) and the biolu- 
minescence was counted. The amount of ATP was calculated by the 
use of internal standards. 

Materials 

Culture media and sera were obtained from Gibco, Grand Island, 
New York, USA. Penicillin and streptomycin were from Gist Bro- 
cades, Rijswijk, The Netherlands. Demineralized bovine serum al- 
bum was from Organon, Oss, The Netherlands. Mono-A14JzsI-insulin 
(porcine and human) were generously provided by Eli Lilly, Neder- 
land. Native monocomponent porcine insulin was from Novo, Co- 
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Fig.3. Time course and reversibility of the effects of dexamethasone 
on 125I-insulin binding and the 2-deoxyglucose uptake. Fat cells were 
cultured with (O, A) and without ( � 9  �9 ) dexamethasone (20 nmol/1) 
for several days. At the times indicated, 125I-insulin binding (upper 
panel) and basal (�9 � 9  or insulin-stimulated (1000 nmol/1) ( A, � 9  
2-deoxyglucose uptake (lower panel) were determined. To test the 
reversibility, cells were first cultured in the presence (O, A) of dexam- 
ethasone and, subsequently, in the absence (x) of the drug 

11- 

C 
o . 

0 0 

10- 

9-  Y 01 

2.0- 

1,5 �84 

10 

i , r  i f I [ i 

0 10 -10 10 -9 10-8 10 -7 10 -6 

I "~' t I I [ 1 

0 10 -10 10 -9 10 -8 10 -7 10 .6 

C o r t i c o s t e r o i d  ( m o [ / t )  

Fig. 4. Concentration curve of the corticosteroid effect on 125I-insulin 
binding and the 2-deoxyglucose uptake. Fat cells were cultured in the 
presence of various concentrations of dexamethasone (O) or cortico- 
sterone (121) for 72 h. Subsequently, 125I-insulin binding (upper panel) 
and basal 2-deoxyglucose uptake (lower panel) were determined. The 
arrows indicate the half-maximal effective concentrations of the drugs 

penhagen, Denmark. 2-deoxy-D-(l-14C)-glucose was purchased from 
New England Nuclear, Boston, Massachusetts, USA. (U-14C)-sucrose 
and 3-O-methyl-(3H)-glucose were from Amersham International, 
Amersham, Bucks, UK. 1-methyl-3-isobutylxanthine was from Al- 
drich Chemicals, Milwaukee, Wisconsin, USA, and cycloheximide 
form Serva, Heidelberg, FRG. Dexamethasone, corticosterone and 
cytochalasin B were from Sigma, St. Louis, Missouri, USA. Luciferin- 
luciferase were obtained from Boehringer, Mannheim, FRG. 

Data analys& 

All data are expressed as mean_+ SEM. Where appropriate, the data 
were statistically analyzed by Student's t-test for paired comparison. 

Results 

Exposure of the cultured fat cells to dexamethasone 
(20 nmol/l  for 72 h) decreased the t25I-insulin binding 
by up to 50% (n = 6, p < 0.001). This decrease in recep- 
tor occupancy was more pronounced at low insulin 
concentrations than at high ones (Fig. 1). At high insulin 
concentrations (>  50 nmol/1) the amount of insulin 
bound to dexamethasone-treated cells sometimes even 
exceeded binding to control cells. 

The decrease in insulin receptor binding was accom- 
panied by substantial alterations in insulin-sensitive 
2-deoxyglucose uptake (Fig. 2). Dexamethasone treat- 
ment (20 nmol/1 for 72 h) decreased 2-deoxyglucose up- 
take in the absence of insulin (basal uptake) by approxi- 
mately 30% (n = 7, p < 0.001). In the presence of insu- 
lin, the reduction in rate of uptake was even more pro- 
nounced. The dose-response relationship shifted about 
eight-fold to the fight (EDs0:1.6+0.3 versus 0.2+0.1 
nmol/1 in dexamethasone-treated and control cells, re- 
spectively; n = 7;p < 0.001), indicating a decrease in in- 
sulin sensitivity, wheras the maximal insulin response 
(insulin responsiveness) was decreased by 40-50% 
(n = 7, p < 0.001). 

The effects of dexamethasone on insulin effective- 
ness varied with the length of the exposure to the drug. 
The time course for the alterations in insulin binding 
and in the basal and insulin-stimulated hexose uptake 
showed a marked resemblance (Fig. 3). They were maxi- 
mal after 48-72 h. When cells were cultured first in the 
presence of dexamethasone (20 nmol/1 for 48 h) and 
subsequently in the absence of the drug, the alterations 
in insulin binding, hexose uptake and insulin respon- 
siveness appeared to be completely reversible. Forty- 
eight hours after the removal of dexamethasone from 
the culture medium, original insulin binding and basal 
and insulin-stimulated 2-deoxyglucose uptake values 
were obtained (Fig. 3). In some experiments the reversal 
of basal hexose uptake appeared to precede the reversal 
of insulin responsiveness (n = 4, NS). 

The effects of dexamethasone on insulin binding 
and the hexose uptake showed similar dose-depen- 
dence (Fig.4). Maximal effects were obtained at con- 
centrations of 10- 20 nmol/1. Corticosterone, the native 
corticosteroid of mice, the species from which 3T3 cells 
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Fig.5. Time course of the association and dissociation of a25I-insulin. 
Fat cells were maintained in the absence ( � 9  or presence (O) of dexa- 
methasone (20 nmol/1) for 72 h. In the association experiment (upper 
panel) the initial binding of msI-insulin (18 pmol/1) was followed. Af- 
ter the attainment of binding equilibrium (3 h, 20 ~ the dissociation 
of insulin was followed for 70 min (lower panel) 
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Fig. 6. pH dependence of the ~2sI-insulin binding. Fat cells were cul- 
tured with (O) and without ( � 9  dexamethasone (20 nmol, 72 h). Sub- 
sequently, the pH dependence of the binding of 12sI-insulin (18 pmol/  
1) was determined 

originate, mimicked the effects of dexamethasone 
(Fig.4), though on a molar basis, corticosterone was 
about 60 times less potent than dexamethasone (ED50: 
43 +_ 3 versus 0.7 + 0.2 nmol/1). This difference in poten- 
cy is comparable with the difference in biological activi- 
ty between these compounds in vivo [20]. 

In an attempt to find more insight into the mecha- 
nism(s) by which corticosteroids regulate(s) the insulin 
effectiveness we tried to delineate the nature of the al- 

terations underlying the decrease in insulin binding and 
hexose uptake. Analysis of the binding data according 
to Scatchard (Fig. 1, inset) revealed that the dexametha- 
sone-induced decrease in insulin binding was primarily 
due to a decrease in receptor affinity. The number of in- 
sulin receptors remained constant at approximately 
126,000receptors/cell. Kinetic experiments showed 
that dexamethasone increased the rate at which insulin 
dissociates from its receptors (Fig. 5; n = 4, p < 0.005). 
The rate of association was hardly changed (Fig. 5, NS). 
Since pH and temperature are well-known factors that 
influence the affinity of receptors [21], we tested wheth- 
er the effect of dexamethasone interfered with the ef- 
fects of pH and temperature on insulin binding. The pH 
profile of insulin binding was identical before and after 
dexamethasone-treatment (20 nmol/1 for 72 h) with an 
optimum at pH 7.8-8.0 (Fig.6). Likewise, the effect of 
temperature on the affinity of binding sites was not al- 
tered. The Ke (the affinity of the high affinity state or 
empty receptor) calculated according to De Meyts [22] 
changed from 0.45 _+ 0.09 (control cells) and 0.23 + 0.06 
(dexamethasone-treated cells) at 20~ to 0.21_+0.05 
(control cells) and 0.10+0.03 (dexamethasone-treated 
cells) at 37 ~ (n= 3). Apparently the effect of dexa- 
methasone on the insulin binding was independent 
from those of pH and temperature. 

The dexamethasone-induced alterations in the insu- 
lin-sensitive hexose uptake might result from changes in 
the components of the 2-deoxyglucose uptake process: 
transport of hexose across the membrane and formation 
of 2-deoxyglucose-6-phosphate (hexokinase reaction). 
The amount of intracellular ATP, which is of impor- 
tance for the phosphorylation of the hexose as well as 
for the mediation of the effect of insulin, hardly 
changed upon dexamethasone treatment (Table I). The 
hexokinase activity on the other hand did decrease up- 
on exposure to the drug (Table I). During the uptake of 
2-deoxyglucose however, the intracellular concentra- 
tion of non-phosphorylated 2-doxyglucose was always 
far below the extracellular concentration in the dexa- 
methasone-treated (20 nmol/1 for 72 h) and the control 
cells, as calculated from data on the intracellular water- 
space and the nature of the labelled products inside the 
cells (Table 1). This indicates that transport rather than 
intracellular phosphorylation of hexose was the rate- 
limiting step in the 2-deoxyglucose uptake process. A 
decrease in the activity of the hexose transport system 
as induced by dexamethasone can be caused by an al- 
teration in the number or activity of the hexose trans- 
porters, as well as by changes in their affinity. By analy- 
sis of the rate of uptake of various concentrations of 
2-deoxyglucose (0.05-5.0mmol/1) according to Line- 
weaver-Burk, it is possible to discriminate between 
these possibilities. Dexamethasone decreased the ap- 
parent Vma x of the transport system from 5.0+ 
0.1nmol/min per well in control cells to 3.2+ 
0.2 nmol/min per well after 72 h of exposure to the drug 
(20nmol/1; n=5,  p < 0.005). The apparent Km did 
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Table I. Characteristics of dexamethasone-treated and control cells 

Control Dexametha- 
cells sone- 

treated cells 

2-deoxyglucose uptake 3.1 + 0A 2.3 + 0.1 < 0.001 
(nmol/5 rain per well) 
Intracellular waterspace 3.5 + 0.1 3.3 -+ 0.1 NS 
(.ul/well) 
Amount of intracellular 56.0 _+ 4.0 34.0 + 3.0 < 0.005 
2-deoxyglucose 
(pmol/well,5 min) 
Intracellular 2-deoxyglucose 14.6 _+ 0.4 10.4 + 0.3 < 0.005 
concentration 
(gmol/l,5 min) 
Hexokinase activity 54.0 _+ 1.8 45.2 + 1.4 < 0.01 
(numol/5 rain per well) 
Intracellular ATP values 4.4_+ 0.1 4.0 + 0.2 NS 
(nmol/well) 
Insulin binding 12.1 _+ 0.2 8.1 + 0.4 < 0.001 
(% bound/well)  
Cellular protein 2.6 _+ 0.1 2.4 + 0.1 NS 
content (rag/well) 

Fat cells were cultured in the presence (10 nmol/t ,  72 h) or absence 
(control cells) of dexamethasone. All experiments were performed on 
60 mm wells (_+ 2 x 106 cells). Data are mean + SEM of at least three 
experiments 
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effect of insulin and dexamethasone on the 
2-deoxyglucose uptake. Fat cells were cultured in the absence (con) 
and presence of insulin (1000 nmol/1) (ins) and /or  dexamethasone 
(20 nmol/1) (alex) for 48 h. Then the 2-deoxyglucose uptake was deter- 
mined in the absence (open bars) and presence (hatched bars) of insu- 
lin (1000 nmol/1) 

hardly change upon dexamethasone treatment (2.0 + 
0.1 versus 2.2 + 0.1 mmol in dexamethasone-treated and 
control cells, respectively, NS). The decrease in the ap- 
parent Vmax (i. e. in the number or the activity of hexose 
transporters) was further explored by comparing the 
long-term effects of insulin and dexamethasone on hex- 
ose uptake. Prolonged exposure of the cells to insulin 
(1000 nmol/1, 48 h) increases the basal hexose uptake 
and decreases the insulin response [15] (Fig. 7). The ef- 
fects of dexamethasone appeared to be superimposed 
on the long-term effects of insulin. Dexamethasone de- 
creased the insulin-induced increase in basal hexose up- 
take and further reduced the insulin-induced decrease 
in the maximal insulin-stimulated uptake (Fig.7). Be- 
cause of this apparent independence of the effects of 
dexamethasone and insulin we tested whether the in- 

duction of the effects of dexamethasone required pro- 
tein synthesis, like the long-term insulin effect [15]. 

Treatment of the cells with dexamethasone 
(20 nmol/1) and cycloheximide (1 p.g/ml, an inhibitor of  
protein synthesis) for 20 h did not decrease the 2-deoxy- 
glucose uptake in comparison with cells treated 
with cycloheximide alone (0.9+0.1 versus 0.7+ 
0.1 nmol/5 min per 30mm well, respectively). More- 
over, the 125I-insulin binding was not reduced either (not 
shown). These data suggest that also for the induction 
of the effects of corticosteroids protein synthesis is a 
prerequisite. 

Discussion 

The data presented indicate that corticosteroids act as 
long-term regulators of insulin effectiveness in cultured 
3T3 adipocytes. Treatment of cells with dexamethasone 
induced a time- and concentration-dependent and re- 
versible decrease in insulin binding as well as in basal 
and insulin-stimulated 2-deoxyglucose uptake while 
corticosterone, the native hormone of mice, the species 
from which the cultured cells originate, mimicked the 
effects of dexamethasone. These observations confirm 
and further substantiate the findings of Grunfeld et al. 
[11], but contrast (partially) other in vitro studies. In iso- 
lated fat cells and adipose tissue explants, dexametha- 
sone reduces hexose uptake but not insulin binding [6, 
7]. This discrepancy with fat cells in culture might be re- 
lated to perturbations of the fat cell isolation procedure, 
such as mechanical agitation and the use of digesting 
enzymes. In cultured cells of different origin (e. g. lym- 
phocytes, fibroblasts) corticosteroids do influence insu- 
lin binding [9, 10], although in a way contrasting to that 
in 3T3 adipocytes, suggesting cell type specificity. Our 
data in cultured fat cells fit well with observations in 
vi vo, despite differences in species. Both in rats and 
man, high plasma corticosteroid levels are accompa- 
nied by a decrease in insulin binding and action [2, 4, 8, 
231. 

Our observation that dexamethasone decreased the 
insulin binding by increasing the rate of dissociation of 
the hormone from the receptor can be explained by an 
alteration in the overall affinity of receptors and/or  by a 
selective loss of high affinity binding sites. The latter is 
rather improbable considering the finding that the rate 
of association was hardly altered upon exposure to the 
drug. Recently, it has been suggested that the affinity of 
the receptor is regulated by the interaction of two func- 
tional components of the insulin receptor: a binding 
component and an affinity regulator [24]. pH, tempera- 
ture and the binding of insulin would change the affini- 
ty by influencing the interaction between these compo- 
nents [25, 26]. The mechanism by which dexamethasone 
regulates the binding affinity is unknown, but appears 
to be independent from that of pH and temperature: the 
effect of pH and temperature did not change upon ex- 
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posure to the drug. The finding that the effect of dexam- 
ethasone was inhibited by cycloheximide suggests the 
involvement of a protein synthesis-dependent regulato- 
ry process. This is not incompatible with an alteration in 
receptor affinity, considering the reports on a protein 
synthesis-dependent effect of dexamethasone on the 
lipid compositon of the plasma membrane [27-29]. The 
lipid composition of the membrane is an important de- 
terminant of the microviscosity ('fluidity') of the mem- 
brane, which is known to affect the characteristics of in- 
sulin receptor binding [30-33]. Whether dexamethasone 
regulates insulin binding by altering the fluidity of the 
membrane awaits further study. 

The decrease in basal 2-deoxyglucose uptake ac- 
companying dexamethasone treatment indicates the in- 
duction of post-receptor alterations i.e. alterations in 
the rate of transport and/or  phosphorylation of hexose. 
In the dexamethasone-treated cells the decrease in the 
rate of uptake was possibly due to alterations in the hex- 
ose transport system, as indicated by the absence of 
substantial accumulation of non-phosphorylated 2-de- 
oxyglucose in the cells during a period in which uptake 
was linear with time (i. e. in which there was no effiux of 
label). Moreover, on the assumption that there is no 
coupling between transport and the phosphorylation 
component of the 2-deoxyglucose uptake process, these 
data implicate that the observed decrease in hexokinase 
activity probably did not contribute to the decrease in 
basal hexose uptake. These findings are in agreement 
with previous observations demonstrating that in cul- 
tured fat cells 2-deoxyglucose transport rather than in- 
tracellular phosphorylation of the hexose appears to be 
the rate-limiting step in the 2-deoxyglucose uptake pro- 
cess [15] and, furthermore, that in rat fat cells the reduc- 
tion in glucose transport primarily accounts for the de- 
xamethasone-induced decrease in glucose oxidation [6, 
34]. Lineweaver-Burk analysis of the uptake data re- 
vealed that the decrease in 2-deoxyglucose transport 
was due to a decrease in the apparent Vmax, i.e. in the 
number or activity of hexose transporters. Loci in the 
long-term regulation of hexose transport which might 
be affected by dexamethasone are the rate of de novo 
synthesis, the rate of (in)activation and/or  the redistri- 
bution of hexose tranporters between the plasma mem- 
brane and an intracellular compartment. Prolonged ex- 
posure of the cells to insulin increases the rate of trans- 
port, probably by increasing the de novo synthesis of 
hexose transporters [15] and/or  by a protein synthesis- 
dependent redistribution of hexose transporters. The 
observation that the effects of dexamethasone on the 
basal and insulin-stimulated hexose transport seemed 
to be superimposed on the long-term insulin effect sug- 
gest that the effects of both compounds are mediated 
via different mechanisms. Glucose has been shown to 
regulate the hexose transport capacity by influencing 
the rate of inactivation (or degradation) of hexose trans- 
porters [17]. Preliminary data indicate that also the ef- 
fects of glucose and dexamethasone are mediated by 

different mechanism. Obviously, further studies on the 
hexose transporter kinetics are required to unravel these 
mechanisms. 

The decrease in the ability of insulin to stimulate 
basal 2-deoxyglucose uptake after dexamethasone 
treatment can partially (insulin sensitivity) be attributed 
to the decrease in insulin binding. The decrease in insu- 
lin responsiveness, however, cannot be explained by al- 
teration in binding affinity. Even at high insulin concen- 
trations, sufficient to fill up all binding sites necessary to 
elicit a maximal response, the insulin responsiveness 
was still decreased. Which process in the sequence of 
events between the binding of the hormone and its bio- 
logical effect (i. e. the decrease in hexose uptake) is al- 
tered by dexamethasone remains to be solved. A lack of 
intracellular ATP, known to affect the insulin response, 
does not seem to be responsible, since the intracellular 
ATP values were not influenced by dexamethasone 
treatment. As mentioned, the effects of long-term expo- 
sure of the cells to insulin and dexamethasone on the 
maximal insulin-stimulated hexose uptake were syner- 
gistic. It is possible that the same alterations accounting 
for the decrease in basal hexose uptake are responsible 
for the decrease in insulin responsiveness. In fact, the 
resemblance in time course, concentration-dependence 
and reversibility of the effects of corticosteroids on the 
binding and uptake does suggest that the receptor- and 
postreceptor alterations are mediated via a common 
mechanism. 
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