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Abstract

Insulin-induced Glut 4 and Rab4 movements were studied in two insulin-resistant states. In adipocytes from streptozotocin diabetic rats, the amount
of Glut 4 was decreased by 60%. The remaining Glut 4 molecules were translocated in response to insulin, and in parallel, Rab4 left the intraceliular
compartment. In contrast, in 3T3-L1 adipocytes rendered insulin-resistant by a prolonged insulin treatment, both Rab4 and Glut 4 remained in the
intracellular compartment following an acute insulin stimulation. Those results illustrate a similar behavior of Glut 4 and Rab4 in two situations
where insulin resistance results from different mechanisms, and add further support for a role of Rab4 in Glut 4 translocation.
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1. Introduction

Insulin stimulation of glucose transport in adipocytes
results from the translocation of vesicles containing the
Glut 4 glucose transporter from an intracellular pool to
the plasma membrane [1,2], a process which presents
some analogy with stimulated exocytocis. Low molecu-
lar weight GTP binding proteins have been implicated in
vesicle traffic [3-5] and in a recent study [6], we have
suggested that the protein Rab4 could be involved in the
insulin-stimulated Glut 4 translocation. This conclusion
was based on the following observations: Rabd4 is associ-
ated with the Glut 4 containing vesicles and moves,
under insulin stimulation, from the intracellular com-
partment (LDM} to the cytosol, while Glut 4 is incorpo-
rated into the plasma membrane. This movement is re-
versible upon insulin withdrawal. To get further insight
in the possible involvement of Rab4 in the translocation
of Glut 4 containing vesicles, we have studied, in the
present work, whether Rab4 movement was affected in
response to insulin in two situations where insulin resis-
tance for glucose transport resuits from alterations at
different levels [7]. In the first situation, in adipocytes
from insulin-dependent diabetic rats, insulin resistant
glucose transport has been attributed to a decreased Glut
4 expression while translocation remained relatively nor-
mal [8—-10]. By contrast, in the second situation, in 3T3-
L1 adipocytes chronically treated with insulin, insulin
resistance results mainly from a defect in Glut 4 translo-
cation [11]. We have thus compared in those two insulin-
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resistant states insulin effects on Rab4 subcellular distri-
bution with those on Glut 4 translocation.

2. Materials and methods

2.1. Animals and cell culture

Rats (180-200 x g) were rendered diabetic by streptozotocin i.v. in-
jection (60 mg/kg BW in citrate buffer, pH 4.5) 7 days before the
experiment. All injected rats were diabetic with a glycemia higher than
20 mM. Adipocytes were isolated from epididymal fat pads by collage-
nase digestion as previously described [1,6]. Cells were stimulated or not
for 10 min at 37°C with insulin (100 nM) before homogenization and
subcellular fractionation.

Fully differentiated 3T3-L1 adipocytes were rendered insulin resis-
tant by a prolonged insulin treatment [11]. Cells were treated for 10 h
without or with 100 aM insulin. Following various washings and incu-
bation for 1 h in Krebs-Ringer MES buffer (136 mM NaCl, 4.7 mM
KCl, 1.25 mM CaCl,, 1.25 mM Mg80,, 10 mM MES, pH 6.0) to
dissociate insulin, cells were acutely stimulated with insulin (100 nM)
for 15 min and submitted to subcellular fractionation.

2.2. Glucose transport and metabolism

Lipogenesis was measured by the incorporation of *H from [3-*H]glu-
cose into lipids [12] as an index of glucose transport. Adipocyte suspen-
sions (5%) were incubated for 1 h at 37°C without or with 100 nM
insulin, before determination of ['H]glucose incorporation into lipids.
Deoxyglucose transport in 3T3-L1 adipocytes was measured as previ-
ously described [13].

2.3. Subcellular fractionation, Glut 4 and Rab4 immmunodetection
Isolated adipocytes or 3T3-L1 adipocytes were homogenized in TES
buffer (20 mM Tris pH 7.4, | mM EDTA, 250 mM sucrose, aprotinin
100 U/ml and | mM PMSF). Homogenates were centrifuged at
16,000 x g for 20 min. The supernatant was centrifuged for 90 min at
210,000 x g to obtain a pellet corresponding to microsomes of high and
low density (HDM/LDM). Proteins (50 ug) were solubilized at room
temperature in Laemmbi buffer (3% SDS, 70 mM Tris, 11% glycerol)
containing bromophenol blue (0.05%) and 2-mercaptoethanol (700
mM), and separated by SDS/PAGE with a 10% resolving gel. Proteins
were transferred to a polyvinyliden difluoride (PVDF) sheet. The sheet
was incubated with blocking buffer (PBS/3% fat skimmed dry milk) for
2 h at room temperature, and cut between the 45 and 30 k molecnlar
weight standards. The upper part of the sheet was incubated overnight
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at 4°C with antibodies to the C terminus of Glut 4 [14] and the lower
part with antibodies to Rab4 [15]. After washes, sheets were incubated
with '*I-protein A, washed and submitted to autoradiography. Quanti-
fication was performed by counting the radioactivity associated with
the bands and/or by scanning (Hoefer Scientific Instrument).

3. Results and discussion

Lipogenesis from [*H]glucose and [*H]2-deoxyglucose
uptake were measured as an index of glucose transport
in adipocytes from diabetic rats (Fig. 1A) or in 3T3-L1
adipocytes treated for a prolonged period with insulin
(Fig. 1B). As previously described, adipocytes from dia-
betic animals were unresponsive to insulin, while basal
lipogenesis was similar in both groups [8]. By contrast,
following prolonged treatment with insulin, basal glu-
cose transport was higher in treated 3T3-L1 adipocytes
than in control cells but did not increase further in re-
sponse to an acute insulin stimulation. This increase in
basal glucose uptake is due to a marked increase in Glut
1 expression in the treated cells (data not shown, [11]).

We then studied the translocation of Glut 4 and
looked whether Rab4 movement was also affected in
both insulin resistant states. A low and high density mi-
crosomal fraction enriched in intracellular Glut 4 con-
taining vesicles [2] was prepared from control and insu-
lin-treated cells and analyzed for their Glut 4 and Rab4
content. A typical autoradiogram is shown in Fig. 2 and
the guantification of three fractionations performed with
three different cell preparations is presented in Table 1.
In adipocytes from streptozotocin diabetic animals, the
intracellular Glut 4 pool was markedly depleted, as al-
ready reported by others [8-10], but Rab4 was un-
changed. As shown in Fig. 2, left panel, following insulin
stimulation of adipocytes from control and strepto-
zotocin diabetic animals, about 50% of the Glut 4 and
Rab4 molecules left the HDM/LDM compartment. The
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Glut 4 molecules, but not Rab4, appeared in a similar
fashion in the plasma membranes in both situations
(data not shown). These results indicate that the translo-
cation process per se is not altered in adipocytes from
streptozotocin diabetic rats, but that insulin-resistant
glucose transport results mostly from the depletion of the
Ghut 4 pool. A different result was observed in 3T3-L1
adipocytes following a prolonged treatment with insulin
(Fig. 2, right panel). The intracellular Glut 4 amount was
also diminished in insulin resistant cells, although to a
lower extent (by about 30%) than in diabetic adipocytes.
However, those Glut 4 molecules were no longer able to
be recruited in response to an acute insulin stimulation
(and did not appear in the plasma membranes) and in
parallel, Rab4 molecules remained in the intracellular
compartment of treated 3T3-L1 adipocytes.

In summary, insulin-resistant glucose transport was
observed in the two situations studied but the alterations
underlying this resistance are clearly different. In both
cases, the Glut 4 intracellular pool was depleted, al-
though to a different degree. However, while the translo-
cation of the remaining Glut 4 molecules happened nor-
mally in streptozotocin diabetic adipocytes, a total
blockade in the Glut 4 translocation was observed in
3T3-L1 chronically treated with insulin. The insutin in-
duced movement of the low molecular weight GTP bind-
ing protein Rab4 was in both states parallel to the Glut
4 translocation. Although the cascade of phosphoryla-
tions following the insulin receptor tyrosine kinase acti-
vation is better understood ( for reviews see [16-19]), the
pathways implicated in the Glut 4 translocation process
are still largely unknown. The close correlation between
the movements of Glut 4 and Rab4 is a further indication
that Rab4 could be involved in the process of the Glut
4 containing vesicles under hormonal stimulation. Fur-
ther studies will be required to understand the precise
role of Rab4 in this process.
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Fig. 1. Glucose transport and metabolism in two insulin resistant states. Left panel: adipocytes were isolated frem control or streptozotocin diabetic
rats and incubated without (open bars) or with (hatched bars) 160 nM insulin for 1 h in the presence of ["H]glucose. At the end of the incubation,
glucose incorporation into lipids was measured as described in section 2. Right panel: 3T3-L1 adipocytes were treated without (control} or with
(treated) 100 nM insulin. Following washings and incubation for 1 h in Krebs—Ringer MES buffer, cells were acutely incubated without (open bars)
or with (hatched bars) 100 nM insulin for 15 min before measuring deoxyglucose (DOG) uptake. Values are presented as the means + S.E.M. of
3-5 experiments.
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Effect of insulin on Glut 4 and Rab4 movements in insulin-resistant adipocytes and 3T3-L1 adipocytes

Adipocytes from

3T3-L1 adipocytes

Control rats Diabetic rats Control Treated
Glut 4 in HDM/LDM fraction
Basal 1 0.42 £ 0.06 1 0.67 + 0.06
Insulin 0.45 £ 0.04* 0.23 + 0.06* 0.60 £ 0.01* 0.54 £ 0.05
Rab4 in HDM/LDM fraction
Basal 1 0.94+0.24 1 0.75 £ 0.03
Insulin 0.51 + 0.04* 0.34 £ 0.03* 0.39 + 0.04* 0.66 +0.07

Adipocytes were prepared from control or streptozotocin diabetic rats, and incubated for 10 min without {basal) or with insulin (100 2M). In a similar
fashion control or chronically treated 3T3-L1 adipocytes were incubated without insulin (basal) or stimulated for 15 min with 100 nM insulin.
Microsomes of high and low density (HDM/LDM) were prepared as described in scction 2, proteins were analyzed by SDS/PAGE and Glut 4 and
Rab4 were quantified by scanning and/or counting following immunoblotting. To allow comparison amongst experiments, the amounts of Glut 4
and Rabd were expressed relative to the amount of proteins present in control basal conditions. Results are the means S.E.M. of 3 different
experiments (or the range of 2 experiments for Rab4 in streptozotocin diabetic animals).

*Insulin effect was significant with P < 0.05.

Adipocyles

3T3-L1 adipocyles
Cantral Dlabetic

Control  Treated

a3k0 - | e GLUT 4
20kD - | G = W W gy [ Rabs
Insulin - 4 - + - + - +

Fig. 2. Gut 4 and Rab4 translocation process in two insulin resistant
states. Adipocytes from control and diabetic rats (left panel) and con-
trol or treated 3T3-L1 adipocytes were incubated as described in Fig.
1 before subcellular fractionation. Microsomes of low and high density
were prepared, proteins (50 pg) were separated by SDS/ polyacrylamide
gel electrophoresis, transferred on membranes, and immuncblotted
with antibodies to Ghut 4 (upper panels) of Rab4 (lower panels).
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