Volume 128, number 2

FEBS LETTERS

June 1981

INSULIN STIMULATION OF AMINO ACID TRANSPORT IN PRIMARY CULTURED RAT
HEPATOCYTES VARIES IN DIRECT PROPORTION TO INSULIN BINDING

Jacqueline DOLAIS-KITABGI, Frédéric CHECLER™, Jean-Francois REY,
Odette MORIN* and Pierre FREYCHET

Institut National de la Santé et de la Recherche Médicale, (INSERM U 145) et Laboratoire de Médecine Expérimentale,
Faculté de Médecine, Chemin de Vallombrose, 06034 Nice Cédex, France

Received 21 April 1981

1. Introduction

We have shown that insulin stimulates amino acid
transport in freshly isolated rat hepatocytes [1,2].
Using this effect of insulin, we could compare insulin
binding to its receptor sites and insulin stimulation of
amino acid transport in the liver [3]. However, there
isnoinformation concerning the relationship between
receptor loss and changes in biological function, with
regard to insulin action in the liver.

Here, monolayer cultures of adult rat hepatocytes
were treated with trypsin to cause a loss of insulin
receptors [4—7], and the effect of such a change on
insulin binding and insulin stimulation of amino acid
transport was analyzed.

2. Materials and methods

2.1. Trypsin treatment of isolated hepatocytes and
subsequent primary cultures

Hepatocytes were isolated from adult male Wistar
rats as in [2,8]. The cell suspension (6 X 10° cells/ml)
was divided into two samples which were incubated
without or with trypsin (Sigma, 550 ug/ml) 15 min
at 30°C. Cells were then collected by centrifugation,
resuspended in 30 mi Krebs-Ringer bicarbonate (KRb)
buffer containing 1% bovine serum albumin (BSA)
and soybean trypsin inhibitor (Sigma, 0.5—5 ug/mi).
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The washing procedure was repeated 3 times in
Waymouth’s medium (Gibco), and cells (1 X 10%/ml)
were allowed to plate on collagen-precoated culture
dishes in Waymouth’s medium and in the presence of
10% fetal calf serum (Eurobio, Paris). After the
attachment period (4 h at 37°C), hepatocyte mono-
layers were incubated for 20 h in serum-free
Waymouth’s medium, Culture media contained 0.2%
defatted BSA, 100 units/ml penicillin and 100 ug
streptomycin/ml. All experiments were performed
after 24 h culture had elapsed since the initial treat-
ment with trypsin.

2.2. Binding assays

Hepatocyte monolayers were washed 3 times with
1 ml KRb buffer and incubated in 1 ml KRb contain-
ing 1% defatted BSA, 0.8 mg/ml bacitracin and 50 ug/
ml gentamycin for 60 min at 37°C in the presence of
0.3 ng/ml (0.05 nM) '*I-labelled insulin (250 uCi/ug)
and unlabelled insulin (monocomponent, Novo) at
0.01 nM—1 uM. These conditions insure a steady-state
binding of '* Iinsulin to hepatocyte monolayers
(0. M. et al., unpublished). Non-specific binding was
determined as in [3] and represented ~10% of the
total binding. Following aspiration of the supernatant
and washing (3 times with 1 ml chilled saline), the
cells were digested with 1 ml 0.2 N NaOH and counted
for 11 radioactivity. The binding data were corrected
for non-specific binding, and normalized per mg cell
protein.

2.3. Transport studies

Monolayers were washed 3 times with 1 ml KRb
buffer and incubated in 0.9 mi KRb buffer containing
the same additions as above, in the presence or absence
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of varying concentrations of insulin. After 3 h of
incubation at 37°C, transport assays were initiated by
adding 0.1 ml of KRb buffer containing a-amino-
[1-'*Clisobutyric acid (AIB, 0.2 uCi, 0.1 mM final
conc.), and [*HJinulin; the latter was used for deter-
mination of the extracellular space. After 15 min, the
reaction was terminated by removing the medium and
washing the monolayer 3 times with 1 ml chilled
saline. The cells were digested with 0.5 m1 0.2 N
NaOH and counted for *C and *H after neutraliza-
tion. The transport data were corrected for extracel-
lular trapping, and normalized per mg cell protein.

3. Results

Fig.1 (top) shows that hepatocytes, exposed to
trypsin (20 ug/ml) prior to plating, bound less insulin
than control cells. The decrease in binding (40—50%)
was observed over a broad range of insulin concentra-
tions, including saturating levels of the hormone. Tryp-
sin treatment caused a loss in receptor concentration
without altering the apparent affinity of receptors for
insulin, in agreement with studies with other cell types
[4]: assuming a two-site model for the binding of insu-
lin to its receptors in hepatocytes [3,9], the number
of high-affinity binding sites in 3 separate experiments
was 17 300 £ 3800 sites/cell (K4 = 0.44 + 0.07 nM)
in trypsin-treated cells, and 31 300 + 3300 sites /cell
(K4 =041 £0.03 nM) in control hepatocytes. Low
affinity binding (K ~ 10 nM) was 49 000 sites/cell
and 90 000 sites/cell in trypsin-treated hepatocytes
and in control cells, respectively.

As depicted in fig.l (bottom), insulin enhanced
the uptake of AIB in hepatocyte monolayers which
had been exposed to the hormone for 3 h. The stimu-
latory effect of insulin was maximal at 10 nM and
half-maximal stimulation (FDsq) occurred at 0.3 nM.
In trypsin-treated cells, the basal rate of AIB trans-
port (0.13 + 0.03 nmol . mg protein~'. 15 min ') was
similar to that observed in control hepatocytes
(0.14 £ 0.03 nmol . mg protein™'. 15 min™")

(means *+ SE of 5 separate expt). In contrast, the stim-
ulation of AIB uptake by insulin was reduced in hep-
atocytes pre-exposed to trypsin; this decrease (~40%)
was observed at both maximally and sub-maximally
stimulating insulin concentrations (fig.1, bottom).

Treatment of hepatocytes with increasing concen-
trations (5—50 pg/ml) of trypsin resulted in a progres-
sive reduction (20—80%) in insulin binding, which
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Fig.1. Effect of trypsin treatment of hepatocytes on insulin
binding and insulin stimulation of AIB uptake. Top: mono-
layers were incubated with 0.3 ng/ml of ['**IJiodoinsulin and
increasing concentrations of unlabelled insulin for 60 min at
37°C, The results are expressed as amounts of hormone spe-
cifically bound/mg protein. Bottom: transport of AIB was
measured under initial velocity (15 min at 37°C) with 0.1 mM
['*C]AIB after a 3 h exposure to increasing concentrations of
insulin, Each point is the mean of 3 determinations in a typi-
cal experiment.

was accompanied by a quantitatively similar decrease
in the maximal biological response to insulin. In fig.2,
the maximal response to insulin in trypsin-treated hep-
atocytes (expressed as % of that observed in control
cells) has been plotted as a function of the binding of
insulin (also expressed as % of control). Data yielded
a straight line with a slope of 0.94. There was a highly
significant correlation (r = 0.97,p < 0.01) between
the decrease in insulin binding and the decrease in
insulin responsiveness (fig.2).
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Fig.2. Correlation between insulin binding and insulin stimu-
lation of AIB uptake. Freshly isolated hepatocytes were incu-
bated without or with varying concentrations (5—50 ug/ml)
of trypsin for 15 min at 30°C prior to plating, as in section 2.
After 24 h culture, the corresponding monolayers were used
for measurement of insulin binding and insulin stimulation of
AIB uptake. For binding, hepatocyte monolayers were incu-
bated with 0.3 ng/ml (0.05 nM) **I-labelled insulin for 1 h
at 37°C in the absence (total binding) or presence (non-spe-
cific) of unlabelled insulin at 6 pg/ml (1 uM). Binding data
have been expressed as:

Specific [ '**1}iodoinsulin binding in trypsin-treated cells
X 100%

Specific [ '**I]iodoinsulin binding in control cells

For insulin-stimulated AIB uptake, monolayers were incu-
bated without or with 100 nM insulin for 3 h at 37°C. Results
have been expressed as:

Insulin-stimulated uptake — basal uptake in trypsin treated cells

X 100%
Insulin-stimulated uptake — basal uptake in control cells

Each point is the mean of triplicate determinations.

4. Discussion

Exposure of isolated hepatocytes to trypsin results
in a decreased concentration of insulin receptors in
primary cultured monolayers obtained from these
cells. This decreased insulin binding is accompanied by
diminished sub-maximal and maximal insulin effects
on AIB uptake. These data also show that the stimula-
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tion by insulin of AIB uptake varies in direct propor-

tion to the binding of the hormone, thus indicating

that there are no ‘spare’ receptors for this type of
insulin effect in hepatocytes. This contradicts observa-
tions made for the effect of insulin on ghicose trans-
port and metabolism in isolated adipocytes (review

[6]) and in soleus muscle (review [10]). However,

insulin stimulation of AIB uptake closely paralleled

insulin binding to its receptors in thymocytes [11]

and in freshly isolated hepatocytes [1]. Studies with

various cell types have provided evidence that the
stimulation of AIB uptake correlates with the hor-
mone’s binding to a high affinity site ([2,12—14],

J.D.K., in preparation) or to a low affinity site [15],

in agreement with this report.

Here, we used trypsin to evaluate the consequence
of a receptor loss on a biological response. The data
clearly indicate that the dose-response relationship
of insulin stimulation of AIB transport is altered in
direct proportion to the receptor loss in hepatocytes.

These findings have two implications:

(1) The mechanism(s) of insulin action: the stimula-
tion of amino acid transport varies in direct pro-
portion to the signal generated by the binding of
insulin to its receptors on the plasma membrane,
although this bioeffect is relatively distant to the
insulin—receptor interaction and involves a num-
ber of intermediate steps such as new protein
synthesis [2].

(2) Pathophysiological situations with decreased insu-
lin receptor concentrations are likely to be accom-
panied by diminished insulin effects on the stim-
ulation of amino acid uptake by the hepatocyte.

Acknowledgements

We are indebted to F. Alengrin and C. Fenot for
expert technical assistance, G. Visciano for illustra-
tion work, and to J. Duch and L. Capolongo for excel-
lent secretarial assistance. This study was supported
by grants from Comité Doyen Jean Lépine de la Ville
de Nice and from the Fondation pour la Recherche
Médicale.

References

[11 Le Cam, A. and Freychet, P. (1978) Diabetologia 15,
117-123.

{2] Fehlmann, M., Le Cam, A. and Freychet, P. (1979) 1.
Biol. Chem. 254,10431-10437.

323



Volume 128, number 2

[3] Fehlmann, M., Morin, O., Kitabgi, P. and Freychet, P.
(1981) Endocrinology in press.

[{4] Kono, T. and Barham, F. W. (1971) J. Biol. Chem. 246,
6210-6216.

{5] El Allawy, R. M, M. and Obermann, J. (1972) Biochim.
Biophys. Acta 273,97-109.

{61 Kahn, C. R, (1978) Metabolism 27, 1893—-1901.

[71 Zapf, J., Schoenle, E., Waldvogel, M., Sand, 1. and
Froesch, E. R, (1981) Eur. J. Biochem. 113, 605-609.

[8] Le Cam, A. and Freychet, P. (1977) J. Biol. Chem. 252,
148-156.

[9] Fehlmann, M. and Freychet, P. (1981) in: Current
Views on Insulin Receptors, Academic Press, New York,
in press.

324

FEBS LETTERS

June 1981

[10] Le Marchand-Brustel, Y. and Freychet, P. (1978)
Metabolism 4, 337-341.

[11] Goldfine, I. D., Gardner, J. D. and Neville, 0. M. (1972)
J. Biol. Chem. 247,6919-6926.

[12] Chang, T. H. and Polakis, S. E. (1978) J. Biol. Chem,
253,4693-4696.

[13] Grimaldi, P., Negrel, R., Vincent, J. P. and Ailhaud, G.
(1979) J. Biol. Chem, 254, 6849--6952.

[14] Caro, J. F. and Amatruda, J. M. (1980) J. Biol. Chem.
255,10052-10055.

[15] Santora, A.C., Wheeler, F. B., De Haan, R. L. and Elsas,
L. J. (1979) Endocrinology 104, 1059—1068.



