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Unimpaired effect of insulin on glucokinase gene expression in
hepatocytes challenged with amylin
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Amylin appears to interfere with the uction of insulin in muscle and possibly in liver. We have attempied to deiect a direct antagonism beiween

amylin and insulin in culiured rat hepatocytes, The stimulation of glucokinase gene expression was used as a marker of insulin aclion, Amylin proved

inefTective in suppressing subsequent accumulation of glucokinase mRNA in response 1o maximal or submaximal doses of insulin. When applied

to cells already induced by prior incubuation with insulin alone, amylin failed to reverse induction, in contrast to the efTectiveness of glucagon under
the sume conditions. Thus, amylin is not a physiological antagonist of insulin in the control of hepatic glucokinase gene expression,

Amylin; Insulin; Glucokinuse; Gene expression; Hepalocyte: Liver

1. INTRODUCTION

Amylin, also referred to as islet amyloid polypeptide,
is the major protein component of the hyaline deposits
found in the islets of Langerhans of a majority of pa-
tients with non-insulin-dependent diabetes mellitus
[1,2). This polypeptide is synthesized in precursor form
in the § cells of the islets. Muture amylin, which is 37
amino acids in length and amidated at its carboxy-ter-
minal end, is secreted from the cells and cun either
accumulate locally as amyloid fibrils or enter the vascu-
lar system and circulate in plasma (for review, see [3]).
Circulating amylin is thought to act as a hormone on
larget tissues. Because of effects that are opposed lo
those of insulin, amylin may be a contributing factor of
the insulin resistance associated with non-insulin-de-
pendent diabetes [4].

The major target of amylin action appears to be skel-
etal muscle, In the isolated rat soleus muscle prepara-
tion, amylin was shown to reduce basal and insulin-
stimulated incorporation of glucose into glycogen [5,6].
This effect has recently been traced to a stimulation of
phosphorylase a activity, which can be overcome by
insulin at submaximal doses of amylin [7]. Consistent
with this in vitro effect, the infusion of amylin during
a hyperinsulineniic glucose clamp in rats and dogs re-
sulted in a decrease in peripheral glucose utilisation
[8,9]. In glucose clamp experiments, amylin was also
reported to antagonize the insulin suppression of he-
patic glucose production, suggesting that the liver might
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be an additional target tissue for amylin [8-10]. Concen-
trations of amylin that are several orders of magnitude
higher than measured plasma levels appear to be re-
quired to elicit anti-insulin effects, both in intact ani-
mals and in isolated tissue preparations [l1]. The rele-
vance of these effects to glucose homeostasis in normal
or disease states remains therefore uncertain.

The present work was undertaken in an attempt to
demonstrate a direct anti-insulin effect of amylin at the
level of the liver cell. The insulin response under study
was the induction of mMRNA coding for the regulatory
enzyme of glucose metabolism glucokinase (ATP: p-
hexose 6-phosphotransferase, EC 2,7.1.1). We [12] and
others [13] have shown that acute administration of
insulin to streptozotocin-diabetic rats resulls in a rapid
stimulation of glucokinase gene transcription in the
liver, leading to a massive accumulation of hepatic glu-
cokinase mRNA. More recently, the same effect of insu-
lin was elicited in rat hepatocytes maintained in primary
culture [14,15]. In addition, glucagon and derivatives of
¢cAMP were shown to inhibit the insulin effect in cul-
tured hepatocytes [I4]. The glucokinase gene response
in cultured hepatocytes is both rapid and of large mag-
nitude, making this system altractive for studying the
mechanism of insulin action and for identifying effec-
tors with insulin-like or anti-insulin activities. In the
nresent paper, we make use of this system to address the
issue of a direct antagonism between insulin and amylin
at the hepatic level.

2. MATERIALS AND METHODS

3.1, Celi cuilture
Hepuatoeyles were isolated from 48-h fasted male Wistur rais (ap-
proximately 220 g in body weight) by collagenase perfusion of the liver
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and cultured as described previously [14]. Cells were sceded in 55 em?
plastic dishes at a cell density of" 3.3x10° cells per dish und culiured
in RPMI 1640 medium with the lollowing additions, Fetal bovine
SeFUIN Wils present il a copeentrition ol 10% (v/v) for a 3-h attuachment
period and at 3% for the remainder of the experiments. Dexam-
¢thasone (1077 M), penicillin (110 U/ml) and streptomycin (110 ul)
were present throughout, In all experiments, the cells were fed [fresh
medium 20-235 halter seeding and amylin or insulin were added 2 h
later,

Rat amylin was a gencrous gift ol' Dr. Timothy J. Rink ol the
Amylin Corporation (San Diego, CA). Two distinet batches of amylin
were used in the present experiments with identical results, Both
butches were tested for biological activity at the Amylin Corporation
and shown to inhibit the insulin-stimuluted incorporation of rudiouc-
live glucose into glycogen in the rat soleus muscle system [6]. Highly
purified human insulin (Actrupid HM 1rom Novo. Copenhigen, Den-
mark) was used, Highly purified porcine glucagon was a kind gilt of
Dr. Lise G. Heding ol the Novo Reseurch Institute.

2.2, Novthern blor assay of glecokinase mRN A

Al the times selected lor RNA isolition, the hepitoeytes were rap-
idly washed 2 times with 4.5 ml of ice-cold phosphate-bullered suline
and scruped into 2 ml ol guunidinium thioeyunate solution. This solu-
tion as well as the subscquent extraction with phenol-chloroform ut
acid pH were us described by Chomezynski und Sacchi [16]. Following
isopropanol precipitation, the RNA pellets were re~dissolved in the
guanidinium thioevanate solution and precipitated again with iso-
propunol, These steps were repeuted onee more and the final RNA was
dissolved in water. precipituted with ethanol in presence ol sodium
acetate und finally dissolved in water, Sumples of’ 16 ug RNA were
denatured with glyoxal and dimethylsulloxide at 65°C, resolved by
clectrophoresis in 1% (w/v) agarose gels and translerred electro-
phoretically to uncharged Nylon Membranes (GeneScreen Irom NEN
Rescarch Products, Boston, MA). Pre-hybridization, hybridization
and wushing ol the membranes were performed as described [12). The
probe wus the 2.45 kbp glucokinase GK2 ¢cDNA [17], *P-labeled by
random priming.

3. RESULTS

The first aim of this study was 10 find out whether the
addition of amylin to primary cultures of rat hepato-
cytes would compromise subsequent induction of glu-
cokinase mRNA by insulin. Cells were challenged with
increasing doses of amylin 30 min before addition of a
fixed dose of insulin, The dose of insulin (2.6x10™* M)
and the time of exposure of the cells to insulin (8 1) were
chosen, on the basis of previous work [14] to ensure
maximal accumulation of glucokinase mRNA. As may
be seen in Fig. 1, the inductive effect ol insulin was fully
preserved at all amylin concentrations tested, The range
of concentrations extended from 107" to 10°% M. For
comparison, it should be noted that the ECs, for the
effect ol amylin in the isolated soleus muscle was 7x107°
M (T.J. Rink, personal communication),

The above data demonstrate that the maximal efTect
ol insulin on glucokinase gene expression is not dimin-
ished by amylin, even at pharmacological concentra-
tions. We next wanted to determine whether the sensi-
tivity of cultured hepatocytes to insulin, ie. their re-
sponse o low insulin doses, would be altered in pres-
ence of amylin. To this end, dosc-respense experiments
in which the insulin concentration was varied and the

116

FEBS LETTERS

April 1992

™
SE

Amylin (nM) _ &
Insulin - =

285-

¢
185

[ 3
Fig. |, Effect of a maximal dose of insulin on glucokinase mRNA in
presence of various concentrations of amylin, The induction of glu-
cokindse MRINA was studied in cultured ral hepatoeytes. Northern
blot analysis was performed with total cellular RNA. An autoradi-
ogram ol the blot hybridized with a glucokinuse cDNA probe is
shown,

amylin concentration was kept constant, were per-
formed. The Northern blot in Fig. 2 (panel A) illustates
the response of cells incubated with increasing doses of
insulin, alone or in the presence of 107 M amylin. As
may be seen, the insulin-dependent accumulation of glu-
cokinase mRNA was similar in absence or presence of
amylin. Additional experiments of the same design in
which amylin was supplied to cells at a concentration
of 10" M, are summarized in Fig. 2 (panel B). The
dose-response curves for the insulin effect on glucoki-
nase mMRNA were [ound to be completely superimposa-
ble in absence or presence of amylin, Thus, the sensitiv-
ity of liver cells to insulin is not impaired in presence of
amylin.

In the experiments described so far, cells were pre-
sented virtually simultaneously with amylin and insulin.
We next attempted to determine whether amylin would
de-induce glucokinase mRNA in cells cultured initially
with insulin alone. In the experiment of Fig. 3, hepato-
cytes were cultured for 13 h in medium containing
2.6x10™" M insulin, to maximally induce glucokinase
mRNA. At the end of this period (time 0 in Fig. 3),
amylin was added and culture was continued for the
specified time intervals before cell harvest and RNA
isolation. For comparative purpose, companion cells
were challenged with glucagon instead of amylin. As
expected from previous work [14] glucagon caused a
rapid drop of glucokinase mRNA such that 20% of the
initial level was left after 120 min and less than 4% after
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Fig. 2. Dose-response effect of insulin on glucokinase mRNA in presence or absence ol amylin, Panel A: autoradiogram of a Northern blot, Where

indicated, umylin wis present al a fixed concentration of' | &mu:M. Lane 1. hepatocytes cultured without insulin; lanes 2-6, hepatocyles cultured

with 0.2, 0.4, 0.8, 1.6 und 25.6 nM insulin. respectively. Duta with or without umylin were obtained with the same batch of hepatocytes. Panel B:

quantification of the duta from 3 sepurute experiments by luser densitometer scunning of autoradiograms, Where indicated, amylin was present
at i concentration of” 100 nM. The meuns und range of values are given.

240 min. In contrust, the level of mRNA remained un-
changed following umylin addition. The amount of mes-
sage was also stable in cells cultured with insulin and
receiving no further addition (not shown).

4, DISCUSSION

Amylin does not antagonize the effect of insulin on
glucokinase gene expression in the liver cell. As shown
previously [14] and further documented here, insulin
induces a4 rapid and massive build-up ol glucokinase
mRNA in rat hepatocytes maintained in primary cul-
ture. Neither the amplitude of the inductive response 1o
supramaximal doses of insulin, nor the cell sensitivity
to low doses of insulin, were diminished when amylin
was added to the culture medium shortly before insulin.
Furthermore, amylin was unable to effect a reduction
in the level of the message, when the latter was first
raised by culture of the hepatocytes with insulin alone.

The inelfectiveness of amylin is in distinct contrast to
the negative control exerted on the glucokinase gene by
glucagon and cAMP. We showed in previous work,
using a protocol similar to that of Fig. 1. that the insu-
lin-induced accumulation of glucokinase mRNA is pro-
gressively inhibited by increasing doses ol glucagon, an
effect mimicked by 8-chlorocphenylthio-cAMP [14]. In
addition, as shown in Fig. 3, glucagon rapidly reverses
full-blown induction brought on by prior exposure to
insulin. The rapid de-induction by glucagon shown here
agrees with our earlier kinetic study performed with
8-chlorophenylthio-cAMP [14]. From the contrasting
data obtained with glucagon/cAMP on the onre hand
and amylin on the other, we infer that amylin does not

cffectively trigger a cAMP signal in the hepatocyte. This
conclusion does not support an earlier suggestion of
amylin acting via binding to an adenylate cyclase-cou-
pled receptor, the calcitonin gene-related polypeptide
receptor, in the plasma membrane of the hepatocyte
[18].

During the preparation of this manuscript, Gomez-
Foix et al. [19] reported that amylin counteracts the
stimulatory effect of insulin on glycogen synthesis in
freshly isolated rat hepatocytes. Their data may suggest
thal amylin couid interfere with a branch of the insulin
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Fig. 3. Reversal of insulin induction by glucagon but not by amylin.

Cultured hepatocyies were induced with insulin for 13 h prior to

addition of amylin {1 &mu:M) or glucagon {1 nM). Time 0 is the iime

of these additions. Thr effects of amylin and glucagon were studied

in the sume baich of hepatocytes, An autoradiogram of Northern blot
is shown, ’
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signal transduction pathway involved in the regulation
of hepatic glycogen metabolism, but not in the control
of glucokinase gene expression. They are difficult to
reconcile, however, with recent metabolic studies using
the isolated perfused liver, which failed to reveal an
anti-insulin action of amylin [20). Furthermore, while
our work was in progress, Stephens et al. [21] have
reported their inability to detect specific binding sites
for amylin in the plasma membrane of rat hepatocytes.
The lack of receptor for amylin in the liver cell would
a fortiori preclude specific effects of the peptide in this
cell type. The data presented here are consistent with
such a notion.
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