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Summary: We previously reported that GLP-1(7-36)amide had gluca-
gonostatic action as well as insulinotropic action in the per-
fused rat pancreas. In this study, we examined the effect of
GLP-1(7-36)amide on glucagon secretion and cAMP concentration in
glucagon-secreting cell 1line, In-R1-G9. GLP-1(7-36)amide (1nM)
significantly suppressed glucagon secretion and decreased cAMP
concentration in the cells. GLP-1(1-37) did not affect glucagon
secretion. It is suggested that inhibitory effect of GLP-1(7-
36)amide on glucagon secretion is at least partly mediated by
adenylate cyclase system. o 1992 academic press, inc.

Glucagonlike peptide-1(GLP-1)(7-36)amide is a posttranslational
processing product of preproglucagon in the mammalian intestine.
This peptide has been shown to have a glucose-dependent insulino-
tropic action in the physiological concentration after nutrient
intake(2-3) and thus nominated as a candidate for incretin.

We previously reported that GLP-1(7-36)amide not only stimulated
insulin release but also suppressed glucagon secretion in the
perfused rat pancreas(4). Drucker has reported that the peptide
potentiated the insulin secretion via adenylate cyclase
system(1l), although the precise mechanism of glucagon suppression

has not been elucidated.
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In this study, we examined the effect of GLP-1(7-36)amide on
glucagon secretion and cAMP concentration in glucagon-secreting
cell line, In-R1-G9, which is one of the clones derived from

hamster insulinoma, In-111-R1(5-7).

MATERIALS AND METHODS

(Peptides)

GLP-1(7-36)amide (lot no. 18862) and GLP-1(1-37) (lot no. 9775)
were obtained from Peninsula Laboratory (Belmont CA).

(Cell culture)

The In-R1-G9 cells were maintained in plastic culture wells in
RPMI 1640 medium supplemented with 5% fetal bovine serum (FBS) at
37°C in humidified 5% CO= - 95% air. For this study, 5x10° cells
were inoculated into culture wells with 1ml of culture medium
and were cultured overnight. The following day, the culture
medium was removed and the cells were washed twice by changing
medium with Hanks’ Balanced Salt Solution, then incubated for
1.5, 3, 5, 15, 30 min with a 1ml of test medium. Test medium was
RPMI 1640 medium containing 5% FBS, 500uM 3-isobutyl-l-methylxan-
thine (IBMX), 1000KIU/ml aprotinin and GLP-1(7-36)amide at the
concentrations of 0.01-1InM or GLP-1(1-37) at 0.01-1nM. To
determine the time course of the response to GLP-1(7-36)amide,
Iml of test medium was removed at various incubation time and
stored at -20°C to measure glucagon immunoreactivity(GI) and
cAMP. The cells adhered to the plastic wells were treated with
trichloroacetic acid and stored at -20°C to measure cAMP.
(Glucagon assay)

GI was measured by the radioimmunoassay procedure as previously
described(9) with a minor modification, i.e., use of OALl23, an
antiserum specific for the COOH-terminal of the glucagon mole-
cule(8).

(cAMP assay)

The content of cAMP was determined using the radioimmunoassay
procedure as previously described (10, 11).

(Data analysis)

The results are expressed as means+SE of five wells for each
experimental condition. Statistical differences were assessed
with Student’s paired t-test and the differences were considered
to be significant at p<0.05.

RESULTS

Time course of 1nM GLP-1(7-36)amide action on glucagon secretion
was shown in figure 1. GLP-1(7-36)amide reduced glucagon secre-
tion significantly.

Figure 2 shows the effect of varying concentration of GLP-1(7-
36)amide and GLP-1(1-37) on glucagon secretion. GLP-1(7-36)amide

suppressed glucagon secretion in dose-dependent manner and the

suppression was statistically significant at the concentration of
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Figure 1. Time course of the effect of 1nM GLP-1(7-36)amide(e) on
glucagon secretion from In-R1-G9 cells. Control experiments(o)
were incubated without the peptide. Values are means * SE; n=5.
**p<0.001 vs. control.

InM. GLP-1(1-37) did not affect glucagon secretion at any concen-
tration examined.

The time course of cAMP concentratin in In-R1-G9 cells and in
the culture medium were shown in figure 3. The concentration of
cAMP in the cells rose rapidly and reached a plateau until 30
min, while cAMP in the medium increased.

Figure 4 shows the effect of varying concentration of GLP-1(7-
36)amide on intracellular cAMP concentration in In-R1-G9 cells.
GLP-1(7-36)amide at 1nM decreased cAMP concentration significant-

ly.
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Figure 2. Effect of GLP-1(7-36)amide (A) and GLP-1(1-37) (B) on
glucagon secretion from In-R1-G9 cells. Cells were incubated
with  GLP-1(7-36)amide or GLP-1(1-37) at the concentrations of
0.01, 0.1, 1nM for 15 minutes. Control experiments were incubated
without the peptide. Values are means * SE; n=5. *p<0.05
vs.control.
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Figure 3. Time course of intracellular (o) and extracellular (e)
CcAMP concentrations in In-R1-G9 cells in the culture medium.
Culture medium contained 500uM IBMX. Values are means + SE;n=5.

Fiqure 4. Effect of GLP-1(7-36)amide on intracellular cAMP con-
centration in In-R1-G9 cells. Cells were incubated with
GLP-1(7-36)amide at the concentrations of 0.01, 0.1, 1nM for 90
seconds in the presence of 500uM IBMX. Control experiments were
incubated without the peptide. Values are means + SE ;n=5.
**p<0.001 vs.control.

DISCUSSION

This study demonstrates that GLP-1(7-36)amide suppresses gluca-
gon secretion and also decreases cAMP concentration in In-R1-G9
cells. Full-sequence GLP-1{1-37) had no effect on glucagon secre-
tion at all. In-R1-GY9 cells secrete little quantities of insulin
and no somatostatin(5). Thus inhibitory effect of GLP-1(7-
36)amide on glucagon secretion is directly exerted without the
paracrine effects of insulin and somatostatin in this cell line.
It has been reported that intravenous infusions of GLP-1(7-
36)amide decreased glucagon concentration in human being(3). We
previously reported that GLP-1(7-36)amide suppressed glucagon
secretion in isolated perfused rat pancreas(4). However the
mechanism of inhibition of the peptide on pancreatic A cells was
still unclear. Our present results show that the effect of GLP-
1(7-36)amide on glucagon secretion would be mediated by specific
receptors associated with adenlate cyclase system.

It has been reported that glucagon secretion from In-R1-G9

cells is stimulated markedly by amino acids and is not affected
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by glucose(5). Glucagon secretion is also stimulated by theophi-
lin, 12-o-tetradecanoyl phorbol l3-acetate and calcium ionophore.
Therefore protein kinase A, protein kinase C and calcium possi-
bly play important roles in glucagon secretion at least in this
cell line(6-7).

On the other hand, it has been shown recently that binding to
the receptors of GLP-1(7-36)amide resulted in an increase in both
insulin release and cAMP concentration in another cell line,
RINm5F(12). This indicates that the effect of GLP-1(7-36)amide
is mediated by the adenylate cyclase system.

The reason why GLP-1(7-36)amide exhibited the inhibitory effect
on the cAMP production in this In~R1-~G9 cell line is not clear.
In-R1-G9 may retain the characteristics of insulinoma-derived
cell as RINmSF in respect of the GLP-1(7-36)amide receptor-adeny-
late cyclase system. This effect could be due to interaction of
GLP-1(7-36)amide with specific receptors associated with the
adenylate cyclase system. The coupling systems of GLP-1(7-
36)amide receptor and the adenylate cyclase still awaits further

investigation in the respective cells.
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