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SUMMARY: Glucose, forskolin, IBMX and carbachol all stimulated
insulin release from freshly obtained human insulinoma cells. In
these same cells, cellular cyclic AMP levels were raised by
forskolin and IBMX but not by glucose and carbachol. On the other
hand, of all the insulin secretagogues examined, only carbachol
stimulated the formation of 3H-inositol trisphosphate in these
cells. Thus, in these insulinoma cells, glucose apparently
induces insulin secretion without altering cyclic AMP production
or inositolphospholipid turnover. o 1987 academic Press, Inc.

Glucose is a potent physiological stimulator of insulin
secretion from the B cells of the pancreatic islets. Several
mechanisms for this glucose-induced insulin release have been
postulated. Some investigators have shown an increase in cyclic
AMP production on insulin release by glucose(l-3). Other recent
reports have demonstrated that glucose stimulates inositolphosph-
olipid turnover in pancreatic islets, suggesting important roles
for inositol trisphosphate and protein kinase C in the regulation
of insulin secretion by glucose(4-7). However, it is still
unclear whether the increase in cyclic AMP production and/or

the stimulation of inositolphospholipid turnover represent

Abbreviations: IBMX, isobutylmethyl xanthine; BSA, bovine serum

albumin; FCS, fetal calf serum; IP, inositol monophosphate, IP:,

inositol bisphosphate; IP3, inositol trisphosphate; IP,, inositol
tetraphosphate.
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indispensable mechanisms for glucose-induced insulin secretion
from B cells in pancreatic islets.

In this study, by using freshly obtained human insulinoma
cells, we report that glucose induced insulin release without
affecting cyclic AMP production or inositolphospholipid turnover,
suggesting the presence of an alternative mechanism for insulin
secretion by glucose in these cells, independent of these

changes.

MATERIALS AND METHODS

Isolation and incubation of human insulinoma cells: Tumor tissue
(920 mg) obtained from the pancreas of a insulinoma patient was
minced immediately and washed twice in ice-cold RPMI-1640 supple-
mented with 10% FCS(RPMI). The minced tumor was then placed

into RPMI (10 ml) containing dispase (800 PU/ml) and was mechanich-
ally shaken for 20 min at 37°C in a water bath. After the
digestion, the supernatant, containing mostly single cells, was
taken out, and the remaining tumor pieces were redigested for

10 min. The combined supernatant digestants were centrifuged at
1000 rpm for 7 min. The cell pellet was then washed twice with
RPMI, and after resuspension in RPMI (20 ml), the dispersed cells
were incubated in a flask for 2 hours at 37°C in an atmosphere
of 95% 0,-5% CO,. Following incubation, the cells were washed
twice with HEPES-buffered Krebs-Ringer bicarbonate buffer with

1 mg/ml BSA and 2.5 mM glucose pH 7.4 (HKRBG). The cells were then
resuspended in HKRBG for use in the following experiments. By
this procedure, the tumor yielded 55 x 10°% cells with a viability
of more than 90% by trypan blue exclusion.

Release of insulin: An aliquot(l ml) of cell suspension(0.2 x
10° cells/ml) was incubated with various test agents under
atmosphere of 95% 0:-5% CO:; at 37°C in a shaking bath. After 30
min the cells were separated by centrifugation and the medium
was stored at -20°C for assay of insulin. The measurement of
insulin was performed by polyethyleneglycol radioimmunoassay (RIA)
as described in a previous report(8). These insulinoma cells
were found to contain 8.42 ng/mg wet weight of insulin. In
contrast, neither immunoreactive glucagon nor immunoreactive
somatostatin was detected in these cells by their specific RIAs
(9).

Production of cyclic AMP: The cells(10°) were incubated in 0.9
ml of HKRBG for 10 min at 37°C under 95% 0:-5% CO. and then
various test materials (100 pl) were added. After 15 additional
min, the incubations were terminated by adding 1 ml of ice-cold
12% trichloroacetic acid (TCA), centrifuging the mixture at 3000
rpm, and washing the supernatant three times with diethylether.
Concentrations of cyclic AMP were determined by RIA using the
antiserum provided by K. Martin(10).

Release of *H-inositolphosphates: Cells(10°) were prelabeled
for 2h at 37°C in 0.4 ml HKRBG containing 25 uCi %H-inositol. At
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110 min of incubation, lithium chloride was added to the mixture
to achieve a final concentration of 10 mM. The incubation was
then initiated by adding various test substances (100 ul), and
after 1 min the incubations were terminated by adding 1.5 ml of
chloroform:methanol (1:2). Aqueous products were separated on
Dowex-1 resin columns (formate form) into IP, IP;, IP; and IP,
(11-13). The fraction denoted as containing IP; may consist of

a mixture of the 1,4,5 and 1,3,4 isomers and the fraction labeled
IP, may also contain higher phosphorylated forms of inositol.
Chemicals: Forskolin, IBMX, carbachol, BSA and TCA were purchas-
ed from Sigma Chemicals. RPMI-1640 was a product of Flow Laborat-
ories and FCS was from Grand Island Biological CO.. Nal?®I and
(2-*H)myo-inositol (15.8 Ci/mmol) were products of Amersham.
Dowex—-1(100-200 mesh; x 8 in the formate form) was obtained from
Bio Rad.

RESULTS

Addition of forskolin(10 * M) or IBMX(10 * M) to the medium
containing 2.5 mM glucose induced significant increase in both
insulin release from(P < 0.01 and P < 0.01 vs control, respectiv-
ly) and cyclic AMP content(P < 0.01 and P < 0.01, respectively)
in these insulinoma cells as shown in Table 1. Insulin release
was also enhanced by adding carbachol (10 * M) (P < 0.01) to the
medium or by elevating the glucose concentration from 2.5 mM to
16.5 mM(P < 0.01). None of these secretagogues for insulin,
however, stimulated any increase in cyclic AMP levels in the
cells. Furthermore, 16.5 mM glucose did not have any additional
effect on the IBMX-induced cyclic AMP production, though it
markedly potentiated IBMX-induced insulin release(Table 1).

On the other hand, significant increases in the formation of
SH-IP» and 3H-IP:; were observed by 1 min of incubation with
carbachol (10~ * M) (P < 0.01 and P < 0.0l vs control, respectively)
(Table 2). In contrast, forskolin, IBMX or high glucose{(16.5 mM)

had no effect on the formation of 3H—inositolphosphates.

DISCUSSION
The response of the freshly obtained human insulinoma cells

to glucose and other insulin secretagogues made it possible to
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Table 1. Effects of various secretagogues on insulin release
and cyclic AMP production in human insulinoma cells

Glucose

(mM)

Test Agents

Insulin

cyclic AMP

(uU/tube/30 min) (pmol/tube/10 min)

2.5(control)

2.5

2.5

16.5
16.5

2.43 + 0.18
+ carbachol (107* M) 5.96 + 0.26%
+ forskolin(10™* M) 6.35 + 0.66%
+ IBMX(10™* M) 4.24 + 0.33%

4.73 + 0.21%
+ IBMX (107" M) 7.23 + 0.89%

2.

2.

10

58 + 0.17
41 + 0.19
.93 £ 1.23%
.88 + 0.51%

.55 = 0,17

Results are listed as means * SEM(n=4).

Student's t test was used

for statistical analysis. *P < 0.01 vs control(2.5 mM glucose

alone).
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investigate the mechanism of action of glucose on insulin release

in these insulinoma cells. The most striking finding from the

present experiment was the absence of any increase in cyclic AMP

production or formation of 3H-inositolphosphate on significant

glucose stimulation of insulin release. Several investigators

have suggested an involvement of cyclic AMP in glucose~induced

insulin release, based on the fact that in intact islets, there

is a modest increase in cyclic AMP production especially in the

Table 2.

Effects of various secretagogues on the formation of

*H~inositolphosphates in human insulinoma cells

Glucose Test Agents SH-IP ‘H-IP, ‘H-1P; *H~IP,
{mM)
2.5 (control) 574 = 23 238 + 22 140 * 16 57 + 11
2.5 + carbachol{10™"* M) 632 * 36 421 + 26% 274 = 14% 68 + 8
2.5 + forskolin (107" M) 528 + 45 235 + 22 138 £ 13 60 £ 5
2.5 + IBMX(10~* M) 565 : 46 248 + 31 144 + 10 52 + 10
16.5 544 + 41 240 + 21 136 + 8 58 + 6

Values represent cpm/tube. The means * SEM(n=4) are shown.
used for statistical analysis.

*P < 0.01 vs control.
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presence of phosphodiesterase inhibitors(l-3). Recent reports, on
the other hand, have identified a role for glucose in promoting
the breakdown of phosphatidylinositol bisphosphate(14) and in

the formation of inositolphosphates(6). This suggests a role for
inositolphospholipid turnover in the insulinotropic action of
glucose (4~7,14). In our human insulinoma cells, these two
cellular signal transduction mechanisms: adenylate cyclase-cyclic
AMP-dependent pathway and membrane inositolphospholipid turnover-
dependent pathway appeared to be working, because both forskolin
and IBMX increased cellular cyclic AMP content, and carbachol
stimulated the formation of *H-IP;. The absence of an increase

in cyclic AMP production or formation of inositolphosphates by
glucose in our insulinoma cells does not argue against the
important role for cyclic AMP and inositolphospholipid turnover
in the normal process of glucose-induced insulin secretion from
intact islets. Nevertherless, the present study strongly suggests
the presence of an alternative signal transduction mechanism
unrelated to cyclic AMP production or to inositolphospholipid
turnover mediating the insulinotropic action of glucose in these

human insulinoma cells.

The precise mechanism by which glucose induced insulin
release from these insulinoma cells is not clear. The major role
of the rise in cytosolic free calcium concentration in glucose~
induced insulin release has been well established (15,16). Although
recent studies suggest that mobilization of intracellular calcium
probably due to the activation of inositolphospholipid turnover
occurs as an early event(4-7,15,16), it is also evident that
calcium influx from the extracellular space through calcium
channels plays an important role in insulin release by glucose
(15,16). Therefore, the stimulation of calcium influx into the

cell through calcium channels might have been mainly responsible
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for glucose-induced insulin secretion from our human insulinoma
cells though we have not measured the intracellular calcium

levels in the present study.
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