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Insulin-like growth factors I and II (IGF.I and IGF-II) are expressed at high levels in the endocrine pancreas during development 
and tissue regeneration. However, their effects at the endocrine pancreas are poorly understood. We searched for receptors of 
IGF-I and IGF-II and possible biological effects on clonal insulin-secreting (HIT), glucagon-secreting (INRIGg), and somatostatin- 
secreting (RIN 1027 B2} cell lines. Our data showed that HIT cells and RIN 1027 B2 cells express specific type I and type II IGF 
receptors. INR1G9 cells possess type II IGF receptors and IGF-I binding sites with the same affinity for both IGF-I and |GF-II. In 
HIT cells, insulin secretion was not influenced by either peptide. Proinsulin gene transcription was stimulated by IGF-II but not 
by IGF-I. IGF-I potently inhibited proglucagon gene transcription and glucagon secretion in INRIGg cells, whereas IGF-II only 
inhibited glucagon release. In RIN 1027 B2 cells, IGF-I but not IGF.II increased somatostatin output, whereas both stimulated 
somatostatin gene expression. These data demonstrate the presence of classic type I and type II IGF receptors on insulin-, 
glucagon-, and somatostatin-secreting cells. Both peptides may be important regulators of endocrine pancreatic function in 
terms of islet hormone release and gene expression. Therefore, both peptides may be involved in the regulation of intraislet 
cellular homeostasis. 
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I NSULIN-LIKE growth factors I and II ( IGF-I  and 
IGF-II )  share a high degree of sequence homology with 

insulin. Especially during embryonic development but also 
in some tissue in the adult organism, they are produced in a 
variety of tissues, including the endocrine pancreas, and it is 
believed that they play important roles during organ devel- 
opment, differentiation, regeneration, and cell prolifera- 
t ion)  -7 

Several lines of evidence exist indicating that IGF-I  has 
metabolic effects similar to insulin's effects. TM It decreases 
plasma glucose concentration by stimulating peripheral 
glucose uptake and reducing hepatic glucose production, s,9 
Furthermore, it decreases plasma C-peptide and glucagon 
levels. 8,9 Based on these data, direct actions of IGF-I  on the 
different cell types of pancreatic islets were assumed. In 
addition, a previous study suggested the presence of recep- 
tors for IGF-I  on endocrine pancreatic A and B cells. 12 
However, our knowledge about the direct actions of IGFs at 
the endocrine pancreas is limited. No consensus exists 
concerning the effects of IGF-I  on pancreatic B cells. These 
contrasting results are most probably due to the different 
experimental models applied. Swenne et a113,14 found no 
effect of exogenous IGF-I  on insulin secretion and biosyn- 
thesis in fetal and adult rat islets. This contrasts with 
another study demonstrating stimulatory effects on the 
same parameters in the same experimental setting. 4,15 In 
studies using the isolated perfused rat pancreas and puri- 
fied rat B cells, IGF-I  was described as an inhibitor of 
glucose- and arginine-stimulated insulin secretion] 6,17 but 
no data have been published concerning the actions of 
IGF-I  and A on D cells. 

Information about the role of IGF-I I  in the endocrine 
pancreas is scanty. This is surprising, since in the develop- 
ing pancreas IGF-I I  is much more abundant than IGF-I.  2 
We know that in cultured fetal and neonatal rat islets, 
IGF-I I  stimulates the DNA synthetic rate. 4,1s However, no 
more data are available concerning the actions of IGF-I I  on 
endocrine pancreatic cells. In the present study, we searched 
for receptors for IGF-I  and -II in clonal insulin-, glucagon-, 
and somatostatin-secreting cell lines. We studied the effects 
of IGF-I  and -II on islet hormone gene transcription on the 

release of insulin, glucagon, and somatostatin and the 
growth of HIT, INR1G9, and RIN 1027 B2 cells. 

MATERIALS AND METHODS 

Peptides, Plasmids, and Chemicals 

xzsI-IGF-I and 125I-IGF-II were obtained from Amersham (Braun- 
schweig, Germany); IGF-I (human recombinant) and IGF-1I 
(human recombinant) were from Boehringer Mannheim (Pen- 
zberg, Germany). 3H-thymidine and ~4C-chloramphenicol were 
from Amersham. Plasmid RINS-CAT contains 410 basepairs of the 
5' flanking region, 43 basepairs of exon 1, plus six basepairs of the 
first intron of the rat insulin I gene; plasmid gluc-CAT contains 350 
basepairs of the rat proglucagon promotor; and plasmid SMS-CAT 
contains 900 basepairs of the rat somatostatin promotor. All three 
promotor sequences were directly linked to the reporter gene, 
chloramphenicol acetyltransferase (CAT). They were generously 
provided by Dr J.F. Habener (Boston, MA). All other chemicals 
used were purchased from Sigma (Deisenhofen, Germany). 

Tissue Culture 

Hamster glucagonoma INR1G9 cells and rat somatostatin- 
secreting RIN 1027 B2 cells were cultured in RPMI 1640 medium 
containing 11 mmol/L glucose supplemented with 10% fetal calf 
serum, 100 U/mL penicillin, and 100 t~g/mL (vol/vol) streptomy- 
cin. Hamster insulinoma HIT cells were grown in RPMI 1640 
medium containing 11 mmol/L glucose supplemented with 10% 
horse serum (vol/vol), 2.5% fetal calf serum (vol/vol), 100 U/mL 
penicillin, and 100 I~g/mL streptomycin. All reagents were ob- 
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tained from Gibco (Eggenstein, Germany). Cells were split 1:3 or 
1:4 every 3 to 4 days. 

Binding Studies: Characterization of Type I 
and Type H IGF Receptors 

Cells were detached from the plastic dish with ice-cold Krebs- 
Ringer bicarbonate buffer (KRB) containing 10 mmol/L EDTA, 
centrifuged, and carefully resuspended in incubation buffer (Tris- 
hydrochloride 2.5 mmol/L, NaCl 120 mmol/L, MgSO41.2 retool/L, 
KCI 5 mmol/L, and CH3COONa 15 mmol/L, pH 7.40) containing 
1% human serum albumin (Behring, Marburg, Germany), 0.1% 
bacitracin, and 1 mmol/L EDTA. Approximately 106 cells per tube 
(total vol, 300 ~L) were incubated for 5 minutes in the presence of 
unlabeled hormone (1 pmol/L to 1 p~mol/L) followed by addition 
of tracer (lzsI-IGF-I or 125I-IGF-II 25,000 cpm). The experiments 
were performed at 20°C. After 25 minutes of total incubation time, 
cells were centrifuged through a mixture of dibutylphthalate/ 
dinonylphthalate (1:1 vol/vol). Radioactivity in the pellet was 
counted in a gamma-counter. Specific binding was defined as total 
binding minus nonspecific binding (tracer bound in the presence 1 
ixmol/L unlabeled hormone). Under these conditions, steady-state 
binding is reached after 30 minutes. Scatchard analysis was 
performed using the computer program, Inplot (Graph Pad, San 
Diego, CA). 

Studies on Hormone Release 

Cells were washed three times with KRB, detached from the 
plates with KRB-EDTA, and resuspended in KRB. Approximately 
106 cells were incubated for 1 hour in KRB containing the test 
substances as indicated or the respective solvents at 37°C. Finally, 
cells were centrifuged, and insulin, glucagon, and somatostatin 
were determined in the supernatant using commercially available 
radioimmunoassay (RIA) kits. Insulin and glucagon RIA kits were 
from Biermann (Bad Nauheim, Germany). This insulin assay does 
not cross-react with IGF-I or IGF-II. The somatostatin RIA kit was 
obtained from Peninsula (Heidelberg, Germany). 

Studies on Insulin, Glucagon, and Somatostatin 
Gene Transcription 

Cells were detached from the culture plates with trypsin/EDTA 
and transfected in solution in one tube with 20 Ixg plasmid using the 
diethyl-aminoethyl-dextran technique. After transfection, cells were 
plated onto 35-mm dishes and incubated for 36 hours in serum-free 
media. Treatment was started 12 hours after transfection using 
100x stock solutions of the growth factors. Finally, cells were 
harvested and CAT activity was determined. Acetylated and 
nonacetylated (14C)chloramphenicol on the chromatography plates 
was identified and counted with a digital autoradiograph using the 
WINDAR software (Berthold, Bad Wildbad, Germany). The 
counting time was 30 minutes. 

Studies on DNA Synthesis 

Cells were plated onto 60-mm tissue culture dishes and grown 
overnight in medium containing only the antibiotics. On the next 
day, the medium was changed and supplemented with the IGFs as 
indicated. After 2 hours, 10 txCi 3H-thymidine was added to each 
dish and incubation was performed for another 5 hours. Finally, 
DNA was precipitated with TCA and radioactivity was determined 
in a beta-counter. 

Statistics 

Data are presented as the mean _+_ SEM of four to eight 
experiments. Statistical analysis was performed using the one- 

tailed Student's t test for unpaired data. Statistical significance was 
set at the 5% level. 

RESULTS 

Clonal Insulin-, Glucagon-, and Somatostatin-Secreting Cells 
Express Receptors for 1GF-I and IGF-I1 

The presence of receptors for IGF-I  and IGF-I I  on clonal 
insulin-, glucagon-, and somatostat in-producing cells was 
demonstrated by receptor-binding assays. 125I-1GF-I bound 
specifically to all three cell lines. The tracer was displaced 
from H I T  cells and R I N  1027 B2 cells with higher affinity by 
IGF- I  than by IGF- I I  (HIT cells: IGF-I ,  6 x 10 -1° mol /L,  
and IGF-II ,  2 x 10 -9 tool /L;  R I N  1027 B2 cells: IGF-I ,  
7 x ~0 -x° mol /L ,  and IGF-II ,  3 x 10 -9 tool /L;  Figs 1A, 2A, 
and 3A and Table 1). In INR1G9 cells, 125I-IGF-I was 
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Fig 1. Characterization of type I and type II IGF receptors on 
insulin-producing HIT cells. (A) Cells were  incubated with 1251-1GF-I, 
and the tracer was displaced by IGF-I (e ) ,  IGF-II (D),  and insulin (x). (B) 
Cells were  incubated with lzH-IGF-II, and the tracer was displaced by 
IGF-I (e ) ,  IGF-II ([~), and insulin (x). Standard deviation < 1 0 % ;  n = 6 
experiments. 
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displaced with the same affinity by IGF-I and IGF-II 
(IGF-I, 6 x 10 -1° tool/L; IGF-II, 8 x 10 -l° tool/L). This 
finding is consistent with the presence of classic IGF-I 
receptors (type I IGF receptors) on HIT cells and RIN 1027 
B2 cells. Typically, these receptors bind IGF-I with a 
slightly higher affinity than IGF-II, and insulin with a much 
lower affinity. 

~25I-IGF-II also bound specifically to all three cell types, 
but this tracer was displaced only by IGF-II (ECs0: HIT 
ceils, 9 x 10 -~° tool/L, INR1G9 cells, 3 x 10 -9 tool/L, 
> R I N  1027 B2 cells, 8 x 10 -l° tool/L), not by insulin or 
IGF-I (Figs 1B, 2B, and 3B and Table 2). These results are 
consistent with the expression of IGF-II receptors (type II 
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Fig 2. Characterization of type I and type II IGF receptors on 
glucagon-producing I N R I G 9  cells. (A) Cells were incubated with 
12sI-IGF-I, and the tracer was  displaced by IGF-I (O),  IGF-II ([]), and 
insulin (X). (B) Cells were  incubated with 1251-1GF-II, and the tracer was 
displaced by IGF-I (O),  IGF-II (C]), and insulin IX). Standard deviation 
< 1 0 % ;  n = 6 experiments. 
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Fig 3. CharaCterization of type I and type II IGF receptors on 
somatostatin-producing RIN 1027 B2 cells, (A) Cells were  incubated 
with 12sI-IGF-I, and the tracer was displaced by IGF-I (O),  IGF-II (El), 
and insulin (X). (B) Cells were  incubated with 12sI-IGF-II, and the tracer 
was displaced by IGF-I (Q),  IGF-II (El), and insulin (X). Standard 
deviation < 1 0 % ;  n = 5 experiments. 

IGF receptors) in these cells. It has been reported that 
IGF-II is the major ligand for the type II IGF receptor. 

RIN 1027 B2 cells express a high number of IGF-I 
binding sites. In receptor-binding assays, 14.5% of the 

Table 1. ECs0 Values (mol /L)  for Binding Experiments With lZSl-IGF-I, 
IGF-I, and IGF-II Using HIT Cells (B cells), I N R I G 9  Cells (A cells), 

and RIN 1027 B2 Cells (D cells) 

Cell Type IGF-I IGF-II 

HIT 6 x 10 -lo 2 x 10 -9 

INRIG9 6 x 10 -~o 8 x 10 -lo 

RIN 1027 B2 7 x 10 -lo 3 x 10 -9 

NOTE. The tracer was not displaced by insulin. 
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Table 2. EC50 Values (mol/L) for Binding Experiments With 1261-1GF-II 
and IGF-II Using HIT Cells (B cells), INRIG9 Cells (A cells), and RIN 

1027 B2 Cells (D cells) 

Cell Type IGF-ll VI 

HIT 9 x 10 -1° ~O1= 

INR1G9 3 x 10 -9 
o RIN 1027 B2 8 x 10 -1° ¢, 

NOTE. The tracer was not displaced by insulin, o 

tracer bound to 106 cells. By Scatchard plot analysis, the 
number of IGF-I binding sites was calculated as approxi- 
mately 400,000 per cell. Significantly less IGF-I binding 
sites reside on INR1G9 cells (0.8% of the tracer bound to 
106 INR1G9 cells, ~ 15,000 sites per cell). All three cell 
types contain the same number of IGF-II binding sites 
( ~ 15,000 per cell). 

IGF-I and IGF-II Regulate Islet Hormone Gene Expression 

In the next set of experiments, we characterized the 
effects of IGF-I and IGF-II on islet hormone gene expres- 
sion. Cells were transiently transfected with constructs that 
each contained the promotor of the insulin, glucagon, or 
somatostatin gene linked to the reporter gene, CAT. In 
HIT cells, activity of the rat insulin I promotor was weakly 
stimulated by IGF-II, with a maximum at 0.1 nmol/L (42% 
above control levels, P < .05; Fig 4), whereas IGF-I did not 
influence CAT activity (controls, 100%; 1 pmol/L IGF-I, 
108%; 10 pmol/L IGF-I, 97%; 100 pmol/L IGF-I, 103%; 1 
nmol/L IGF-I, 87%; 10 nmol/L IGF-I, 104%; 100 nmol/L 
IGF-I, 92%). Gene transcription of the proglucagon gene 
was potently suppressed by IGF-I (40% inhibition at 100 
nmol/L IGF-I, P < .05; 37% inhibition at 10 nmol/L 
IGF-I, P < .05; Fig 5), but it remained unaffected by 
IGF-II (10 pmol/L IGF-II, 95%; 100 pmol/L IGF-II, 92%; 
1 nmol/L IGF-II, 81%; 10 nmol/L IGF-II, 91%; 100 
nmol/L IGF-II, 90%). Somatostatin promotor activity was 
increased by both IGF-I and IGF-II. The maximal effect of 
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Fig 4. Stimulation of proinsulin gene transcription by IGF-II in HIT 
cells, Cel ls  were transiently transfected w i t h  a plasmid containing 410 
bp of the rat insulin I promotor linked to the reporter gene CAT. 
Treatment w i t h  iGF-II  was performed for 24 hours, * P  < .05. n = 6 
experiments, 
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Fig 5. Inhibition of proglucagon gene transcription by IGF-I in 
INRIG9 cells. Cells were transiently transfected with a plasmid 
containing 350 bp of the rat proglucagon promotor linked to the 
reporter gene CAT. Treatment with IGF-II was performed for 24 hours. 
*P < .05. n = 8 experiments. 

IGF-I occurred at 10 nmol/L IGF-I (155%, P < .05; Fig 
6A), and IGF-II action was maximal at 10 nmol/L IGF-II 
(146%, P < .05; Fig 6B). 

IGF-I and IGF-H and Islet Hormone Release 

Neither IGF-I nor IGF-II influenced insulin release from 
HIT cells (data not shown). Glucagon release from INR1G9 
cells was potently inhibited in a concentration-dependent 
manner by IGF-I (controls, 100%; 1 nmol/L IGF-I, 50%, 
P < .05; 10 nmol/L IGF-I, 56%, P < .05; 100 nmol/L 
IGF-I, 35%, P < .05; Table 3). Insulin is a potent inhibitor 
of glucagon secretion. At 100 nmol/L, insulin decreased 
glucagon release less potently than IGF-I (controls, 100%; 
insulin, 61%; IGF-I, 35%). IGF-II decreased glucagon 
secretion only at 10 nmol/L (26% inhibition, P < .05; 
Table 3). Somatostatin release from RIN 1027 B2 cells was 
not influenced by IGF-I (controls, 100%; 100 nmol/L 
IGF-I, 94%; 10 nmol/L IGF-[, 94%; 1 nmol/L IGF-I, 
91%), whereas IGF-II increased somatostatin secretion 
with a maximal effect at 1 nmol/L (controls, 100%; 1 
nmol/L IGF-II, 164%, P < .05; Table 4). 

IGF-I and IGF-H Regulate DNA Synthesis of Clonal 
Insulin-, Glucagon-, and Somatostatin-Secreting Cells 

IGF-I and IGF-II increased 3H-thymidine incorporation 
into the DNA of all three cell types. In HIT cells, IGF-II 
stimulated DNA synthesis more potently than IGF-I. The 
effect of both hormones was maximal at 10 nmol/L (con- 
trols, 100%; 10 nmol/L IGF-I, 125%; 10 nmol/L IGF-II, 
146%; Table 5). DNA synthesis of INR1G9 cells was 
stimulated maximally by 100 nmol/L IGF-I (controls, 100%; 
100 nmol/L IGF-II, 168%). 3H-thymidine incorporation 
into DNA of RIN 1027 B2 cells was also increased by IGF-I 
and IGF-II, and the maximal effect occurred at 100 nmol/L 
(controls, 100%; 100 nmol/L, IGF-I, 226%; 1 nmol/L 
IGF-II, 133%; 10 nmol IGF-II, 130%). 
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Fig 6. Stimulation of prosomatostatin gene transcription by IGF-I 
(A) and IGF-U (B) in somatostatin-producing RIN 1027 B2 cells• Cells 
were transfected with a plasmid containing 900 bp of the rat proso- 
matostatin promotor. Treatment with IGF-I and IGF-II was performed 
for 24 hours. *P < .05. n = 6 experiments. 

DISCUSSION 

This study demonstrates that clonal endocrine pancreatic 
cell lines express specific receptors for IGF-I and IGF-II. 
IGFs have contrasting effects on insulin-, glucagon-, and 
somatostatin-pr0ducing cell function. In our opinion, these 

Table 3. Effect of IGI=-I and IGF-II on Glucagon Release From INRIG9 
Cells (n = 6 experiments) 

Peptide Concentration (-log M) IGFq IGF-II 

Control 100% 100% 

10 82% -+ 1% 93% ± 5% 

9 50% -+ 2%* ND 

8 56% ± 12%* 74% _~ 3%* 

7 35% ± 7%* 111% ± 10% 

Abbreviation: NO, not determined. 

*P < .05. 
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Table 4. Effect of IGF-I and IGF-II on Somatostatin Release From RIN 
1027 B2 Cells (n = 4 experiments) 

Peptide Concentration (-log M) IGF-I IGF-II 

Control 100% 100% 

9 91% -+ 10% 164% _+ 18%* 

8 94% -+ 3%* 137% _+ 21%* 

6 94% -+ 6% 147% ± 15%* 

*P < .05. 

data are important to better understand the function of the 
endocrine pancreas. Therefore, several aspects Of this study 
should be discussed in greater detail. 

With receptor-binding assays, we have shown that insulin- 
producing HIT cells and somatostatin-producing RIN 1027 
B2 cells express classic type I and type II IGF receptors. 
The type I IGF receptor binds IGF-I with a slightly higher 
affinity than IGF-II, but insulin is 0nly a weak ligand at this 
receptor. Glucagon-producing INR1G9 cells express IGF-I 
receptors with the same affinity for IGF-I and insulin. 
Whether this is caused by hybrid receptors of the type I IGF 
receptors and insulin receptors remains to be established. 
Rat pancreatic A Cells purified from rat pancreatic islets 
express classic type I receptors. 1; The type II IGF receptor 
binds only IGF-II, not insulin or IGF-I. Our data are in 
good agreement with a recent study suggesting the presence 
of type I IGF receptors on B and A cells. I2 In this study, 
125I-IGF-I bound to purified A cells and B cells with a Kd of 
2 x 10 -9 mol/L, which is similar to our data obtained with 
cultured cell lines (A cells, ECs0 6 x 10 -1° tool/L; B cells, 
5 x 10 -1° mol/L). In addition, we show that both cell types 
also possess type I and type II IGF receptors. We found a 
much higher number of IGF-I binding sites on somatostatin- 
secreting RIN 1027 B2 cells than on the other cell types, but 
IGF-I stimulated DNA synthesis at equal potency in 
INR1G9 and RIN 1027 B2 cells. 

IGF-I and IGF-II are expressed in endocrine pancreatic 
cells during embryonic development. In fetal rat and human 
pancreas, IGF-I immunoreactivity and proinsulin mRNA 

Table 5. Effects of IGF-I and IGF-II on 3H-Thymidine 
Incorporation Into DNA of HIT Cells, INRIG9 Cells, 

and RIN 1027 B2 Cells (n = 6 experiments) 

Peptide Concentration 
(-log M) IGF-I IGF-II 

HIT cells 

Control 100% 100% 

9 93% ± 12% 144% _+ 8%* 

8 125% ± 15%* 146% _+ 9%* 

7 94% -+ 13% 117% _+ 3% 

INR1G9 cells 

Control 100% 100% 

9 114% _+ 13% 119% _+ 11% 

8 104% _+ 5% 127% _+ 19%* 

7 205% _+ 26%* 168% __+ 23%* 
RIN 1027 B2 cells 

Control 100% 100% 

9 101% _+ 19% 133% ± 15%* 

8 126% ± 12%* 130% ± 16%* 

7 226% ± 5%* 117% _+ 22% 

*P < .05. 
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were localized in B cells. I-3,5 In adult pancreas, IGF-II was 
detected in A and D cells, but not in B cells. 19 In contrast, 
IGF-I is colocalized in adult pancreas with insulin, but it is 
absent in A and D cells. 19,20 These data indicate the 
synthesis of both peptides in these cells, rather than peptide 
sequestration. Furthermore, both peptides are secreted 
from isolated fetal islets in response to various stimuli. 3,6 
mRNA levels for IGF-II  were much higher than those for 
IGF-I. 5 They decline in islets during neonatal life, as 
reported in other tissues. 5 Based on these data, it can be 
anticipated that IGFs may play a role as important regula- 
tors of endocrine pancreatic function during development 
and probably also during postnatal life. Both IGF-I and -II 
increase the DNA synthetic rate in fetal rat islets. 4,13,14 This 
study demonstrates that both growth factors stimulate 
DNA synthesis in all three major islet cell types. 

No consensus exists concerning the action of IGF-I on 
insulin release and biosynthesis, since inhibition and stimu- 
lation have been described, as well as no  effect. 13A5-17 But 
this is probably due to the use of different experimental 
models, since isolated fetal and adult islets and the isolated 
perfused rat pancreas were used. We found no effect of 
IGF-I or IGF-II on insulin release from HIT cells. Further- 
more, IGF-I did not influence proinsulin gene transcrip- 
tion. On the other hand, we observed a weak induction of 
proinsulin gene transcription by IGF-II. In agreement with 
previous data, we found a stimulation of D N A  synthesis in 
these insulin-producing cells by IGF-I and IGF-II. 4,13,15 
Therefore, the peptides differently influence the function 
of pancreatic B cells. 

In A cells (INR1G9 cells), a stimulation of the DNA 
synthetic rate was shown in response to IGF-I and IGF-II. 
A strong inhibition of proglucagon gen e transcription and 
glucagon release was induced by IGF-I, but not by IGF-II. 
In D cells (RIN 1027 B2 cells), both IGFs increased DNA 
synthesis and somatostatin gene expression, but only IGF-II 
stimulated somatostatin release. Therefore, IGF-I and 
IGF-II also show contrasting effects on the different func- 
tions of endocrine pancreatic cells. Thus, peptide hormone 
gene transcriptio n and peptide hormone release are differ- 
entially regulated by IGF-I and IGF-II in these cells. As 
mentioned earlier, during development IGF-I and IGF-II 
are located in endocrine pancreatic cells. Fetal pancreatic 
islets contain mostly B cellsl Therefore, it can be speculated 
that IGFs play a role as autocrine and paracrine mediators 
(growth factor?) within the islet homeostasis. Such an effect 
could be mediated by paracrine mechanisms, since blood 
flow in the islets first reaches the B cells and then the A and 
D cells. 21 This hypothesis has to be addressed in future 
studies; it could be verified by immunoneutralization or 
gene knock-out experiments. 

IGF-I has several effects on glucose metabolism. In 
particular, IGF-I exerts several insulinomirnetic effeCts 
when infused into humans, s-11,22 It suppresses plasma levels 
of insulin, C-peptide, glucagon, and free fatty acids. 22 
Glucose uptake and oxidation are stimulated similarly by 
both horm0nes. 22 During insulin-induced hypoglycemia, 
the increase in glucagon secretion was inhibited by intrave- 

nous infusion of IGF-I. 23 This IGF-I effect was even more 
potent than insulin-induced suppression of glucagon re- 
lease. From these data, it was concluded that IGF-I 
mediates its effects on A cells via specific receptors. 23 In the 
present study, we provide evidence that A cells indeed 
express functional, active IGF-I receptors, iGF-I directly 
inhibit s glucagon secretion and proglucagon gene expres- 
sion and stimulates DNA synthesis in these cells. Thus, 
IGF-I influences several functions of A cells. 

Insulin has been well characterized as a potent inhibitor 
of glucagon release and proglucagon gene transcription. 24,25 
In INR1G9 cells, IGF-I inhibits glucagon release more 
potently than insulin 24 (and this study). Interestingly, a 
similar effect of IGF-I on glucagon secretion has been 
demonstrated in man. 23 On the other hand, both peptides 
inhibit proglucagon gene transcription with similar po- 
tency 24 (and this study). Recently, an "insulin-response 
element" was shown to be located in the proglucagon 
promotor. 25 Further studies will show whether this DNA 
sequence also mediates the IGF-I effect on proglucagon 
gen e transcription. This is possible, since both peptides use 
similar Second-messenger pathways (see below). 

Several studies were performed to characterize plasma 
levels of IGFs in patients with non-insulin-dependent and 
insulin-dependent diabetes mellitus. In most studies, de- 
creased levels of IGF-I were found. 26 These data, together 
with the results of other studies, indicate a relationship 
between IGF-I and glycemic control, especially since higher 
IGF-I plasma levels were seen after improvement of glu- 
cose metabolism. It was therefore speculated that the 
decreased IGF-I plasma levels contribute to the elevated 
plasma glucagon concentrations typically found in diabetic 
patients. Consequently, patients with type II diabetes were 
experimentally treated with I G F - I .  11,27 It was clearly shown 
that short-term administration of IGF-I improved glycemic 
control in these patients. 28,29 But the risk to benefit ratio, 
especially of a long-term treatment, should be assessed 
carefully. 

Much less is known about changes of IGF-II plasma 
concentrations during deterioration of glucose metabolism. 
Here, increased, decreased, and unchanged IGF-II levels 
have been determined. 26 Nonislet tumor-associated hypogly- 
cemia is often caused by IGF-II secretion from the tumor 
itself. 3° Several mechanisms account for this hypoglycemia: 
in some cases, "big IGF-II" is secreted that does not form 
the 150-kd complex with these binding proteins. This allows 
more IGF-II to interact with IGF-I, IGF-II, and insulin 
receptors. Furthermore, growth hormone and insulin secre- 
tion are impaired. 31 in addition, IGF-II may suppress 
glucagon secretion both directly and indirectly by a para- 
crine effect mediated via type I IGF receptors, and prob- 
ably also by increased sornatostatin secretion (this study). 

The IGF-I receptor belongs to the family of growth factor 
receptors with the common feature of a tyrosine kinase in 
the cytoplasmic part of the B-chain. 26 After binding of the 
ligand to the extracellular binding domain, the recepto r is 
activated by autophosphorylation. Then it phosphorylates 
itself and several effector proteins necessary for further 
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signal transduction. It was suggested that receptors for 
insulin and IGF-I  use similar or even identical signal 
transduction pathways. 26 Future  studies will show whether  
this is also true for endocrine pancreat ic  cells. Of  special 
interest  will be the question of whether  the same signal 
transduction pathways and mediators  are used in these cells 
to trigger the described stimulatory and inhibitory effects. 

Taken together,  this study demonstrates  the presence of  
functional, active type I and type II I G F  receptors on clonal 
insulin-producing (HIT),  glucagon-producing (INR1G9),  
and somatostat in-producing (RIN 1027 B2) cells. In H I T  
cells, IGF- I  and IGF- I I  stimulate 3H-thymidine incorpora- 
tion, but proinsulin gene transcription was stimulated only 
by IGF- I I  and insulin release was not influenced. Progluca- 
gon gene transcription and glucagon secretion were po- 
tently inhibited by IGF-I  and weakly by IGF-II .  D N A  
synthesis of glucagon-producing cells was increased by both 

peptides. In somatostat in-producing R I N  1027 B2 cells, 
3H-thymidine incorporation was stimulated by IGF-I  and 
IGF-II .  Somatostat in release was not influenced. Progluca- 
gon gene transcription and glucagon secretion were po- 
tently inhibited by IGF-I  and weakly by IGF-II .  D N A  
synthesis of  glucagon-producing cells was increased by both 
peptides. In somatostatin-producing R I N  1027 B2 cells, 
3H-thymidine incorporation was stimulated by IGF-I  and 
IGF-II .  Somatostatin release was increased by IGF-II ,  but 
was not influenced by IGF-I .  Both peptides stimulated 
somatostatin gene transcriPtion in R I N  1027 B2 cells. IGF-I  
and IGF- I I  have distinct biological actions in A, B, and D 
cells. 
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