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T

he somatomedins are growth-promoting factors,
which include somatomedin C insulinlike growth
factors I (IGF-I) and II (IGF-II) (1). These peptides,
first thought to exert mitogenic effects in an endocrine fashion (2), have been shown to originate from many
different tissues and to act in a paracrine or autocrine fashion
(3). Indeed, peptides that cross-react with anti-IGF-l antibodies are secreted by many types of cells in tissue culture
(4-8) and are involved in the regulation of DNA synthesis
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in those cells (9). Some of the peptides have been partially
purified and biochemically characterized (7,10,11).
Several factors are involved in the regulation of proliferation of the pancreatic p-cell (12). Two of them, IGF-I and
IGF-II, have mitogenic effects on rat neonatal islet p-cell in
culture (13,14). Similarly, specific radioreceptor assays and
radioimmunoassays (RIAs) have shown that IGF accumulates in the conditioned medium of these cells (14). More
recently, Swenne et al. (15) confirmed the secretion of immunoreactive IGF-I (IR-IGF-I) by the fetal rat islets in tissue
culture and demonstrated the regulation of IR-IGF-I secretion
by growth hormone.
In this article, we report the partial purification and biochemical characterization of IGF-I produced and secreted
by fetal pancreatic rat islets in culture. We show that these
cells synthesize molecules that are, according to several
criteria, equivalent to native IGF-I.
MATERIALS AND METHODS
Preparation and culture of fetal islets. Fetuses were removed from pregnant Wistar rats (Iffa Credo, I'Arbresle,
France) at 21 days of gestation. The day of mating was
considered day 0. Fetal islet cells were prepared according
to the method of Hellerstrom et al. (16) as previously described (17). Briefly, pregnant rats were killed by cervical
dislocation, and the fetuses were removed and decapitated.
The pancreases were removed aseptically, placed in cold
Hanks' balanced salt solution (HBSS) supplemented with 50
U/ml penicillin and 50 |j,g/ml streptomycin (Flow, Rockville,
MD), and minced. Four milliliters of HBSS containing 6
mg/ml collagenase (Boehringer Mannheim, Mannheim,
FRG) was added to each of four centrifuge tubes containing
- 1 0 pancreases each. Digestion was performed in a shaking water bath at 37°C for 4 - 5 min. The resulting tissue
digests were washed three times with cold HBSS, and four
pellets were pooled and resuspended in 500 |xl HBSS. Aliquots (100 (xl) of this suspension were distributed among
50-mm plastic culture dishes (model 3002, Falcon, Los Angeles, CA). The islets were cultured for 5 days in 5 ml RPMI-

DIABETES, VOL. 38, JUNE 1989

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/38/6/686/555545/38-6-686.pdf by guest on 28 May 2022

Pancreatic islets were prepared from 22-day-old rat
fetuses. After 5 days of culture in dishes allowing cell
attachment, neoformed islets were kept free floating in
RPMI-1640 medium (16.5 mM glucose, 1 % fetal calf
serum). The islets were then pulsed with [3H]leucine
and [35S]methionine for 24 h. The conditioned medium
was acidified with acetic acid (final pH 2.7), desalted,
concentrated, and gel filtered on Bio-Gel P100 in acid
conditions. The radioactive material that comigrated
with immunoreactive insulinlike growth factor I (IGF-I)
produced by the islets was pooled, concentrated,
and further characterized by reverse-phase
high-performance liquid chromatography on a C18
Bondapak column with a linear gradient of acetonitrile
(20-80%). The radioactive material that eluted as pure
IGF-I (40% acetonitrile) was further studied by
chromatofocusing on a Pharmacia PBE 94 column. A
sharp radioactive peak containing [3H]leucine and
[35S]methionine was eluted at pH 8.55. This material
was immunoprecipitated with an antiserum to IGF-I.
This study demonstrated that fetal islet cells
synthesize molecules that are, by several criteria,
equivalent to native IGF-I. Diabetes 38:686-90,1989
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IGF-I I and cross-reacts minimally with insulin at 10~6 M. Recombinant IGF-I was iodinated by the chloramine-T method
(19) and purified by chromatography on Sephadex G50
(Pharmacia) in phosphate-buffered saline (PBS; pH 7). The
insulin RIA was performed with insulin antiserum (no. 8309;
Novo, Copenhagen) and porcine insulin (Novo) as standard.
Immunoprecipitation. Immunoprecipitation was performed
as described for insulin with minor modifications (20). Briefly,
10 |xl IGF-I antiserum (same lot as used for IGF-I RIA) was
diluted 1:10 and incubated overnight at 4°C with the sample
previously concentrated and then diluted in 0.03 M PBS/
bovine serum albumin (BSA) buffer (0.5% vol/vol; pH adjusted to 7.5 with HCI). The total incubation volume was 100
IJLI of PBS/BSA buffer. Antibody-antigen complex was then
precipitated by adding 5 mg of protein A Sepharose (Pharmacia) in 100 [xl of PBS/BSA buffer. The contents of the
tubes were mixed at room temperature for 15 min, and the
tubes were centrifuged. The pellet was washed twice with
200 |jJ of PBS/BSA buffer, suspended in 400 |xl of 1 M acetic
acid and 2.5 mg/ml of BSA, and centrifuged. Radioactivity
in the supernatant was measured. Nonspecific binding of
radioactive material to either the antiserum or the protein A
Sepharose was determined in parallel incubations by use of
nonimmune serum in place of anti-IGF-l serum. Nonspecific
binding was <5% of the total bound radioactivity and was
subtracted for the expression of the results.
RESULTS
CHROMATOGRAPHY ON Bio-Gel P-100 AND RIA OF IGF-I
Two IR-IGF-I peaks were detected when the conditioned
medium (24-h incubation) was chromatographed on Bio-Gel
P-100 (Fig. 1/A). The low-molecular-weight peak eluted with
iodinated IGF-I. RIA of this material was used to quantify the
IGF-I secreted into the medium by islet cells. In our experimental conditions, the islets secreted 585 ± 94 pg IR-IGFl/(xg of islet DNA in 24 h (mean ± SE of 6 experiments). The
other immunoreactive peak eluted with high-molecularweight proteins could correspond partly to binding proteins
(14,21).
IN VITRO LABELING EXPERIMENTS
AND IGF-I CHARACTERIZATION
Bio-Gel P-100. Four major radioactive peaks were detected
when conditioned medium of islets incubated in the presence of radioactive amino acids was analyzed on Bio-Gel
P-100 in acidic conditions (Fig. 18). The largest peak, eluted
near the void volume of the column, represented all the newly
synthesized labeled proteins excluded from the gel (Mr
>50,000). Nonincorporated labeled amino acids or radioactive peptides of M, <3000 were eluted in the salt volume
of the column.
A large radioactive peak eluted at the same volume as
labeled insulin and IRI. A small percentage (5%) of the total
radioactivity eluted from the column migrated as )25I-Iabeled
IGF-I. It comigrated with IGF-I produced by the islets as
measured by RIA (Fig. 1/4).
Reverse-phase HPLC. Fractions 23 and 24 collected from
the gel-filtration column were pooled, concentrated, and diluted in 500 (xl of 0.1 % TFA. This material was then subjected
to HPLC on a C18 reverse-phase column and eluted with a
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1640 medium (Flow) containing 11 mM glucose, 10% heatinactivated fetal calf serum (FCS), 50 U/ml penicillin, and 50
ixg/ml streptomycin. The culture dishes were kept at 37°C
in a humidified atmosphere of 5% CO2/95% air. The complete growth medium was changed daily. After the culture
period, p-cell—rich islets, devoid of nonendocrine tissue,
could be removed with a sterile pipette. The isolated islets
were transferred to petri dishes (300 islets/dish) and cultured
free floating in 5 ml RPMI-1640 containing 16.5 mM glucose.
The culture medium was supplemented with 1% FCS and
antibiotics.
Labeling. After 2 days in culture, the medium was changed
to the same medium without leucine and methionine. One
hundred fifty microcuries each of i_-[4-5-3H]leucine and L[35S]methionine (sp act 171 and 1400 Ci/mmol, respectively;
Amersham, Les Ulis, France) was added to each dish. The
conditioned medium was collected 24 h later, rapidly acidified with acetic acid (final pH 2.7), desalted on PD10 columns (Pharmacia, Bois d'Arcy, France) in 1 M acetic acid,
and dried in polypropylene tubes.
Gel-filtration chromatography. Gel-filtration chromatography was carried out on Bio-Gel P100 columns (1.6 x 100
cm; Bio-Rad, Richmond, CA) in 1 M acetic acid (pH 2.7).
The column, previously calibrated with standard proteins,
was run at room temperature (6 ml/h), and 4-ml fractions
were collected. Aliquots of each fraction were assayed for
IGF-I and insulin by specific RIAs. The radioactivity of each
fraction was measured in a liquid-scintillation counter with 4
ml of Biofluor (Du Pont de Nemours, Paris, France).
Reverse-phase high-performance liquid chromatography (HPLC). Filtered water and HPLC-grade solvents
(Baker, Deventer, The Netherlands) were used. The samples, reconstituted in 500 |xl of 0.1% trifluoracetic acid (TFA)
were subjected to HPLC (Waters, Millipore, Bedford, MA) on
a microBondapak C18 column (7.6 x 300 mm; Waters). Elution was carried out with a linear gradient of acetonitrile in
0.1% TFA in water. One-milliliter fractions were collected
(flow rate 1.0 ml/min). The radioactivity in each fraction was
counted. The fractions were then concentrated and kept at
4°C for further analysis.
C18 Sep Pak experiments. Sep Pak C18 cartridges (Waters)
were prewashed with 5 ml isopropyl alcohol, 5 ml methanol,
and 10 ml 0.1% TFA. Samples were applied to the prewet
cartridges, washed with 6 ml of 20% acetonitrile, 0.1% TFA,
and 80% water and eluted with 5 ml of 50% acetonitrile,
0.1% TFA, and 50% water.
Chromatofocusing. A column (1 x 30 cm) of polybuffer
exchanger (PBE 94; Pharmacia, Uppsala, Sweden) was
equilibrated with 0.025 M ethanolamine HCI (pH 9.5). The
dried samples were diluted in 200 |xl of polybuffer 96 (PB
96, Pharmacia), applied on the column, and eluted with 10%
(vol/vol) PB 96 (pH 5.8, flow rate 25 ml/h). After the gradient,
the column was washed with two volumes of 1 M NaCI. The
pH, radioactivity, IR-IGF-I, and immunoreactive insulin (IRI)
were measured for each fraction.
RIAs. The IGF-I RIA was performed with purified human
IGF-I (Humbel, Zurich, Switzerland) as standard and a rabbit
antiserum (lot UBK 487, supplied by L.E. Underwood and
J.J. Van Wyk, Univ. of North Carolina, via the National Hormone and Pituitary Program) directed against IGF-I somatomedin C (18). The antiserum has 0.5% cross-reactivity with
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active material in that fraction eluted at a pH of <5.8, a pH
different from the known isoelectric point of IGF-I (results
not shown).
IMMUNOPRECIPITATION
The fraction eluted at pH 8.55 from the chromatofocusing
column was concentrated and diluted in 0.03 M PBS/BSA
buffer, and the pH was adjusted to 7.5 with HCI. It was then
immunoprecipitated as described in MATERIALS AND METHODS.

In our experimental conditions, 30% of the radioactivity was
immunoprecipitated by an anti-IGF-l antibody after subtraction of the nonspecific binding.

DISCUSSION
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FIG. 1. Bio-Gel P-100 gel filtration of fetal islet-conditioned medium.
Culture medium was acidified, desalted on PD-10 columns, and
evaporated to dryness. Material was reconstituted in 1 M acetic acid
and placed on Bio-Gel P-100 column (100 x 1.5 cm) previously
equilibrated with 1 M acetic acid. Column was eluted with same buffer
at flow rate of 6 ml/h. Four-milliliter fractions were collected.
Immunoreactive insulinlike growth factor I (IGF1-IR, hatched bars) and
insulin (INS-IR, open bars) (A) and radioactivity of [3H]leucine ( • ) and
[35S]methionine (O) (B) in each fraction were quantified. Column was
previously calibrated with standard proteins of known molecular
weight. Vo, void volume of column; Vt, total volume of column.

Studies have shown that neonatal rat islet cells (14) and fetal
rat islets in culture (15) synthesize IGF-I. This production has
been demonstrated by RIA but has not been characterized
physicochemically. We used in vitro labeling of proteins and
characterization of the IGF(s) produced to confirm and extend these results. The rationale for using this technique was
based on several arguments. First, the culture of fetal islets
requires FCS because no defined medium is suitable for this
purpose. The fact that the serum contains IGF-I makes demonstrating and quantifying IGF-I synthesis by RIA difficult. In
vitro labeling provided unequivocal confirmation of the synthesis of the growth factor by the fetal material. Such con-
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5.8. Fraction 22 from HPLC (40% acetonitrile in 0.1% TFA)
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produced only two radioactive peaks (Fig. 3). Part of the
radioactivity (60%) eluted with 1 M NaCI after the gradient
FIG. 2. High-performance liquid chromatography. Fractions 23 and 24
(pi <5.8). A second sharp radioactive peak was eluted at from
gel-filtration column were pooled, dried, and reconstituted in 100
pH 8.55. This peak contained peptide(s) that had incorpo- M-l of 8 0 % water, 0 . 1 % trifluoracetic acid, and 2 0 % acetonitrile. Material
rated [3H]leucine and [35S]methionine. As a control, fraction was injected into reverse-phase C 18 column and eluted with linear
gradient of acetonitrile ( 2 0 - 8 0 % ) for 60 min (flow rate 1 ml/min). Pure
24 from HPLC (42% acetonitrile in 0.1% TFA) was chro- insulinlike growth factor I (IGF-I) was chromatographed in parallel as
matographed under the same conditions. All the radio- standard.
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CHROMATOFOCUSING AFTER C!8
Sep Pak CHROMATOGRAPHY
To simplify the procedure and to gain more information on
other insulinlike peptides labeled during the incubation procedure, we chromatofocused the fraction eluted from the
Sep Pak cartridge with 50% acetonitrile. Most of the radioactivity (70%) was eluted after the gradient by NaCI elution
(Fig. 4). This peak comigrated with IRI.
IGF-I, as measured by RIA, was eluted at pH 8.5 and
was readily separated from IRI. IR-IGF-I coeluted with a
sharp radioactive peak that contained [3H]leucine and
[35S]methionine. Other radioactive peaks were detected, and
their characterization is in progress.
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firmation is not provided on the use of cycloheximide
inhibition of protein biosynthesis, because the reagent does
not totally abolish the release of IGF-I by fetal rat myoblasts
cultivated in the presence of FCS (10). Second, with in vitro
labeling, the characterization of the IGF(s) is possible, even
when only a small number of cells are used. Studies of islet
growth-factor production are particularly difficult. The starting material is not abundant, even when cultured fetal islets
are used; if an islet is assumed to contain 2000-3000 cells
(16), a petri dish with 300 islets contains 6 to 9 x 105 cells,
which is much less material than in other systems (7,10).
However, this technique can be used to study the physicochemical properties of the minute amounts of peptide produced by the in vitro system.
Gel chromatography of islet-conditioned medium on BioGel P-100 in acid conditions revealed two immunoreactive
peaks, as shown previously (14,21). The high-molecularweight peak bound 125I-IGF-I, suggesting that this peak contained IGF-I—binding proteins. Moreover, IGF-I precursors
may elute in this high-molecular-weight peak. The second
peak migrated as pure IGF-I, did not bind IGF-I, and corresponded to IGF (21).
When the islets were pulsed with [3H]leucine and
3S
[ S]methionine, part of the radioactivity (3%) was incorporated into the proteins secreted into the medium. Forty-five
percent of the incorporated radioactivity migrated like insulin
on Bio-Gel P-100, 5% like IGF-I. The latter radioactivity was
chromatographed on a microBondapak C18 column, and the
40% acetonitrile fraction was chromatofocused. A major
peak eluted at pH 8.55. This material was partly immunoprecipitated with an anti-IGF-l antibody.
IGF-I produced by fetal islets has an estimated Mr of 7000,
which is similar to that of pure IGF-I. This value is in the same
range as values for the IGF-I produced by fetal rat myoblasts
(10), hepatocytes (6), Sertoli cells (7), and fetal calvariae
(8). It differs from that of skin fibroblast IGF-I (11), which has
an Mr of 21,500 and can be a precursor of IGF-I. These
results indicate that IGF-I, which is derived from a large
precursor (22), is secreted by fetal islets as a mature molecule.
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FIG. 4. Chromatofocusing of crude conditioned medium after C18 Sep
Pak chromatography. PBE 94 column (5 x 0.8 cm) was equilibrated
with 0.025 M ethanolamine-HCI (pH 9.5). Column was eluted with 10%
(vol/vol) PB 96 (pH 5.7) at flow rate of 25 ml/h, and 0.5-ml fractions
were collected. pH was measured in each fraction. A: immunoreactive
insulinlike growth factor I (IGF-I-IR, solid bars) and insulin (INS-IR,
hatched bars) eluted in each fraction. B: radioactivity of [3H]leucine
( • ) and [35S]methionine (O) in each eluate.
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FIG. 3. Chromatofocusing of fraction coeluting with pure insulinlike
growth factor I after high-performance liquid chromatography. PBE 94
column (30 x 1 cm) was equilibrated with 0.025 M ethanolamine-HCI
(pH 9.5). Column was eluted with 10% (vol/vol) PB 96 (pH 5.7) at flow
rate of 25 ml/h, and 4-ml fractions were collected. After gradient,
column was rinsed with 2 volumes of 1 M NaCI. pH and radioactivity of
each fraction were measured.

The chromatofocusing experiments showed that IGF-I is
eluted at pH 8.55. This basic value is identical to results on
IGF-I from fetal rat myoblasts (10), human serum IGF-I (23),
and rat hepatocytes (6) but is less basic than that described
for adult rat Sertoli cells (7) and rat serum (24). The isoelectric point is a useful marker for differentiating between
the insulinlike peptides synthesized in the islets. Only IGF-I
has a basic isoelectric point, the isoelectric point of IGF-I I
is neutral, and that of insulin and proinsulin is acidic.
The use of two labeled amino acids, leucine and methionine, allowed further separation of IGF-I from IGF-I I. IGF-I
contains both amino acids (24), whereas IGF-I I does not
contain methionine (25). The basic molecule characterized
after chromatofocusing contains leucine and methionine, as
does IGF-I. Because IGF-I and IGF-II have similar molecular
weights and hydrophobic properties (1), the two peptides
cannot be separated on the basis of these physicochemical
properties. On the other hand, their different isoelectric
points are useful.
Gel filtration and chromatography on a C18 column indicated that no neutral molecule having the same molecular

• IGF-I-IR (pg/fractii
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weight and hydrophobic property as IGF-II was synthesized
by the islets (results not shown). Using an RIA method, Romanus et al. (14) were unable to demonstrate the presence
of IGF-II in the conditioned medium of neonatal islet cells.
Our indirect approach produced similar results.
Finally, labeled material was precipitated by an excess of
polyclonal IGF-I antibody. Only 30% of the radioactivity was
immunoprecipitated. We cannot explain this low percentage
of precipitation. The conditions of the experiment might not
have been optimal, but more work is needed, to obtain information on this point. Another possibility is that the tertiary
structure of the peptide differs from that of the IGF-I used to
generate the antibody. This hypothesis is not favored in view
of the physicochemical characterization of the molecule.
The technique for preparation and culture of fetal islets
has been studied extensively over the past few years (1626). These fetal islets are devoid of exocrine tissue contamination, and electron-microscopic examination indicates that
no fibroblastlike or acinar elements are present (16). The
islets are rich in (3-cells (>90%) but also contain glucagon,
somatostatin (27), and IR-TRH cells (17).
The cell type that produces IGF-I in islets remains unknown. IR-IGF-I has been visualized in adult islets (28) and
is localized to the same cell type that insulin is in the human
fetal pancreas (29). In situ hybridization and immunocytochemical studies are in progress in our laboratory to determine which cells synthesize IGF-I in fetal and adult islets.
The presence of IGF-I receptors has recently been demonstrated on islet p- and a-cells (30). This observation, coupled with the demonstration of an inhibition of islet DNA
replication by an anti-IGF-l antibody (15) and with synthesis
of IGF-I by islets in vitro, suggests that insular IGF-I has an
autocrine role in islet cell replication.

