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Short- and Long-Term Effects
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The polypeptide p-cellulin, identified in conditioned
media from insulinoma cell cultures and produced by
pancreatic islet cells, was recently identified as a pos-
sible autocrine growth factor for the pancreatic islet
p-cell. In this study, we investigated the short- and
long-term actions of f-cellulin, and the structurally
related transforming growth factor-o (TGF-a), on
p-cell function in fetal rat pancreatic islets in vitro. We
found that neither 3-cellulin nor TGF-c. (10 nMeach), in
contrast to glucose (20 mM), acutely influenced p-cell
levels of cytosolic-free Ca?*. Additionally, whereas
glucose markedly increased short-term (60-min) insu-
lin release, neither B-cellulin nor TGF-o. (10 nM each)
influenced the rate of hormone secretion at basal
(3 mM) or stimulatory (20 mM) concentrations of glu-
cose. Likewise, long-term (24-h) exposure of islets to
a high glucose concentration significantly augmented
the secretion of insulin. This effect was slightly poten-
tiated by TGF-a (10 nM), but not -cellulin (10 nM), at
high (butnotlow) glucose concentrations. Conversely,
the islet insulin content was not significantly affected
by p-cellulin or TGF-o at any glucose concentration
tested. We conclude that, although B-cellulin is pro-
duced by islet cells, the peptide does not seem to be of
importance for the regulation of insulin production by
isolated pancreatic R-cells.
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Introduction

Insulin, secreted exclusively by the pancreatic islet
[-cell, is the key hormone in maintenance of normoglycemia;
consequently, defects in insulin secretion ultimately may
resultin diabetes mellitus (/,2). Glucose is a cardinal stimu-
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lator of pancreatic -cell insulin secretion, but the hexose
is also an important stimulus for 3-cell mitogenesis (3-8).
Among other regulators of 3-cell replication and function,
growth hormone is a potent stimulator of these functions
both in vivo and in vitro (2-5,7).

Another peptide growth factor, named B-cellulin, was
recently identified as an autocrine or juxtacrine factor pro-
duced by insulinoma and mouse islet cells (9). B-Cellulin is
a 32-kDa glycoprotein belonging to the epidermal growth
factor (EGF) superfamily of growth factors, and seems to
be conspiciously abundant in the pancreas (9—117 ). The pep-
tide, which appears to be proteolytically processed from a
larger transmembrane precursor, has been structurally well
characterized, and its carboxy-terminal domain was found
to share 50% sequence homology with that of rat trans-
forming growth factor-a (TGF-a) (10). Like EGF and
TGF-a., B-cellulin is a potent mitogenic stimulus for vascu-
lar smooth muscle cells (9). In this study, we evaluated the
possibility that B-cellulin and TGF-a may influence short-
or long-term P-cell function and insulin production by
isolated rat pancreatic islets.

Results

Figure 1 reveals that acutely raising the ambient glucose
concentration from 3 mM to 20 mM for 60 min evoked a
significant stimulation of short-term insulin release.
Coaddition of 3-cellulin or TGF-a (10 nM each) did not
influence the rate of insulin released in basal (3 mM) or
maximally stimulatory (20 mM) concentrations of glucose.

Because changes in cytosolic Ca?* regulate insulin
secretion (/2—15), dynamic changes in [Ca”*]; were moni-
tored in [3-cells loaded with the fluorescent probe Fura-2. It
is evident from Fig. 2 that neither f-cellulin (10 nM) nor
TGF-a. (10 nM) at basal (3 mM) glucose affected [Ca>*],,
whereas raising the glucose concentration to 20 mM
elicited a brisk rise in [Ca?*];, thus mirroring the actions of
the peptides and the sugar on short-term insulin release.
This confirms that the islet cell preparations were function-
ally intact.

When measuring insulin secretion to the medium in the
long term, it was found that islets maintained in 20 mM
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Fig. 1. Short-term effects of $-cellulin, TGF-a., and glucose on --100
[-cell insulin secretion. Fetal rat pancreatic islets were cultured
for 7 d in RPMI-1640 medium with 1% fetal calf serum (FCS) in
11.1 mM glucose. Insulin release, measured by radioimmunoas- o
say (RIA), was studied in duplicate batches of 10 islets exposed 0 10 2 20
to a 60-min incubation in 3 or 20 mM glucose, in the presence or Time (min)

absence of B-cellulin (10 nM) or TGF-o (10 nM). Bars represent
means + SEM for five observations. ™ and ™*: p <0.01 and p < 0.001,
respectively, for a chance difference vs islets incubated in 3 mM
glucose using analysis of variance (ANOVA).

glucose secreted significantly more insulin than those
cultured in 3 mM glucose (Fig. 3). At the low glucose con-
centration, neither f-cellulin nor TGF-a (10 nM each)
affected insulin release. However, at 20 mM glucose, TGF-a
(10 nM) slightly but significantly potentiated the secretory
output of insulin in response to the sugar. The islet insulin
content was not significantly altered by any of the peptides
after 24 hr of culture (not shown).

Discussion

Circulating polypeptide growth factors constitute important
regulators by which mitogenesis and specific functions of
various cells can be controlled through binding of the pep-
tides to distinct cell-surface receptors (/6). Among the most
extensively studied growth factors are the members of the
EGF superfamily (/7,18). EGF is abundant in plasma and
is an important growth factor for many cell types (reviewed
inrefs. /7 and /8). An initial study (/9) suggested that the
pancreatic (3-cell responds mitogenically to EGF. However,
this could not be confirmed by two independent reports
(5,20). Nevertheless, EGF receptors, or at least EGF-bind-
ing sites, have been localized in the pancreas (27), albeit not
unambiguously to the B-cell.

The role of TGF-a, which shares some 40% sequence
homology with EGF and functions through the EGF recep-
tor, has been studied in transgenic mice (22,23). In these
studies, TGF-a overexpression in the pancreas promoted
proliferation of both acinar cells and fibroblasts, leading to
amassive interstitial fibrosis and florid acinoductular meta-
plasia, whereas no consistent abnormalities in islets were
noted. In concordance with this, and our present and previ-
ous findings (24), in another transgenic mouse model,
TGF-a overexpression in the pancreas also failed to increase
islet cell mass (25,26). On the other hand, this certifies the

Fig. 2. Glucose, but not f-cellulin or TGF-a, increases f-cell
cytoplasmic-free Ca®*. Islet cell monolayers on glass cover slips
were loaded for 30 min with 1 uM fura-2 AM in culture media at
37°C. Clusters of two to four -cells were identified in the micro-
scope and selected for Ca®* measurements. Fluorescence mea-
surements were performed at 37°C in an inverted fluorescence
microscope, using excitation and emission wavelengths of
340/380 and 510 nm, respectively. Cells were superfused at a
flow rate of 0.5 mL/min. All traces shown are typical for experi-
ments repeated with at least three different cell preparations, and
[Ca2+]i is expressed as the ratio of the fluorescence measured at
340 and 380 nm. The ambient glucose concentration (3 or 20 mM)
is shown at the base the figure. $-cellulin or TGF-a (10 nM) is
present as indicated by the horizontal bars.
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Fig. 3. Long-term effects of 3-cellulin, TGF-a., and glucose on
[-cell insulin secretion. Fetal rat pancreatic islets were cultured
for 7 d in RPMI-1640 medium with 1% FCSin 11.1 mM glucose.
Insulin secretion to the medium over 24 hr, measured by RIA,
was studied in batches of 10 islets cultured in 3 or 20 mM glucose,
in the presence or absence of -cellulin (10 nM) or TGF-a
(10 nM). Bars represent means = SEM for five observations. *, ™,
and ™" denote p < 0.05, p < 0.01, and p < 0.001, respectively, for
a chance difference vs islets cultured in 3 mM glucose; and T,
denotes p < 0.05 vs islets cultured in 20 mM glucose without
peptide, using ANOVA.

purity of the islet preparations, which, on electron micro-
scopical examination (27), were found to contain >90%
B-cells and no fibroblast-like elements or acinar cells.
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Here we have examined the effects of a novel growth
factor in the EGF superfamily, B-cellulin, on islet 3-cell
function and compared it to another member of this group,
TGF-a. B-Cellulin was originally isolated from conditioned
media from insulinoma cell cultures and is able to promote
mitogenesis of fibroblast-like cell types (9). Additionally,
it is produced by mouse pancreatic islet cells, suggesting
that the peptide may exert a physiological role as an
autocrine or juxtacrine factor regulating hormone secretion
by the insulin-producing pancreatic f3-cell (9). It was the
aim of this study to determine whether p3-cellulin or TGF-a
exert any short- or long-term actions on islet 3-cell function
in vitro. Our results, however, indicate that this seems not
to be the case, at least not in cultured rat (-cells. Thus,
although these cells responded excellently to glucose stimu-
lation in terms of increased [Ca”*]; and augmented insulin
output, no discernable effects of the peptide growth factors
B-cellulin or TGF-a could be detected even at such high
concentrations as 10 nM, which promote fibroblast prolif-
eration maximally. The only positive finding in this study
was that TGF-a slightly amplified the long-term secretory
response to high glucose. The mechanisms by which this
small stimulatory effect occurs remain elusive at this stage,
but could involve recruitment of protodifferentiated
precursor cells of ductular origin in the fetal islets into
mature (3-cells, as has been reported in transgenic mouse
models (25).

Like the others members of the EGF family, B-cellulin
is a ligand for the receptor tyrosine kinases encoded by the
erbB gene family, more specifically for the EGF receptor
and erbB-4 (26). Additionally, through heterodimerization
and cross-phosphorylation, f3-cellulin may also activate
erbB-3. Previous studies have shown that B-cellulin may
exert a differentiating effect on certain cell lines. For
instance, the amylase-secreting rat pancreatic AR42J cell
line possesses exocrine and neuroendocrine properties (28).
When these cells were incubated with B-cellulin, a small
portion of the cell population was found to stain positively
for insulin and express insulin mRNA (28). Additionally,
glucokinase and the facilitative glucose transporter protein
GLUT-2 were induced in these cells by p-cellulin (28).
Moreover, functional differentiation was acquired, includ-
ing regulated insulin secretion stimulated by potassium,
hypoglycemic sulfonylureas, carbachol, and glucagon-like
peptide 1, thus resembling the situation in the native f3-cell (28).

In another model system, alpha TC1 clone 6—derived
transfectant cells expressing the islet-specific transcription
factor PDX-1 were cultured in the presence of B-cellulin
(29). This treatment made these normally insulin-negative
cells express mRNAs for both insulin and glucokinase (29).
As in the AR42]J cells, this effect of f-cellulin could not
be mimicked by EGF or TGF-a, suggesting that 3-cellu-
lin may signal through a distinct, specific cell-surface
receptor, a possibility also indirectly supported by our
present results.

In a recent article (30), it was also shown that human
B-cellulin can function as a growth factor for the relatively
differentiated rat insulinoma cell line INS-1 under serum-
starved conditions, e.g., half-maximal stimulation of pro-
liferation obtained with 25 pM p-cellulin. However,
[-cellulin failed to affect insulin production by these cells,
thus resembling the results of our present study.

In conclusion, the present study shows that islet 3-cell
function — in terms of Ca?* handling and insulin secre-
tion — is not significantly altered by (3-cellulin in the short
or long term in vitro. Future experiments will reveal
whether islet B-cellulin expression is modulated by physi-
ological stimuli or inhibitors of (3-cell mitogenesis and
insulin production.

Materials and Methods

Reagents and Chemicals

Human recombinant f-cellulin was the kind gift of
Dr. Yuen W. Shing and Prof. Judah Folkman, Harvard
Medical School, Boston, MA, and synthetic rat TGF-a was
obtained from Sigma, St. Louis, MO. Collagenase type CLS
(EC 3.4.24.3) was purchased from Boehringer-Mannheim,
Mannheim, Germany. Culture medium RPMI-1640, FCS,
L-glutamine, benzylpenicillin, and streptomycin were from
Flow, Irvine, UK. Antiporcine insulin serum was raised in
guinea pigs in our laboratory (37). Crystalline rat insulin
was from Novo, Copenhagen, Denmark, and porcine
125]_insulin was made in our laboratory. All other chemi-
cals of analytical grade were obtained from E. Merck,
Darmstadt, Germany.

Fetal Islet Preparation and Culture

Pregnant Wistar rats purchased from B & K Universal
(Sollentuna, Sweden) were killed by cervical dislocation
ond 21 of gestation and the fetuses rapidly removed. Fetal
rat islets were prepared from pancreatic glands as previ-
ously described (27,32-35). Briefly, the pancreata were
finely chopped and digested for a short time with collage-
nase. The carefully washed digest was plated in culture
dishes allowing cell attachment (Nunc, Roskilde, Denmark)
and cultured for 5 d at 37°C in a humidified atmosphere
of 5% CO, in ambient air in RPMI-1640 medium contain-
ing 11.1 mM of glucose, 10% FCS, 2 mM L-glutamine,
100 U/mL of benzylpenicillin, and 0.1 mg/mL of strepto-
mycin. At the end of the culture period, groups of islets
were transferred to fresh media containing 1% FCS and
cultured free-floating overnight, a procedure that mini-
mizes fibroblast proliferation. Spherical islets, free of con-
nective tissue, were then selected under a stereomicroscope
and used for the different analyses described next.

[Ca’] Measurements

Islets were cultured as just described. Monolayers of
cells were prepared as described (36) by shaking in a
Ca’*-free medium containing EGTA and cultured
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overnight on plastic cover slips. They were then loaded for
30 min with 1 uwM fura-2 AM in culture media at 37°C.
After rinsing, the cover slips were placed as the bottom of
an open perifusion chamber (150 ulL-vol) connected to a
two-channel peristaltic pump, allowing constant superfusion
of cells. The chamber was mounted on a thermostatically
controlled stage of an inverted fluorescence microscope
(Zeiss Axiovert 35M, Berlin, Germany) controlled by a
microscope system processor (MSP 21, Zeiss). Fluores-
cence measurements were performed at 37°C, using exci-
tation and emission wavelengths of 340/380 and 510 nm,
respectively. Cells were superfused at a flow rate of
500 uL/min with a buffer (pH 7.4) containing 125 mM
NaCl, 5.9 mM KClI, 1.3 mM CaCl,, 1.2 mM MgCl,, 3 mM
D-glucose, 25 mM HEPES, and 1 mg/mL of bovine serum
albumin (BSA). Additions of peptides and other substances
were made in the same buffer. Clusters of two to four $-cells
were localized with the microscope and selected for Ca?*
measurements. Occasional fibroblast-like elements were
identified, but were avoided. All traces shown are typical
for experiments repeated with at least three different cell
preparations, and [Ca>*]; is expressed as the ratio of the
fluorescence measured at 340 and 380 nm.

Insulin Secretion and Islet Insulin Content

For short-term insulin release experiments, duplicate
batches of 10 islets were selected and preincubated at
37°C for 45 min in a bicarbonate buffer (37), supple-
mented with 2 mg/mL of BSA, 3 mM glucose, and 10 mM
HEPES (pH 7.4). The preincubation media were dis-
carded and incubations continued for another 60 min in
fresh buffer now containing the desired test substances.
Media were frozen for subsequent analysis of their insu-
lin concentration (37).

Forlong-terminsulin secretion studies, groups of 10 islets
each were cultured for 24 hr in 48-well plates containing
500 uL of RPMI-1640 medium with 1% FCS, 3 or 20 mM
glucose, and B-cellulin or TGF-a. (10 nM each). Aliquots of
culture media were frozen for subsequent insulin analysis
by RIA (317). The islet insulin content (extracted from soni-
cates overnightat4°C in 70% ethanol plus 0.18 M HCI) was
measured radioimmunologically (3/).

Statistical Analysis

Results presented are derived from five independent
experiments performed on different days. Means + SEM
were calculated and groups of datacompared using ANOVA.
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