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ABSTRACT The development of the pancreas depends on
epithelial-mesenchymal interactions. Fibroblast growth fac-
tors (FGFs) and their receptors (FGFRs 1–4) have been
identified as mediators of epithelial-mesenchymal interac-
tions in different organs. We show here that FGFR-2 IIIb and
its ligands FGF-1, FGF-7, and FGF-10 are expressed through-
out pancreatic development. We also show that in mesen-
chyme-free cultures of embryonic pancreatic epithelium
FGF-1, FGF-7, and FGF-10 stimulate the growth, morpho-
genesis, and cytodifferentiation of the exocrine cells of the
pancreas. The role of FGFs signaling through FGFR-2 IIIb
was further investigated by inhibiting FGFR-2 IIIb signaling
in organocultures of pancreatic explants (epithelium 1 mes-
enchyme) by using either antisense FGFR-2 IIIb oligonucle-
otides or a soluble recombinant FGFR-2 IIIb protein. Abro-
gation of FGFR-2 IIIb signaling resulted in a considerable
reduction in the size of the explants and in a 2-fold reduction
of the development of the exocrine cells. These results dem-
onstrate that FGFs signaling through FGFR-2 IIIb play an
important role in the development of the exocrine pancreas.

The development of the pancreas as well as that of many other
organs depends on epithelial-mesenchymal interactions (1, 2).
Although the differentiation of the endocrine tissue of the
pancreas can occur in the absence of mesenchyme (3, 4), the
growth, morphogenesis, and cytodifferentiation of the exo-
crine tissue entirely depends on mesenchymal signals (3–5).
Despite many attempts to characterize such signals (6), the
nature of the mesenchymal factors that govern the develop-
ment of the exocrine tissue of the pancreas remain largely
unknown.

The fibroblast growth factor (FGF) family consists of several
structurally related proteins (to date 18 members are known)
(7) that display a variety of biological effects, including regu-
lation of cell proliferation, migration, and differentiation (8).
There are four FGF receptor (FGFR) genes, designated
FGFR-1–FGFR-4, which encode a cytoplasmic tyrosine-
kinase domain, and an extracellular region composed of two or
three Ig-like domains (designated as loops I, II and III). Ligand
specificity is determined by the C-terminal portion of loop III.
In the case of FGFRs 1–3, alternative exon usage exists at the
level of loop III, giving rise to FGFR IIIb (here abbreviated
FGFR2b) and FGFRIIIc isoforms (9).

Recently, the implication of FGFs in organogenesis has been
demonstrated in transgenic mice expressing a soluble domi-
nant negative form of FGFR2b (dnFGFR2b), which is thought
to interfere with multiple FGFs, including FGF-1, FGF-3,
FGF-7, and FGF-10 (10). Those mice presented agenesis of
many organs, including lung, thyroid, and salivary glands,

whereas other organs like the thymus, stomach, and pancreas
presented a considerable reduction of size andyor malforma-
tions. To the best of our knowledge besides the very summa-
rized description of the pancreas of mice expressing the
dnFGFR2b (10), the role of FGFs in the development of the
pancreas had not been analyzed.

In the present study, we have investigated the possible
implication of FGFs signaling through FGFR2b in mediating
epithelial-mesenchymal interactions in the developing pan-
creas. For this purpose, we have analyzed the expression of
FGFR2b ligands during pancreatic development and used a
mesenchyme-free pancreatic epithelial culture system to in-
vestigate the effect of FGFs on the growth morphogenesis and
cytodifferentiation of the embryonic rat pancreas. We have
further extended our analysis by following the in vitro devel-
opment of the pancreas after inhibition of FGFR2b signaling.

We show that three ligands of FGFR2b (FGF-1, FGF-7, and
FGF-10) are expressed during pancreatic development and
stimulate the growth, morphogenesis, and cytodifferentiation
of the exocrine pancreas. Furthermore abrogation of FGFR2b
signaling in pancreatic organocultures results in a considerable
reduction of the development of the exocrine pancreas.

MATERIALS AND METHODS

Organ Culture. Pancreatic epithelium was prepared from
embryonic day (E) 11.5 rat embryos as described and grown
into three-dimensional collagen gels (4, 11). In some experi-
ments, the pancreatic rudiments were covered with 200 ml of
Matrigel (Becton Dickinson). The culture medium consisted
of RPMI medium 1640 without serum and supplemented or
not with 50 ngyml of either recombinant human FGF-1
(Boehringer Mannheim), recombinant human FGF-7 (Becton
Dickinson), or recombinant human FGF-10. FGF-10 was
produced as described (12) and purified by affinity chroma-
tography using Ni-NTA agarose (Qiagen, Hilden, Germany).
Heparin (Sigma) at a concentration of 50 mgyml was added to
the rudiments cultured in the presence of FGF-1 or FGF-10.

Cultures were maintained at 37°C in a humidified atmo-
sphere of 95% air and 5% CO2. Medium and growth factors
were replaced every 48 hr. At the indicated times, the pan-
creatic epithelia were photographed and fixed for immuno-
histology as described below.

Immunohistology and Quantitative Analysis. The pancre-
atic epithelia were fixed and analyzed as described (4, 11). The
antisera used in this study were used at the following dilutions:
guinea pig anti-porcine insulin (Dako) 1:500; mouse mono-
clonal anti-porcine glucagon (Sigma) 1:2,000; rabbit anti-
human amylase (Sigma) 1:2,000; mouse monoclonal anti-
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human insulin (Sigma) 1:2,000, and mouse monoclonal anti-
human mitotic proteins 1:200 (clone mpm-2, Dako).

The fluorescent secondary antibodies were: f luorescein
anti-guinea pig antibodies (Dako) 1:500, and the following
secondary antibodies from Jackson ImmunoResearch: f luo-
rescein anti-rabbit antibodies 1:200; f luorescein anti-mouse
antibodies 1:200; Texas-red anti-rabbit antibodies 1:500; and
Texas-red anti-mouse antibodies 1:200.

DNA Content and Amylase Activity. Pancreatic rudiments
were harvested and stored frozen. Their DNA content was
measured by using the Hoechst dye procedure (13). Their
amylase activity was determined from pancreatic rudiment
extracts by using a Diagnostics Amylase test from Sigma.
Statistical differences were determined by using a Student’s t
test for independent samples.

Reverse Transcriptase–PCR Analyses. Total RNA was ex-
tracted from pancreatic rudiments and reverse-transcribed as
described (14). The oligonucleotides used for amplification
were: FGF-1 (forward) 59-GGTGCTCCCTATTTTTGGTT-
GAC-39; FGF-1 (reverse) 59-TACACATGGCTCCCCTCTT-
TGTA-39; FGF-7 (forward) 59-ATCCTGCCAACTCTGCT-
CTACAGA-39; FGF-7 (reverse) 59-CTTCCCTTTGACAGG-
AATCCCCTT-39; FGF-10 (forward) 59-TGTTGCTCTTCT-
TGGTGTCTTCC-39; FGF-10 (reverse) 59-GACCTTGCCG-
TTCTTTTCAATCT-39; cyclophilin (forward) 59-ATGGTC-
AACCCCACCGTGTT-39; and cyclophilin (reverse) 59-
CGTGTGAAGTCACCACCCT-39.

Typically 30 cycles of amplification were performed. Am-
plification parameters included a 1-min denaturation step at
94°C, a 1-min annealing step at 57°C, and a 30-sec extension
step at 72°C. The products of amplification were separated on
a 2% agarose gel and photographed.

Northern Blot. Northern blot analysis was performed as
described (14). The probes used in this study were a 290-bp
fragment corresponding to the FGFR2b cDNA and a 280-bp
fragment from mouse glyceraldehyde-3-phosphate dehydro-
genase cDNA. Membranes were washed three times for 15 min
at 65°C in 0.5 3 SSC containing 0.1% SDS. Autoradiography
was performed at 270°C with Fujii RX film.

Abrogation of FGFR2b Signaling Pathway. Two different
approaches were used. (i) The use of antisense oligonucleo-
tides specific to rat FGFR2b sequence involved: (a) antisense
FGFR ON-I, 59-AGGCAGACTGGTTGGCCTG-3; such an
oligonucleotide has been described as being able to block
FGFR expression in the developing rat lung (15, 16), and sense
FGFR ON-I: 59-CAGGCCAACCAGTCTGCCT-39; (b) anti-
sense FGFR ON-II, 59-GCGCATTGGCATGCAGT-
GCCC-39 consisting of base pairs 2826–2844; sense FGFR
ON-II, 59-GGGCACTGCACTCCAATGCGC-3. The phos-
phorotioate oligodeoxynucleotides, purified by HPLC, were
prepared by Genset (Paris).

(ii) Competition using the extracellular domain of mouse
FGFR2b was used. The cDNA encoding the extracellular
domain of FGFR2b containing a DNA fragment encoding an
E-tag (GAPVPYPDPLEPR) and a hexameric His tag at the 39
end was constructed into the baculovirus expression vector,
BacPAK6 (CLONTECH). Insect cells, High Five cells, were
transfected with the recombinant baculovirus. Recombinant
soluble FGFR2b was purified from the culture medium by
affinity chromatography with Ni-NTA agarose (Qiagen) and
used in pancreatic organocultures at a final concentration of 5
mgyml.

RESULTS

Expression of FGF-1, FGF-7, FGF-10, and Their Receptor
FGFR2b in the Developing Rat Pancreas. The expression of
FGF-1, FGF-7, and FGF-10 mRNAs was studied by reverse
transcriptase–PCR in the E12 rat pancreas. As shown in Fig.
1A, although the expression of FGF-1 and FGF-10 could be

detected as early as E12 and remained relatively constant
throughout pancreatic development, the expression of FGF-7
could not be detected until E18.

The temporal expression of mRNAs coding for FGFR2b,
which acts as a receptor for FGF-1, FGF-7, and FGF-10 was
analyzed next. As illustrated (Fig. 1B), the expression of
FGFR2b mRNAs was already detectable in the rat pancreas at
E12 and remained stable during fetal life.

Cultures of Pancreatic Epithelium from E11.5 Rats. We
next studied the effects of FGFs on the in vitro development
of the rat pancreatic epithelium. Those experiments were
performed on E11.5 pancreatic epithelia. At that stage, the
pancreatic epithelium appears as a unlobulated small bulge,
allowing a total depletion of mesenchymal cells. Our immu-
nohistochemical analysis indicates that at that stage the pan-
creatic rudiment is mainly composed of glucagon-expressing
cells and a few insulin-expressing cells (Fig. 2). The large
majority of the insulin-expressing cells coexpressed glucagon

FIG. 1. Expression of FGF-1, FGF-7, and FGF-10 and their
receptor FGFR2b during pancreas development. (A) Reverse tran-
scriptase–PCR was carried out on pancreatic cDNAs from the indi-
cated stages of development by using appropriate primers for each
FGF. Thirty-five cycles of amplification were used for the amplifica-
tion of FGFs transcripts. Cyclophilin amplification (30 cycles) was used
to control the quality of the cDNAs. (B) Expression of FGFR2b
mRNA in the developing rat pancreas. FGFR2b expression was
analyzed by Northern blot. Total RNA from pancreases at different
stages of development were hybridized successively with FGFR2b and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probes.
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(Fig. 2 A). No amylase-expressing cells could be detected at this
stage (Fig. 2B). The pancreatic epithelia next were cultured for
7 days in the absence of serum to avoid proliferation of the few
mesenchymal cells that would remain attached to the epithe-
lium. Under those conditions, after 7 days in culture, the
number of both glucagon- and insulin-expressing cells did

increase, reaching 338 6 65 and 250 6 50 cells per rudiment,
respectively. Few amylase-expressing cells (25 6 6 cells per
rudiment) also developed after 7 days in culture.

Effects of FGF-1, FGF-7, and FGF-10 on the Embryonic
Pancreatic Epithelium. The mitogenic effects of FGF-1,
FGF-7, and FGF-10 were studied next. For that purpose, E11.5
mesenchyme-free pancreatic epithelia were cultured in colla-
gen gels in the absence of serum and with, or without, added
recombinant FGFs. As indicated in Fig. 3A, after 7 days of
culture, the DNA contents of the rudiments treated with all
three FGFs were considerably higher than those of the control
rudiments. Moreover, FGF treatment induced morphological
changes. Indeed, in Matrigel, known to be permissive in
different models for morphogenesis, morphogenesis did not
occur in the absence of FGFs (Fig. 3B), but FGF-1 induced the
formation of a cystic structure displaying some big buds on the
surface of the rudiment (Fig. 3C), and in the presence of
FGF-7 (Fig. 3D) or FGF-10 (data not shown) long buds giving
a branching appearance develop. Such a branching was con-
firmed by histological analysis (data not shown).

The effects of FGF-1, FGF-7, and FGF-10 on cytodiffer-
entiation were studied next. After a 7-day culture period, cells
staining positively for the endocrine hormones insulin and
glucagon were detectable both in controls (Fig. 4A) and
FGF-treated rudiments (Fig. 4 C, E, and G). No significant
quantitative difference in the numbers of insulin- and gluca-
gon-expressing cells was found between the rudiments treated
or not with the different FGFs (Fig. 5 A and B). On the

FIG. 2. Immunohistological and quantitative analysis of E11.5 rat
pancreatic rudiments. (A) Immunostaining with anti-glucagon (red
fluorescence) and anti-insulin (green fluorescence) antibodies. (B)
The lack of positive staining for amylase staining indicates the absence
of development of acinar cells. (C) Quantification of the number of
insulin-, glucagon-, and amylase-expressing cells in the E11.5 rat
pancreas. Each data point represents the mean 6 SEM of 15 pancre-
atic rudiments.

FIG. 3. Mitogenic and morphogenic effects of FGF-1, FGF-7, and
FGF-10. (A) DNA content of E11.5 mesenchyme-free pancreatic
epithelia cultured during 7 days in the absence or presence of FGF-1,
FGF-7, or FGF-10 (50 ngyml). Each data point represents the mean 6
SEM of 10 pancreatic rudiments. (B-D) Effects of FGF-1 and FGF-7
on pancreatic morphogenesis in Matrigel (B) absence of exogenous
FGF, (C) FGF-1, 50 ngyml, and (D) FGF-7, 50 ngyml.

FIG. 4. Immunohistological analysis of pancreatic epithelium
grown in vitro in the presence of FGFs. E11.5 mesenchyme-free
pancreatic epithelia were grown in collagen gels for 7 days in the
absence (A and B) or presence of 50 ngyml of either FGF-1 (C and D),
FGF-7 (E and F), or FGF-10 (G and H). The development of the
endocrine tissue (A, C, E, and G) was evaluated after anti-glucagon
(red fluorescence) and anti-insulin (green fluorescence) staining. The
development of the exocrine tissue (B, D, F, and H) was evaluated after
anti-amylase (green fluorescence) staining. The effect of FGF-1 and
FGF-7 on acinar cell proliferation (B, D, and F) was analyzed by
staining with the antimitotic proteins, mpm2 antibody (red fluores-
cence). Magnifications: A and B, 3600; C-H, 3400.
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contrary, FGFs induce an increase in the number of cells
staining positive for amylase, an exocrine-specific product (Fig.
4, compare B to D, F, and H). Indeed, although 25 6 6
amylase-expressing cellsyrudiment develop in the absence of
FGF treatment, FGF-1, FGF-7, and FGF-10 induce the de-
velopment of 600 6 40, 900 6 150 and 570 6 25 amylase-
expressing cells per rudiment, respectively (Fig. 5C). Such an
increase in the number of amylase-expressing cells could be
explained, at least in part, by their proliferation. Indeed, our
immunohistological analysis revealed that in FGF-treated
cultures, some amylase-expressing cells stained positive for
MPM-2 (Fig. 4 D and F), a marker of cells in M phase (17).
Finally, this increase in the number of amylase-expressing cells
upon FGF treatment was paralleled by an increase in amylase
activity (Fig. 5D).

Effect of the Abrogation of FGFR2b Signaling Pathway in
Cultured Embryonic Pancreatic Rudiments. We next designed
in vitro experiments to inhibit the effects of endogenously
produced FGFs. Those experiments were performed on E11.5
embryonic pancreatic rudiments (mesenchyme 1 epithelium).
For this purpose, different approaches were used.

We first used an antisense oligonucleotide specific to
FGFR2b. Treatment of pancreatic rudiments with such an
oligonucleotide, which had been used previously with success
to inhibit FGFR2b expression in the lung (15, 16), induced a
2-fold decrease in both DNA content and amylase activity (Fig.
6A). Moreover the immunohistological study showed that
although the number of insulin and glucagon cells was not
significantly modified, the number of amylase cells was clearly
reduced (data not shown). Identical results were obtained with
antisense FGFR ON-II. No significant effect was seen when

the rudiments were treated with sense oligonucleotides (Fig.
6A).

Recombinant protein corresponding to the extracellular
ligand-binding domain of human FGFR2b next were used to
block the effects of signals transduced via FGFR2b. This
recombinant protein is able to bind FGF-1, FGF-7, and
FGF-10 (unpublished observation). As shown in Fig. 6B, when
E11.5 rat pancreatic rudiments (epithelim 1 mesenchyme)
were cultured for 7 days in the presence of this FGFR2b
fragment (5 mgyml), a significant reduction in both DNA
content and amylase activity was noticed.

DISCUSSION

The present study provides experimental evidence indicating
that signals transduced via FGFR2b are important for the
growth, morphogenesis, and cytodifferentiation of the exo-
crine component of the pancreas.

We show that in the rat pancreas FGFR2b is expressed as
early as E12, its expression remaining fairly constant through-
out pancreatic development. This finding is consistent with
previous reports showing that this splice variant of FGFR2 is
expressed in the pancreatic epithelium during embryonic life
(18, 19). Our results also show that mRNAs encoding three
known ligands of FGFR2b, FGF-1, FGF-7, and FGF-10 are
expressed in the developing pancreas. It previously had been
shown that FGF-7 was expressed late during pancreatic de-
velopment (20). Our present data confirm this point. To our
knowledge, the expression of FGF-1 and FGF-10 in the
embryonic pancreas had not been studied. We demonstrate

FIG. 5. Quantitative analysis of the development of E11.5 mesen-
chyme-free pancreatic epithelia grown in vitro for 7 days in the absence
or presence of FGFs. The absolute number of insulin- (A), glucagon-
(B), and amylase-expressing cells (C) was quantified. (D) Quantifi-
cation of amylase activity in pancreatic epithelia after 7 days in culture
in the absence or presence of FGFs. Each data point represents the
mean 6 SEM of at least 12 pancreatic rudiments.

FIG. 6. Effects of the abrogation of FGFR2b signaling pathway on
the development in vitro of E11.5 pancreatic rudiments (epithelium 1
mesenchyme). (A) E11.5 pancreatic rudiments were cultured in se-
rum-free medium in the presence of antisense and sense FGFR2b
oligonucleotides or in the absence of oligonucleotides. After 7 days in
culture, the DNA content and amylase activity per rudiment were
analyzed. As shown, treatment with antisense FGR2b oligonucleotides
provokes a 2-fold decrease in both DNA (p, P , 0.01)and amylase
activity (pp, P , 0.01). At least five rudiments were used for each
experiment. The concentration of oligonucleotides was 30 mM. (B)
Similar results were obtained when pancreatic rudiments were cul-
tured in the presence of recombinant soluble FGFR2b.
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here that those two ligands of FGFR2b are expressed as early
as E12 in the developing pancreas. Both FGF-1 and FGF-10
thus could interact with FGFR2b during early pancreatic
development.

To establish a functional role for FGFR2b ligands during
pancreatic development, their effects were tested on cultures
of E11.5 mesenchyme-free pancreatic epithelium. Our results
clearly show that FGF-1, FGF-7, and FGF-10 induce the
proliferation of the cells of the embryonic pancreatic epithe-
lium. These results were not entirely unexpected because in the
lung, for example, those ligands have been shown to stimulate
epithelial cell proliferation (12, 21, 22). Moreover, transgenic
mice overexpressing FGF-7 under the control of the apoli-
poprotein promoter display hyperplasia in numerous organs
including kidney, liver, and pancreas (23).

Our results also demonstrate that FGFs are implicated in the
morphogenesis of the exocrine tissue. Indeed, although the
pancreatic epithelium remains round in the absence of FGFs,
it displayed numerous outgrowths upon treatment with FGFs.
Such morphogenic effects of FGFs were found when the
epithelium was grown in Matrigel, but not in collagen, the
former matrix being known as permissive in different models
for budding (12, 21). An interesting difference was found in the
type of outgrowths induced by FGF-7 and FGF-10 on one side
and FGF-1 on the other side. Although both FGF-7 and
FGF-10 cause bud-like branching, FGF-1 induces dilated cyst
structures with poor budding. Those different effects could be
explained by the fact that at the concentrations used in the
present study, although FGF-7 and FGF-10 do not interact
with other FGFR family members than FGFR2b (24), FGF-1
can interact with FGFR2b as well as FGFR1 and FGFR4 (25),
those receptors being expressed in the developing pancreas
(26, 27).

In addition to their effects on the proliferation and mor-
phogenesis of the embryonic pancreatic epithelium, FGF-1,
FGF-7, and FGF-10 strongly modified the cytodifferentiation
program of the pancreatic epithelium. Indeed, although they
do not modify the final number of endocrine cells differenti-
ated from the mesenchyme-free pancreatic rudiments, they
induce the development of the exocrine tissue. The fact that
the three FGFs do not increase the development of the
endocrine tissue is in apparent contradiction with data dem-
onstrating that overexpression of FGF-7 under the control of
the apolipoprotein promoter in transgenic mice provokes,
among other effects, an increase in the insulin expression by
pancreatic ductal epithelial cells, suggesting that FGF-7 may
induce endocrine cell differentiation (23). However it must be
remembered that (i) in the present work the effects of FGFs
were studied during embryonic life, whereas in the work of
Nguyen et al. (23) the adult pancreas was studied; and (ii) in
the present study, the pancreatic rudiments developed in the
absence of mesenchyme. Because the mesenchyme is the site
of synthesis of numerous cytokines that can influence pancre-
atic development, it cannot be excluded that the effect of
FGF-7 on endocrine differentiation seen in vivo (23) but not
in vitro (the present study) could be indirect or could result
from the interactions between FGF-7 and other factors pro-
duced by the mesenchyme.

We show here that FGF-1, FGF-7, or FGF-10 induce the
development of embryonic pancreatic epithelial cells into
acinar exocrine cells expressing amylase. It is well known that
the proper development of the exocrine component of the
pancreas depends on mesenchymal factors (3–5). Such factors
previously were unknown. In light of our results, it can be
postulated that FGFs, in particular FGF-1, FGF-7, and FGF-
10, represent such factors. Although in our model, FGF-7 was
very potent in promoting exocrine cytodifferentiation, it is
unlikely that in vivo this factor acts as the principal inducer of
exocrine development. Indeed, FGF-7 is not expressed in the
pancreas before E18 (ref. 20 and the present study), whereas

amylase-expressing cells are detected at E16. Thus, FGF-1 and
FGF-10 could promote the formation of the exocrine tissue
during early development, whereas all three FGFs tested,
which are expressed at E18, could be implicated in later events.
This redundancy in ligands of FGFR2b could explain the fact
that no obvious pancreatic phenotype was found in FGF-7- or
FGF-10-deficient mice (28–30).

In other tissues, such as the lung, a role for FGF-1 and
FGF-7 in cytodifferentiation had been demonstrated (22). In
the pancreas, the spectacular development of the exocrine
tissue in the rudiments cultured in the presence of FGFs is
probably the combination of the effects of FGFs both on the
differentiation of precursor cells into acinar cells and on the
proliferation of such differentiated cells, a large number of
amylase-expressing cells being found to express the mitotic
antigen mpm-2 upon FGF treatment.

In the present study, an almost 2-fold decrease of the
amylase activity and DNA content was observed when
FGFR2b activity was inhibited. Such data are in good agree-
ment with the ones recently found in transgenic mice express-
ing a soluble dominant-negative FGFR under the control of
the metallothionein promoter, allowing the expression of the
transgene relatively early during mice development (10). Such
transgenic mice displayed developmental abnormalities in
multiple organs. Their pancreas showed a greatly reduced
number of morphologically aberrant acinar cells. Thus, both in
the present study as well as in the transgenic mice expressing
a soluble dominant negative FGFR, the growth of the pancreas
and the cytodifferentiation of the acinar cells were affected but
not completely abrogated. There are different possibilities to
explain the fact that inhibition of FGFR2b signaling does not
totally abrogate exocrine development. One obvious explana-
tion is a technical one: signal transduction mediated by
FGFR2b would not be totally abolished in our experiments.
Another explanation is that additional soluble factors pro-
duced by the mesenchyme also could be implicated in the
development of the exocrine pancreas. Indeed, in the present
study, although FGF-1, FGF-7, and FGF-10 strongly enhance
the development of the pancreatic epithelium depleted of its
surrounding mesenchyme into exocrine tissue in term of
induction of amylase activity, such effects of FGFs remain
below the ones obtained when the differentiation occurs in the
presence of mesenchyme (compare absolute values in Figs. 5D
and 6). Such factors produced by the mesenchyme could be
other members of the FGF family, acting via other FGFR
family members. We have observed that FGF-2, which has a
very low affinity for FGFR2b (25) and whose biological effects
are essentially transduced via FGFR1, FGFR2c, and FGFR4,
is able to stimulate both the proliferation (a 7-fold increase on
DNA contentyrudiment upon treatment with FGF-2) and the
development of the exocrine tissue, the number of amylase-
expressing cells in FGF-2 treated pancreatic rudiments being
15-fold higher than in control rudiments (data not shown).
Other factors implicated in epithelial-mesenchymal signaling
like hepatocyte growth factor, platelet-derived growth factor,
or epidermal growth factor also could be involved in the
development of the exocrine pancreas, their receptors being
expressed in the pancreas in development (27).

Taken together, we have demonstrated in the present study
that FGFR2b and its ligands FGF-1, FGF-7, and FGF-10 must
be considered as crucial mediators of the epithelial-
mesenchymal interactions, which promote the development of
the exocrine component of the pancreas.
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