
EGF-induced proliferation of adult human
pancreatic duct cells is mediated by the
MEK/ERK cascade
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Human postnatal pancreatic duct cells are a potential source of new beta cells. Factors regulating proliferation
of human pancreatic duct cells in vitro are unknown. In several other cell types, this process is influenced by
ligands of the ErbB receptor family. The expression and functionality of the ErbB family members and their
possible role in duct cell proliferation were determined. In cultured adult human pancreatic duct cells the
different members of the ErbB family (ErbB1-4) were present at transcript and protein level. Stimulation of the
duct cells with epidermal growth factor (EGF) and betacellulin results in Tyr-phosphorylation of ErbB1 and
ErbB2, followed by activation of Shc, MEK1/2 and ERK1/2. Duct cells with activated ErbB signaling changed
morphology and motility. EGF induced proliferation of a fraction of the duct cells and treatment with PD98059
prevented Ki67 expression in EGF-supplemented cells. When transduced with recombinant adenovirus
expressing constitutively activated MEK1, duct cells proliferate and spread even in the absence of EGF.
Importantly, the adult human duct cells retain their capacity to recapitulate ngn3-induced embryonic
(neuro)endocrine differentiation after proliferation. Therefore, the present data support a possible role for
human adult pancreatic duct cells, following expansion and transdifferentiation, as a source of insulin by
transplantation to type I diabetes patients.
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Islet transplantation is currently the most promising
treatment of type I diabetes1 but there is a critical
limitation in the availability of insulin-producing
tissue. Therefore, generation of new beta cells in
vitro is a high priority issue in diabetes research.
New beta cells may be generated from adult
pancreatic duct cells.2–4 Human postnatal duct cells
were reprogrammed to insulin-producing cells after
adenovirus-mediated delivery of the neurogenin3
gene.5 Thus, duct cells could potentially be a source
of insulin-producing cells. In addition, the duct
cells represent more than 30% of the human
pancreas, compared to only 1–2% endocrine cells.
If proliferation of this large cell number could be

controlled prior to induction of transdifferentiation
to beta cells, an increased number of transplanta-
tions would be made possible. Therefore, under-
standing the mechanisms that regulate proliferation
of human duct cells is of importance. Hepatocyte
growth factor (HGF)6 and fibroblast growth factor 7
(FGF7)2 stimulate proliferation of adult human
pancreatic duct cells and epidermal growth factor
(EGF) appears active in pancreas7 but the mechan-
isms of action remain unclear. Analysis of the
mechanism of receptor tyrosine kinase activation
in human pancreatic duct cells may identify soluble
factors that control proliferation. The present work
focuses on the expression and the activity of the
epidermal growth factor receptor (ErbB) family in
human pancreatic adult duct cells and compares
their effects with those reported for FGF7.2 Signal-
ing of EGF and betacellulin (BTC) was examined
with an emphasis on the family of MAP kinases,
serine threonine-kinases that drive mitogenesis in
many cell types.8,9 This study provides evidence for
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a critical role of the MEK/ERK pathway in the direct
effect of EGF and BTC on controlling proliferation of
adult human duct cells in vitro.

Materials and methods

Adult Human Duct Cell Isolation and Culture

Adult human pancreases from heart-beating cadaver
donors were procured by European hospitals af-
filiated with the Eurotransplant Foundation (Lei-
den, Netherlands) and with Beta Cell Transplant, a
multicenter program involving beta cell transplanta-
tion in type I diabetic patients. The range of adult
donor ages was 11–64 years (mean7s.e.m.: 44711).
The duct cells in this study were retrieved from the
pellet following ficoll gradient density. Immediately
after isolation, the exocrine cell preparation was
composed of 55–65% acinar cells, 30–40% CK19-
positive duct cells and less than 5% endocrine cells.
The exocrine cells were cultured in suspension
(Ham’s F10, 1% BSA, 7.5mmol/l glucose, 50 mg/ml
streptomycin, 50U/ml penicillin and 2mmol/l L-
glutamine) at 371C in a humidified atmosphere of
5% CO2. During 5 days of culture, the number of
acinar cells decreased considerably, as described by
Heimberg et al.10 The clustered cells were then
allowed to adhere on human fibronectin-coated
dishes (2 mg/cm2) in DMEM/F12, 50 mg/ml strepto-
mycin, 50U/ml penicillin. After 24 h, the medium
was supplemented with cholera toxin (0.1 mg/ml;
Sigma, St Louis, MO, USA) and ITS (insulin (10 mg/
ml), transferrin (0.55mg/ml) and sodium selenite
(6.7mg/ml), Gibco Life Technologies, Rockville,
MD, USA). Cell cultures were stimulated by addi-
tion of EGF (25ng/ml), FGF7 (25 ng/ml) or BTC
(1nM) (all from R&D Systems, Minneapolis, MN,
USA). The MEK inhibitor, PD98059 (Calbiochem,
San Diego, CA, USA), was dissolved in DMSO
(0.1%) and used at the concentration of 30 mM.
Control cells were in 0.1% DMSO. Every other day,
culture medium was changed.

RT-PCR

cDNAwas synthesized from 2 mg of RNA extracted at
the end of the suspension stage and samples were
diluted to the same final concentration. PCR was
performed for 27 cycles. The PCR primers were
designed to human sequences of EGFR, c-erbB2, c-
erbB3, c-erbB4. Primers specifically amplified EGFR
(215 bp, 1188–1403 in NM005228), 50cagctatgagat
ggaggaag (forward), 50ggaggagtatgtgtgaagga (reverse);
c-erbB2 (193 bp, 1039–1232 in NM004448); 50actgc
ctgtccctacaacta (forward), 50atattggcactggtaactgc (re-
verse); c-erbB3 (250 bp 482–732 in NM01982),
50tccttcaccactatctcagc (forward), 50cagaacaagacctcata
gcc (reverse); c-erbB4 (310 bp, 287–597 in NM
005235), 50gctacgtgttagtggctctt (forward), 50acgtccac
atcctgaactac (reverse). The other primers have been

previously described.5 Two primers (c-erbB2 for-
ward, c-erbB4 reverse) span exon–intron boundaries
and each primer set generates amplicons that span at
least one intron. Amplicons were of predicted size.
The primer sequences discriminate between the
different members of the EGFR family. The primers
that annealed to cDNA made of transcripts encoding
Pax4, Nkx2.2, chromogranin A, synaptophysin,
insulin, mouse ngn3 and beta actin were described
before.5 The DNA ladder used here is the 1Kbþ
(Invitrogen, Frederik, MD, USA). The reactions were
analyzed in 1.5% agarose gel containing SYBR Gold
(Molecular Probes, Eugene, OR, USA) and visua-
lized using a PhosphoImager (Molecular Dynamics,
Sunnyvale, CA, USA).

Immunoprecipitation and Immunoblot

Following 5 days of culture in suspension, duct
cells were incubated for 2h in BSA-free medium
and then exposed to EGF for 5, 10 or 30min, washed
twice in ice-cold PBS and snap-frozen in liquid
nitrogen. Cell pellets were homogenized in RIPA-
buffer (150mM NaCl, 1% Nonidet P-40 (NP-40),
0.5% deoxycholate, 0.1% SDS and 50mM Tris-HCl
pH 8.0), supplemented with phosphatase inhibitors
(100mM sodium fluoride, 10mM sodium pyropho-
sphate, 1mM sodium vanadate) and protease in-
hibitors (1mg/ml leupeptin, 1mg/ml antipain, 1mg/
ml benzamidine, 5mg/ml trypsin inhibitor, 1mg/ml
chymostatin, 1mg/ml pepstatin A and 0.5mM
phenylmethylsulfonylfluoride), and solubilized at
41C. Cells cultured as monolayers were harvested
in Reporter Lysis buffer (Promega, Madison, WI,
USA) with Phosphatase Inhibitor Cocktail Set II
(Calbiochem).

In all, 25–50 mg of total cellular protein, as
determined by the micro-BCA assay (Pierce, Rock-
ford, USA), was separated on SDS-polyacrylamide
gel and electroblotted. For immunoprecipitation,
250 mg of protein was solubilized in RIPA buffer
containing phosphatase and protease inhibitors and
incubated for 16 h at 41C in the presence of antibody.
Protein A or G sepharose beads were added for 1 h
at 41C and immunoprecipitates were analyzed on
immunoblots of SDS-polyacrylamide gels.

Protein blots were incubated with primary anti-
bodies for 16h at 41C. Peroxidase-coupled second-
ary antibody was incubated for 1 h. Peroxidase
activity was detected by chemiluminescence (ECL,
Amersham, Bucks, UK). Antibodies against acti-
vated EGF receptor, ErbB2, Shc and PY-20 were from
Transduction Laboratories (Lexington, KY, USA),
Thr202/Tyr204 Phospho-ERK1/2, pan ERK1/2 Ser
473 Phospho-AKT, pan AKT, Thr183/Tyr185 Phos-
pho-SAPK, pan SAPK, Thr180/Tyr182 Phospho-
p38, pan p38 were from Cell Signaling Technology
(Beverly, MA, USA) and anti-EGF receptor from
Santa Cruz Biotech. Molecular weight markers
(Invitrogen) were used as standards. Positive sam-
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ples for phospho-P38 and phospho-SAPK were
obtained from Cell Signaling Technology (Beverly,
MA, USA).

Immunohistochemistry and Cytochemistry

Following suspension, culture cell clusters were
fixed in 4% paraformaldehyde (PFA) for 1 h,
cryoprotected in 30% sucrose in 0.1mol/l PBS and
embedded in Tissue-Tek (Sakura Finetek Europe,
The Netherlands). Seven micrometer cryosections
were cut on a cryostat. The sections were rinsed in
PBS, blocked with 10% donkey serum (Jackson
Immuno Research, West Grove, PA, USA) and
incubated overnight in the presence of primary
antibodies, diluted in PBS, 0.25% BSA and 0.3%
Triton X-100. The sections were washed in PBS and
incubated with fluorescent secondary antibodies
(Jackson Immuno Research) together with 4-diami-
dino-2-phenylindole (DAPI) (Merck, Darmstadt,
Germany) for 1 h, and mounted in fluorescence
mounting media (Kierkegaard and Perry, Gaithers-
burg, MD, USA). Anti-cytokeratin 19 (CK19) (clone
RCK 108) was from DAKO (Glostrup, Denmark),
anti-EGFR from Zymed Laboratories (San Francisco,
CA, USA), anti-ErbB3 from Novocastra Laboratories
(Newcastle upon Tyne, UK) and anti-Ki67 from
Neomarkers (Fremont, CA, USA). TSA amplification
system (Perkin Elmer Science, Boston, MA, USA)
was used for detection of Ki67.

Adenoviral Infection

Cells were incubated in small volume for 4h in
the presence of adenoviruses expressing ngn35

or the constitutive active form of MEK11 at a
multiplicity of infection of 50. Adenoviruses
that expressed GFP were used as control. After
infection, cells were washed twice, seeded on
human fibronectin-coated dishes and cultured for
10 days before analysis of proliferation and trans-
differentiation.

Results

The Expression Profile of ErbB Family Members in
Adult Human Pancreatic Duct Cells

Various ligands of the ErbB receptor family (EGF,
HB-EGF and BTC) were transcribed in the pancreas
from adult donors (data not shown). Signal trans-
duction by these growth factors is mediated by
ErbB1 (EGFR), ErbB2, ErbB3 and ErbB4. The
expression profile of these receptors was investi-
gated in human pancreatic duct cells. Transcripts
encoding the 4 ErbB-receptors (Figure 1a) and ErbB1
and ErbB3 proteins (Figure 1b) were detected in
duct cells.

Effect of EGFR Ligands on Morphology and
Proliferation of Adult Human Pancreatic Duct Cells

Stimulation with EGF or BTC induced spreading
and monolayer formation of adult human duct cells
were cultured for 7 days on human fibronectin
(Figure 2a). These changes were not observed when
cells were treated with FGF7, which had been
previously used to expand human duct cells in
culture.2

The proliferative activity in stimulated duct cells
was investigated by immunostaining with an anti-
body that recognizes a nuclear antigen Ki-67,
expressed during late G1-, S-, M-, and G2-phase of
the cell cycle but not during the quiescent phase G0.
Ki-67 was expressed in not only 0.370.2% of
control- and 1.270.3% of FGF7-treated duct cells
but also in 6.071.7% and 6.670.8% of cells treated
with EGF or BTC, respectively (Figure 2b).

EGF Stimulates Tyrosine Phosphorylation of ErbB1
and Downstream Signaling Proteins

To investigate signal transduction by receptors of the
ErbB family in cultured human duct cells, EGF-
induced protein tyrosine phosphorylation was ana-
lyzed. Incubation of duct cells with EGF for 5, 10 or
30min induced tyrosine phosphorylation of two
proteins of approximately 50 and 200 kDa (Figure
3a). The 200 kDa molecular weight phosphoprotein
was recognized on immunoblot by an antibody
raised against activated ErbB1 (Figure 3b). The
specificity of the immunoreaction was confirmed
by incubation of protein extracts from EGF-stimu-
lated (5min) and control duct cells with an anti-
ErbB1 antibody, followed by immunoprecipitation,
immunoblotting and incubation with antibodies
that recognized either phosphotyrosine or both
activated and inactived ErbB1: activated ErbB1 was
immunoprecipitated in EGF-stimulated cells only
(Figure 3c). Similarly, ErbB2 was phosphorylated
upon EGF treatment (data not shown). The 50 kDa
molecular weight protein with EGF-induced tyro-
sine phosphorylation was immunoprecipitated by
an Shc-specific antibody (Figure 3d).

Phosphorylation of MEK1/2 was low in nonsti-
mulated and in FGF7-treated duct cells but strongly
increased following treatment with EGF and BTC for
2–60min (Figure 4a). ERK1/2 (p44/42 MAPK), JNK/
SAPK and p38 MAPK were all expressed in adult
human duct cells but only ERK1/2 became phos-
phorylated by EGF and BTC (Figure 4a and b). The
EGF and BTC activation of ERK1/2 signaling was
independent of the presence of insulin (data not
shown). Activation of AKT/Protein Kinase B, an
essential component of the phosphatidylinositol 3-
kinase signal transduction, was modified by insulin
but not by the ErbB ligands (data not shown). Nerve
growth factor-induced gene A was transcribed
following EGF stimulation (data not shown), con-
firming the capacity of the EGFR family to transduce
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extracellular signals to the nucleus of human duct
cells.

ERK Activation is Necessary and Sufficient for
EGF-Induced Duct Cell Proliferation and
Morphological Changes

To further evaluate the role of the MEK/ERK path-
way, duct cell proliferation was examined in the
presence of PD98059, a well-characterized inhibitor
of MEK.12 PD98059 fully inhibited EGF-induced
phosphorylation of ERK (Figure 5a) but did not

change phosphorylation of Ser 473-AKT, suggest-
ing specificity of the inhibitor for the MEK/ERK
pathway.

The percentage of EGF-stimulated Ki67-expres-
sing duct cells decreased from 8.670.7% in the
absence to 1.670.4% in the presence of PD98059
(Figure 5b). BTC-induced Ki67 immunostaining was
also inhibited by PD98059 (data not shown),
suggesting that both EGF and BTC signal through
the ERK pathway. In addition, EGF induced spread-
ing of the duct cells in culture, which was not
observed in the presence of the MEK inhibitor
(Figure 5c). The effect of EGF on duct cell morpho-

Figure 1 Expression of erb receptors in cultured adult human duct cells. (A) RT-PCR analysis of EGFR, ErbB2, ErbB3, ErbB4 expression
in adult duct cells. RNA from duct cells was incubated for reverse transcription in the presence (RTþ ) or in the absence (RT�) of reverse
transcriptase. Lane 1: 100bp DNA ladder. The experimental conditions were described under Materials and methods. (B) Sections of
human duct cell clusters cultured for 5 days in suspension and immunostained for EGFR (a) or ErbB3 (d). Staining of the duct cell marker
CK19 is shown in consecutive sections (b, e). DAPI stains all nuclei blue. On control adjacent sections (c, f) primary antibodies were
omitted. Bar, 25mm.
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logy was reversible as spreading of the cells
reappeared following the withdrawal of PD98059
(data not shown).

We then explored whether MEK activation was
not only needed but also sufficient to induce cell
spreading and proliferation by infection of adult
human duct cells with recombinant adenoviruses
expressing a constitutively active form of MEK1
(AdMEKca). When infected with control virus
AdGFP, duct cells spread only in the presence of
EGF. However, spreading following infection with
AdMEKca was independent of EGF (Figure 6a). In
addition, AdMEKca induced Ki67-positivity in
6.470.6% of the infected duct cells, in the absence
of EGF (Figure 6b) while the number of Ki67-
immunostained duct cells did not increase follow-
ing infection with AdGFP control virus.

As we have shown previously, adult human duct
cells transdifferentiate to a neuroendocrine pheno-
type by ectopic expression of neurogenin 3.5

Neurogenin 3 is a master-switch transcription factor
that controls embryonic development of the endo-
crine pancreas.13 Transduction of adult human
duct cells by recombinant adenoviruses expressing
neurogenin 3-induced transdifferentiation to an
identical neuroendocrine cell type as previously
described, whether or not the cells were first
amplified by EGF treatment. The genes encoding
the developmental transcription factors, Pax4 and
Nkx2.2, and the neuroendocrine marker genes,
synaptophysin and chromogranin A, none of which
are expressed in nontransduced adult pancreatic
duct cells, were activated similarly in expanded and
nonexpanded cells following ectopic neurogenin 3

Figure 2 EGF and BTC induce morphological changes and Ki67 expression in adult human pancreatic duct cells. (a) The capacity of
adult human duct cell clusters to spread on human fibronectin-coated dishes before (day 0) or after 7 days culture in media containing no
growth factors, EGF, FGF7 or BTC. Bar, 200mm. (b) Ki67 expression was examined in cells after 7 days of culture in medium without
growth factors or supplemented with EGF, FGF7 or BTC. Fixed cells were immunostained for Ki67 and CK19. Each value represents 500
cells from at least four different pancreata. Data are expressed as mean7s.e.m.
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expression (Figure 7). As described in the original
report, activation of the insulin gene by neurogenin
3 varies strongly in a donor-dependent manner. In
the present duct cell preparations, infection with
Ad-ngn3 induced insulin gene transcription, inde-
pendent of the expansion phase, albeit at low levels.

Discussion

Despite recent remarkable findings on beta cell
neogenesis in adult mice by proliferation of existing
beta cells14 and on the existence of pancreatic stem/
progenitor cells among adult mouse islet- and duct

Figure 4 EGF and BTC, but not FGF7, induce phosphorylation of
ERK1/2 but not of p38 MAPK or JNK/SAPK. MEK, ERK1/2, JNK/
SAPK and p38 MAPK expression and phosphorylation were
examined in adult human duct cells, before (T0) and at different
times after treatment without (�) or with EGF, FGF7 or BTC.
Lysates were analyzed by immunoblotting. Phosphorylation or
abundance of the signal transducers was detected by antibodies,
specific for active or both inactive and active signaling protein. (a)
Phosphorylation and expression of MEK and ERK1/2. Same
lysates were used for the determination of the expression level of
MEK and ERKs. (b) Phosphorylation and expression of p38 MAPK
and JNK/SAPK (þ : positive control).

Figure 3 EGF-induced protein phosphorylation on tyrosine
residues in adult human duct cells. (a, b) Duct cells were treated
for 0, 5, 10 and 30min with EGF. The cells were lysed and
proteins were separated on 8% SDS-PAGE, blotted and incubated
with either an antiphosphotyrosine antibody (a) or an antiacti-
vated EGFR (b). Duct cells were treated with EGF for 5min.
Proteins were immunoprecipitated with (c) an anti-EGFR anti-
body, and immunoblots were incubated with either an antipho-
sphotyrosine antibody or an anti-EGFR, or (d) an anti-Shc
antibody, and immunoblots were incubated with either an
antiphosphotyrosine or an anti-Shc antibody.
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cells,15 very little is known about the neoformation
of beta cells in the adult human pancreas. In view of
the capacity of these cells to differentiate into
insulin-expressing cells,2,5 the identification of
factors regulating the expansion of adult human
pancreatic duct cells has potential importance for
the treatment of diabetes.

Receptor tyrosine kinases EGFR, HGFR, FGFR or
IGF1R are involved in the proliferation of different
cell types.16 Both FGF7 and HGF appear to favor
growth stimulation of epithelial cells from human
pancreatic ducts2,6 and EGF signaling is important
for development of organs, like the pancreas,
requiring epithelial–mesenchymal interaction.17

The effect of EGF on proliferation and motility of
progenitor(-like) cells, other than pancreatic, has
been extensively described.18–21 Moreover, EGF
receptors have been detected in adult human and
in developing mouse pancreatic ducts22–24 and are
critical for proper pancreas development.25 The
present study analyzes the expression and function
of the ErbB family in cultured adult human
pancreatic duct cells. Examination of the ErbB
family of receptors showed that all forms of the
receptor were expressed in the duct cell prepara-
tions used in this study. EGF induced phosphoryla-

tion of duct cell EGFR and ErbB2, followed by
activation of Shc, MEK and ERK. The MEK/ERK
pathway was found necessary and sufficient to
induce mitogenesis in adult human duct cells. The
MEK/ERK pathway is also activated to influence
proliferation of pancreatic duct cells during pan-
creas regeneration in RIP-IFNgamma transgenic
mice by stromal cell-derived factor-1alpha26 and
following overexpression of amphiregulin27 in mice.

It is important to note that in contrast to other
reports on adult human duct cell proliferation,2,6,28

cells of the current study were cultured in defined,
serum-free medium and on recombinant fibronectin.
Our data suggest that cultured adult human pan-
creatic duct cells can proliferate under these serum-
free conditions. The fraction of duct cells proliferat-
ing after stimulation with EGF or transduction with
activated MEK1 was similar, suggesting that the
presence of the ligand is rate limiting in this
process. The rather modest percentage of proliferat-
ing duct cells observed under our culture conditions
may be an inherent characteristic of the human duct
cells as the age of the donor is critical for both
proliferation and differentiation. Indeed, when
grafted under the mouse kidney capsule, duct cell-
enriched fractions of the human pancreas generated

Figure 5 Effects of MEK inhibition by PD98059 on ERK phosphorylation, Ki67 expression and cell morphology. At 1h following
incubation in medium containing PD98059 or solvent (0.1% DMSO) only, cells were stimulated with EGF. (a) Cells were harvested 20,
120min or 24h after EGF addition. A measure 20mg of cell lysate was subjected to immunoblot analyses with various antibodies.
Antibodies were directed against phosphorylated or against both activated and inactive ERK1/2 and AKT. (b) Ki67 expression was
examined in cells after 5 days of culture with or without EGF, in the presence or absence of PD98059. Proliferating duct cells costained
for Ki67 and CK19. For each point, at least 500 cells from three different pancreata were counted. Data are expressed as mean7s.e.m. (c)
Clusters of human duct cells were analyzed for spreading after 5 days of culture in control medium, supplemented with EGF, or with EGF
and MEK inhibitor.
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beta cells only when isolated from donors less than
10 years of age.29 Furthermore, age-related differ-
ences in membrane receptor complexes involved in
signal transduction have been described.30,31 Duct
cells used in the present study were from donors
aged 44þ 11 years and thus likely to be less
sensitive to extracellular signals for proliferation
or/and differentiation.

FGF7 induced increased duct cell proliferation
following injection in adult rat32 or transgenic
expression in mice.33 Bonner-Weir et al2 observed
in vitro expansion of human duct tissue in the
presence of fetal bovine serum and FGF7. Using an
identical protocol, Gao et al34 reported that FGF7
has no effect on growth or differentiation of the
pancreatic cells. The current study shows only a
moderate effect of FGF7 on Ki67 expression in
human duct cells, despite transcription of the gene
encoding its receptor.35 The differential effect of
FGF7 may be caused by specific experimental
conditions. A processing effect by serum compo-
nents cannot be excluded. Furthermore, the 2–4
weeks of duct cell culture2 may allow synthesis of
additional growth and/or differentiation factors.

While MEK/ERK pathway activation has been
shown to be sufficient to drive mitogenesis in many
cell types8,9 the importance of MAP kinase signaling
for the proliferation of human duct cells has not
been analyzed before. We report that ERK1/2, JNK/

Figure 6 Expression of a constitutive form of MEK is sufficient for Ki67 expression and morphological modification of adult human duct
cells. (a) Clusters of human duct cells were analyzed for spreading 5 days after adenoviral infection. Bar, 200 mm. (b) Ki67 expression was
examined in cells cultured for 5 days following infection with adenovirus expressing GFP (Ad-GFP) or a constitutive active form of MEK
(Ad-MEKca), followed by culture in the presence or absence of EGF. For each point, at least 500 cells from three different pancreata were
counted. Data are expressed as mean7s.e.m.

Figure 7 Effect of adenovirus-mediated ectopic expression of
ngn3 on key developmental transcription factors and neuroendo-
crine marker expression in adult human duct cells after before
and following proliferation. Gene profiling uninfected (no Ad),
control-infected (Ad-GFP) and neurogenin 3-infected (Ad-ngn3)
adult human duct cells, treated or not with EGF. RNA was
extracted following 10 days of infection and analyzed by RT-PCR
as described by Heremans et al5 using primer sets that specifically
amplified Pax4, Nkx2.2, synaptophysin, chromogranin A, insulin,
virally introduced mouse ngn3 and beta-actin.
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SAPK and p38 MAPK are expressed by adult human
pancreatic duct cells. Although JNK/SAPK and p38
MAPK are not activated early following addition of
EGF, our data do not exclude that their delayed
activation may play a role in proliferation of human
duct cells. In contrast, our data provide evidence
that early activation of the MEK/ERK1/2 pathway is
necessary and sufficient to drive spreading and
proliferation of adult human pancreatic duct cells.
This conclusion is based on the following: (i) EGF-
and BTC-induced Ki67 expression correlates with a
rapid phosphorylation of MEK and ERK; (ii) an MEK
inhibitor dramatically decreased the number of
Ki67-positive duct cells and (iii) the expression of
activated MEK1 is sufficient for inducing expression
of Ki67. Importantly, the duct cells remain capable
of recapitulating embryonic neuroendocrine differ-
entiation following ectopic expression of neurogen-
in 3. Therefore, the present data support a role for
duct cells, following expansion and transdifferentia-
tion, as a source of insulin by transplantation to type
I diabetes patients. The major future challenge will
be to explore the limits of adult human duct cell
capacity to expand and, especially, to further
optimize duct-to-beta cell transdifferentiation in
terms of insulin production.
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