
Regeneration, or neogenesis, of beta cells in adult
pancreas is an important research issue because it
could find applications in the restoration of the nor-
mal beta-cell mass in diabetic patients. In vitro neo-
genesis might be a means of generating additional

beta cells intended for transplantation, as the number
of beta cells that can be isolated from organ donors is
very limited. Neogenesis can be induced in vivo in
several ways [1] but the identity of the beta-cell pre-
cursors is not clear. Several lines of evidence suggest
that, in addition to duct cells, exocrine acinar cells
could be able to transdifferentiate into beta cells [2].
In several experimental models and pathological con-
ditions, islet neogenesis is accompanied by the trans-
formation of the normal exocrine tissue into ductal
complexes, a process called acinoductal metaplasia.
This is seen in the model of pancreatic duct ligation
[3], transforming growth factor-alpha transgenic
mice [4, 5] and interferon-gamma transgenic mice
[6]. Islet neogenesis has also been observed in associ-
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Abstract

Aims/hypothesis. In adult pancreatic regeneration
models exocrine acini are found to transdifferentiate
to duct-like complexes. This has also been associated
with the formation of new endocrine islet cells. We
aimed to establish an in vitro model in which this
transdifferentiation process is characterised and can
be modulated.
Methods. Purified rat pancreatic acini were cultured
in suspension. Differentiation was analysed by immu-
nocytochemistry, electron microscopy, western blot-
ting and RT-PCR.
Results. During culture acinar cells directly transdif-
ferentiated without dividing, the cells lost their acinar
phenotype and started to express cytokeratins 20 and
7 and fetal liver kinase-1 (Flk-1) receptors for vascu-
lar endothelial growth factor. Expression of the aci-
nar pancreatic exocrine transcription factor (PTF-1)
remained and the pancreatic duodenal homeobox-

containing transcription factor (PDX-1) was induced.
When transdifferentiation was completed, the cells
started to express protein gene product 9.5, a pan-
neuroendocrine marker. By combining these fea-
tures, the transdifferentiated cells show similar char-
acteristics to precursor cells during active beta-cell
neogenesis. We were able to modulate the differenti-
ation state by addition of nicotinamide or sodium bu-
tyrate, agents which are known to stimulate endo-
crine differentiation in other models.
Conclusion/interpretation. Here, we present an in vit-
ro system in which the cellular differentiation of puta-
tive pancreatic endocrine precursor cells and their
PDX-1 expression can be modulated, thereby provid-
ing a possible model for the study of beta-cell trans-
differentiation. [Diabetologia (2000) 43: 907±914]
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ation with ductal complexes in pancreatic duct ob-
struction and pancreatitis in humans [7, 8]. The for-
mation of ductal complexes in the pancreas is at least
partially caused by a transdifferentiation of acinar to
duct cells [9] which illustrates the remarkable differ-
entiation plasticity of acinar cells. In duct ligation
conditions [10] and in interferon-gamma transgenic
mice [6] transitional cells have been shown to co-
express amylase and insulin, suggesting a transition
from acinar to beta cells. Furthermore, in vitro the
acinar tumour cell line AR42J has been found to be
able to differentiate into insulin-producing cells
[11±13].

Conversion of acinar to duct cells in primary cul-
tures derived from pancreas of different species has
also been shown [14±16]. The phenotypic state of
these cells was, however, only poorly characterised
and the possibility of modulating their differentiation
was not investigated. Based on these observations we
sought to study the differentiation potential of rat
exocrine acinar cells in vitro.

Materials and methods

Animals. Male Wistar rats of 10±12 weeks of age (weight
250±300 g) were used for the isolations (Proefdierencentrum,
Heverlee, Belgium). Experiments were approved by the ethics
committee of the Free University of Brussels.

Acinar cell isolation and culture. After brief collagenase diges-
tion of rat pancreas, the exocrine acini were separated from is-
lets, ductal, vascular and other tissue components by centrifu-
gal elutriation as described [17]. In brief, acini were recovered
in the fraction with an average diameter less than 100 mm
which was washed out of the elutriator rotor running at 250
rpm, at a counterflow rate of 240 ml/min (JB6 centrifuge,
Beckman, Palo Alto, Calif., USA). Acini were cultured as ag-
gregates in suspension within bacteriological petri dishes
(Nunc, Naperville, Ill., USA). Medium consisted of RPMI-
1640 glutamax medium (Gibco BRL, Paisley, Scotland) sup-
plemented with penicillin (75 mg/ml) (Continental Pharma,
Brussels, Belgium), streptomycin (100 mg/ml) (Sigma, St Lou-
is, Mo., USA) and 10 % fetal bovine serum (Gibco BRL). The
cells were kept at 37 °C in a humid atmosphere of 5 % CO2 in
air. The day of isolation was considered as day 1. Medium was
replaced every day. For the study of cell replication, 5-bromo-
2 ¢-deoxyuridine (Sigma) was added at a final concentration
of 10 mmol/l, 1 h before harvesting the cells. We did DNA as-
says as described [18].

Nicotinamide (niacinamide or nicotinic acid amide), 3-am-
inobenzamide, benzamide and sodiumbutyrate were pur-
chased from Sigma, trichostatin A from Calbiochem (La Jolla,
Calif., USA). These compounds were added to the culture in
some experiments.

In some specific experiments, spheroids precultured for
4 days in suspension were cultured another day in 24-well
plates (Nunc) allowing for cell adhesion to the plastic.

Immunocytochemistry. Cell pellets were fixed 1 h in buffered
4 % formaldehyde, entrapped in a 2 % agarose gel (40 °C) (Sig-
ma) and processed for paraffin embedding. Paraffin sections
(4 mm thickness) were immunostained with the streptavidin-

biotin method as described [19, 20]. To identify duct cells we
used the mouse monoclonal antibodies anti-cytokeratin 20
(CK20; clone IT-Ks20) and anti-cytokeratin 7 (CK7; clone OV-
TL12/30) from Dako (Glostrup, Denmark) and affinity-
purified rabbit polyclonal anti-fetal liver kinase-1 (Flk-1) (rec-
ognising the high-affinity receptor for vascular endothelial
growth factor) from Santa Cruz Biotechnology (Santa Cruz,
Calif., USA). We have previously shown the specificity of these
antibodies [20, 21]. As a marker of acinar cells we used a poly-
clonal rabbit antiserum against alpha-amylase (obtained from
Dr. G. Klöppel, University of Kiel, Germany) [22]. To identify
replicating cells in the S-phase of the cell cycle, mouse mono-
clonal anti-bromodeoxyuridine (BrdU) was applied (Eurodiag-
nostics, Apeldoorn, The Netherlands). Endocrine beta cells
were identified by insulin immunostaining with a polyclonal an-
tibody [17]. Antiserum to protein gene product 9.5 (PGP9.5)
and peptide-blocked antiserum were from UltraClone (Isle of
Wight, UK) [23]. To show immunoreactivity on paraffin sec-
tions, we retrieved antigen with trypsin for CK20, CK7, Flk-1
and BrdU [20, 21]. For BrdU-staining, DNA was denaturated
with 2N HCl, and the reaction was stopped with borate buffer.
To measure cell proliferation, we did double immunocytochem-
ical staining to show BrdU and CK20 as described [19±21].

To count the proportion of mononuclear and binuclear
cells, we used cytospin preparations (900 rpm for 7 min in a
Shandon 3 Cytospin, Cheshire, UK) of freshly isolated cells
and monolayers prepared from cells that had been precultured
for 4 days in suspension and then allowed to adhere and spread
on plastic for 1 day. Cytospins and monolayers were immuno-
stained for amylase, CK20, CK7 and Flk-1 after 5 min fixation
in 4 % formaldehyde followed by permeabilisation in metha-
nol (10 min at ±20 °C).

Electron microscopy. Cells were fixed and processed for trans-
mission electron microscopy as described [18].

mRNA and protein analysis. Total RNA (RNeasy, Qiagen, Va-
lencia, Calif., USA) or protein was extracted from exocrine
acinar cells, depleted of beta cells by the selective cytotoxic
agent streptozotocin (Sigma) (4 mmol/l for 30 min at 37 °C).
Cell samples were taken immediately after isolation and after
4 days of culture. As a positive control for pancreatic duodenal
homeodomain containing transcription factor (PDX-1) puri-
fied beta cells were used [18].

For the semi-quantitative analysis of transcripts encoding
p48 (the DNA-binding subunit of pancreatic exocrine tran-
scription factor PTF-1) [24], PDX-1 [25] and beta-actin, 0.5 mg
of total RNA was reversed transcribed and amplified accord-
ing to the protocol of the GeneAmp RNA-PCR kit in a Gene-
Amp 9600 thermocycler (Perkin Elmer Cetus, Emeryville,
Calif., USA) with blanks in each assay. Primers were designed
to anneal to specific sequences of p48±5 ¢ (codon 4±11):
5 ¢GCTCCTGGAGCATTTTCCCG and p48±3 ¢ (codon
48±54): 5 ¢CTGAGGAACTCTACCTCCGC, PDX-1±5 ¢ (co-
don 52±59): 5 ¢CTCGCTGGGAACGCTGGAACA and
PDX-1±3 ¢ (codon 120±127): 5 ¢GCTTTGGTGGATTTCAT-
CCACGG, yielding amplified fragments of 285 and 224 base
pairs, respectively. Specific primers for control amplifications
were: beta-actin-5 ¢ (codon 249±255): 5 ¢ACTATCGGCA-
ATGAGCGGTTC, beta-actin-3 ¢ (codon 338±344): 5 ¢AGA-
GCCACCAATCCACACAGA (288 bp fragment). The cy-
cling profile was: 2 min at 95 °C followed by 0.5 min 94 °C,
0.5 min 60 °C and 1.5 min 72 °C for 10 cycles and 0.5 min
94 °C, 1 min 58 °C and 1.5 min 72 °C for 10 to 18 cycles. Analy-
sis of the amplified fragments (28 cycles for p48 and PDX-1,
and 21 cycles for beta-actin) was done on ethidium bromide
stained agarose gels.
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Proteins were extracted in radioimmunoprecipitation
(RIPA) buffer and their concentration was measured using
the BCA method (Pierce, Rockford, Ill., USA). Equal
amounts of protein were separated on 10 % SDS-polyacryla-
mide gels and electroblotted to nitrocellulose membranes
[26]. The blotted filters were incubated for 60 min at room
temperature with a polyclonal PDX-1 antiserum (Ab 1859)
(dilution: 1/500) that was generated against glutathion S-trans-
ferase (GST)-PDX-1 fusion protein containing the 63 C-termi-
nal amino acids of rat PDX-1 [25]. Blotting efficiency was test-
ed by total protein staining (Ponceau, Sigma). Anti-rabbit
horseradish peroxidase-coupled antibody was applied (dilu-
tion: 1/1000) and the enzyme-derived chemiluminescence
(ECL) kit (Amersham) was used for immunodetection.

In situ hybridisation. Preproinsulin mRNA was detected as de-
scribed previously [27].

Statistics. Results are presented as means ± SEM. Data were
analysed by Student's t test (Stat Works, Cricket Software,
Philadelphia, Pa., USA) and statistical significance was consid-
ered to be present at a p value of less than 0.05. Each experi-
ment was repeated independently at least three times.

Results

Transdifferentiation of acinar cells to ductal cells.
Preparations of centrifugally elutriated acini from
adult rats were initially composed of approximately
90% acinar cells, characterised by amylase immuno-
staining (light microscopy) and by the presence of zy-
mogen granules and stacks of rough endoplasmic
reticulum (electron microscopy). Centroacinar and
ductular cells comprised less than 10 % of the cells in
these preparations and were characterised by cyto-
keratin 20 (CK20) immunoreactivity and lack of amy-
lase immunoreactivity (light microscopy), absence of
zymogen granules and endoplasmic reticulum stacks
(electron microscopy). Less than 0.5% of all cells
represent insulin-positive endocrine beta cells. Based
on their ultrastructural integrity (electron microsco-
py) the acini showed a viability greater than 90% af-
ter isolation.

During the first 2 days in suspension culture sup-
plemented with 10% serum, which is essential in
these experiments, the acini formed cell aggregates
that showed a lumpy surface due to the presence of
bulging cells (phase contrast microscopy). After
3 days of culture, these aggregates became smooth
spheroids. Immunocytochemical analysis (Figs. 1, 2)
showed a very sharp decline in the frequency of cells
with acinar characteristics between 2 and 4 days of
culture. By the 5th day, the spheroids were composed
of 87 ± 2% of amylase-negative, CK20-positive cells,
i. e. cells with a ductal phenotype [20]. Electron mi-
croscopic analysis confirmed the nearly complete
switch from acinar to ductal morphotype within
4 days of culture as 92 ± 3% of the cells had ductal
characteristics; 8 ± 4% retained acinar cell character-
istics (n = 4). The ductal morphotype included the ab-

sence of zymogen granules and endoplasmic reticu-
lum stacks, and a relative abundance of mitochon-
dria, microvilli and intercellular junctions.

Between day 2 and day 5, we noticed, with elec-
tron microscopy, frequent apoptotic acinar cells.
Analysis of total DNA content in that time period
showed that between 26 and 64 % of the initial
amount of DNA remained in the culture. In the
same time, a ninefold increase in the percentage of
cells with ductal phenotype was observed (Fig.2). Es-
timation of absolute numbers of ductal cells by multi-
plying their relative number with total DNA content
indicated a fourfold increase in duct cell number
within 3 days (Fig.2). Bromodeoxyuridine (BrdU)
immunocytochemistry excluded the possibility of se-
lective expansion of contaminating ductal cells as
there were no BrdU/CK20-double positive cells be-
tween day 1 and 5 (not shown). These suspension cul-
tures contained only very few BrdU-positive cells and
these were vimentin-positive, probably representing
contaminating fibroblasts. Contaminating fibroblasts
became more numerous during the culture but the
high enrichment in ductal cells was still seen after
10 days of culture, which was the end of the experi-
ment (Fig.2).

Counts in cytospins prepared from acinar cells on
the day of isolation showed that 63 ± 2% were binu-
clear. When we allowed spheroids on day 4 to attach
and spread on plastic for 1 day, we could count the
percentage of cells on day 5 that were binuclear. An
average of 59 ± 3% (n = 4) of the cells contained
two nuclei. Analysis of the cells in the monolayers
showed that they express the ductal phenotype, simi-
lar to suspension-cultured cells on day 5 (not shown).
Incorporation of BrdU certified that these were not
mitotic cells. This is direct proof that the CK20-posi-
tive cells were derived from acinar cells.

In the absence of fetal bovine serum, the cells
failed to transdifferentiate and did not survive.

The transdifferentiated cells have characteristics of
pancreatic duct cells. Immunocytochemical examina-
tion showed the expression of cytokeratin-7 (CK7)
and Flk-1 in the transdifferentiated cells, whereas
both markers were initially absent (not shown). In
the adult pancreas CK7 and Flk-1 are localised nor-
mally only in the larger pancreatic duct elements as
shown previously [20, 21, 28]. During embryonic de-
velopment [2, 19, 28, 29] and in acinoductal complex-
es induced by pancreatic duct ligation ([21], own un-
published observations), duct cells are also character-
ised by expression of CK7 and Flk-1.

Transdifferentiation is inhibited by nicotinamide.
When nicotinamide was added to the culture medi-
um, a strong inhibition of transdifferentiation was no-
ticed (Fig.3). Nicotinamide prevented the loss of
amylase immunoreactivity as well as the increase in
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expression of CK20, CK7 and Flk-1. On day 5 the ef-
fect was noted with 10, 20 and 40 mmol/l (approxi-
mately 80 % of the cells being amylase-positive)
(Fig.3).

Electron microscopic analysis showed a dose-
dependent inhibition of nicotinamide on acinar cell
transdifferentiation with up to 80% acinar cells re-
maining on day 5 (not shown). Part of the cells that
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Fig. 1A±H. Cells in suspension culture on day 2 (A, C, E, G),
on day 5 (B, D, F) and on day 10 (H), immunostained for
alpha-amylase (A and B), cytokeratin-20 (C and D), PDX-1
(E and F) and PGP9.5 (G and H). Scale bar = 40 mm. E and F:
nuclei are not stained with haematoxylin



were devoid of zymogen granules were considered to
represent degranulated acinar cells because they still
contained a large amount of stacked endoplasmic
reticulum (not shown). Total DNA measurements
showed that there was no increase in cell survival
with nicotinamide concentrations of 10 and
20 mmol/l but with 40 mmol/l we observed a better
survival, 68 ± 7% of initial DNA remained at day 5
compared with 39 ± 4% in controls (n = 4). A sec-
ondary effect on cell survival of nicotinamide at the
highest concentration cannot therefore be excluded.
Nicotinamide did not induce proliferation of the cells
(not shown). In cultures exposed, from day 1 to 5, to
2±20 mmol/l 3-aminobenzamide, 10±20 mmol/l ben-
zamide, 5 mmol/l sodium butyrate or 0.1 mmol/l tric-
hostatin similar results were obtained as described
above for nicotinamide but exposure to 0.1 mmol/l
benzamide had no measurable effect.

Redifferentiation. Spheroids on the 5th day of culture,
with ductal phenotype, were cultured for another
5 days in the presence of 10±40 mmol/l nicotinamide
or 5 mmol/l sodium butyrate. The results showed a
re-appearance of exocrine acinar characteristics in
the transdifferentiated cells treated with nicotina-
mide: up to 42% amylase-positive, CK20-negative
cells in the presence of nicotinamide compared with
1% in control conditions on day 10 (Fig.3). The val-
ues for CK20-positive and amylase-positive cells did
not always add up to 100%. Electron microscopic
analysis of these samples showed that they contained
more acinar cells that were poorly granulated as well
as non-granulated cells which were identified as aci-
nar on the basis of abundant endoplasmic reticulum
stacks (not shown). Thus, there were 57%, 54%,
and 51% cells with ductal morphology, 22%, 33%
and 37% granulated acinar cells and 19%, 13%,
and 12% non-granulated acinar cells for 10, 20 and
40 mmol/l nicotinamide, respectively (n = 3). The dis-
crepancy between the percentage of cells expressing

CK20 and the percentage ductal cells as scored by
electron microscopy could be due to the ductal cells
which had already lost CK20 as a first step in the re-
differentiation process.

Sodium butyrate did not alter the differentiation
state of the ductal spheroids.

This shows that addition of nicotinamide at a later
stage of the culture induces redifferentiation in those
cells which were already transdifferentiated.

Transdifferentiated cells express the pancreatic-duode-
nal homeobox transcription factor PDX-1 and the
exocrine pancreatic transcription factor PTF-1 (p48
subunit). We examined the expression of the pancre-
atic homeodomain-containing transcription factor
PDX-1 [30] and of the heterooligomeric transcription
factor PTF-1, of which the p48 DNA-binding subunit
belongs to the family of basic helix-loop-helix pro-
teins [24] before and after transdifferentiation. Im-
munocytochemical analysis showed that freshly iso-
lated cells lack PDX-1 immunoreactivity, but most
transdifferentiated cells had nuclear PDX-1 immu-
noreactivity on day 5 of culture and thereafter
(Fig.1). No reactivity was found when the antibody
was preabsorbed with the corresponding antigen
(not shown). Western blot of cellular extracts (Fig.4)
showed a protein band of approximately Mr 40000
which is concordant with the reported molecular
weight of rat PDX-1 [25]. The intensity of this band
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Fig. 2. A Composition of the cell cultures from day 2 to day 10
as assessed by immunocytochemistry for % amylase (±&±) and
% CK20 (±*±) (n = 4±6). B Estimation of absolute numbers of
ductal cells during time by multiplying DNA content (ng/sam-
ple) with %CK20-immunoreactive cells (±*±) or with % duc-
tal cells (±&±) counted by electron microscopy (n = 3±4)

A

B

Fig. 3 A, B. Composition of the cell cultures as assessed by im-
munocytochemistry for amylase and CK20. A on day 2 and day
5 in the presence of 0, 10, 20, 40 mmol/l nicotinamide (NA)
(n = 3±4). B on day 5 and after exposure from day 5 to day 10
to NA (0, 10, 20 and 40 mmol/l) (n = 3±4). &, 0 mmol/l NA;

, 10 mmol/l NA; , 20 mmol/l NA; &, 40 mmol/l NA



remained unaffected in cell preparations that had
been pretreated with streptozotocin to selectively de-
stroy possibly contaminating beta cells ( < 0.5% of
the cells as analysed by immunocytochemistry for in-
sulin).

Semi-quantitative RT-PCR showed that p48 re-
mained expressed in the transdifferentiated cells
whereas this transcription factor subunit was less
abundant in beta cells. During transdifferentiation
PDX-1 mRNA transcripts were induced (Fig.5). A
very faint band in the freshly isolated acinar cell prep-
arations was probably due to a minimal contamina-
tion by beta cells (< 0.5%). Inhibition of transdiffer-
entiation by nicotinamide also repressed the increase
of PDX-1 mRNA abundance but p48 levels did not
differ (Fig.5).

During culture, the transdifferentiated cells start to ex-
press a pan-neuroendocrine marker protein gene
product 9.5 (PGP9.5). When the acinar cells were
transdifferentiated and further cultured under the
same conditions for another 5 days, 55 ± 3% of the
cells became immunoreactive for the pan-neuroen-
docrine marker, PGP9.5 [23] but no reactivity could
be detected in the initial cell preparations (Fig.1) or
when the antibody was preabsorbed with the corre-

sponding antigen. By immunocytochemistry and hy-
bridisation in situ, the cells remained negative for in-
sulin protein and mRNA.

Discussion

A rapid ªspontaneousº acinar to ductal cell transdif-
ferentiation has been described in cultured exocrine
pancreas from mouse [15], rat and guinea pig [14] and
human [16] origin. In this study with rat acini, we con-
firm and extend these studies using the recently de-
scribed markers of ductal differentiation CK 20 and
CK 7 [20, 28] and Flk-1 receptors [21, 29]. Within
4 days of culture, the pancreatic cell aggregates which
were initially highly enriched in cells with acinar phe-
notype (approximately 90% amylase-positive, CK20-
negative) had acquired the ductal phenotype (approx-
imately 90 % amylase-negative, CK20-positive). A
steep decrease in immunoreactivity for amylase was
seen between day 3 and day 4, followed by a steep rise
in immunoreactivity for CK20 between day 4 and day
5. On day 4, which represents the time of phenotypic
switch, ªtransitionalº cells showed characteristics of
neither acinar cells nor ductal cells. The occurrence of
transitional cells with no obvious phenotypic status is
a common observation in the transdifferentiation
pathway of other cell types, e.g. differentiation of pig-
mented epithelial cells into lens cells [31]. These obser-
vations, a ninefold increase in cells with ductal charac-
teristics with 26 to 64% preservation of initial DNA,
and the absence of cell division as assessed by incorpo-
ration of BrdU, excluded the possibility of selective
survival or overgrowth by a small contaminating popu-
lation of centroacinar-ductular cells. We have previ-
ously shown the reliability of BrdU/CK20 double-im-
munostaining in detecting proliferating duct cells
[21]. The present results are indicative of a process
termed ªdirect transdifferentiationº, in which cellular
phenotypic conversion is independent from DNA-
replication [32]. Furthermore we counted that approx-
imately 60% of the transdifferentiated cells were binu-
cleated, which is characteristic for acinar cells. This ob-
servation accords with the results of others [33], show-
ing that ductal cells are mononuclear and approxi-
mately 65% of acinar cells have two nuclei.

The transdifferentiated cells expressed CK7 and
the VEGF-receptor Flk-1, which are characteristics
of the large intralobular, the interlobular and main
ducts but are not detected in intralobular ductules
and centroacinar cells in normal adult pancreas [20,
21, 28]. These markers are also known to be ex-
pressed during pancreatic morphogenesis in the fetus
[28, 29] and in adult regeneration models induced by
partial pancreatectomy or ligation of the duct where
acinoductal metaplasia is induced [3, 21].

Analysis by RT-PCR, western blotting and immu-
nocytochemistry showed that the transdifferentiated
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Fig. 4. Western Blot for PDX-1 detection in islet and acinar
cells at day 1 (D1), day 3 (D3) and day 8 (D8) with (+) or with-
out (±) treatment of the cells with the beta-cell selective toxin
streptozotocin

Fig. 5. Expression of p48 and PDX-1 as determined by RT-
PCR at day 1 (D1) and day 5 (D5) in the presence (+) or ab-
sence (±) of 20 mmol/l nicotinamide (NA).Beta cells were
used as control



cells have a sustained expression of the exocrine tran-
scription factor PTF-1 [24] and in addition start to co-
express PDX-1. The latter (also termed IDX, IPF-1
or STF-1) is a homeodomain-containing transcription
factor which binds and transactivates the insulin pro-
motor [30] and is crucial for pancreatic organogenesis
[34]. It is detected in all embryonic protodifferentiat-
ed epithelial cells during pancreatic development
[35]. In adults, strong PDX-1 expression is found in
beta cells and in a subpopulation of delta cells [35].
This transcription factor generally acts as a master
regulator of beta-cell development. In our study no
PDX-1 mRNA or protein was detected in normal aci-
nar cells but it was induced after transdifferentiation.
Also, in vivo, where beta-cell neogenesis can be in-
duced by pancreatic duct ligation (own unpublished
observations), partial pancreatectomy [36] or, in
transgenic mice, overexpressing transforming growth
factor-alpha [5] or interferon-gamma [37], the forma-
tion of new beta cells is preceded by expression of
PDX-1 in the precursor acinoductal complexes.
When transdifferentiation was completed and the
cells were kept further in culture, 55% of the cells
were found to stain positive for PGP9.5, which is an
isoform of ubiquitine carboxyterminal hydrolase
(UCTH-L1) and considered to be a marker for neu-
rons and neuroendocrine cells including pancreatic
islet cells [23]. It is also found in ductal cells during
embryonic islet morphogenesis or after pancreatic
duct ligation (own unpublished observations). The
combination of the ductal phenotype together with
PDX-1 and PGP9.5 expression suggests partial differ-
entiation towards islet cells but insulin expression
was lacking. The possibility should be investigated
whether these cells have the potential to differentiate
into insulin-expressing cells in vitro, which may de-
pend on the presence of appropriate morphogenic
factors. At present we cannot exclude, however, that
the differentiation potential of the transdifferentiat-
ed cells is limited to exocrine cell commitment.

We found chemical agents that could prevent or
reverse the acinoductal transdifferentiation in vitro.
Nicotinamide inhibited the acinoductal conversion
so that a considerable proportion of acinar cells re-
tained their differentiated state at the 5th day of cul-
ture. When transdifferentiation was allowed to occur
and nicotinamide was added thereafter, 40±50% of
the cells which had switched from an acinar to a duc-
tal phenotype were induced to regain acinar charac-
teristics and lose ductal characteristics, which shows
that the transdifferentiation is reversible. Nicotina-
mide, as well as 3-aminobenzamide and benzamide
which we found to inhibit transdifferentiation, are
potent inhibitors of ADP-ribosylation [38]. Involve-
ment of ADP-ribosylation in differentiation process-
es has been described previously [39, 40]. Sodium bu-
tyrate and trichostatin A also inhibited the transdif-
ferentiation process. These agents are established

cell-differentiating agents which inhibit histone de-
acetylation and hence inhibit gene repression. Nota-
bly, nicotinamide has been shown to induce the devel-
opment of endocrine cells from fetal pancreas in vitro
[41] and after transplantation [42] and can stimulate
beta-cell regeneration in partially pancreatectomised
rats, thereby preventing diabetes [43]. Sodium bu-
tyrate is also known to affect endocrine differentia-
tion [44]. These compounds therefore already have a
documented effect on cell differentiation in the pan-
creas. It is not clear why we found an apparent oppo-
site effect, i. e. promotion of exocrine instead of endo-
crine differentiation. It is possible that for instance a
combination of nicotinamide or sodium butyrate and
the presence of fetal mesenchymal cells [41, 42, 44]
would have a different effect than in our model.

We showed that by addition of ADP-ribosylation
inhibitors or inhibitors of histone deacetylase the dif-
ferentiation of normal adult pancreatic cells can be
manipulated in vitro. The transdifferentiated cells ex-
press CK7, CK20, Flk-1, PDX-1 and PGP9.5, a com-
bination of markers also found during active beta-
cell neogenesis in cells which are believed to repre-
sent the islet precursor cells. This in vitro model
could contribute to the study of beta-cell differentia-
tion from adult pancreatic cells.
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