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Neurogenin 3 is necessary for endocrine cell development in the embryonic pancreas and has been
shown to induce transdifferentiation duct cells from adult pancreas toward a neuro-endocrine pheno-
type. Here we discovered that the demethylating agent 5'-Azadeoxycytidine (AZA) induced Ngn3 expres-
sion and endocrine differentiation from the PANC-1 human ductal cell line. The expression of markers
specific to mature islet cells, i.e., glucagon and somatostatin, was also observed. In addition, we demon-
strated that growth factors (betacellulin and soluble factors released during pancreas embryogenesis)
increased the level of maturation. Our studies revealed that the PANC-1 model system may provide a
basis for elucidating the ductal/endocrine differentiation.

© 2009 Elsevier Inc. All rights reserved.

Introduction

The global prevalence of diabetes has spurred efforts to gener-
ate large numbers of insulin-producing beta cells for replacement
therapy [1,2]. Promising strategies include expansion of existing
beta cells and conversion of either pancreatic or non-pancreatic
adult stem/progenitor cells to beta cells [3,4]. Although beta cells
proliferate in vivo [5] and in vitro for mouse and rat cells [6], fully
differentiated human beta cells from donors with the typical age
range used for transplantation failed to expand in vitro [7]. Puta-
tive adult pancreatic stem/progenitor cells represent an attractive
area of investigation. Based initially on morphological and histo-
logical observations, Xu et al. demonstrated recently the existence
of endogenous progenitors in injured adult mouse pancreas show-
ing that the adult pancreas retains the potential to reactivate its
embryonic mode of beta cell development [8]. Expression studies
and lineage tracing experiments demonstrated that these endo-
crine progenitor cells emerge from the pancreatic duct.

Endocrine and exocrine cells originate from a precursor epithe-
lial cell during pancreatic organogenesis [9,10]. Various different
factors are required to achieve the mature phenotype characteris-
tic of islet beta cells. It has been shown that all endocrine cells
derived from Ngn3, a member of the basic helix-loop-helix tran-
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scription factor family, positive cells and Ngn3 deficiency abolished
islet cell differentiation [11-14]. Thus, Ngn3 expression has been
proposed as an exclusive marker for islet progenitors in both
embryonic and adult pancreata. As proof of concept, it has been
demonstrated that ectopic expression of Ngn3 in adult human or
porcine pancreatic ductal cells can induce differentiation to an
endocrine phenotype [15,16].

Recent study demonstrated the role of epigenetic mechanisms
in pancreatic lineage development [17]. In the present study, we
investigated the ability of HDAC inhibitors and demethylating
agent 5’-Azadeoxycytidine (AZA) to induce Ngn3 expression and
endocrine differentiation from the PANC-1 human ductal cell line.
We showed here that AZA treatment was able to induce Ngn3
expression and endocrine differentiation. Thus, the PANC-1 model
system may provide a basis for elucidating the ductal/endocrine
differentiation.

Materials and methods

Materials. Trichostatin A (TSA) and 5’-Azadeoxycytidine were
obtained from Sigma (St. Quentin-Fallavier, France) and dissolved
in ethanol and DMSO, respectively. Activin A, Activin B, betacellu-
lin were also obtained from Sigma and prepared as the manufac-
turer’s guidelines.

Cell culture. PANC-1 human ductal cell line was purchased from
ATCC and cultured in Dulbecco’s modified Eagle’s medium Gluta-
max-1, high glucose (Invitrogen) supplemented with 10% fetal calf
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serum (PAA laboratories Gmbh) plus 100 U of penicillin and 100 pg
of streptomycin per ml (Invitrogen).

RNA preparation and real-time PCR. Total RNA was prepared
using RNeasy Minikit (Qiagen). Purified RNA was adjusted to
1 pg/ul and its integrity was assessed with the Agilent RNA 6000
chips coupled with the Agilent 2100 Bioanalyzer (Agilent Technol-
ogies), by visualizing the 18S and 28S ribosomal ribonucleic acid
(rRNA). Reverse transcription (RT) was performed using random
hexamers as recommended by the manufacturer (Applied Biosys-
tems). cDNAs were analyzed by PCR amplification using the Taqg-
Man PCR master mix (Applied Biosystems) and a mix of RPLO
primers and probes. The different probes were purchased from Ap-
plied Biosystems (assay on demand kit). Reactions (40 cycles) and
data analysis were carried out with an ABI Prism 7700 (Perkin-
Elmer).

Immunocytochemistry. PANC-1 cells were grown in 6-well plates
and fixed for 20 min in ice-cold ethanol 80% at 4 °C and permeabi-
lized for 15 min in 0.5% Triton X-100. Cells were then incubated
sequentially with an anti-Chromogranin A antibody (Dako) and a
secondary antibody as described by the manufacturer (dako). The
cells were then examined using a leica microscope.

Results

AZA induced Ngn3 expression and endocrine differentiation in the
PANC-1 human ductal cell line

We first investigated the ability of HDAC inhibitors and deme-
thylating agents to induce Ngn3 expression and endocrine differ-
entiation. For this, PANC-1 cells were cultured for 3 days in the
presence of 10 nmol/l of TSA or 1 pmol/l of AZA then 2 days in nor-
mal media. As shown in Fig. 1A, quantitative RT-PCR analysis re-
vealed that Pdx1 was expressed in treated and untreated cells.
However, no Ngn3 expression was detected in control cells and a
strong Ngn3 induction (50-fold increase) was observed after AZA
treatment (Fig. 1B).

To understand the potential functional significance of Ngn3
expression, we next determined if the cells underwent endocrine
differentiation using Chromogranin A (CgA) as a marker. CgA is
the major member of the granin family of acidic secretory glyco-
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Fig. 1. Induction of Ngn3 expression in PANC-1 cells treated with AZA. PANC-1 cells
were cultured for 3 days in the presence of 1 pmol/l AZA or 50 nmol/l TSA then for
an additional 3 days in normal media. mRNA levels of expression of Pdx1 (A), Ngn3
(B) and CgA (C) were assessed by quantitative RT-PCR analyses. All experiments
were carried out in triplicate. (D) Immunocytochemical analysis for detection of
CgA in PANC-1 cells cultured in the absence or presence of AZA.

proteins that are expressed in all endocrine and neuro-endocrine
cells [18]. As shown in Fig. 1C, a 12-fold increase in the expression
of CgA was observed after AZA treatment. In accordance with this
observation, immunocytochemical analysis showed a positive
staining for CgA after AZA treatment.

Taken together, these results demonstrate that the demethylat-
ing agent AZA was able to induce Ngn3 expression and neuro-
endocrine differentiation from the ductal human cell line PANC-1.

Alteration in the expression of transcription factors in PANC-1 cells
treated with AZA

All islet cells are believed to originate from pluripotent progen-
itor cells during both infancy and adulthood. Islet cell differentia-
tion is influenced by many transcription factors that have highly
cell-specific expression patterns [19]. Quantitative PCR analysis
was used to detect expression of these transcripts after 3 days of
AZA treatment and 4 days in normal media.

As shown previously, the level of Pdx1 mRNA expression was
not modified upon AZA treatment (Fig. 2A). On the contrary, no
Ngn3 expression was detected in control cells but subsequently ex-
pressed after 2 days AZA treatment after which its levels increased
progressively (Fig. 2B). NeuroD has been shown to be a direct tar-
get of Ngn3. NeuroD expression could not be detected until day 4
where we observed a 10-fold induction until day 7. To follow the
differentiation into the different endocrine cell types, we next ana-
lyzed the expression of Pax4, Nkx6.1 and Brn4. Virtually no expres-
sion of Pax4 could be detected. However, we observed an increase
in the level of Nkx6.1 expression starting from day 2 until day 4
which did not decrease with time afterward (Fig. 2E). Brn4 expres-
sion was detected after 2 days after which its level increased pro-
gressively thereafter (Fig. 2D).

We also followed the expression of several genes expressed in
mature endocrine cells, insulin, glucagon, somatostatin and PP.
Somatostatin expression was observed after 2 days and increased
progressively until day 7 (Fig. 3A) whereas glucagon expression
was detected only at day 7. However, no expression of insulin
and PP were detected after AZA treatment and subsequent culture.

These data indicate that, in addition to induce Ngn3 expression,
AZA treatment of PANC-1 ductal cell line was able to induce the
sequential expression of genes required for pancreas development
as well as genes expressed in mature endocrine cells.

Influence of different differentiation factors on PANC-1 after AZA
treatment

Many growth and differentiation factors have been investigated
to examine whether they induce the differentiation of pancreatic
progenitors into insulin-producing beta cells or other lineages.
The pancreatic ductal cells or embryonic stem cells from mice
could be efficiently differentiated into insulin secreting cells by
activin A treatment in vitro [20-22]. The same effect was observed
for betacellulin and nicotinamide [23-26]. HDACs inhibitors like
TSA have recently been shown to impact on endocrine differentia-
tion and to amplify specific cellular subtypes [17]. We finally fo-
cused on the ability of soluble factors released during pancreas
embryogenesis to influence on PANC-1 differentiation. For this,
we used conditioned medium from pancreatic rudiments at e16.5
and cultured for 10 days [27,28].

To assess the differentiation potential of these factors, we cul-
tured the PANC-1 cells 3 days in the presence of AZA to induce
Ngn3 expression then cultured the cells for an additional 5 days
with the different factors. None of these compounds were able to
induce Pax4 expression or impact on Pdx1, Ngn3 and NeuroD
expression (Fig. 4A-C). However, quantitative RT-PCR analysis re-
vealed that activin B, betacellulin, e16.5 and TSA were able to in-
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Fig. 2. Effect of AZA treatment on expression of several key markers of endocrine differentiation. PANC-1 cells were cultured for 3 days in the presence of 1 pmol/l AZA then
for an additional 3 days in normal media. mRNA levels of Pdx1 (A), Ngn3 (B), NeuroD (C), Brn4 (D) and Nkx6.1 (E) were assessed by quantitative RT-PCR analyses. All

experiments were carried out in triplicate.
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Fig. 3. Increased PP and glucagon expression after AZA treatment. PANC-1 cells
were cultured for 3 days in the presence of 1 umol/l AZA then for an additional
3 days in normal media. mRNA levels of PP (A) and glucagon (B) were assessed by
quantitative RT-PCR analyses. All experiments were carried out in triplicate.

crease the level of Brn4 mRNA expression (between 2- and 2.5-fold
increase). Further analyzes demonstrated that none of these factors
induced insulin and PP mRNAs expression. Interestingly, we ob-
served a strong increase in somatostatin mRNA expression in the
presence of e16.5 (3-fold induction compared to AZA treatment)

and glucagon expression with betacellulin and e16.5 (4-fold in-
crease) (Fig. 4E and F).

Thus, these results demonstrate that a combination of differen-
tiation or growth factors could effectively stimulate the differenti-
ation of PANC-1 cells after AZA treatment.

Discussion

In the present study, we show that the PANC-1 human ductal
cell line differentiates into endocrine lineage after AZA treatment.
Previous reports showed that pancreatic ductal cell lines like
PANC-1 were able to differentiate into endocrine cell lineage and
insulin-like positive cells after stable expression of Pdx1 and expo-
sure to GLP-1 [29] or defined serum-free media [30]. However,
these studies failed to detect Ngn3 expression, a critical factor in
embryogenesis of the endocrine pancreas. Using the demethylating
agent 5’-Azadeoxycytidine, we have been able to induce a strong
Ngn3 expression and trigger endocrine differentiation from the
PANC-1 human ductal cell line. This result suggests that Ngn3 pro-
moter or other transcription factor promoters necessary for Ngn3
expression are methylated in PANC-1 cells. It is most unlikely that
the observed endocrine differentiation requires the participation of
Pdx1 since this factor is already expressed in PANC-1 cells. This
result is in agreement with previous studies demonstrating
that ectopic expression of Ngn3 is sufficient to induce endocrine
differentiation from different cell lines or duct primary cells
[15,16,31].

The mechanism by which Ngn3 induces PANC-1 cell differenti-
ation after AZA treatment seems to involve NeuroD1, Nkx6.1 and
Brn4 activation. It has been shown that, in embryonic progenitors,
the expression of these genes depends on Ngn3 activity [13,32].
During embryonic development, Ngn3 appears transiently in pan-
creatic epithelial cells [32,33]. In PANC-1 cells, Ngn3 expression
constantly increased after AZA treatment and induces predomi-
nantly the formation of glucagon- and somatostatin- and not insu-
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Fig. 4. Effect of differentiation factors on PANC-1 cells differentiation after AZA treatment. PANC-1 cells were cultured for 3 days in the presence of 1 umol/l AZA then for an
additional 5 days in the presence of activin A (50 ng/l), activin B (50 ng/1), betacellulin (10 ng/l), TSA (10 nmol/l), nicotinamide (5 mmol/l) and conditioned media from e16.5
(50%). mRNA levels of expression of Pdx1 (A), Ngn3 (B) and NeuroD (C), Brn4 (D), somatostatin (E) and glucagon (F) were assessed by quantitative RT-PCR analyses. All

experiments were carried out in triplicate.

lin and PP-expressing cells. These results are not surprising since
others have reported similar findings resulting from Ngn3 over-
expression. Ectopic Ngn3 expression was found to induce prema-
ture differentiation into glucagon- and somatostatin-producing
cells when introduced into early chicken endoderm [34] and in
neonatal pig pancreatic precursor cells [16]. In support of this
explanation, we observed first a strong induction in Brn4 expres-
sion that possesses an important role in the determination of alpha
cell lineage [35]. Second, the transcriptional factor Pax4, an essen-
tial regulator in the determination of beta cell lineage, is not in-
duced in PANC-1 cells [36,37]. It is worth notice that ectopic
Ngn3 expression in mPAC cells or human duct cells failed to elicit
Brn4 and glucagon expression suggesting that the different cell
types may express inhibitory factors or lack of positive regulators
for the different lineage [15,31].

Cell proliferation and differentiation during pancreatic develop-
ment is controlled by permissive signals [38,39]. In addition, sev-
eral differentiation factors or molecules have been shown to
direct pancreatic cell differentiation in vitro. In this study, we dem-
onstrate that betacellulin and soluble factors released from the
embryonic pancreas may increase to some extent the somatostatin
and glucagon expression but did not impact on cell lineage. These
results are somewhat different from previous reports. For example,
nicotinamide - a poly(ADP-ribose) synthetase inhibitor - is known
as a potent inducer of endocrine differentiation in cultured fetal
pancreatic cells [25,40]. Similarly, betacellulin has been shown to
promote beta cell differentiation [23-25]. Finally, HDAC inhibitors
increased the pool of beta cells in embryonic pancreases cultured
in vitro [17]. Two explanations can account for the lack of effect
on PANC-1 cellular pancreatic lineage after AZA treatment. First,
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it has been shown that extracellular signals must take place in a
specific range of time. For example, FGF10 is required for the pro-
liferation of early pancreatic progenitors but endocrine differentia-
tion was strongly inhibited in transgenic mice overexpressing
FGF10 or in pancreatic epithelium grown with FGF10 [41-43]. Sec-
ond, as stated previously, there seems to be intrinsic differences
between the differentiation program that cells can adopt and that
remains to be elucidated. It would be interesting to investigate AZA
treatment effects on others pancreatic ductal cell lines.

Taken together, our data indicate that (1) Ngn3 expression is
strongly induced after AZA treatment of the human pancreatic duc-
tal cell line; and (2) endocrine differentiation is induced in vitro.
Thus, the PANC-1 model system may provide a basis for elucidat-
ing the ductal/endocrine differentiation. Knowledge gained from
these studies could be applied for the generation of endocrine cells
from adult human ducts.
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