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Aim: The feasibility of inducing endocrine pancreatic differentiation of embryonic stem (ES) cells has been well documented.  How-
ever, whether ES cells possess the potential for exocrine pancreatic differentiation requires further exploration.  Here, we investigated 
whether sodium butyrate and glucocorticoids were conducive to the exocrine pancreatic differentiation of ES cells.   
Methods: E14 mouse ES cells were cultured in suspension to form embryoid bodies (EBs).  These EBs were cultured in differentiating 
medium containing varying concentrations of sodium butyrate.  The effects of activinA and dexamethasone (Dex) on exocrine differen-
tiation were also explored.  Finally, the combination of sodium butyrate, activinA, and Dex was used to promote the differentiation of 
exocrine pancreatic cells.  Specific exocrine pancreatic gene expression was detected by reverse transcription polymerase chain reac-
tion (RT-PCR) and amylase expression was examined by immunofluorescence staining.  Flow cytometry analysis was also performed to 
determine the percentage of amylase-positive cells after the treatment with activinA, sodium butyrate, and Dex.  
Results: Exposure of ES cells to 1 mmol/L sodium butyrate for 5 days promoted exocrine pancreatic gene expression.  Further combi-
nation with Dex and other pancreatic-inducing factors, such as activinA, significantly enhanced the mRNA and protein levels of exocrine 
pancreatic markers.  Additionally, flow cytometry revealed that approximately 17% of the final differentiated cells were amylase-positive.  
Conclusion: These data indicate that the exocrine pancreatic differentiation of ES cells can be induced by activinA, sodium butyrate, 
and Dex, providing a potential tool for studying pancreatic differentiation and pancreas-related diseases.   
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Introduction
Mouse embryonic stem (ES) cells are isolated from the inner 
cell mass of blastocysts, which are capable of indefinite and 
pluripotential proliferation[1, 2].  Certain differentiation factors 
involved in embryonic development can differentiate ES cells 
into cell types from all three germ layers in vitro[3–5].  More spe-
cifically, recent studies have demonstrated the capacity of ES 
cells to differentiate into endocrine pancreatic or insulin-pro-
ducing cells in vitro[6–8].  However, the pancreas is composed 
of both exocrine and endocrine compartments, and although 
ES-derived pancreatic β-cell differentiation has been character-
ized, little is known regarding exocrine pancreatic differentia-
tion.   

Sodium butyrate is a histone deacetylase inhibitor reported 

to promote the differentiation of many cell types through chro-
matin rearrangement and histone deacetylation[9–11].  Recent 
research demonstrated that sodium butyrate can activate 
early pancreatic development genes in ES cells[12] and induce 
ES cells to differentiate into islet-like clusters[8].  Our previ-
ous work has also suggested that sodium butyrate can induce 
endoderm differentiation.  In the present study, we investi-
gated whether exocrine pancreatic cells could be generated 
from ES cells upon exposure to sodium butyrate.  Our results 
revealed that treatment with 1 mmol/L sodium butyrate for 5 
days was conducive to induce exocrine pancreatic differentia-
tion.  

Some studies have shown that glucocorticoids influence 
exocrine pancreas differentiation and increase exocrine gene 
expression.  However, whether glucocorticoids affect the 
exocrine differentiation of ES cells remains uncertain.  In the 
current study, we found that dexamethasone (Dex) promoted 
marked exocrine gene expression and the combination of 
activinA, sodium butyrate, and Dex significantly increased 

* To whom correspondence should be addressed. 
E-mail drjunmin@yahoo.com.cn (Jun MIN); bear3151@yahoo.cn (Hua 
CHENG)
Received 2009-03-31    Accepted 2009-06-30 



1290

www.nature.com/aps
Ren M et al

Acta Pharmacologica Sinica

npg

the mRNA and protein levels of exocrine markers.  These data 
may be useful in the development of new strategies to direct 
ES-cell differentiation toward the exocrine pancreatic lineage 
in vitro.  Thus, these findings provide a novel foundation for 
research on pancreatic differentiation and disease.

Materials and methods
Cell culture  
Undifferentiated E14 mouse ES cells (ATCC, Manassas, VA, 
USA) were maintained on gelatin-coated dishes in Dulbecco’s 
modified Eagle’s medium (DMEM; GIBCO, Grand Island, NY, 
USA) supplemented with 15% fetal bovine serum (Hyclone, 
Rockville, MD, USA), 1000 U/mL recombinant mouse leuke-
mia inhibitory factor (LIF; Chemicon, Temecula, CA, USA), 
1% non-essential amino acids, 1 mmol/L glutamine, and 0.1 
mmol/L β-mercaptoethanol (Sigma-Aldrich, MO, USA).  The 
above culture medium, excluding LIF, was defined as the dif-
ferentiating medium.  

In vitro differentiation of ES cells 
To induce differentiation, ES cells were trypsinized and resus-
pended in differentiating medium to form embryoid bodies 
(EBs).  Four days later, the EBs were transferred into 6-well 
plates coated with 0.1% gelatin and cultured in differentiat-
ing medium in the presence of varying sodium butyrate con-
centrations.  In some experiments, 25 ng/mL activinA (R&D 
Systems Inc, Minneapolis, MN, USA) and/or 1×10-7 mol/L 

dexamethasone (Dex; Sigma-Aldrich) was added to further 
stimulate differentiation.   

Fluorescent-activated cell sorting (FACS)  
To quantify the survival rate of ES cells after exposure to 
sodium butyrate, annexin V, and propidium iodide (PI) stain-
ing was performed, followed by flow cytometry.  Briefly, cells 
were exposed to different concentrations of sodium butyrate, 
ranging from 1 to 10 mmol/L, for 48 h.  The cells were then 
harvested, washed twice with cold phosphate-buffered saline 
(PBS), and subjected to annexin V and PI staining.  After stain-
ing, the samples were analyzed by FACS (Becton Dickinson) 
using CellQuest Research Software (Becton Dickinson).

Reverse transcription polymerase chain reaction (RT-PCR)
Differentiated cells were collected at different time points for 
analysis of the mRNA expression of exocrine pancreatic genes.  
First-strand cDNA was generated using a commercial TaKaRa 
RT kit (TaKaRa, Japan) and primer sequences used in PCR are 
provided in Table 1.  All quantifications were performed using 
mouse β-actin as an internal standard.  PCR was conducted 
with the following thermal profiles: denaturation at 94 °C for 5 
min, followed by 30−35 cycles of 30 s at 94 °C, 45 s at optimal 
annealing temperatures (as described in Table 1), and 45 s at 
72 °C.  The program was finished by a 10-min extension at  
72 °C.  The amplified products were subjected to electropho-
resis using 20 g/L agarose gels and stained with ethidium 

Table 1.   Sequence information on the primers used for RT-PCR.

       Genes                                                              Sequences                                       Product            Annealing               Gene Bank
                                                                                                                                                                    size (bp)        temperature (ºC)

 PDX-1 5′-GGTGGAGCTGGCAGTGATGTT-3′ 125 58 NM_008814
  5′-ACCGCCCCCACTCGGGGTCCCGC-3' 
 p48 5′-TGCAGTCCATCAACGACGC-3′ 708 57 NM_018809
  5'-GGACAGAGTTCTTCCAGTTC-3′  
 Insulin1 5′-CCAGCTATAATCAGAGACCA-3′ 197 60 NM_008386
  5′-GTGTAGAAGAAGCCACGCT-3′  
 Insulin2 5′-TCCGCTACAATCAAAAACCAT-3′ 411 60 NM_008387
  5′-GCTGGGTAGTGGTGGGTCTA-3′ 
 Somatostatin 5′-TCGCTGCTGCCTGAGGACCT-3′ 232 58 NM_009215
  5′-GCCAAGAAGTACTTGGCCAGTTC-3′ 
 Glut2 5′-CGGTGGGACTTGTGCTGCTGG-3′ 416 61.5 NM_031197
  5′-CTCTGAAGACGCCAGGAATTCCAT-3′ 
 Elastase 1 5′-GTGGCTGCAGGCTATGACAT-3′  412 58 NM_033612
  5′-GGTGAAGACTGTGGGCTTC-3′ 
 Elastase 2 5′-TATCAGACCTACCGAGTGCT-3′ 373 58 NM_007919
  5′-ACACCATGCTGGACTTCACA-3′ 
 Amylase 5′-CAGGCAATCCTGCAGGAACAA-3′ 484 58 XM_001480963
  5′-CACTTGCGGATAACTGTGCCA-3 
 Carboxypeptidase 5′-GAAATCGCAGGCAGGCACAG-3′ 653 58 NM_007753
  5′-TGGTGGTTAGGAGGCAGTTTG-3′  
 Chymotrypsinogen 5′-CATCCAGGTCCTGAAGATCG-3′ 411 58 NM_025583
  5′-CTGCCCCAGGACACAATGCC-3′ 
 β-actin 5′-GTTGGTTGGAGCAAACATCC-3′ 232 58 NM_007393
  5′-AAGCAATGCTGTCACCTTCC-3′ 
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bromide.  The ratios of exocrine markers to β-actin were then 
calculated.  Semi-quantitative analysis of PCR products was 
performed using an Alpha Imager TM 2000 instrument (Alpha 
Innotech, San Leandro, CA, USA).   

Immunofluorescence 
Differentiated cells were washed with PBS, permeabilized 
with 0.2% Triton X-100 and blocked for 2–4 h at room temper-
ature.  Rabbit anti-amylase antibody (Sigma-Aldrich) was then 
applied overnight at 4 ºC.  The next day, cells were washed 
with PBS three times for 15 min, treated with secondary anti-
body for 1 h and washed as before.  Nuclei were stained blue 
with Hoechst 33258 (Sigma-Aldrich).  The resultant immu-
nofluorescence was viewed using a Nikon fluorescent micro-
scope.

Flow cytometry analysis 
Differentiated cells at the final stage of differentiation were 
dissociated using 0.25% trypsin-EDTA for 10-15 min, followed 
by centrifugation, washing, and fixation in 2% paraformalde-
hyde in PBS at room temperature for 15 min.  The cells were 
then permeabilized with IntraPrep permeabilization reagent 
(Invitrogen, CA, USA) for 30 min.  Next, the cells were incu-
bated with 0.2 µg amylase antibody (Sigma-Aldrich), washed 
with PBS, and stained with an appropriate secondary anti-
body conjugated to Alexa Fluor 488 at room temperature for 
15 min.  Finally, the cells were washed, resuspended in a final 
volume of 100 µL PBS, and analyzed by FACS using CellQuest 
Research Software.  Spontaneously differentiated cells were 
used as a control.  

Statistical analysis  
Each experiment was performed at least three times.  All 
values are given as means±SD.  Data were analyzed by one-
way analysis of variance (ANOVA) using SPSS 10.0 software.  
P<0.05 was interpreted as a statistically significant difference.

Results
Expression of specific pancreatic markers during spontaneous 
ES cell differentiation  
To study the expression of pancreatic markers in spontane-
ously differentiated cells, EBs were cultured in differentiating 
medium for 7 to 21 days.  On d 7, 14, and 21, cells were col-
lected and the expression of exocrine and endocrine markers 
was examined by semi-quantitative RT-PCR.  As shown in 
Figure 1, both pancreatic/duodenal homeobox-1 (PDX-1), 
an important transcription factor involved in endocrine and 
exocrine gene activation[13], and p48, the only factor known 
to be specifically required for the ontogeny of the exocrine 

pancreas[14], were detected on d 7 of cell differentiation.  On 
d 14, a small increase in the expression of these factors was 
noted, and the level increased gradually at later time points.  

In the developing mouse pancreas, carboxypeptidase mRNA 
is the earliest enzyme transcript detected[15].  Here, we found 
that carboxypeptidase was expressed on d 7 of cell differen-
tiation, followed by a decrease in expression on d 14 and 21.  

Other exocrine markers, such as amylase, chymotrypsinogen, 
and elastases 1 and 2, were also detected on d 7 and main-
tained constant levels at later time points.  Moreover, sponta-
neously differentiated cells also showed a marked increase in 
gene expression of insulin 1 and 2, which increased continu-
ously until d 21.  The mRNA expression of somatostatin also 
increased from d 7 to d 14 but decreased at later time points.  
Gene expression of glucose transporter-2 (Glut2), which plays 
an important role in glucose-stimulated insulin secretion, 
was also detected on d 7 and exhibited an increase over time.  
Taken together, these data demonstrate that both exocrine and 
endocrine markers were expressed during spontaneous ES cell 
differentiation.

Influence of different concentrations of sodium butyrate on 
growth activities of ES cells  
Sodium butyrate is known to promote endoderm cell differen-
tiation as well as inhibit cell proliferation.  Thus, the optimal 
concentration of sodium butyrate required to stimulate ES 
cell differentiation was studied first.  After four days of EB 
formation using the suspension culture method, EBs were 
transferred into 6-well plates coated with 0.1% gelatin and 
cultured in differentiating medium in the presence of vary-
ing sodium butyrate concentrations (1, 3, 5, 7, or 10 mmol/L) 
for 48 h.  FACS was then used to evaluate EB growth activity.  
The results indicated that differentiated ES cells exposed to 1 
to 3 mmol/L sodium butyrate exhibited higher survival rates 
(82.75%±6.7% at 1 mmol/L and 67.5%±5.5% at 3 mmol/L), 
whereas supplementation with 5 to 10 mmol/L sodium 
butyrate resulted in obvious cell apoptosis (P<0.05).  The cells’ 
survival rate decreased to 45.51%±3.2%, 5.85%±1.9%, and 
2.89%±0.2% when treated with 5, 7, and 10 mmol/L sodium 
butyrate, respectively (Figure 2).  These data indicate that 
exposure to 1 to 3 mmol/L sodium butyrate was suitable for 
the survival and differentiation of ES cells.

Figure 1.  Expression of exocrine and endocrine pancreatic markers in 
spontaneously differentiated ES cells.  EBs were formed in suspension 
culture for 4 d and then transferred into gelatin-coated dishes and 
grown in differentiating medium for 21 d.  On d 7, 14, and 21, cells were 
collected and the gene expression of exocrine (left image) and endocrine 
(right image) markers was measured by RT-PCR.  β-actin was considered a 
control of equal RNA amount. This experiment was performed in triplicate.
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Sodium butyrate activates exocrine pancreatic differentiation of 
ES cells  
To investigate the effects of sodium butyrate on exocrine 
pancreatic differentiation, EBs were cultured in differentiat-
ing medium supplemented with 1, 2, or 3 mmol/L sodium 
butyrate for 5 d.  RT-PCR was then performed to analyze 
exocrine pancreatic gene expression.  As shown in Figure 
3A, sodium butyrate upregulated the expression of exocrine 
pancreatic markers, including amylase, elastases 1 and 2, car-
boxypeptidaseA, and chymotrypsinogen.  A maximal effect 
was observed in EBs treated with 1 mmol/L sodium butyrate, 
whereas increasing sodium butyrate concentrations led to 
weaker gene expression of exocrine markers.  

To study the effect of exposure time of sodium butyrate  on 
cell differentiation, EBs were treated with 1 mmol/L sodium 
butyrate for 1 week.  On d 1, 3, 5, and 7 of ES differentiation, 

cells were collected for analysis of the mRNA expression of 
exocrine pancreatic genes.  After initial exposure to sodium 
butyrate, all pancreatic exocrine markers except amylase 
began to be expressed on d 3 and peaked on d 5.  Then a slight 
decrease in exocrine gene expression was noted on d 7.  Mean-
while, amylase expression was detected on day 1, peaked on  
d 3 and decreased slightly on d 5 (Figure 3B).  

Induction of exocrine pancreatic differentiation by activinA or 
Dex  
Transforming growth factor-β (TGF-β) is a major regula-
tor of exocrine and endocrine pancreatic cell fate.  ActivinA, 
a member of the TGF-β superfamily, has been reported to 
induce endoderm formation and regulate the early stages of 
pancreatic development[16].  In the present study, the effect of 
activinA on exocrine pancreatic gene expression was charac-

Figure 3.  Sodium butyrate activates exocrine pancreatic 
differentiation of ES cells.  (A) Cells were cultured in medium 
supplemented with 1, 2, or 3 mmol/L sodium butyrate for 5 d.  RT-
PCR was then performed to analyze exocrine pancreatic gene 
expression.  (B) Cells were treated with 1 mmol/L sodium butyrate 
for 1 week.  On d 1, 3, 5, and 7, cells were collected for analysis 
of the time course of exocrine gene expression.  β-actin served as 
a control of equal RNA amount and the experiment was repeated 
three times.  Histogram plots represent the densitometric analysis, 
corresponding to the means±SD of three independent experiments.

Figure 2.  Effects of sodium butyrate at different concentrations on ES cell growth activities.  Cells were exposed to different concentrations of sodium 
butyrate (1, 3, 5, 7, or 10 mmol/L ) for 48 h. Annexin V and PI staining was performed, followed by flow cytometry to detect cell apoptosis.  The dot 
plot diagrams represent typical apoptotic and necrotic cell populations, as detected by Annexin V and PI staining. Values are given as means±SD.  A 
representative example of the experiment, which was repeated three times, is shown.
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terized in developing EBs.  The results revealed that after 48 h 
of treatment, activinA induced upregulation of exocrine gene 
expression, whereas mRNA expression of exocrine genes was 
barely detectable in the absence of activinA (Figure 4A).  To 
further compare gene expression in spontaneously differenti-
ated and sodium butyrate-treated cells, EBs were exposed to 
1 mmol/L sodium butyrate for 5 d.  The data indicated that 1 
mmol/L sodium butyrate significantly promoted higher exo-
crine gene expression than that of spontaneously differenti-
ated cells.  More specifically, the gene expression of amylase, 
elastase, and chymotrypsinogen increased by about 35%, 60% 
and 35%, respectively (Figure 4B).

Previous studies have shown that glucocorticoids influence 

exocrine pancreas differentiation and increase exocrine gene 
expression[17].  To assess the effect of the glucocorticoid Dex on 
ES cell exocrine differentiation, EBs were grown in Dex-con-
taining medium for 7 d.  We found that Dex upregulated the 
gene expression of amylase, elastase, and chymotrypsinogen 
and exocrine gene expression in Dex-treated cells was about 
twofold higher than that of spontaneously differentiated cells 
(Figure 4C).   

Enhancement of exocrine pancreatic dif ferentiation by 
combining activinA, sodium butyrate, and Dex  
Because a single inducing agent cannot achieve high differ-
entiation efficiency, a combination of differentiation agents 
was needed to enhance exocrine pancreatic differentiation.  To 
induce final differentiation, activinA was used for the first 2 d, 
followed by the addition of sodium butyrate for 5 d.  Finally, 
following activinA and sodium butyrate treatment, the dif-
ferentiated cells were transferred into Dex-containing medium 
for another 7 d.  Compared with activinA treatment alone, 
the combination of sodium butyrate and activinA resulted 
in higher levels of exocrine gene expression (Figure 5).  Final 
treatment with Dex induced more marked amylase, elastase, 
and chymotrypsinogen gene expression compared with treat-
ment with activinA and sodium butyrate alone.  Meanwhile, 

Figure 4.   Induction of exocrine differentiation by activinA or Dex. EBs 
grown in suspension were cultured with 25 ng/mL activinA for 48 h (A), 
1 mmol/L sodium butyrate for 5 days (B), or 10-7 mol/L Dex for seven 
days (C). RNA from spontaneously differentiated cells as well as treated 
cells was isolated and RT-PCR was performed to measure the mRNA 
levels of exocrine genes. The ratios of exocrine markers to β-actin were 
then calculated. Values are given as means±SD. For each experiment, 
a representative PCR result is shown. Histogram plots represent the 
densitometric analysis, corresponding to the means±SD of three 
independent experiments. 

Figure 5.  Expression of exocrine markers in EBs incubated with activinA, 
sodium butyrate and Dex.  EBs grown in suspension were cultured in 25 
ng/mL activinA for 48 h, followed by 1 mmol/L sodium butyrate treatment 
for 5 days.  At the final stage of differentiation, 10-7 mol/L Dex was added 
for another 7 days.  RNA from both spontaneously differentiated and 
treated cells was isolated and RT-PCR was performed to measure the 
mRNA levels of exocrine genes.  The ratios of exocrine markers to β-actin 
were calculated. Values are given as means±SD.  (A) A representative PCR 
result is shown.  (B) A histogram plot representing densitometric analysis, 
corresponding to the means±SD of three independent experiments. 
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exocrine gene expression in spontaneously differentiated cells 
clearly decreased over the same 14-d culture duration (Figure 
5).  

At the final stage of differentiation, the spontaneously dif-
ferentiated cells appeared irregularly shaped and fibroblast-
like (Figure 6A).  In contrast, treatment with inducing factors 
caused numerous cells with homogeneous morphology to 
spread from the EBs.  These cells were polygonal with large, 
round, and center-situated nuclei (Figure 6B).  Further immun-
ofluorescence studies also revealed that some cells immunore-
active for amylase were located among the differentiated cells 
(Figure 6C).  To measure the percentage of amylase-positive 
cells, we performed flow cytometry and found that approxi-
mately 17% of the differentiated cells were amylase-positive, 
which was higher than the percentage of spontaneously differ-
entiated cells (Figure 6D).

Discussion
In the present study, we demonstrated that exposure to a low 
concentration of sodium butyrate promoted exocrine pancre-
atic differentiation in ES cells.  Further combination with Dex 
and other inducing factors involved in pancreatic develop-
ment significantly enhanced the differentiation efficiency.

The pancreas is a complex organ composed of both exo-
crine and endocrine regions.  Acinar cells constitute 90% of 
the pancreatic epithelium and play a central role in pancreatic 

diseases, such as pancreatitis and pancreatic cancer.  Although 
recent studies have indicated that ES cells can be induced to 
differentiate into insulin-secreting cells[7, 8], until now there 
have been only limited methods for studying acinar-cell dif-
ferentiation in vitro.  Because both the liver and the pancreas 
develop from the common embryonic endoderm and because 
these two lineages can transdifferentiate into each other[18, 19], 
exogenous factors that induce hepatic differentiation may also 
affect pancreatic differentiation.  Our previous work and that 
of others have demonstrated that sodium butyrate, an inhibi-
tor of histone deacetylase, can efficiently induce the differenti-
ation of hepatocytes from ES cells[20, 21].  Here, we investigated 
the influence of sodium butyrate on exocrine pancreatic differ-
entiation.

First, we explored pancreas-specific gene expression in 
spontaneously differentiated ES cells before definitive induc-
tion into acinar cells.  Because the presence of the three germ 
layers is important in the induction of definitive differentia-
tion[10], the ES cells were cultured in suspension to form EBs 
containing endoderm, ectoderm, and mesoderm.  Spontaneous 
EB differentiation included the generation of cells that shared 
characteristics with insulin-producing cells.  Our results indi-
cated that EBs can also express exocrine pancreatic markers 
when spontaneously differentiated, which is consistent with 
the results of Skoudy[22].  The coexistence of exocrine and 
endocrine cells in developing EBs suggests that local signals 

Figure 6.  Change in cell morphology and 
amylase protein expression after exposure 
to activinA, sodium butyrate, and Dex. After 
the combined induction of differentiation 
using activinA, sodium butyrate, and Dex, 
ce l l morphology was obser ved by l ight 
microscopy.  (A) Images of spontaneously 
differentiated cells serving as a control.  (B) 
Images of differentiated cells.  (C) Amylase 
was also detected in dif ferentiated cells 
by immunofluorescence staining with anti-
amylase antibody.  The red color depicts CY3-
conjugated amylase protein in the cytoplasm, 
whereas the blue color indicates the Hoechst 
33258-stained nucleus. Representative 
images from three experiments performed 
on different days are shown.  Scale bars: 50 
μm.  (D) Flow cytometry analysis of amylase 
expression in spontaneously differentiated 
cells (left panel) and final differentiated cells 
(right panel).
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produced within the EBs are able to promote the exocrine and 
endocrine differentiation programs.

Sodium butyrate, a common dietary micronutrient, was an 
important component of our differentiation protocol.  It has 
been widely used to differentiate ES cells into hepatocytes[20, 21] 
and has been found to induce up-regulation of PDX-1 and p48 
in mouse ES cells upon brief exposure[12].  PDX-1, the earliest 
marker of pancreatic cells, and p48, which is crucial for exo-
crine cell differentiation, are both required for early pancre-
atic development.  Here, we found that both PDX-1 and p48 
were expressed at significantly higher levels in EBs treated 
with sodium butyrate.  Exocrine enzyme gene expression 
was also promoted by sodium butyrate treatment, in contrast 
with untreated, spontaneously differentiated EBs.  Moreover, 
we found that a relatively low dose of sodium butyrate for 
a short exposure time efficiently induced the up-regulation 
of genes associated with the exocrine pancreas.  Although 
sodium butyrate is thought to act via histone deacetylation 
when inducing hepatocyte differentiation[21, 23], its mechanism 
of action during exocrine pancreas differentiation remains 
unclear.

Because a single factor could not efficiently induce ES cell 
differentiation, we investigated the effects of combining 
sodium butyrate and activinA on ES cell exocrine differentia-
tion.  ActivinA is a disulfide-stabilized protein that belongs 
to the TGF-β superfamily.  Its binding to a cell surface recep-
tor can induce the expression of many genes important for 
early endoderm development such as Foxa2 and Sox17[24].  
Additionally, activinA improves insulin secretion by cultured 
human islets[25] and regulates endocrine and exocrine differen-
tiation during pancreatic development[26].  In the current study, 
we found the combination of sodium butyrate and activinA 
induced more marked exocrine gene expression than activinA 
treatment alone.  One potential explanation for this finding 
is that sodium butyrate triggered epigenetic changes in the 
ES cells, making them more responsive to activinA-mediated 
gene expression.  

Previous studies have shown that glucocorticoids influence 
exocrine pancreas differentiation and increase the expression 
of genes for amylase and other digestive enzymes[27].  In vitro 
treatment of the embryonic pancreas with Dex, a glucocor-
ticoid agonist, decreased the number of insulin-expressing 
cells and doubled the acinar cell area, indicating that gluco-
corticoids favor acinar differentiation.  Meanwhile, PDX-1 
expression was downregulated and the mRNA levels for p48 
were increased[28].  Dex has also been used to differentiate ES 
cells into hepatocytes, which, like pancreatic cells, are also 
derivatives of the definitive endoderm.  In our study, Dex was 
added at the final stage of differentiation and then exocrine 
enzyme gene expression was tested.  We found that exocrine 
gene expression increased after Dex treatment, in accordance 
with increased p48 expression.  Thus, Dex may have profound 
effects on the exocrine differentiation of ES cells in vivo.  How-
ever, the molecular mechanisms by which glucocorticoids 
mediate their effects have only been partly elucidated.  Glu-
cocorticoids may regulate the expression of specific genes, the 

products of which are important for the differentiated function 
of the acinar pancreas.  The underlying signaling pathways 
involved in ES cell differentiation must be further investi-
gated.  

In summary, the present study demonstrates that sodium 
butyrate, an inhibitor of histone deacetylase, and the gluco-
corticoid Dex can promote exocrine pancreatic gene expres-
sion during ES cell differentiation.  It was also found that a 
combination of these factors may increase induction efficiency.  
Thus, this study gives insight into pancreas formation and 
provides a model for the study of pancreas-related diseases.
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