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Pdx1 expression up-regulated by Tet-on system
induces the mouse embryonic stem cells to
pancreatic-like cells through Notch pathway
Wa Zhong 

Sun Yat-Sen Memorial hospital,Sun Yat-Sen University
Yu Lai 

Sun Yat-Sen Memorial Hospital,Sun Yat-Sen University
Ying Lin 

Sun Yat-Sen Memorial Hospital,Sun Yat-Sen University
Zhong-Sheng Xia 

Sun Yat-Sen Memorial Hospital,Sun Yat-Sen University
Chu-Yan Ni 

Sun Yat-Sen Memorial Hospital,Sun Yat-Sen University
Zhong Yu 

Sun Yat-Sen Memorial Hospital,Sun Yat-Sen University
Jie-Yao Li 

Sun Yat-Sen Memorial Hospital,Sun Yat-Sen University
Tao Yu 

Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University
Qi-kui Chen  (  chenqik@mail.sysu.edu.cn )

Sun Yat-Sen Memorial Hospital,Sun Yat-Sen University

Research

Keywords: Pdx1, Notch signaling pathway, embryonic stem cell, pancreatic-like cell, differentiation

Posted Date: May 7th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-24808/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-24808/v1
mailto:chenqik@mail.sysu.edu.cn
https://doi.org/10.21203/rs.3.rs-24808/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/22

Abstract

Background
The speci�c precursor cells derived from embryonic stem cells (ESCs) after induced differentiation offers
great potential for repairing damaged pancreas. Therefore, it is of crucial importance to know whether
pancreatic precursor cells with Pdx1+ could be induced to differentiate into pancreatic-like cells in vitro as
well as the probable mechanism underlying.

Methods
In this study, mouse ESCs (ES-E14TG2a) were divided into the blank control group (ESC), the blank vector
group (Pdx1− ESC), and the Pdx1 lentiviral vector group (Pdx1+ ESC). We constructed lentiviral vectors
with overexpressed Pdx1 in Tet-on system and screened the stably transfected cell lines after
transfection. CXCR4+ (C-X-C chemokine receptor type 4) DE cells of the three groups were seeded (day
zero [d0]) after being sorted with immune beads, and expression of Pdx1 was induced on the second day
(d1). Then, markers for the differentiation of Pdx1+ pancreatic precursor cells and molecules in the Notch
pathway were detected at d3, d7, d10, and, d14.

Results
We found that expressions of Ptf1a, CK19, and amylase increased at d3 and d7, Neuro D1 increased at
d10 and d14, Pax6 and insulin increased at d14, as well as Notch1, Notch2, Hes1, and Hes5 increased at
d3 and thereafter declined at d14 in the Pdx1+ ESC group. These expressions were signi�cantly higher
than those in the ESC group and Pdx1− ESC group, but no marked differences were observed between the
ESC group and Pdx1− ESC group.

Conclusions
Our study indicates that Pdx1+ pancreatic precursor cells can differentiate into pancreatic-like cells in
which the Notch pathway plays important roles.

Background
Embryonic stem cells (ESCs) are groups of pluripotent stem cells with potent multidirectional
differentiation potential and self-renewal capability and can differentiate into almost all cell types in vivo
and in vitro. It has been reported that mouse ESCs can differentiate into neural stem cells, pancreatic β
cells, hematopoietic stem cells, cardiomyocytes, and osteoblasts after induction in vitro. ESCs can be
used for tissue repair and functional replacement therapy, which may provide a new strategy for future
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treatment of some irreversible diseases such as heart failure, hereditary diseases, diabetes, and neuronal
degeneration [1–3].

Acute severe pancreatitis usually has a sudden onset, is often severe, and is associated with a mortality
of about 20–40% [4]. The incidence of chronic pancreatitis has also been increasing in recent years. After
pancreatic injury, lifelong endocrine and exocrine replacement therapy is often needed, which signi�cantly
affects patients’ quality of life. Currently, there is still controversy about post-injury repair of the pancreas.
Available studies reveal that pancreatic repair depends on duct cells and B cells [5–7]. In recent years,
some investigators have postulated that pancreatic stem cells or very small embryonic-like stem cells in
the pancreas are involved in insulin secretion after B cell injury and in pancreatic regeneration after
pancreatectomy [8, 9]. However, further studies are warranted to investigate post-injury repair in the
pancreas after cell transplantation.

The number of stem cells in pancreatic tissues is small, and their proliferation and differentiation are also
limited. However, the ideal and timely repair of the pancreas at structural and functional levels requires
su�cient amounts of pluripotent precursor cells or similar stem cells in order to achieve post-injury
regeneration of the pancreas. Thus, the repair of injured pancreatic cells with ESCs is imperative.
However, ESCs have a high risk of tumorigenicity in vivo and are not suitable for tissue repair in vivo.
After in vitro induction, ESCs may differentiate into speci�c precursor cells that can be used for tissue
repair, which provides a safer and more promising strategy. Pancreatic stem cells belong to the group of
undifferentiated cells; have the potential to differentiate into endocrine cells, acinar cells, and ductal cells;
and can express some markers of stem cells. However, no speci�c markers of pancreatic stem cells have
been found [10].

Studies reveal that pancreatic duodenal homeobox1 (Pdx1) is one of the pancreatic stem cell markers. In
the pancreatic development of mice, early expression of Pdx1 is a marker of pre-pancreatic endoderm
before the formation of pancreatic buds [11]. Pdx1 is an important transcription factor in the early
development of the pancreas, β cell differentiation, and mature islet cells [12, 13]. Point mutations in the
Pdx1 transactivation domain will impair human β-cell development and function[14]. Pdx1 can induce the
formation of pancreatic progenitor cells, the differentiation of endodermal tissues into pancreas, and its
maturation; Pdx1 activation may promote the expression of some important genes such as those for
insulin, somatostatin, glucokinase, glucose transport factor, and amylin [15, 16].

Our previous study found that, the addition of Wnt3a (25 ng/mL) and Activin A (50 ng/mL) can activate
the Wnt and Notch signaling pathways to cooperatively promote the differentiation of ESCs into de�nitive
endoderm (DE) [17]. In addition, inhibition of sonic hedgehog (Shh) signaling promotes pancreatic
development. We also showed that Pdx1+/Shh− cells from CXCR4+ DE derived ESCs can improve the
repair of pancreatic injury in mice [18]. In this study, we controlled the Pdx1 expression in DE by Tet-On
and obtained the Pdx1+ pancreatic precursor cells. We also evaluated the potential and possible
mechanism of Pdx1+ cells to differentiate into pancreatic-like cells. The �ndings will provide the
experimental evidence about post-injury repair of the pancreas with ESCs.
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Materials And Methods

Culture of ESCs
Mouse ESCs (ES-E14TG2a) from 129/Ola mice were purchased from the American Type Culture
Collection (ATCC). ESCs were maintained in high-glucose Dulbecco’s Modi�ed Eagle Medium (DMEM;
Gibco BRL, USA) with 10% fetal bovine serum (FBS; Gibco BRL, USA), 10 mM HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid), 0.12% sodium bicarbonate (NaHCO3), 0.1 mM
nonessential amino acids, 0.1 mM β-mercapto-ethanol, 100 U/mL penicillin, 100 µg/mL streptomycin,
and 1000 U/mL leukemia inhibitory factor (LIF) at 37 °C in an environment with 5% CO2. The medium
was refreshed once daily, and cells were passaged once every 2–3 days.

Culture of embryoid body (EB)
The EB culture medium was based on ESCs culture medium except for LIF and contained an additional
25 ng/mL Wnt3a and 50 ng/mL Activin A[17].

Tet-On system
The Tet-On system was used to construct the Pdx1 over-expressing lentivirus vector with green
�uorescent protein (GFP) and puromycin resistance. The Pdx1 recombinant plasmid was constructed and
then transfected into 293T cells, and �uorescence microscopy was done to observe the �uorescent
marker (GFP). Western blotting was done to detect Pdx1 protein expression. The recombinant lentivirus
plasmid and two original vector plasmids were co-transfected into 293T cells with Lipofectamine 2000
(Invitrogen, USA) according to the manufacturer’s instructions. At 8 h after transfection, the medium was
refreshed with complete medium, and the supernatant was harvested 48 h later. The supernatant was
then concentrated to obtain the lentivirus concentrate. The viral titer was determined in 293T cells.

Transfection of ESCs with lentivirus
Cells were divided into the blank control group (ESC), the blank vector group (Pdx1− ESC), and the Pdx1
lentiviral vector group (Pdx1+ ESC). ESCs were seeded into 6-well plate. Sixteen h later, con�uence
reached 20–30%, and then transfection was done. In brief, the medium was removed, and serum-free
medium (894 µL) was added. Then, 100 µL of Polybrene (concentration: 5 µg/mL) and 6 µL of viral
solution (titer: 1E + 9TU/mL) were added at a �nal volume of 1 mL. After 12-h transfection, the medium
was refreshed with 2 mL of medium containing 10% FBS. The medium was refreshed once daily. After
48-h transfection, cells were passaged at a ratio of 1:5 when con�uence reached > 80%. At 24 h after
passaging, puromycin was added at a �nal concentration of 800 ng/mL (total volume of the medium:
2 mL). After puromycin screening for 2 days, the medium was refreshed with puromycin-free medium.

Detection of transfection e�ciency by �ow cytometry and construction of ESCs with stable Pdx1
expression and negative control ESCs
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Cells in the Pdx1− ESC group and the Pdx1+ ESC group were screened with 800 ng/mL puromycin for 2
days and induced with 2 µg/mL doxycycline (DOX). Then, cells were harvested from the ESC group, the
Pdx1− ESC group, and the Pdx1+ ESC group, and washed in phosphate-buffered saline (PBS) once. 1.0 × 
106 cells were resuspended with 200 µL of PBS and then loaded for the detection of transfection
e�ciency by �ow cytometry. The other cells were resuspended with PBS at a density of 1 × 107 cells/mL.
Flow cytometry was used to sort GFP+ cells in the Pdx1− ESC group and the Pdx1+ ESC group, and cells in
the ESC group served as controls. After sorting, positive cells were seeded into 6-well plates, followed by
incubation at 37 °C in an environment with 5% CO2 (d0). On the second day (d1), puromycin was added
at a �nal concentration of 800 ng/mL. On day 3 (d3), puromycin-resistant colonies could be observed.
Cells surrounding the colonies were digested with trypsin, and the cell colonies were collected into 96-well
plates for further culture. Twenty-four later, puromycin was added at a �nal concentration of 400 ng/mL
to maintain the colonies. Then, cells were sequentially transferred into 24-well plates, 12-well plates, and
6-well plates for culture and expansion, and cell lines with stable transfection were harvested.

Observation of Pdx1 gene expression under �uorescence
microscope
Cells of the three groups were seeded into 6-well plates (2 wells/group). In one well for each group, DOX
was added at a �nal concentration of 2 µg/mL 24 h later. Cells were then observed under the �uorescence
microscope.

Cell cycle and apoptosis of ESCs before and after
transfection
Cells of the three groups were seeded into 6-well plates. Cells were cultured with ESC medium followed by
incubation at 37 °C in an environment with 5% CO2. They were harvested and washed in PBS 48 h later.

Cells were resuspended in 2 mL of PBS. In total, 2–5 × 105 cells were resuspended in 400 µL of binding
buffer containing Ca2+ after centrifugation. The cell suspension was divided into two tubes (200 µL of
suspension in each tube). In one tube, cells were not treated and served as blank controls; in the other
tube, FITC-conjugated Annexin V (5 µL) was added, followed by incubation at room temperature for
15 min in the dark. Then, 10 µL of propidium iodide (PI) was added, and cells were subjected to �ow
cytometry.

Cells were collected and single-cell suspensions were prepared with 200 µL of PBS after centrifugation.
Cells were then �xed in 2 mL of 75% ice-cold ethanol (absolute ethanol: water = 7:3; − 20 °C) at 4 °C
overnight. After washing in PBS once, cells were treated with 50 µL of RNAse and 450 µL of PI staining
solution, followed by detection of cell cycles in 4 h.

Sorting of CXCR4+ de�nitive endodermal cells with immune
beads
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Cells of the three groups were maintained for 5 days until a high proportion of DE cells at the EB stage
was present after differentiation. Cells were collected and resuspended in PBS after centrifugation. Cells
were then treated with phycoerythrin (PE)-conjugated anti–mouse CXCR4 monoclonal antibody (10
µL/1.0 × 106 cells) at 4 °C for 20 min. After washing in running buffer twice, cells were resuspended in
running buffer (80 µL/1 × 107 cells), and anti–PE immune beads (Miltenyi Biotec) were added (20 µL/1 × 
107 cells), followed by incubation at 4 °C for 15 min. After washing in running buffer twice and
centrifuging, cells were resuspended in running buffer at a density of 1 × 107 cells/mL. Cells were then
subjected to �ow cytometry (FACSVerse) for sorting CXCR4+ cells. The data were collected with EXPO32
MultiCOMP ver. 1.1C software, and analyzed with EXPO32 analysis ver. 1.2B software.

Differentiation of CXCR4+ DE cells into pancreatic-like cells
After sorting, CXCR4+ DE cells in the ESC group, the Pdx1− ESC group, and the Pdx1+ ESC group were
seeded into 6-well plates (0.5–1.0 × 105cells/well) on day 0. On the second day (d1), DOX was added at
the �nal concentration of 2 µg/mL. The Tet-On system was used to initiate Pdx1 expression in DE cells.
Cells in the three groups were cultured for 4 (d3), 8 (d7), 11 (d10), and 15 (d14) days.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR)
Total RNA from samples was extracted using TRIzol® Reagent (Life Technologies, Carlsbad, CA, USA),
and the concentration was calculated from the absorbance at 260 nm as determined using an ND-2000
instrument (NanoDrop Technologies, Wilmington, DE, USA), followed by reverse transcription with
PrimeScript™ Master Mix (TaKaRa Bio, Kusatsu, Shiga, Japan). RT-qPCR was performed on a CFX
Connect™ real-time PCR detection system (Bio-Rad, Hercules, CA, USA) using SYBR® Premix Ex Taq™
(TaKaRa Bio, Kusatsu, Shiga, Japan). The primers are shown in Table 1–3. Data were analyzed using the
ΔΔCt method with β-actin as an internal control. The RT-qPCR experiments were performed in
sextuplicate using independent samples.
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Table 1
Primer for Mouse PDX1:

Gene Primer

mouse Pdx1 Forwar:

5‘-GGCAGGAGGTGCTTACACAG-3’

Reverse:

5‘-GGCCGGGAGATGTATTTGTT-3’

mouse 18sRNA Forward:

5‘-GCTAGGAATAATGGAATAGG-3’

Reverse:

5 ‘-ACTTTCGTTCTTGAGGAATG-3’
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Table 2
Primer for Moiuse CK19,Pt�a,Pax6,Neuro D1,Insuline,Amylase
Gene Primer

Mouse CK19 Forward:

5‘-AGGTCAGTGTGGAGGTGGA − 3’

Reverse:

5‘-CTCAATCCGAGCAAGGTAGG − 3’

Mouse Ptf1a Forward:

5‘-AAACGGGCAGTAACCCTCTT − 3’

Reverse:

5‘-TCAGCAACAGCAGCAGAAGT − 3’

Mouse Pax6 Forward:

5‘-ATCGGAGGGAGTAAGCCAAG − 3’

Reverse:

5‘-TAGCCAGGTTGCGAAGAACT − 3’

Mouse Neuro D1 Forward:

5‘-TTGTCCCAGCCCACTACCAATTTG − 3’

Reverse:

5‘-TCGGCGGATGGTTCGTGTTTG − 3’

Mouse Insuline Forward:

5‘-CGGAGACCCACAAAGAGAGA − 3’

  Reverse:

5‘-GGAGTCACAGCGAGAAGACC − 3’

Mouse Amylase Forward:

5‘-ACTGCCAACAGCATAGCAAA − 3’

  Reverse:

5‘-TCAAACAGGTGGACAATAGCA − 3’
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Gene Primer

Mouse 18srRNA Forward:

5‘-GCTAGGAATAATGGAATAGG-3’

Reverse:

5 ‘-ACTTTCGTTCTTGAGGAATG-3’

Table 3
Primer for Mouse Notch1,Notch2,Hes1,Hes5

Gene Primer

Mouse Notch1 Forward:

5‘-CGTGGATGAGTGTGCTCTG − 3’

Reverse:

5‘-TCCCGTGTAGCCCTGTAGAC-3’

Mouse Notch2 Forward:

5‘-GACTGGCGACTTCACTTTCG − 3’

Reverse:

5‘-CATCCACACAAACTCCTCCA-3’

Mouse Hes1 Forward:

5‘-GTGGGTCCTAACGCAGTGTC − 3’

Reverse:

5‘-TCAGAAGAGAGAGGTGGGCTA − 3’

Mouse Hes5 Forward:

5‘-TCCTCTGGATGTGGGAAGAC − 3’

Reverse:

5‘-CTAAGAATGACCCTCCTGCTG − 3’

Mouse 18srRNA Forward:

5‘-GCTAGGAATAATGGAATAGG-3’

Reverse:

5 ‘-ACTTTCGTTCTTGAGGAATG-3’

Western blotting
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The samples were incubated in RIPA buffer (Thermo Scienti�c, Carlsbad, CA, USA). And the protein
concentration was determined using the bicinchoninic acid (BCA) protein assay kit (CW Biotech, China).
Protein separated by sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS–PAGE), and then
transferred onto poly-vinylidene di�uoride (PVDF) membranes. The membranes incubated with a 1:1000
dilution of Pdx1, CK19, Ptf1a, Pax6, Neuro D1, insulin, amylase, Notch1, Notch2, Hes1, or Hes5
(Abcam,Cambridge, UK)primary antibody at 4 °C overnight. After washing in TBST (tris-buffered saline
with Tween 20), the membranes incubated with a 1:1000 dilution of secondary antibody, at room
temperature, for one hour. The data were analyzed using relative intensity with β-actin as the internal
control. The Western blot experiments were performed in three repetitions using independent samples.

Statistical analysis
Statistical analysis was performed with SPSS version 17.0. Quantitative data are expressed as mean ± 
standard deviation (mean ± SD). Comparisons were done using Student’s t test between groups and
analysis of variance among groups, followed by Student’s t test with Bonferroni correction for
comparisons of means between two groups. A value of p < 0.05 was considered statistically signi�cant.

Results
The transfection e�ciency of lentiviral was determined and the positive cells were selected.

The transfection e�ciency of the cells in mock-lentiviral vector group (Pdx1− ESC group ) was 90.7%
(Fig. 1A) and that in Pdx1+ lentivirus transfection group (Pdx1+ ESC group) was 94.0% Fig. 1B .The
transfection e�ciency of the cells in Pdx1− ESC group was 97.8% Fig. 1C  and Pdx1+ ESC group was
98.13% Fig. 1D  after selected by �ow cytometry.

Expression of Green �uorescent protein was induced by activating the Tet-on system.

Induction was done with 2 µg/mL DOX. In the ESC group, green �uorescence was not observed, but cells
with green �uorescence were observed in the Pdx1− ESC group and the Pdx1+ ESC group. In the absence
of treatment with DOX, cells with green �uorescence were not observed in any of the three
groups(Fig. 2A).

Expression of Pdx1 transfection gene was induced by activating the Tet-on system.

After DOX treatment, the mRNA and protein expressions of Pdx1 were not comparable between the ESC
group and the Pdx1− ESC group (p > 0.05, Fig. 2B-D). However, that increased signi�cantly in the Pdx1+

ESC group compared with the ESC group and the Pdx1− ESC group (p < 0.05, Fig. 2B-D), and not only the
Pdx1 protein at 46 kDa but also the Pdx1 fused protein at 75 kDa were observed(Fig. 2B). In the absence
of DOX, the mRNA and protein expressions of Pdx1 were not comparable among the three groups (p > 
0.05, Fig. 2B-D).
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There was no signi�cant change in cycles and apoptosis of
the ESC after virus transfection
The G0/G1 rate of cell cycles compared with 37.714 ± 3.955, 37.332 ± 4.262 and 39.103 ± 5.294, the S
rate of cell cycles compared with 54.331 ± 7.065, 54.359 ± 5.954 and 52.314 ± 7.315 and the G2/M rate of
cell cycles compared with 7.947 ± 1.080, 8.309 ± 1.304, and 8.583 ± 1.117 for the ESC group, the Pdx1−

ESC group and the Pdx1 + ESC group respectively(Fig. 3A-G). The cell apoptosis of the ESC group, the
Pdx1− ESC group, and the Pdx1 + ESC group were 3.167 ± 0.314, 3.050 ± 0.388 and 3.244 ± 0.420
respectively Fig. 3H-J . There were no marked differences in the cell cycles and apoptosis among the
three groups (p > 0.05).

The molecular marker were expressed in the precursor cells with Pdx1 + to differentiate into pancreatic-
like cells.

In the Pdx1+ ESC group, the mRNA and protein expressions of Ptf1a increased at d7(Fig. 4A,G,H); the
mRNA and protein expressions of CK19 and amylase increased at d3 and d7 Fig. 4B,E,G,I,L ; the mRNA
and protein expressions of Pax6 and insulin increased at d14 Fig. 4C,F,G,J,M ; the mRNA and protein
expressions of Neuro D1 increased at d10 and d14 (p < 0.05 vs the ESC group and the Pdx1− ESC group,
Fig. 4D,G,K). There were no marked differences in the expressions of these mRNA and proteins between
the ESC group and the Pdx1− ESC group (p > 0.05 Fig. 4A-M).

The molecular marker of Notch signaling pathway were expressed in the precursor cells with Pdx1 + to
differentiate into pancreatic-like cells.

In the Pdx1+ ESC group, the mRNA and protein expression of Notch1, Notch2, Hes1, and Hes5 increased
at d3, thereafter declined gradually, and reached the lowest level at d14 (p < 0.05 vs the ESC group and
Pdx1− ESC group, Fig. 5A-I), but there was no marked difference in the expression of these mRNA and
proteins between the ESC group and the Pdx1− ESC group (p > 0.05, Fig. 5A-I).

Discussion
ESCs in the pluripotency state can differentiate into the ectoderm, mesoderm, and endoderm, which are
the sources of all cell types. The endoderm may differentiate into DE and visceral endoderm. During
embryonic development, DE may form a primitive gastrointestinal tract and relevant organs such as
digestive organs, including liver and pancreas [19, 20]. On the eighth day of embryonic development in
mice, tissues with high expression of pancreas-speci�c transcription factor 1α (Ptf1α) and Pdx1 and low
Shh expression will develop into pancreatic tissues [21]. Gu et al. [22] found that, during the formation of
embryonic pancreas (days 9.5–11.5), Pdx1 was extensively expressed in immature pancreatic tissues of
mice, including endocrine cells, acinar cells, and ductal cells, which suggests that pancreatic
parenchymal cells, including ductal cells, are derived from Pdx1+ cells. In early embryonic development,
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Pdx1 knockout may cause pancreatic dysplasia in mice, and the pancreas may have an abnormal
structure and diffused B cells and A cells although the pancreatic germ still forms [23]. In late embryonic
development, Pdx1 knockout may affect the maturation of β cells, causing impaired glucose tolerance
and an increase in blood glucose [22]. Thus, Pdx1+ cells can be regarded as pancreatic precursor cells.
Pdx1 expression in DE may determine the differentiation of DE into pancreatic cells. Thus, up-regulating
Pdx1 expression in DE may be helpful for the collection of greater numbers of pancreatic-like cells for
transplantation.

Gossen et al constructed the Tet-Off gene expression system in 1992 and formally established the Tet-On
gene expression system in 1995 [24, 25]. In the Tet-On gene expression system, the expression of an
exogenous gene increases with the increase in tetracycline or DOX and the system is responsive only to
tetracycline or DOX. So the exogenous gene can be expressed quantitatively and regularly. In this study,
we constructed a single-plasmid Tet-On regulatory system with Pdx1 and GFP expression and puromycin
resistance. From this results, we can see that the Tet-On system we built was regulated by doxycycline
and worked well(Fig. 2). Memon B et al enhanced the proportion of pancreatic progenitors co-expressing
PDX1 and NKX6.1 by dissociating densely formed endodermal cells and re-plating them at different
densities [26]. However in our study, under normal conditions, DOX can regulate the quantity of Pdx1 at a
predesigned time point, which provides a basis to investigate the differentiation of Pdx1+ cells into
pancreatic cells. We are also concerned about whether Pdx1 transfection affects the growth and
proliferati on of ESCs. Thus, after construction of cells with stable transfection, we used �ow cytometry to
detect the cell cycle and apoptosis of ESCs. The results con�rmed that Pdx1 transfection had little
in�uence on the cell cycle and apoptosis of ESCs Fig. 3 .

Our previous study found that ESCs can be induced to differentiate into DE with expression of Gsc,
Tm4sf2, Gpc1, Sdc4, and CXCR4 (markers of DE), and the proportion of DE peaked at 5 days after
induction of differentiation [27]. So in this study, the CXCR4+ cells were isolated from stable transfected
ESC by using immunomagnetic beads (IMBs) at the 5th day of differentiation. Previous research found
that tissues with high Ptf1α expression may differentiate into pancreatic acinar cells in pancreatic
development[28]. CK19 is a marker of pancreatic exocrine cells and is expressed mainly in the duct [29].
Neuro D and Pax6 are involved in the regulation of differentiation and maturation of pancreatic endocrine
cells [30], and gene mutations of both are related to the pathogenesis of diabetes mellitus [31, 32]. Our
results showed that ESCs with Pdx1 transfection differentiated into DE and, after induction of Pdx1
expression, further differentiated into cells with increased expression of markers of exocrine and ductal
cells (CK19, Ptf1α, and amylase) and endocrine cells (Neuro D1, Pax6, and insulin). Moreover, the
expressions of markers of exocrine cells and ductal cells peaked at d3 and d7, and those of endocrine
cells peaked at d10 and d14(Fig. 4). Pdx1 is not only an important marker of pancreatic precursor cells,
but it is also a crucial transcription factor in the differentiation of pancreatic cells. Our study indicates
that Pdx1 can activate downstream target genes to induce differentiation into pancreatic cells. In recent
years, ESCs have been induced to differentiate into insulin-secreting cells and islet-like cells [33, 34] in
vitro. Our results revealed that pancreatic precursor cells (Pdx1+ cells) can differentiate into several types
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of pancreatic-like cells: exocrine cells and ductal cells during the early stage and endocrine cells at a later
stage.

In the differentiation of Pdx1+ cells into different pancreatic-like cells, Ptf1α, functioning as a DNA-
binding molecule, may promote the expression of acinar-cell digestive enzymes such as amylase and
protease. Activation of the Notch pathway and up-regulation of Ptf1α expression may induce the
differentiation of Pdx1+ cells into acinar cells [35]. Inhibition of the Notch pathway may induce the
differentiation of Pdx1+ cells into pancreatic endocrine cells [36]. Swales et al [35] found that neurogenin
3 (Ngn3) can inhibit the Notch signaling pathway to regulate the differentiation of pancreatic ductal cells
into pancreatic endocrine cells. These �ndings suggest that the Notch pathway plays important roles in
the differentiation of Pdx1+ cells into different pancreatic cells. Available studies focus mainly on the
Notch pathway in the differentiation of Pdx1+ cells into exocrine cells or endocrine cells alone. But, how
the Notch pathway changes in Pdx1+ cells differentiating into exocrine and endocrine cells is unknow.
Our results showed that the mRNA and protein expression of Notch1, Notch2, Hes1, and Hes5 increased
at early differentiation, thereafter declined gradually later in the Pdx1+ ESC group. So the results indicated
that, in the differentiation of DE into pancreatic cells, the Notch pathway was �rst activated and thereafter
inhibited(Fig. 5). Findings also revealed that the Notch pathway can regulate the differentiation of Pdx1+

pancreatic precursor cells into pancreatic-like cells, which is consistent with previous results. However, the
speci�c target gene that is regulated by Pdx1 to affect the Notch pathway is still unclear, and more
studies are needed to elucidate it.

Conlusion
Altogether, our study indicates that Pdx1+ pancreatic precursor cells can differentiate into pancreatic-like
cells in which the Notch pathway plays important roles. However, the mechanism by which the Pdx1 gene
affects the Notch pathway is still unknown, and further investigations are needed.
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Figure 1

The transfection e�ciency of lentiviral was determined by �ow cytometry .The blue wave crest represents
negative control cells, and red wave crest represents positive transfection cells A,B PDX1- ESC group A ,
PDX1+ESC group B . The positive cells were selected and exhibited in blue frame by �ow cytometry C,D ,
PDX1- ESC group C , PDX1+ESC group D .
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Figure 2

Expression of Green �uorescent protein and Pdx1 transfection gene was induced by activating the Tet-on
system. Green �uorescence hasn’t been observed in the three groups without DOX, including ESC group,
PDX1- ESC group and PDX+ ESC group. Green �uorescence hasn’t been observed in ESC group, but can
be observed in PDX1- ESC group and PDX+ ESC group with DOX. Scale Bar=50μm(A). There were no
differences in mRNA and protein expression of PDX1 without DOX among the cells in the three groups .
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However, there are signi�cantly increased in the cells of PDX1+ESC groups with DOX . The protein
expression of PDX1 was observed in 46KD and the fusion protein expression of PDX1 also can been
observed in 75KD in PDX1+ESC group by Western blot (B) and quanti�cation of immunoblot bands from
Western blot (C) and qRT-PCR (D); mRNA and protein levels are expressed relative to β-actin *P<0.05 .

Figure 3

The cell cycle and apoptosis of cells in three groups were determined by �ow cytometry after cultured 2
days. The �ow cytometry graph of cells cycle(A-C). The �rst red wave stands for G1 phase of cell cycle,
the second red wave for G2 phase and the blue wave for S phase. ESC group(A), PDX1- ESC group(B) and
PDX+ ESC group(C). The histogram of proportions of different cell cycle phase(D-F). The histogram of
apoptosis proportions (G). The �ow cytometry graph of apoptosis(H-J). ESC group (H), PDX1-ESC group
(I) and PDX1+ESC group (J). There were no any changes of the cell cycle and apoptosis in the cells in
three groups before the expression of Pdx1 gene after the transfection (P > 0.05).
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Figure 4

The mRNA and protein expression of Ptf1a CK19 Pax6 Neuro D1 Amylase and Insulin were observed in
ESC group, PDX1-ESC group and PDX1+ESC group by Western blot (G) and quanti�cation of immunoblot
bands from Western blot (H-M) and qRT-PCR (A-F). The mRNA and protein expressions of Ptf1a were
higher in the cells in PDX1+ESC group than those in ESC group and PDX1-ESC group at d3 (A, G, H), and
the expression of CK19 and Amylase were higher in the cells in PDX1+ESC group than those in ESC group
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and PDX1-ESC group from d3 to d7 (B,E G, I, L). The mRNA and protein expressions of Pax6 and Insulin
were higher in the cells in PDX1+ESC group than those in ESC group and PDX1-ESC group at d14 and the
expressions of Neuro D1 was higher in the cells in PDX1+ESC group than those in ESC group and PDX1-
ESC group from d10 to d14 . (C, D,F, G, J,K,M). The mRNA and protein levels are expressed relative to β-
actin, *P<0.05.

Figure 5
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The mRNA and protein expressions of Notch1, Notch2, Hes1 and Hes5 were. Observed in ESC group,
PDX1-ESC group and PDX1+ESC group by Western blot I and quanti�cation of immunoblot bands from
Western blot (F-I) and qRT-PCR (A-D). The mRNA and protein expression levels of these genes were higher
at d3 and then lower at d14 in the cells in PDX1+ESC group than those in ESC group and PDX1-ESC
group. The mRNA and protein levels are expressed relative to β-actin, *P<0.05.


