PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World ] Gastroenterol 2006 April 28; 12(16):2615-2619
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Wnt/p-catenin signaling pathway is active in pancreatic development

of rat embryo

Qi-Ming Wang, Ye Zhang, Kai-Ming Yang, Hong-Ying Zhou, Hui-Jun Yang

Qi-Ming Wang, Kai-Ming Yang, Hong-Ying Zhou, Hui-Jun
Yang, Department of Anatomy, School of Preclinical and Forensic
Medicine, Sichuan University, Chengdu 610041, China

Ye Zhang, Beida Weixin Biology and Science Company, Beijing
100081, China

Correspondence to: Qi-Ming Wang, MD, Department of
Anatomy, School of Preclinical and Forensic Medicine, Sichuan
University, Chengdu 610041, China. wangqiming-6@163.com
Telephone: +86-28-66886157 Fax: +86-28-85501670
Received: 2005-11-29 Accepted:2006-01-09

Abstract

AIM: To elucidate the role of Wnt/B-catenin signaling
pathway in pancreatic development of rat embryo.

METHODS: The mRNAs of B-catenin, APC, cyclin D1
genes were amplified by means of semiquantitative
reverse transcription polymerase chain reaction (RT-
PCR) from embryonic pancreas in different periods and
normal pancreas of rat, respectively. Protein expression
of these genes in embryonic pancreas of E14.5-E18.5
was examined by immunohistochemical method.

RESULTS: In embryonic pancreas of E14.5, the
transcript amplification of p-catenin and cyclinD1 genes
was detected. In embryonic pancreas of E18.5, the
transcription levels of B-catenin and cyclinD1 genes
became much higher than in other periods. But in
adult rat pancreas the transcription of cyclinD1 gene
could not be observed. Only until E18.5, the transcript
amplification of mRNA of APC gene could be detected.
Surprisingly, the transcription level of APC gene became
much higher in adult rat pancreas than in embryonic
pancreas. By means of immunohistochemical staining,
identical results were obtained to the above by RP-PCR,
except for p-catenin protein in adult rat pancreas.

CONCLUSION: Active Wnt/B-catenin signaling occurs
in rat embryonic pancreas and is probably important for
pancreatic development and organ formation.

© 2006 The WIG Press. All rights reserved.

Key words: Wnt/B-catenin signaling; Pancreas;
Development; Embryo

Wang QM, Zhang Y, Yang KM, Zhou HY, Yang HJ. Wnt/
B-catenin signaling pathway is active in pancreatic
development of rat embryo. World J Gastroentero/ 2006;
12(16): 2615-2619

http://www.wjgnet.com/1007-9327/12/2615.asp

INTRODUCTION

The fetal pancreatic development begins at the end of
fourth week of gestational period in human being. The
pancreatic bud comes from entodermal epithelium in
the foregut. In rat embryo the pancreatic bud occurs at
9.5 d after mating (E9.5)"". With pancreatic islet arising,
the rat embryonic pancreas began to become a special
organ including external secretory portion and internal
secretory portion. E14.5 - E18.5 is a crucial period for rat
pancreatic cell proliferation, differentiation and structure
formation™ ™. Wnt/B-catenin signaling is involved in
many developmental processes such as proliferation,
differentiation, cell fate decisions, and morphogenesis'”.
However, little is known about Wnt/B-catenin signaling
during pancreas development. [-catenin serves not only
as a structural component of the E-cadherin-mediated
cell-cell adhesion system, but also a signaling molecule of
the Wnt/B-catenin pathway. In present study, we tried to
investigate the role of Wnt/B-catenin signaling pathway
in rat pancreatic development by means of RT-PCR and
immunohistochemical method for collecting more data on
diagnosis and therapy of pancreatic diseases.

MATERIALS AND METHODS

Experimental animals and specimen preparation

Healthy SD rats (male 10 and female 20), weighing 200-250
g, were purchased from the experimental animal center
in Huaxi University of Medical Sciences, Chendu, China.
Every two female rats and one male rat was put into one
cage after these animals were fed for a week. Assessment
of the embryonic age of the fetuses was based on the
plug date, defined as embryonic d 0 (E0). The embryos
were harvested from female rats with E14.5, E15.5, E16.5,
E17.5 and E18.5, respectively. A part of pancreases was
rapidly frozen in liquid nitrogen as soon as they were
dissected from embryos under microscope.

Reagents and antibodies

Kits used in this study were as follows: Total RNA
extraction kit (W6701, Watson, Shanghai), reverse
transcription kit (RevertAid HMinus First Strand
cDNA Synthesis Kit, Fermentas), and PCR reaction kit
(DRRO1AM, TaKaRa, Japan).

www.wjgnet.com



2616 ISSN 1007-9327  CN 14-1219/R

World J Gastroenterol

April 28, 2006  Volume 12 Number 16

Genes  Sequence of primer (5’—3”) Length of Annealing

production temperature

(bp) (Tm)

F: ACAGCACCTTCAGCACTCT

B-catenin R: AAGTTCTTGGCTATTACGACA 168 58.2
F: CGGAACATGCATGACTGAGAC

APC R: GTCACGAGGTACGACCTCAGAT 310 60
F: CAGAAGTGCGAAGCTTAGGTCT

cyclin D1 R: GTAGCAGGAGAAGTTGTTGG 470 58
F: CATGTGCAAGGCCGGCTTCG

P-actin R: GTAGCAGGAGAAGTTGTTGG 665 60

The following antibodies were used in this study:
Rabbit polyclonal antibody against -catenin, mouse
monoclonal antibody against cyclin D1, rabbit polyclonal
antibody against APC (Santa Cruz, USA).

Semiquantitative RT-PCR

Semiquantitative PCR was performed to determine the
levels of the mRNA transcripts encoding B-catenin,
APC and cyclinD1 genes in embryonic pancreas on
E14.5-E18.5. The published sequences of the primers
for amplification of B-catenin, APC, cyclinD1 and the
housekeeping gene -actin are showed in Table 1. To
determine the optimum number of cycles required for the
amplification of these genes or 3-actin, an aliquot of first
sttand cDNA generated from normal rat pancreas was
amplified with the respective primers using an increasing
number of PCR cycles (20-306). To avoid primer-dependent
artifacts, the reaction mixtures were denatured at 95 C for
5 min prior to the addition of the Taq polymerase. The
subsequent cycling programs consisted of denaturation
at 95C for 30s, annealing at 60 C (Table 1) (B-actin for
30 seconds) and extension at 72 °C for 1 min, followed by
a final extension at 72°C for 8 min. A linear relationship
between the band intensity of the PCR products and the
number of amplification cycles performed was observed.
Based upon these observations, the optimum numbers
of cycles for the amplification of these genes were 28-30
cycles and of B-actin was 28 cycles. PCR reactions in
which the first strand cDNA were omitted served as
negative controls and cDNA generated from endometrial
samples were used as positive controls for these studies.
To avoid technical error, each PCR experiment has been
repeated twice. The PCR products were separated on
1.5% agarose gels, stained with ethidium bromide, and
photographed using Gel Imaging System (BioRad, USA).
The intensity of the bands specific for each target gene
or B-actin was quantified using the Phoretix Gel Analysis
Software Version 3.01 (NonLinear Dynamics, UK). The
relative mRNA levels of these genes for each sample
obtained from embryonic pancreas of E14.5-E18.5 were
normalized to the corresponding B-actin levels.

Immunohistochemical detection of 3-catenin, APC and
cyclin D1 proteins

The avidin-biotin peroxidase complex (ABC) technique
was used for immunohistochemical staining, Sections were
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Figure 1 (A-C): Representative RT-PCR results of B-catenin, APC and cyclin D1
genes in embryonic pancreas of E14.5-E18.5 and adult rat. A: RT-PCR results
of B-catenin gene (low) and B-actin gene (top, same in other lanes); B: RT-PCR
results of APC gene (low); C: RT-PCR results of cyclinD1 gene (low). M: Molecular
-weight marker, lane 1-4: amplification result of RT -PCR for 3-catenin, APC and
cyclin D1 genes from embryonic pancreas of E14.5, 16.5, 18.5 d and adult rat,
respectively.

cut at 5um thickness, deparaffinized in xylene, rehydrated
and washed with water. They were treated with 3%
hydrogen peroxidase for 20 min to quench endogenous
peroxidase and heated in a citrate buffer solution (0.1
mol/L sodium citrate, pH 6.0) at 95°C for 10 min. After
pre-incubation with 10% normal goat serum to block non-
specific binding, sections were incubated with the primary
antibodies against B-catenin, APC and cyclin D1 at 4°C
overnight. Alternatively, the sections were incubated with
biotinylated anti-rabbit or mouse IgG (dilution of 1 : 200)
for 40 min at room temperature and with ABC (dilution
of 1:200) for 30 min at room temperature. Between
incubations, sections were washed with 0.1 mol/L PBS
(pH7.4). Color was developed with diaminobenzidine
tetrahydrochloride supplemented with 0.04% hydrogen
peroxidase and counterstained with Mayer’s hematoxylin.

Statistical analysis

The results of semiquantitative RT-PCR are presented as
the ratio of the mean relative absorbance of [-catenin,
APC and cyclin D1 to corresponding B-actin respectively
for at least three independent experiments of each sample.
Statistical differences among different periods of embryo
were assessed by #test. A P<T0.05 was considered signifi-
cant.

RESULTS

Expression of B-catenin, APC and cyclinD1 mRNA in
different pancreas

As shown in Figure 1(A-C), the amplification bands of
mRNA of [-catenin and cyclinD1 genes could still be
detected in rat embryonic pancreas from E14.5-E18.5. In
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adult rat pancreas the transcription of cyclinD1 gene could
not be observed while the transcription of B-catenin gene
could be found. Only in pancreas of E18.5, the transcript
amplification of mRNA of APC gene could be detected.
Surprisingly, the transcription level of APC gene was
higher in adult rat pancreas than in embryonic pancreas.

Immunohistochemical staining of B-catenin, cyclinD1 and
APC

We examined the B-catenin, cyclinD1 and APC protein
in embryo from E14.5-E18.5 by immunohistochemical
staining. Representative results are shown in Figure 2 (A-D).
In the embryo of E14.5, B-catenin staining appeared at
the cytoplasm of pancreatic cells. The cells with positive
staining showed a diffuse distribution in embryonic
pancreas. In the embryo of E18.5, we could observe full
pancreas including external and internal secretion portions
in morphology. At the same time, our results showed that
[B-catenin could be detected frequently both in external and
internal secretion portions. The positive cells of cyclinD1
with diffuse distribution were observed in the pancreas
of E14.5. The positive staining located in the cytoplasm
and/or nuclei of pancreatic cells. In panctreas of E18.5,
the expression of cyclinD1 protein was significantly higher
than that in other period. However, none of positive
cells expressing cyclinD1 protein was observed in adult
pancreas. Expression of APC has not been observed in
the eatly embryonic pancreas until E18.5. In contrast, the
positive cells of APC staining scattered throughout the
pancreas in adult rat.

DISCUSSION

At present, morbidity rate of diabetes has an ascending
tendency in the world while high morbidity and mortality

Figure 2 (A-D) Representative
immunohistochemical results of
8-catenin, APC and cyclin D1
proteins in embryonic pancreas
of E14.5-E18.5 and adult rat.
Immunohistochemical staining
was performed using an anti-
B-catenin APC and cyclin
D1antibodies respectively.
Slides were detected at x400
magnification under a light
microscope. A: showed staining
of B-catenin at cytoplasm (black
arrow) and nucleus (red row) in
embryonic pancreas of E18.5.
B: showed staining of cyclin D1
within cytoplasm (black arrow)
and/or nucleus (red row) in
embryonic pancreas of E16.5.
C: showed staining of APC
within cytoplasm (black arrow)
in embryonic pancreas of E18.5.
D: showed staining of APC
within cytoplasm (black arrow)
in adult rat pancreas.

of pancreatic carcinoma is becoming one formidable topic
for surgeon[s]. In order to treat these diseases effectively,
fully understanding of the development and differentiation
of embryonic pancreas, as well as the underlying molecular
mechanism of pancreatic diseases is needed.

Wnt/B-catenin signaling pathway is highly conserva-
tive during embryonic development and tumorigenesis of
human being and animal". Recent studies have suggested
that activation of Wnt/B-catenin signaling pathway may
play an important role in hematonosis'”, gastroenteric tu-
mor such as colon cancer™, and development of embryo[gl.
In this study, we have investigated the transcription of
gene and expression of protein of PB-catenin, APC and
cyclin D1 which are three important components in Wnt/
[B-catenin signaling pathway.

[B-catenin serves not only as a structural component
of the E-cadherin-mediated cell-cell adhesion system, but
also as a signaling molecule of the Wnt/B-catenin signal-
ing pathway. The f-catenin protein is at the core of the ca-
nonical Wnt/B-catenin signaling pathway. Wnt stimulation
leads to B-catenin accumulation, nuclear translocation and
interaction with T-cell factor/lymphoid enhancer factor
(T'CF/LEF) transcription factors to regulate genes impot-
tant for embryonic development and proliferation. In a
word, accumulation of Bf-catenin protein in the cytoplasm
and/or nuclei of cell are populatly considered a hallmark
of activation of the canonical Wnt/B-catenin signaling
pathway[7’10]. At this study, we have observed the transcrip-
tion of P-catenin gene by the RT-PCR and positive stain
of B-catenin protein with immunohistochemical tech-
niques in pancreas of E14.5-E18.5. Moreover the positive
cells of B-catenin existed in not only the external secretion
portion but also internal secretion portion. Therefore we
presumed that Wnt/B-catenin signaling pathway may be
very important for morphogenesis of pancreas. In pancre-
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as of E18.5, the positive stain of P-catenin protein could
be found in nucleus especially in pancreatic islet. We have
known that pancreatic islet began to mature during late pe-
riod of embryo!". So B-catenin may be essential for pro-
liferation and differentiation of pancreas islet in embryo.
Dessimoz e al'” examined the role of B-catenin gene in
development of pancteas using an animal model with the
conditional gene knockout.They found a reduction in en-
docrine islet numbers after deleting the B-catenin gene in
the epithelium of the pancreas. This result in some degtree
coincided with our conclusion. On contrast, Murtaugh
et al™ confirmed B-catenin is essential only for pan-
creatic acinar not for islet development. Obviously the
development process of pancreas is too complicated
to be understood only by Wnt/B-catenin signaling.

In the study, we investigated simultaneously cyclin D1
gene which is one of target genes of Wnt/catenin signal-
ing pathway'¥. The changed tendency of cyclin D1 on the
transcription level of mRNA and protein expression is
almost in step with B-catenin in pancreas of E14.5-E18.5.
It is known that cyclin D1 is a key regulator of the G1
phase of cell cycle!. Expressing of cyclin D1 protein in
the cytoplasm and/or nuclei indicated that pancreatic cells
should be in the condition of proliferation and differentia-
tion. We therefore had come to another conclusion that
cyclin D1 exactly is one of activated target genes of Wnt
signaling pathway in development of embryonic pancreas.

It has been reported that APC is a negative regula-
tory factor as well as Axin in Wnt signaling pathway"",
Experiments in Drosophila ultimately revealed that ge-
netic ablation of APC indeed resulted in upregulation of
B-catenin signaling'"”. In pancreas of E14.5-17.5, we could
not observe the amplification band of mRNA and protein
expressing of APC gene. Only in pancreas of E18.5, could
we first find positive stain of APC protein as well as tran-
scription of mRINA of APC gene. In adult rat the positive
cells of APC protein spread throughout external secre-
tion portion and internal secretion portion of pancreas.
We have known that the proliferation level of pancreas is
very low in adult rat particularly in diabetes"™. This is co-
incident with the negative role of APC in Wnt/B-catenin
signaling pathway.

In this study the cell with positive stain of [-catenin
couldn’t be found in adult rat pancreas although the tran-
scription of B-catenin gene could be detected by RT-PCR.
The reasons are discussed below. First the destruction
complex including GSK3, Axin and APC can degradate
the free B-catenin in the cytoplasm in time in adult rat pan-
creas™. Secondly the quantity of B-catenin protein which
are attached to membrane with E-cadherin may be too
little to be detected by immunohistochemical techniques
used in present expetiments””,

Although this signaling pathway was active, we had
known little about the role of Wnt /B-catenin signaling
pathway in development of embryonic pancreas indeed.
Which are the upperstream signals””'??? Which target
genes beside of cyclin D1 are activated? How to crosstalk
with other signaling pathway””? All these topics need us to
investigate further.

Meanwhile, some workers have investigated the Wnt/
[B-catenin signaling in tumor of pancreas. They suggested
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the notion that Wnt/B-catenin signaling pathway had been
activated in adenocarcinoma, cystocatcinoma and solid
tumor of pancreas” . We will believe that the more we
know the Wnt/B-catenin signaling in embryonic pancreas
and tumor of pancreas, the better the therapeutic measures
for patient with diabetes and tumor of pancreas clinically.
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