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Abstract
Background: Barrett’s esophagus (BE) is the premalignant condition for the development of esophageal
adenocarcinoma, and occurs when the strati�ed epithelium is replaced by an intestinal-type
epithelium with goblet cells. Bile acids (BAs) may play a dominant role in esophageal metaplasia, which
is characterized by the expression of intestine-speci�c nuclear transcription factor caudal type homeobox
transcription factor 2 (CDX-2). Notch-1 is frequently downregulated in BE, and protects squamous
epithelia from becoming malignant and inducing intestinal metaplasia. However, the molecular
mechanisms of this pathway are unclear.

Methods: We �rst investigated Notch-1 and CDX-2 in human BE epithelium. Then Wister rats were used to
develope animal models to test the role of BAs in the pathogenesis of BE. Effects of deoxycholic
acid (DCA) on Notch-1 and CDX-2, as well as Notch signaling pathway blockage with DATP or with si-Hes-
1 in vitro were observed through RT–PCR and western blotting techniques in human EAC cells (OE-19)
and esophageal epithelial cells (Het-1a).

Results: We found that the Notch -1 gene was inhibited in human and rodent BE specimens and BAs
induced Barrett’s-like metaplasia. DCA decreases Notch-1 in a time and concentration dependent manner
in both EAC cells (OE-19) and esophageal epithelial cells (Het-1a). Notch signaling inhibition increased
CDX-2 expression but also blocked the in�uence of DCA.

Conclusions: These data imply that BAs induce BE by inhibiting Notch-1 in esophageal cells. Notch signal
pathway inhibition presents a therapeutic strategy for premalignant conditions of the esophagus.

Background
Barrett’s esophagus (BE) is de�ned as the replacement of squamous epithelium in the distal esophagus
with metaplastic epithelium, and is characterized by the presence of columnar and goblet cells (1). BE is a
primary risk factor for the development of esophageal adenocarcinoma (EAC)—a lethal malignancy with
a rapidly rising incidence rate (2–6).

Exposure of the esophageal mucosa to re�uxed gastroesophageal luminal content results in the
disruption of the cell membrane and an increase in cellular proliferation and differentiation (7,8). Recent
investigations have suggested that re�ux of duodenal contents with bile acids (BAs) contributes to the
development of BE (9–11), and the primary animal model used to study BE has been the rat, comprised of
performing an esophagojejunostomy to induce gastroduo-denal re�ux. But little is known regarding the
mechanism of cellular metaplasia of Barrett’s epithelium; therefore, studying the molecular mechanisms
underlying the pathogenesis of BE could provide novel biomarkers or prognostic indicators for both BE
and EAC patients.

Metaplasia in BE is often accompanied by ectopic expression of intestine-speci�c genes (12,13). One of the
initial inducible genes in the intestinal metaplasia of esophageal mucosa is CDX–2, an intestine-
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speci�cally expressed nuclear transcription factor. We and others have previously shown that CDX–2 is
activated by BAs in BE development. Several signaling pathways, including Notch, Wnt, and bone
morphogenetic protein (BMP) have been shown to play a fundamental role in both embryonic intestinal
development and adult intestinal homeostasis (14–16). The Notch signaling pathway is a fundamental
molecular signaling system that controls cell fate and differentiation of secretory goblet cells (17,18). Loss
of Notch signaling is essential for the differentiation of goblet cell lineage in the small intestine. Activated
Notch signals inhibit differentiation and preserve precursor cells in an undifferentiated state in the
epithelium (19–22).

Recent �ndings have shown a relationship between BAs and Notch signaling pathway expression. It has
been reported that BAs induce Math1 and CDX–2 by inhibiting the Notch signaling pathway in EAC cells
(23). Further research has shown that induction of CDX–2 via Notch signaling and downstream gene Hes1
suppression in esophageal epithelial cells has important functions in the induction of metaplastic
changes during the development of BE (24). However, most of these were performed in vitro. The complex
relationship between the Notch signaling pathway and CDX–2 expression in BE development as
stimulated by BAs has not been well demonstrated. Mammals possess four different notch receptors;
Notch–1, Notch–2, Notch–3, and Notch–4. Notch signaling is dysregulated in many cancers (25), and
faulty notch signaling is implicated in many diseases. As the main receptor of Notch signal pathway,
Notch–1 plays an important role in tumor development, but the molecular mechanisms of this pathway
are unclear.

We aimed to test the hypothesis that enhanced expression of CDX–2 by exposure to BAs leads to Notch
signaling downregulation, which in turn enhances the differentiation of squamous epithelium into
columnar epithelium. We investigated Notch–1 and CDX–2 in human biopsy specimens, and utilized rat
surgical model to evaluate the impact of BAs on Notch–1 in the development of esophageal metaplasia,
as well as the interaction between Notch–1 and CDX–2 expression. Furthermore, Barrett’s-derived EAC
cell lines and esophageal squamous epithelial cell lines were employed to reveal the mechanisms related
to Notch–1 and CDX–2 expression after BA exposure in vitro.

Methods
Patients’ esophageal tissues

A total of 30 patients who were diagnosed with BE by pathology after endoscopy between September
2016 and July 2017 were enrolled. This study was approved by the ethics committee of The First
A�liated Hospital of Shandong First Medical University(Qianfoshan Hospital of Shandong Province), and
written informed consent was obtained from all the patients. Samples collected from adjacent normal
esophageal mucosa were used as controls. BE was histologically de�ned as columnar epithelium
accompanied by goblet cell metaplasia. Expression of Notch–1, Hes1, and CDX–2 was determined using
an immunohistochemical assay and protein levels and RNA were also detected.



Page 4/20

Animals and treatment procedures

According to our previously published results (14), we modi�ed our current experimental methods as
follows. Wister rats (250–280 g, 8 weeks old, obtained from Shandong University Laboratory Animal
Center, Jinan, China) were divided into four groups with 30 rats in each group. Group A underwent
cardioplasty, pylorus ligation, and gastrojejunal Roux-en-Y anastomosis; gastric acid re�ux without BAs
was induced with this design. Group B underwent an end-to-side esophagojejunostomy with gastrectomy,
designed to result in duodenoesophageal re�ux without gastric acid. Group C underwent side-to-side
esophagogastrojejunostomy without gastrectomy, so that duodenogastroesophageal re�ux (BAs with
gastric acid) was induced. Group D was the control group, in which rats underwent median laparotomy.
All rat operations were performed under diethyl ether inhalation anesthesia.

All animal were housed under standard laboratory conditions with a 12 h light–dark cycle and three
animals were in one cage. Rats were fed commercial chow with water provided ad libitum, without
exposure to any carcinogens. They were allowed to acclimate at least 1 week prior to surgery. Animals
were weighed on a weekly basis. Solid food was withdrawn the day prior to surgery and for 1 day after
surgery. For the following 24 hours, rats were fed with 10% glucose saline, and then with a regular diet.
Rats were maintained for 6 months after surgery before being euthanized by exsanguination under
anesthesia. Surviving rats were put in a closed box, 100% CO2 was delivered from a compressed air
cylinder to the cage by using a �owmeter. After a surgical plane of anesthesia was achieved, which was
con�rmed by loss of response to pedal re�ex. The rats were removed from their box, and euthanized by
cardiac exsanguination, followed by bilateral pneumothorax to con�rm euthanasia.

Histologic examination

The rat esophagus was removed, opened longitudinally, examined macroscopically, and divided into three
parts. One portion was �xed in 10% neutral buffered formalin, para�n embedded, and stained with
hematoxylin and eosin. The other two parts were stored at −70°C for subsequent biochemical assays.
The slides were separately reviewed by two pathologists without knowledge of treatment group
assignment. The esophagus was examined for the presence of hyperkeratosis, squamous hyperplasia,
esophagitis, ulcerations, metaplasia, and carcinoma. Barrett’s-type mucosa was de�ned as intestinal type
mucosa with or without goblet cell metaplasia, found on both proximal and distal ends of the squamous
mucosa. All slides were observed and scored by two independent blinded investigators, and slides were
given a total staining index (SI) score of the product of staining intensity and the percentage of positive
tumor cells. Barrett’s type epithelium was scored as 0, no positive Barrett’s type epithelial cells; 1,≤25%
positive Barrett’s type epithelial cells; 2, 25%–50% positive Barrett’s type epithelial cells; 3, 51%–75%
positive Barrett’s type epithelial cells; and 4, >75% positive Barrett’s type epithelial cells. Staining intensity
was graded as 0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. By assessing
the SI, the staining results were �nally recorded as 0, negative (−);≤4, low expression (+); 5–8, moderate
expression (++); and≥9, high expression (+++). Samples scored (+) to (+++) were considered positive. If
the staining interpretation differed between investigators, the data for the slide was discarded.
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Immunostaining for Notch–1, Hes1 and CDX–2

Immunostaining was performed on para�n sections using a microwave-based antigen retrieval
technique. The antibodies used in this study included CDX–2 (Biogenex, San Ramon, CA, USA), Muc–2
(Abcam, Cambridge, MA, USA), Notch–1 (Santa Cruz Biotechnology, SantaCruz, CA, USA). Sections were
treated with an Envision+ DAB kit (Dako, Glostrup, Denmark), according to the manufacturer’s
instructions. For protein assessment, immunoreactivity was evaluated using a semiquantitative scoring
system for staining intensity (0, negative staining; 1, weak staining; 2, moderate staining; 3, intense
staining). Specimens with grade 2 and 3 immunoreactivity were considered positive.

Cell lines culture and treatments

OE19 cell lines were obtained from ATCC (ATCC, Manassas, VA, USA) and cultured in RPMI 1640
(HyClone Inc., Logan, UT, USA) with 10% fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL
streptomycin. Het–1A cell lines were obtained from ATCC (ATCC® CRL–2692™) and cultured in base
medium (BEBM) along with all the additives obtained from Lonza/Clonetics Corporation (BEGM, Kit
Catalog No. CC–3170). Cells were cultured at 37°C in a 5% CO2 atmosphere. At 90% con�uence, cells
were incubated with different concentrations of deoxycholic acid (DCA) (100–300 μmol/L) for 2–8 h.

In the following experiments, cells were treated with or without γ-secretase inhibitor N-{N–93,5-
di�uorophenacetyl-L-alanyl}-S-phenylglycine t-but (DAPT) for 4 h before exposure to DCA (200 μmol/L)
for 8 h. Control plates were treated using DMSO (Sigma-Aldrich, St. Louis, MO, USA). All the plates were
treated with the same �nal concentration.

siRNA transfection

To investigate the in�uence of the silencing Hes–1 gene on the expression of CDX–2, we established a
Hes–1 small interfering RNA (siRNA)-transfected OE19 and Het–1A cell lines. A speci�c siRNAs directed
against Hes–1 nucleotide sequences were obtained (Santa Cruz Biotechnology, Inc.). The siRNA
oligonucleotide sequences were as follows: 5’-TCAACACGACACCGGATAAAC–3’. At the same time,
scrabled-siRNA, which is not homologous to the Hes1 mRNA sequence, is constructed as a negative
control, and its interference target sequence is 5’-TTCTCGAGACGTCGCGT–3’. Cells were transiently
transfected with 10 nM of pooled siRNAs using 0.4 mL/mL Lipofectamine 2000 Transfection Reagent
(Invitrogen, Carlsbad, CA, USA) in a total transfection volume of 2 mL of Dulbecco’s modi�ed Eagle’s
medium containing 10% FBS. Successful transfection was con�rmed using RT-PCR and western blotting.
In further assays, DCA (200 μmol/L) was added to transfected cells for 8 h, to detect the in�uence of DCA
on the expression of CDX–2 in Hes–1 silenced cells.

Western blot

Western blot analysis was performed to detect the protein extracted from OE19 cell lines and Het–1A cell
lines. Lysates (30 μg protein) from two cell lines were separated by SDS-PAGE and transferred onto
polyvinylidene di�uoride membranes (Millipore, Bedford, MA, USA). Membranes were blocked with tris
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buffered saline containing 0.1% Tween 20 and 3% BSA for 1 h at room temperature, and then incubated
overnight at 4°C with the respective primary antibodies. Blots were washed with TBS containing 0.1%
Tween 20 and treated with horseradish peroxidase conjugated secondary antibodies, and staining was
then developed using the ECL Plus detection system (Amersham Biosciences, Little Chalfont, UK).
Antibodies used in this study were as follows: Notch–1 (secondary 1:5,000, Bethyl Laboratories, Inc.
Montgomery, TX, USA), Hes–1 (secondary 1:40,000, Aviva Antibody Corporation, San Diego, CA, USA),
CDX–2 (secondary 1:10,000, Bethyl Laboratories, Inc.).

Real-time PCR

Real-time PCR was performed for the expression of CDX–2, Notch–1, and Hes–1 genes. Total RNA from
the samples was reverse transcribed using oligo-dT priming and SuperscriptII (Invitrogen). First-strand
cDNA was used as the template for the real-time PCR. The following speci�c primers were designed for
PCR: Notch–1, forward 5 -CAGGGTGTGCACTGTGAGAT–3 , reverse 5 -GACAGGCACTCGTTGACATC–3 ;
Hes1, forward 5 -CAGCGAGTGCATGAACGAGGTGA–3  and reverse 5 -
AGGTGCCGCTGTTGCTGGTGTAGA–3 ; CDX–2, forward 5 -GGAACCTGTGCG AGTGGATG–3  and
reverse 5 -CGGATGGTGATGTAGCGACTGTA–3  (Applied Biosystems, Carlsbad, CA, USA). Transcript
levels, determined in two independent complementary DNA preparations, were calculated as described
and expressed relative to beta-actin as the reference gene.

Statistical analysis

Data were expressed as mean ± standard error of the mean (SEM). Multiple comparisons were assessed
by ANOVA, followed by Dunnett’s test. For data on histologic or characteristics analysis, the comparison
was assessed using the chi-squared test. Statistical analyses were performed with GraphPad Prism
(GraphPad, San Diego, CA, USA) software.

Results
Notch–1 is suppressed in human BE tissue

In our previous study, we found the expression of CDX–2 and Muc2 to be signi�cantly increased in the BE
animal model (14). To con�rm these �ndings in human BE tissue, we analyzed 30 human BE biopsy
samples compared with the adjacent normal esophageal mucosa. In BE tissue, CDX–2 positive cells with
nuclear staining were observed in human BE samples. However, nuclear staining in most goblet cells
lacked normal esophageal mucosa (Figure 1A, a, b). Similar immunohistochemical �ndings of Muc2
staining were demonstrated in human BE tissue (data not shown).

Immunohistochemical staining for Notch signaling showed that Notch–1 was strongly expressed in the
basal layer of human normal esophageal tissue (Figure 1A, c), and stained positively in columnar cells in
BE tissue (Figure 1A, d). The Notch downstream gene Hes–1 was moderately shown in normal
esophageal tissue (Figure 1A, e), but rarely exhibited in BE mucosa (Figure 1A, f). There was a signi�cant
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difference (2 = 11.5886, p 0.01) between BE and normal samples in Notch–1 expression levels, and as
the target gene of Notch signaling, Hes–1 was signi�cantly decreased in human BE (2 = 17.3756, p 0.01).
Furthermore, the expression of CDX–2 was greatly augmented in BE tissue (Figure 1B). These �ndings
indicate that the Notch signaling pathway may be inhibited with upregulated expression of CDX–2 in
human BE tissue (Table 1).

BAs induce the development of Barrett-like metaplasia in the rat model

We then sought to investigate the pathogenic substance associated with Notch signaling inhibition that
resulted in metaplasia of the esophageal mucosa. Our experimental procedure was designed to result in
different types of esophageal re�ux contents, including gastric, bile, and mixed digestive juices. Based on
previously described criteria, the signi�cant histopathologic changes were in�ammation, epithelial
hypoplasia, and Barrett’s-like metaplasia. In our three surgical re�ux rat models, metaplasia and
esophagitis appeared to be more dependent on BAs compared with gastric acid exposure. In total, 43.5%
(10/23) of rats with BA re�ux and 50% (12/24) of rats with mixed re�ux developed columnar metaplasia
with goblet cells closely mimicking BE in humans; this was higher than those with gastric juice re�ux
alone. Furthermore, a total of 86.9% (20/23) of rats with BA re�ux and 91.7% (22/24) of rats with mixed
re�ux showed esophagitis changes with higher overall scores (2 = 4.83, p<0.05) compared with gastric
re�ux alone. BA re�ux with a mixture of gastric acid did not worsen the pathologic changes of BE and
esophagitis (Table 2). We con�rmed that BAs play a dominant role in the pathogenesis of Barrett-like
metaplasia of the esophagus.

Notch–1 depressed in BE rat model

To determine the expression of Notch signaling in rat BE tissue as induced by BA re�ux, we performed
immunostaining of esophageal tissues to examine the expression of Notch–1, Hes1, and CDX–2
proteins. Similar to that of human BE tissue, we observed positive staining of CDX–2 in the in�ammatory
and metaplastic cells (Figure 2A, d) of the esophageal epithelium. Notch1 expression was localized in the
columnar cells of BE tissue (Figure 2A, b); Hes1 expression was rarely found in BE samples (Figure 2A, c,
Table 3); and the Notch signaling pathway was moderately expressed in the squamous epithelium of the
sham rats(data not shown). We examined Notch–1, Hes1, and CDX–2 by testing levels of protein and
mRNA in specimens of different pathologic changes in rats. As the immunostaining results and human
BE tissue showed, CDX–2 expression was signi�cantly augmented in in�ammatory and metaplastic
esophageal tissues and Hes1 expression in rat BE samples was signi�cantly lower compared with normal
samples (Figure 2B, 2C).

These data suggest that BAs signi�cantly augment the expression of CDX–2, while downregulating
Notch–1 in the progression of BE in the rat model. In particular, decreased levels of Notch–1 in
esophagitis tissue suggests that in the early stage of the in�ammatory response, Notch–1 may be
affected.

BAs inhibit Notch–1 and augments CDX–2 in vitro



Page 8/20

To further investigate the effects of BAs on the expression of the Notch signaling pathway and CDX–2 in
esophageal epithelial cells, we examined Notch–1, Hes1, and CDX–2 expression in Het–1A cell lines (a
human esophageal squamous epithelial cell line) and OE19 cell lines (an esophageal adenocarcinoma
cell line) after being exposed to DCA (100–300 μM) for up to 8 h. Our results showed a concentration-
and time-dependent increase in the expressions of CDX–2 following exposure to 100–300 mΜ DCA in
both cell lines. However, the expression of Notch–1 and Hes–1 was downregulated by stimulation with
BAs in a concentration- and time-dependent manner in both cell lines (Figures 3A, 3B). Similarly, we also
investigated the effects of DCA on cleaved Notch–1, Hes–1, and CDX–2 protein expression in the two cell
lines, and found that Notch–1 and Hes1 protein expression was decreased in a concentration-dependent
manner, whereas CDX–2 protein expression was augmented in a concentration dependent manner
(Figure 3C). Thus, we speculate that BAs stimulate the expression of CDX–2 by blocking the Notch
signaling pathway in both cell lines.

Notch signaling blocked increased expression of CDX–2

As an important intestine-speci�cally expressed nuclear transcription factor, CDX–2 was ectopically
expressed in BE and drove intestinal epithelial cells into the secretory lineage to become goblet cells. As a
downstream gene of Notch–1, Hes–1 represses the CDX–2 expression and prevents epithelial cells
transfering into goblet cells. To determine whether CDX–2 induction by BAs occurs via Notch signal
activation, we employed DAPT, which is a speci�c γ-secretase inhibitor of the Notch signaling pathway, to
reveal the in�uence of Notch signaling on CDX–2 expression, and used siRNA to inhibit the endogenous
Hes–1 gene in Het–1a and OE19 cells for further study.

We found that DAPT treatment decreased the expression of Hes–1, while inducing the expression of
CDX–2 in both cell lines at both the mRNA and protein levels (Figure 4 A a to d, and Figure 4 C), which is
consistent with a previous study (26). Compared with cells incubated with DCA or DAPT alone, the
expression levels of CDX–2 and Hes–1 were identical in cells co-treated with DCA and DAPT, indicating
that DCA regulates Hes–1 and CDX–2 through Notch–1. In Hes–1 siRNA-transfected cells, expression of
Hes–1 protein and mRNA was signi�cantly reduced (Figure 4 B a and c, and Figure 4 C), and expression
of CDX–2 was clearly induced (Figure 4 B b and d, and Figure 4 C). In contrast, CDX–2 expression was
not augmented signi�cantly with BAs since the siRNA was targeted to the Hes–1 gene, and CDX–2 levels
were depressed compared with cells treated with DCA alone (Figure 4B b and d). These �ndings indicate
that DCA induces CDX–2 expression by depressing the Notch signaling pathway. DAPT and siRNA-Hes–1
blocked the in�uence through the Notch signaling pathway and �nally restrained the progression of
metaplasia.

Discussion
To the best of our knowledge, the link between inhibition of the Notch signaling pathway and expression
of CDX–2 induced by DCA has not been systematically studied. Our study is the �rst to reveal the
transcontinental network related to intestine-speci�c homeobox gene CDX–2 as well as Notch signaling
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in the development of Barrett’s epithelium induced by BAs. In our previous study, we demonstrated that
BAs induce BE via in�ammation and stimulate the production of CDX–2 expression in esophageal
mucosa epithelium (14). CDX–2 is a transcription factor reported to be a key mediator in embryonic
intestinal differentiation (27–30). Notch signaling is expressed in the basal layer of the normal esophageal
mucosa but rarely in the super�cial epithelial cells. Notch signaling plays a dominant role in cell fate
decisions in normal colonic epithelium (31). High activation of Notch signaling inhibits cell differentiation
and causes apoptosis; and inhibition of Notch signaling is required in intestinal metaplasia of the
esophagus (20,32,33). Our results indicate that Notch–1 is downregulated, combined with augmented
expression of CDX–2 in the development of Barrett’s metaplasia induced by BAs, suggesting that
inhibition of Notch–1 is essential in metaplasia of the esophagus.

Although there is no signi�cant difference between human BE and normal samples in Notch–1
expression levels, the location of Notch–1 expression has changed, as shown in immunostaining results;
the same phenomenon occurred in rats that developed BE with re�ux of BAs. Moreover, as an important
Notch signaling target and mediator, Hes–1 is depressed in BE tissues and is downregulated in
adenocarcinoma cell lines and esophageal epithelial cell lines when exposed to DCA. Early research also
displayed similar results: Notch signaling and Hes1 expression in EAC cells was depressed when treated
with BAs (25,34,35). All these results indicate that when esophageal epithelial cells are transdifferentiated to
intestinal goblet type columnar epithelial cells, Notch–1 is inhibited.

Using rat models of BA re�ux with or without gastric acid, we systematically demonstrated that BA is
su�cient to induce BE in vivo. Immunostaining and gene expression also provided evidence that Notch
signaling was depressed in BE specimens. Consistent with previous reports, BAs can cause in�ammation
with oxidative stress and DNA damage, and inhibit the proliferation of esophageal epithelial cells (36,37).
This may suggest that complex factors (e.g. oxidative stress) are involved in the pathogenesis of
Barrett’s-like metaplasia in vivo. In concert with other signaling cascades, Notch signaling likely controls
the equilibrium of esophageal cells, while disruption of this equilibrium by re�uxed juice containing BAs
may lead to the development of epithelial metaplasia with goblet cells, characteristic of BE.

As a next step, we investigated the interregulation mechanism between DCA and Notch signaling in vitro.
We found that DCA augmented CDX–2 expression in a concentration- and time-dependent manner.
Notch–1 was depressed in two cell lines, and Hes–1 was decreased in the same manner. Moreover,
compared with EAC cell lines, expression of Notch–1 and Hes1 was signi�cantly downregulated in
esophageal epithelial cell lines. These results relate to their different genetic backgrounds, and indicate
that there are other genetic alterations or activated signaling pathways in EAC cell lines, which affect the
expression of Notch signaling in EAC cells.

Previous studies revealed that inhibition of Notch signaling induced CDX–2 expression in vitro and
converted proliferative Barrett’s cells into terminally differentiated goblet cells in rat models (20,38,39). Our
study proved that blocking Notch signaling target genes affects the expression of CDX–2. Notch
signaling inhibition, either by the γ-secretase inhibitor DAPT or by silencing the Notch target gene Hes–1,
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makes it di�cult for CDX–2 gene expression, stimulated by DCA. These data suggest the Notch–1 and
the Hes1 gene may, in part or wholly, negatively regulate CDX–2 expression induced by BAs; and they
may protect the esophageal mucosa when they are irritated by exogenous stimulations(Figure 5).

Conclusion
Using in vitro and in vivo methodology, we demonstrated the mechanisms underlying the initiation of BE.
BA exposure results in metaplasia with inhibition of Notch signaling in esophageal epithelium.
Furthermore, our results raise a theoretical possibility that application of Notch signaling pathway
interference factors in patients with BA re�ux may protect the esophageal epithelium from malignant
change, or convert it to a less aggressive Barrett’s epithelium cell phenotype. Further research is required
for elucidation of the route and safety of this approach in the treatment of patients with Barrett’s
epithelium.
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BE: Barrett’s esophagus

BA: Bile acid

CDX–2: Homeobox transcription factor 2

DCA: Deoxycholic acid
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BMP: Bone morphogenetic protein
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Tables
Table 1. Immunohistochemical detection of CDX-2 and Notch signaling (Notch-1 and Hes1)
in human normal esophageal mucosa and BE tissues.

 
 
Chi-square test, **
statistically
significant difference
(p<0.01); NS
indicates that the
comparison was not
significant.

 
 
 
Table 2.Histopathological findings of rats after surgery.
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Histopathologic
Findings

Group A
(gastric acid
without BA reflux)
(n=18)
No. (%)

Group B
(BA without gastric
acid reflux)
(n=23)
No. (%)

Group C
(gastric acid and
BA reflux)
(n=24)
No. (%)

Group D
(control
group)
(n=30)
No. (%)

Squamous
hyperplasia

8 9 12 0

Esophagitis 7 (38.9%) 20 (86.9%)** 22 (91.7%)** 0
Ulceration 3 5 4 0
Barrett’s
esophagus

2 (11.1%) 10 (43.5%)* 12 (50%)** 0

Carcinoma 0 3 (13.0%) 5 (20.8%) 0

* Chi-square test, significant difference in the incidence of Barrett’s esophagus (BE)
between group A and B (c2= 5.1099, p<0.05).
** Chi-square test, significant difference in the incidence of esophagitis between group A
and B (c2= 10.3752, p<0.01), group A and C (c2= 13.4058, p<0.01), and incidence of BE
between group A and C (c2= 7.0000, p<0.01).
 
 
 
 
 
 
 
 
 
Table 3.Immunohistochemical detection of CDX-2 and Notch signaling (Notch-1 and Hes1)
in rat specimens.



Page 16/20

  Number of cases  
p  Normal

esophagus 
Barrett’s
esophagus

Barrett’s
Carcinoma

Esophagitis

Total
number

30 24 11 49  

Notch-1 (+) 16 (53.33%) 11 (45.83%) NS 2 (18.18%)
NS

25 (51.02%)
NS

0.215

Hes1 (+) 22 (73.33%) 3 (12.50%)** 1 (9.09%)** 19 (38.78%) 0.000

CDX-2 (+) 2 (6.67%) 22 (91.67%)** 6 (54.55%)** 19 (38.78%)** 0.000

Chi-square test, ** statistically significant difference (p<0.01); NS indicates that the
comparison was not significant.

 

Figures

Figure 1
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Expressions of Cdx2 and Notch signaling (Notch-1 and Hes1) in human normal esophageal mucosa and
BE tissues.

Figure 2

Expressions of Cdx2 and Notch signaling (Notch-1 and Hes1) in rat tissues.
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Figure 3

Effects of deoxycholic acid (DCA) on Notch signaling (Notch-1, Hes-1) and CDX-2 expressions inOE-19
and Het-1A cells.
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Figure 4

Effects of DAPT or si-Hes-1 on Notch signaling (target gene Hes-1) and CDX-2 expression in OE-19 and
Het-1A cells.
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Figure 5

Simpli�ed scheme of the correlation between Notch signaling and CDX2 amounts determined in the study
with and without inhibition by DCA, si-Hes-1, or DAPT.


