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Abstract Eosinophilic esophagitis is a rare chronic dis-
ease that mainly occurs in middle-aged males. Treatment
with a glucocorticoid and/or proton pump inhibitor is
usually necessary to relieve unpleasant symptoms. An
83-year-old female patient with dysphagia and heartburn
was diagnosed with eosinophilic esophagitis based on
endoscopic findings, while histological examination iden-
tified dense infiltration of intraepithelial eosinophils. The
symptoms and eosinophil infiltration spontaneously disap-
peared without any treatment approximately 2 months
later. No obvious lifestyle or dietary changes to explain
elimination of possible antigens were identified in this case.
We report an atypical case of eosinophilic esophagitis with
spontaneous regression.

Keywords Eosinophilic esophagitis - Endoscopy -
Glucocorticoid - Dysphagia

Introduction

Eosinophilic esophagitis is a disease characterized by
chronic esophageal mucosal inflammation with dense
infiltration of eosinophils in esophageal squamous epithe-
lium [1]. It is considered to be caused by local allergic
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reactions to food or airborne antigens, and affected patients
have reported various esophageal symptoms, including
food impaction, dysphagia, and heartburn [2]. For diag-
nosis of eosinophilic esophagitis, characteristic endoscopic
findings and identification of dense eosinophilic infiltration
in endoscopic biopsy specimens are considered to be
important. Eosinophilic esophagitis is reported to be a
chronic disease, with a risk of esophageal stenosis caused
by long-standing inflammation-induced fibrosis in the
esophageal submucosal layer [3, 4]. Fewer than 20 cases
have been previously reported in Japan, and all of those
patients required drug administration for remission induc-
tion, based on a MEDLINE search using “eosinophilic
esophagitis” and “Japanese” as keywords. Herein, we
report a case of eosinophilic esophagitis in an elderly
female, whose symptoms and esophageal eosinophilic
infiltration spontaneously regressed without treatment.

Case report

An 83-year-old female periodically visited the outpatient
clinic of Okuizumo Hospital for postsurgery follow-up
examinations. She had been treated in 2002 for pituitary
adenoma by surgical resection and was administered
hydrocortisone at 10 mg/day for subclinical postsurgery
hypopituitarism. She began to report dysphagia and
heartburn when eating food in February 2010. The symp-
toms gradually worsened, and endoscopic examination was
performed in September 2010. Although endoscopy failed
to show any organic esophageal diseases, including reflux
esophagitis and neoplastic diseases, narrow-band imaging
(NBI) revealed shallow linear furrows in the mid-esopha-
gus area (Fig. la, b). Other endoscopic findings charac-
teristic of eosinophilic esophagitis, such as multiple rings,
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Fig. 1 Endoscopic images
obtained with standard white-
light (a) and narrow-band
imaging (b). In narrow-band
images, longitudinal linear
furrows were identified. Lugol
staining showed uneven staining
of esophageal mucosa (c)

white stipple-like exudates, wrinkled pattern, and corru-
gated esophagus, were not found. Following Lugol stain-
ing, brownish change of esophageal mucosa was weak and
uneven, suggesting possible diffuse inflammation (Fig. 1c).
Two esophageal biopsy specimens taken from the middle
and lower esophagus showed dense infiltration of more
than 20 eosinophils in a high-power field of esophageal
squamous epithelium (Fig. 2). A diagnosis of eosinophilic
esophagitis was established, since other clinical conditions
related to possible esophageal eosinophilic infiltration were
not found.

The patient had no allergic diseases including bronchial
asthma and no family history of allergic diseases. Labo-
ratory tests were all within normal ranges, including
peripheral blood leukocytes (6750/ul), eosinophils (122/ul),
and IgE (22.2 TU/ml). In addition, plasma interleukin (IL)-
S, IL-13, IL-15, eotaxin3, and thymic stromal lympho-
poietin (TSLP) were all normal. The results of a skin prick
test, patch test, and radioallergosorbent test (RAST) for
standard allergens were all negative.

Computed tomography (CT) and endoscopic ultraso-
nography (EUS) showed normal nonthickened esophageal
wall. Esophageal high-resolution manometry detected
normal esophageal body peristaltic contractions and nor-
mal lower esophageal sphincter resting pressure with
appropriate relaxation during ingestion (Fig. 3).

Fig. 2 Photomicrograph of biopsy specimen showing dense infil-
tration of eosinophilic leukocytes in esophageal squamous epithelium
(>20 eosinophils in %400 high-power field), hematoxylin—eosin
staining

Locally active glucocorticoid administration was plan-
ned for relieving esophageal symptoms by depressing
inflammation caused by eosinophilic infiltration. However,
before starting the administration, the symptoms began to
gradually decline and nearly disappeared 2 months later.
Endoscopic examination performed in November 2010 did
not show characteristic findings of eosinophilic esophagitis

@ Springer
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Fig. 3 Esophageal high-
resolution manometry findings
revealing pressure activity in the
esophagus from the pharynx to
the stomach. Contractile
pressure, peristaltic velocity,
and lower esophageal sphincter
function were within normal
limits. Reddish color shows
higher levels of pressure
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Fig. 4 Tllustration of the clinical course. Esophageal symptoms
spontaneously disappeared without specific treatment

even with NBI imaging and Lugol staining. Endoscopic
biopsy specimens obtained in November 2010 did not show
any abnormal infiltration by intraepithelial eosinophils.
Thereafter, the patient was regularly examined in the out-
patient clinic and confirmed to have no esophageal symp-
toms without drug administration targeting eosinophilic
esophagitis. The clinical course is shown in Fig. 4.

Discussion

Eosinophilic esophagitis is a recurrent long-lasting chronic
disease, and cases of spontaneous remission are rare [7].
Straumann et al. [§] reported the rarity of spontaneous
remission in adult cases with eosinophilic esophagitis fol-
lowed for up to 12 years, while Spergeal et al. [9] reported
that only 2% of pediatric patients with eosinophilic
esophagitis showed spontaneous remission during obser-
vation periods as long as 14 years.

@ Springer

Food antigens, especially nuts, soy, wheat, milk, eggs,
and seafood, are reported to be related to development of
eosinophilic esophagitis, and their elimination from the
diet frequently relieves symptoms caused by eosinophilic
esophagitis, especially in pediatric patients [10-12]. In
animal studies as well as human case studies, airborne
allergens such as Aspergillus have been reported to be
important allergens that cause esophageal infiltration by
eosinophils [13-15]. Therefore, elimination of food and/or
airborne allergens appropriate for each patient is expected
to relieve esophageal eosinophil infiltration with symptom
resolution. However, identification of possible allergens in
individual patients is difficult, even following skin prick
and skin patch tests, or RAST [16], and elimination of a
specific food from the diet based on results of those tests
has often been reported to be not adequately effective to
relieve related symptoms [17].

For treatment of eosinophilic esophagitis, oral gluco-
corticoid administration is considered to be the standard
therapy, with high rates of success reported [1, 18]. To
minimize possible adverse effects of glucocorticoid
administration, locally active glucocorticoids that are sys-
tematically inactive because of rapid catabolism in the
liver, such as budesonide and fluticasone, are now used as
first-line therapeutic drugs for the disease [19, 20].

Because of wider distribution of information concerning
symptomatic and endoscopic characteristics of eosinophilic
esophagitis, the number of reports in Japan is increasing [5,
6]. The majority of reported patients are middle-aged males
with some allergic complications. In addition, they
frequently show ring-like multiple strictures in the
esophagus, and require glucocorticoid or proton pump
inhibitor administration to control esophageal symptoms.
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The present case report is of an atypical elderly female
patient. Generally, presence of endoscopic findings charac-
teristic of eosinophilic esophagitis, such as liner farrows,
multiple rings, white stipple-like exudates, and wrinkled
pattern, are found frequently on diagnostic endoscopic study.
However, endoscopic characteristics that facilitated
diagnosis were only evident when NBI imaging, which
can clarify the superficial structure of the esophageal
mucosa, was employed in this case. In addition, her
symptoms and eosinophilic infiltration of esophageal
epithelium spontaneously disappeared without treatment.
Although follow-up examinations of this patient are
important, therapeutic intervention is considered not to
be necessary, since the purpose of such treatment is to
relieve unpleasant esophageal symptoms and normalize
health-related quality of life.

The mechanism of spontaneous remission of eosino-
philic esophagitis in the present case is not clear, though it
is possible that an unintended change of lifestyle or dietary
habit may have decreased antigen exposure. We were
unable to identify a possible antigen, or an obvious change
of lifestyle or dietary habit. The second possible mecha-
nism is related to the chronic administration of hydrocor-
tisone in this patient for postsurgical hypopituitarism.
However, the dose of hydrocortisone administered is only
10 mg/day, which is not a pharmacological dose but rather
a physiological replacement dose. In addition, administra-
tion of hydrocortisone had already been started 8 years
before the appearance of symptoms and the diagnosis of
the disease. Therefore, it is difficult to consider adminis-
tration of hydrocortisone as a possible mechanism for
spontaneous remission of eosinophilic esophagitis in this
case. Nevertheless, reports of atypical cases are important
to avoid unnecessary treatment and minimize therapy-
related adverse effects.

Finally, in this case, thickened esophageal wall was not
found even by CT/EUS examinations. According to the
literature, in only part of the patients, thickened esophagus
was found in patients with eosinophilic esophagitis. The
absence of thickened esophageal wall may represent weak
disease activity in this patient. In addition, as a second
possible reason, disease activity may have at least partly
regressed spontaneously at the time point when the CT/
EUS examinations were done, since CT/EUS were done
1 month after the pathological diagnosis of this case. In
future study, the relationship between possible spontaneous
remission and absence of esophageal wall thickening
should be investigated to predict clinical course of patients
with eosinophilic esophagitis.

In summary, we diagnosed an atypical elderly female
with eosinophilic esophagitis, in whom esophageal symp-
toms and esophageal eosinophilic infiltration spontane-
ously disappeared.
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Abstract

Background The prevalence of eosinophilic esophagitis
(EE) is increasing rapidly in Western countries. Several case
series of EE have also been reported in Japan. However, the
prevalence of EE in Japanese patients as investigated by upper
gastrointestinal endoscopy is unknown. Therefore, we carried
out a prospective multicenter study to address this issue.
Methods From July to December 2010, 23,346 patients
who had undergone routine upper gastrointestinal endos-
copy in 17 institutions were enrolled. In patients with
symptoms suggesting EE, such as dysphasia, food impac-
tion, and heartburn, and/or in patients in whom endoscopic
findings suggested pathology, esophageal biopsy samples
were collected, and the numbers of eosinophils in the
squamous epithelium were counted.

Results During the study period of 6 months, 4 patients
were endoscopically and histologically diagnosed with EE.
The prevalence of EE was calculated to be 17.1/100,000.
Conclusion The prevalence of EE in Japanese patients by
upper gastrointestinal endoscopy has now been documented.

H. Fujishiro
Division of Endoscopy,
Shimane Prefectural Central Hospital, Izumo, Japan

Y. Amano (B<)

Division of Endoscopy, Shimane University Hospital,
89-1 Enya-cho, Izumo, Shimane 693-8501, Japan
e-mail: amano@med.shimane-u.ac.jp

Y. Kushiyama
Division of Gastroenterology,
Matsue Red Cross Hospital, Matsue, Japan

S. Ishihara - Y. Kinoshita

Second Department of Internal Medicine,
Shimane University, Faculty of Medicine, Izumo, Japan

@ Springer

Keywords Eosinophilic esophagitis - Prevalence -
Japanese population

Introduction

Eosinophilic esophagitis (EE), first described in 1977 [1],
was recognized as a new disease in which patients expe-
rience esophageal eosinophilia and gastroesophageal reflux
disease (GERD)-like symptoms that do not respond to the
usual GERD management methods, such as the adminis-
tration of proton pump inhibitors (PPIs) [2]. The preva-
lence of EE has been reported to be increasing rapidly in
Western countries. Straumann et al. [3] reported that the
proportion of patients with EE increased from 2/100,000 in
1989 to 23/100,000 in 2004 in Switzerland. Similarly, in
the US, Prasad et al. [4] found that the prevalence of EE
was 55/100,000 in 2006 and that the incidence of clinically
diagnosed EE had increased markedly over the last 3
decades.

In Japan, the first case of EE was reported in 2006 [5], and
other cases of EE have been reported since then [6, 7]. The
prevalence of EE has not yet been investigated in the Japa-
nese population. The prevalence of EE in endoscopy-
examined cases was recently reported in the USA as 6.5%
[8]. Therefore, to determine the prevalence of EE in Japanese
patients investigated by routine upper gastrointestinal
endoscopy, we analyzed patients in a prospective multicen-
ter study.

Methods

In 17 institutions that ranged from primary medical clinics
to tertiary-care referral centers in the San-In district of
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western Japan, patients who underwent upper gastrointes-
tinal endoscopy, either due to symptoms or as part of an
annual medical check-up, were enrolled from January to
December 2010. In patients who suffered from symptoms
suggesting EE, such as dysphasia, food impaction and
heartburn, and/or who had endoscopic findings suggestive
of EE, such as wrinkle patterns, linear fissures, and white
stipple-like exudates [9, 10], biopsy samples were taken
from the upper, middle and lower esophagus, and the
numbers of eosinophils in the squamous epithelium were
counted. Photographs of typical endoscopic EE findings
were provided beforehand to all participating endoscopists.
All upper gastrointestinal endoscopies were performed by
expert endoscopists. EE was histologically confirmed by
the presence of more than 20 eosinophils in every high-
power field [2]. In patients with histologically confirmed
eosinophilic infiltration, the absence of other diseases that
may cause esophageal eosinophilic infiltration was clini-
cally confirmed.

Results

During the study period of 6 months, upper gastrointestinal
endoscopy was carried out in 23,346 patients at 17 insti-
tutions, and 4 cases of EE were found. The prevalence of
EE in Japanese patients investigated by upper gastrointes-
tinal endoscopy was calculated to be 17.1/100,000. The
characteristics of the 4 EE patients are listed in Table 1.
None of the 4 cases had gastrointestinal eosinophilia. In
two cases, PPI administration was at least partially effec-
tive for symptom resolution, although the long-term
observation period was somewhat limited. In one case,
fluticasone administration was markedly effective, but PPI
administration was not effective. The remaining case
experienced spontaneous disappearance of the subjective
symptoms. These 4 EE patients were not critically ill and
had no serious complications, such as stricture of the
esophagus. In the present study, no endoscopy-negative EE
patients had esophageal symptoms suggesting EE.

Table 1 Characteristics of 4 cases of eosinophilic esophagitis

Discussion

EE is a chronic allergic disorder of the esophageal mucosa,
possibly caused by antigens in the air and in food, with
marked eosinophilic infiltration in the esophageal squamous
epithelium [11, 12]. The prevalence of EE in the Japanese
population is unknown, although it may be increasing, as is
the case in Western countries. In the present study, the
prevalence of EE was found to be 17.1/100,000 in patients
investigated by upper gastrointestinal endoscopy. This
prevalence of EE was higher than expected, since the
reported prevalence of EE in Western countries was 2355/
100,000 in recent etiological studies [3, 4]. Our study is not
an epidemiological one, and strong inclusion bias was
present in the enrollment. However, the presence of EE in
approximately one in 5,000 endoscopy-investigated cases is
high enough to encourage endoscopists to carefully consider
the possible presence of minute endoscopic findings sug-
gesting EE in patients they see in their daily clinical practice.

Abe et al. [7] reported that the endoscopic recognition of
EE is not difficult, based on the identification of charac-
teristic findings, such as linear furrows, transient and
constant concentric rings, and white exudates. Molina-
Infante et al. [I13] also reported that the specificity of
endoscopy-identified multiringed esophagus for the diag-
nosis of EE was only 37%, whereas that of furrows or
exudates was 90% in Spanish adults. In the present study,
all of the patients with EE had characteristic endoscopic
findings. These endoscopic findings and symptoms may be
good markers for the diagnosis of EE, although calcula-
tions of their sensitivity and specificity were difficult
because of the small number of patients with EE in our
study. Future studies of larger numbers of patients will be
necessary to confirm the value of these markers. In two
cases found in the present study, PPI administration par-
tially improved symptoms, as previously reported [7, 9, 14,
15]. Although one diagnostic guideline for EE published in
the USA required a lack of responsiveness to high-dose PPI
or normal pH monitoring [2], many investigators did not
follow this, and used variable diagnostic criteria for EE
[16]. In the presence of acid reflux, eosinophilic infiltration

Case Age Gender Symptoms Endoscopic findings Treatment

1 83 F Dysphasia, heartburn Wrinkle pattern, white stipple-like exudates None

2 58 M Heartburn, epigastric pain Linear fissures, mucosal edema PPI partially effective

3 51 M Food impaction White stipple-like exudates, small ulcerations PPI partially effective

4 61 F Chest pain, epigastric pain Linear fissures, small ulcerations, white PPI not effective, fluticasone

stipple-like exudates

effective
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in the esophageal mucosa is reported to be aggravated
though several mechanisms, including augmented produc-
tion of the cytokine eotaxin-3 [17—19]. Therefore, as a first-
line treatment of EE, PPIs may be considered for their safer
drug profile than standard treatment with glucocorticoids.

Considering the results of the present study, EE should
be considered more readily in clinical practice when
patients are suffering from dysphagia, food impaction, or
reflux symptoms. EE may be common in Japanese patients,
since its prevalence in endoscopy-investigated cases was
17.17100,000 patients.
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Roles of Kriippel-like factor 4 in oesophageal epithelial
cells in Barrett's epithelium development

Hideaki Kazumori,’
Yoshikazu Kinoshita'

ABSTRACT

Objectives The mechanism of transformation to
intestinal metaplasia in Barrett's oesophagus has not
been clarified. We previously reported that bile acids
activate the Cdx2 promoter via nuclear factor kappa B
(NF-kB) and stimulate production of Cdx2 protein in
oesophageal keratinocytes, resulting in production of
intestinal-type mucin. Kriippel-like factor 4 (KLF4) is an
important transcription factor in the development of
intestinal mucosa and has similar functions as Cdx2. In
the present study, we investigated the direct effects of
bile acids on KLF4 expression as well as the precise
mechanisms of expression in cultured oesophageal
squamnous epithelial cells.

Methods We investigated the expression of KLF4 in rat
and human Barrett's epithelium specimens, while the
response of that expression to bile acids was studied
using a KLF4 promoter luciferase assay. In addition,
oesophageal squamous epithelial cells were transfected
with a KLF4 expression vector, after which their possible
transformation into intestinal-type epithelial cells was
investigated.

Results In both rat and human tissues, Barrett's
epithelium strongly expressed KLF4. Furthermore, a bile
acids mixture increased KLF4 promoter activity, and
mANA and protein expression in oesophageal epithelial
cells. Results from mutation analysis of the KLF4
promoter suggested that the NF-kB binding site is
responsible for bile acid-induced activation of the KLF4
promoter. In addition, KLF4 and Cdx2 stimulated each
other by directly binding to the promoter of the other,
while transfection of the KLF4 expression vector in
oesophageal epithelial cells induced production of MUC2
protein.

Conclusion Bile acid-induced sequential expression of
KLF4 followed by MUC2 production may have an
important role in the development of Barrett's epithelium.

INTRODUCTION

Barrett’s oesophagus is an acquired condition, in
which stratified squamous epithelium is replaced
by metaplastic columnar epithelium in the distal
oesophagus." The condition is associated with
chronic gastro-oesophageal reflux disease (GORD)?
and reflux of duodenal contents with bile acids is
generally considered to be one of the most impor-
tant risk factors in its development ® In association
with tissue damage and regeneration, one or a few
stem cells may attempt to adapt to this new
environment by altering the patterns of some gene
expressions, and thus undergo profound pheno-
typic changes that lead to a different type of
epithelium that is more resistant to such a novel

Shunji Ishihara, Yoshiko Takahashi,’

Yuji Amano,?

What is already known about this subject?

» Cdx2 is a key mediator in the development of

- Barrett's oesophagus.

> Bile acids directly augment Cdx2 via NF-kB.

> Cdx1 is also an important molecular medlator of
Barrett ) oesophagus

What are the new findings?

> KLF4 is expressed in Barett's epithelium.

» The ex;aression of KLF4 in oesophageal kerati-
nocytes in response  to bile acids induces
‘metaplastic changes dunng Barrett s epithelium
‘development.

> The transcriptional network related to KLF4 and
~Cdx2 has |mpcrtant roles in development of this
- disease.

How might it impact clinical practice in the

foreseeable future?

» Molecular targets for treatment of Barretts
oesophagus will be defined.

environment. The causal link between bile acid
reflux and alterations of some transcription factors
has been studied; however, the precise mechanism
of promotion of Barrett’s epithelium formation by
bile acid reflux remains to be characterised.

A number of studies have found that Cdx2 is
a key mechator in the development of Barrett’s
oesophagus.® ° We previously reported a two-step
mechanism involved in the development of
Barrett’s epithelium, in which bile acids activate
the Cdx2 promoter via nuclear factor kappa B
(NF-«B) and stimulate the production of Cdx2
protein in oesophageal immature keratinocytes,
with 2 resulting production of intestinal type
mucin.® In addition to Cdx2, we also recently
showed that bile acids mduce the expression of
Cdx1 in oesophageal immature keratinocytes, and
demonstrated an interplay mechanism between
Cdx1 and Cdx2 that causes upregulation of each
other by directly binding to the promoter of the
other, stimulating the development of Barrett’s
epithelium.”

Kriippel-like factors (KLFs) are zinc finger-
containing transcription factors that exhibit
homology to the Drosophila melanogaster segmenta-
tion gene product Kriippel. KLFs comprise a family
of evolutionarily conserved zinc finger transcription
factors that regulate numerous biological processes,
including proliferation, differentiation, development
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and apoptosis.” Among them, KLF4 (gut-enriched Krtppel-like
factor) is hlghly expressed in epithelial cells of the small and large
intestines.” The expression pattern of KLF4 is similar to that of
Cdx2 in the intestine, as it is expressed mainly in non-prolifer-
ating differentiating and differentiated cells of the upper crypt
and villus/surface mucosa, where Cdx2 is also expressed.® During
embryogenesis, the expression of KLF4 begins to rise, which
correlates with a critical period of gut epithelium morphogenesis,
similar to that of Cdx2."" Furthermore, colonic goblet cells in
KLF4—/~ mice do not show a normal goblet cell morphology and
the goblet cell marker MUC2 exhibits patchy expression
throughout the colonic epithelium.!" These findings suggest that
KLF4 plays a fundamental role in the development of intestinal
mucosa.

With regard to carcinogenesis, it was reported that KLF4
expression is downregulated in human adenomatous polyps and
cancer of the colon.”? Notably, in colorectal adenomas and
adenocarcmomas the level of Cdx2 protein is markedly
reduced.’® Also, Cdx2 was shown to activate a KLF4 promoter
construct in Chinese hamster ovary (CHO) cells and colon
cancer related RKO cells,"* '* while an inter-regulation mecha-
nism between KLF4 and Cdx2 has been speculated.

In the present study, we investigated whether alterations of
KLF4 expression in response to bile acids in oesophageal kerati-
nocytes induce metaplastic changes during Barrett’s epithelium
development. Furthermore, we investigated the transcriptional
network connecting KLF4 and Cdx2 in development of the
disease.

MATERIALS AND METHODS

Rat model of Barrett's oesophagus

To induce Barrett’s oesophagus, we employed Levrat’s model
with minor modifications, as previously described.® 7 ¢ In brief,
the gastro-oesophageal junction was cut and the oesophageal
end separated. The distal end of the oesophagus was then
reimplanted 2 cm beyond the ligament of Treitz in an end-to-
side fashion into a loop of the jejunum and the proximal end of
the stomach was ligated. Six months after formation of oeso-
phageal—jejunal anastomoses, the rats were killed and their
oesophagi removed.

Patients and tissues

Human oesophageal tissues were collected after obtaining
informed, written consent from all subjects. During endoscopy
procedures, biopsy specimens of normal squamous mucosa from
the distal oesophagus (n=6) and Barrett’s oesophagus without
dysplasia (n=6) were taken, then snap-frozen in liquid nitrogen.
Barrett’s oesophagus was histologically defined as the presence
of columnar epithelium containing goblet cell metaplasia.

Cell culture and bile acid treatment

Five cell lines, including Het-1A (a human normal oesophageal
cell line immortalised by viral SV40 transfection; American Type
Culture Collection, ATCC, Manassas, Virginia, USA), OE33 (a
human oesophageal adenocarcinoma cell line; European Collec-
tion of Cell Cultures, ECACC, Salisbury, Wiltshire, UK), OE19 (a
human cell line established from an adenocarcinoma obtained
from the gastric cardia/oesophageal gastric junction; ECACC),
SW480 (a human colorectal adenocarcinoma cell line, ATCC)
and Hela (a human cervical adenocarcinoma cell line, ATCC),
were used in this study. Primary cultures of oesophageal kera-
tinocytes from normal rat oesophagi were established, as
previously described.®
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A mixture of bile acids (Sigma Chemicals, St. Louis, Missour,
USA), which included cholic acid, glycocholic acid and taur-
ocholic acid, was used as a stimulant, as previously described.”

Vector construction and luciferase assay
We amplified 1700 bp of the KLF4 promoter (accession No.
AF117109) by PCR, then cloned that into the Mlul and Bglll
sites of a pGL3-basic luciferase vector (Promega, Madison,
Wisconsin, USA) to generate pKLF4/1700-Luc (1735 to -36),
which generated pKLF4/1080-Luc (~1115 to —36), pKLF4/425-
Luc (460 to ~36), pKLF4/233-Luc (—268 to —-36), and pKLF4/
35-Luc (~70 to —36). The position +1 refers to the major
transcription start site identified in the KLF4 gene” We also
amplified 1541 bp of the Cdx2 promoter (accession No.
NC_000071) by PCR, then cloned that into the Kpnl and BglII
sites of a pGl3-basic luciferase vector to generate pCdx2/
1541-Luc (~1415 to +125), which generated pCdx2/1014-Luc
(—888 to +125), pCdx2/631-Luc (—506 to +125), pCdx2/438-
Luc (-313 to +125), pCdx2/319-Luc (~194 to +125), pCdx2/
219-Luc (94 to +125), and pCdx2/74-Luc (+52 to +125), as
previously described.® Furthermore, 1750 bp of the MUC2
promoter (accession No. AF221746) was amplified by PCR, then
cloned into the Mlul and BgllI sites of a pGL3-basic luciferase
vector to generate pMUC2/1750-Luc (—1804 to —55), which
generated pMUC2/823-Luc (—877 to —55), pMUC2/463-Luc
(=517 to -55), pMUC2/214-Luc (-268 to —55), pMUC2/
80-Luc (~134 to —55), and pMUC2/39-Luc (—93 to —55). The
position +1 refers to the ma]or transcription start site
identified in the MUC2 gene.'” As an internal control for the
dual luciferase assay, pRL-TATA-Renilla-Luc was used.® To
produce mutated KLF4 promoter constructs for pM/KLF4 Luc,

5'-ggcggecgecagtactteaccggecgagagagegagegeggetee-3. was used
(nucleotide substitutions indicated in bold), to produce mutated
Cdx2 promoter constructs for pM/Cdx2-Luc, 5 -cggcgggtcatte-
caagtctctacagettactggeaaggaggtgggaggaaa-3 was used, and to
produce mutated MUC2 promoter constructs, for pM/MUCZ-
Luc, 5 -cttggeaaataatacgtgaatatttcgeaccteectegtecteegeecteg-3'
was used.

cDNA encoding full-length mouse KLF4 (NCBI NM-010637)
was amplified by PCR and cloned into a pcDNAS5/FRT/V5-His-
TOPO Vector (Invitrogen, Carlsbad, California, USA). Vector
DNA without KLF4 sequences was used as a negative control. A
Cdx2 expressmn vector was also constructed, as previously
reported.®

Het-1A, OE33, and OE19 cells were separately cultured and
transfected with 0.5 ug of each promoter vector and 0.02 ug of
pRL-TATA-Renilla-Luc in each well, with Lipofectamine 2000
(Invitrogen). At 24 h after transfection of the luciferase vectors,
the cells were stimulated with various concentrations of the bile
acids mixture or the vehicle alone for 3 h, then cell lysates were
used to determine luciferase activity. Also, Het-1A cells were
cultured and transfected with 0.2 pg of each indicated promoter
vector and a total of 0.2 ug of each indicated expression vector
or an empty vector, along with 0.02 ug of pRL-TATA-Renilla-Luc
in each well for 24h, then the cell lysates were used for
measurement of luciferase activity.

Immunohistochemistry

Immunohistochemistry was performed as previously described.®
To identify KLF4-expressing cells, tissue sections were incubated
with the anti-KLF4 antibody (1:100; Medical & Biological
Laboratories, Nagoya, Japan), followed by incubation with
secondary biotinylated anti-rabbit immunoglobulin (DAKO,
Carpinteria, California, USA). Bound antibodies were detected
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using a 3-amino-9-ethylcarbazole substrate—chromogen system
(DAKO). The sections were counter-stained with haematoxylin.

RNA extraction and real-time PCR

Extraction of total RNA was performed as previously described.®
DNase I-treated RNA was reverse transcribed into cDNA using
a ReverTra Ace « kit (Stratagene Toyobo, Tokyo, Japan). A real-
time fluorescence PCR assay based on SYBR Green (Applied
Biosystems, Foster City, California, USA) was then performed
using the primers described in table 1.

Primary cultured cells were transfected with control non-
specific siRNA (Qiagen, Hilden, Germany), p50 siRNA (Santa
Cruz Biotechnology, Santa Cruz, California, USA), or p65 siRNA
(Santa Cruz Biotechnology) using Lipofectamine 2000. The
reduced levels of p50 or p65 mRNA expression induced by
transfection of each siRNA were determined using siRNA
specific primers (Santa Cruz Biotechnology).

Protein extraction and western blot analysis

Protein extraction and western blot analysis were performed as
previously previously.® The membranes were incubated with
anti-KLF4 (1:200; Abnova, Taipei, Taiwan), anti-p50 (1:200;
Santa Cruz Biotechnology), anti-p65 (1:200; Santa Cruz
Biotechnology), or anti-B-actin (1:3000; Sigma Chemicals) anti-
bodies, followed by horseradish-peroxidase-conjugated anti-
mouse or anti-rabbit immunoglobulin (DAKO).

Immunofluorescence cytochemistry

Immunofluorescence cytochemistry was performed as previ-
ously described.® The cells were labelled with anti-KLF4 (1:100),
anti-Cdx2 (1:50; BioGenex, San Ramon, California, USA), anti-
MUC2 (1:100; Santa Cruz Biotechnology), anti-p50 (1:100),
anti-p65 (1:100), and anti-cytokeratin (CK) 20 (1:200; Santa
Cruz Biotechnology) antibodies. Binding of the primary anti-
bodies was detected using FITC-conjugated anti-mouse, anti-
rabbit, or anti-goat immunoglobulin, or rhodamine-conjugated
anti-mouse or anti-rabbit immunoglobulin (DAKO). The cells
were nuclear counter-stained with 4',6-diamidino-2'-phenyl-
indole dihydrochloride (DAPI) (Pierce Biotechnology, Rockford,
Illinois, USA).

Table 1 The sequences of oligonucleotide primers used in this study
Primer

Sequence {5 to 3')

Human GAPDH Fw  gaaggtgaaggtcggagtca
Rv  aatgaaggggtcattgatgg
Human KLF4 Fw  tcccatctttctccacgttc
Rv  agtcgcttcatgtgggagag
Human MUC2 Fw  ctcccagacaggagaacgag
: Rv  gggatcgcagtggtagttgt
Rat GAPDH Fw  gtgaaggtcggtgtgaacg
Rv  cttgcegtgggtagagtcat
Rat KLF4 Fw  caggetgtggcaaaacctat
Rv  cggtagtgcctggteagtic
KLF4 promoter, including the NF-kB binding site Fw  gcaagcgagcgagaagttat
Rv  gagtcctggggactgtge
KLF4 promoter, including GC boxes Fw  gtgcgeggagtttgtttatt
Rv  ccgegegettettacttat
Cdx2 promoter, including the Sp-1-binding site Fw cagécaﬂggtgtctgtgtc
Rv  fttetttecteccacctectt
KLF4 promoter including Cdx2-binding site Fw  tggccatcggacatacttate
Rv  gccccaaagtcaacgaagta
MUC2 promoter, including the CACCC/Sp-1 element  Fw tagttcacctggggtgtgtg

Rv  gacgagggaggtgcgaag
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Chromatin immunoprecipitation

Chromatin immunoprecipitation (ChIP) analysis was performed
using an EpiQuik Chromatin Immunoprecipitation Kit
(Epigentek Group, Brooklyn, New York, USA), according to the
method reported by D’Amico er a/.'® Het-1A cells were tran-
siently transfected with a KLF4 promoter vector and stimulated
with a bile acids mixture for 3 h, after which ChIP analysis was
performed. Also, Het-1A cells were transiently transfected with
a KLF4 promoter vector, Cdx2 promoter vector, MUC2
promoter vector and KLF4 expression vector, Cdx2 expression
vector, or empty vector, after which ChiP analysis was
performed. Total DNA prior to immunoprecipitation was used
as the input value. Chromatin was immunoprecipitated with
anti-KLF4, anti-Cdx2, anti-p50, and anti-p65 antibodies, or IgG
as a negative control. Immunoprecipitated DNA—protein
complexes were isolated and a real-time PCR assay was then
performed using the primers described in table 1.

Statistical analysis

All data are expressed as the mean * SEM. Multiple compari-
sons were performed with ANOVA, followed by a Dunnett
test. Statistical comparisons between two groups were done
with a Mann—Whitney U test. p values less than 0.05 were
considered to be statistically significant.

RESULTS

Expression of KLF4 mRNA in adult rat tissues

KLF4 mRNA was found to be expressed throughout the
gastrointestinal tract of adult rats, with high levels of expression
observed in the jejunum, ileum, proximal, and distal colon,

while a lower level of expression was found in the oesophagus
(figure 1A).

Immunohistochemistry examinations of rat Barrett's epithelium
Six months after the procedure, columnar-lined epithelia
consisting of absorptive cells and goblet cells were observed above
the ocesophageal—jejunostomy in the rats. KLF4-positive cells
with nuclear staining were observed in the columnar epithelia

- above the oesophageal—jejunostomy, mainly in the surface villi,

whereas there was a small number of cells in the crypts (figure 1B).

Expression of KLF4 mRNA in human normal oesophagus and
Barrett's oesophagus

We also determined KLF4 mRNA expression levels in endoscopic
biopsy specimens of normal oesophagus and Barrett’s oesoph-
agus obtained from the human subjects. KLF4 mRNA expression
levels of Barrett’s oesophagus were significantly higher than
those of normal squamous epithelium (figure 1C).

Effects of bile acids on KLF4 promoter activity

The bile acids mixture had a stimulatory effect on KLF4
promoter activity in a dose-dependent manner, with an
approximately twofold increase in transcriptional activation in
Het-1A, OE33, and OF19 cells (figure 2A,B,C). We constructed
a series of reporter plasmids containing different lengths of the
KLF4 promoter. The transcriptional activity of these constructs
was analysed in Het-1A cells with 200 pm of the bile acids
mixture. The plasmid pKLF4/1080-Luc exhibited a similar level
of activation by the bile acids mixture as that shown by pKLF4/
1700-Luc. However, the plasmids pKLF4/425-Luc, pKLF4/
233-Luc, and pGL3-basic without the KLF4 promoter showed
o activation response to bile acid stimulation (figure 2D).
These results revealed that bile acid-induced activation of the
KLF4-promoter is controlled by a site located between —1155
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Figure 1 (A) Tissue distribution of
KLF4 mRNA in gastrointestinal tissues.
RNA was extracted from various rat
10

tissues and analysed by real-time PCR
for KLF4 expression. Data were
normalised to GAPDH mRNA. Results are
expressed as the mean = SEM of three
experiments. (B) Immunochistochemistry
findings for KLF4. Barrett's epithelium
was examined 6 months after 0
performance of oesophageal—jejunal
anastomosis. KLF4-positive cells were
mainly observed in surface villi, though
a small number of cells were observed in
the crypts in Barrett's epithelium. Normal
oesophagus and colon specimens are
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shown. KLF4-positive cells in the normal
colon were localised predominantly on
the surface epithelium. In the
oesophagus, KLF4-positive cells were
localised on the cells of the suprabasal
layer, though the level was low.

(C) Expression of KLF4 mRNA in human
normal oesophagus and Barrett's
oesophagus. Results are expressed as
the mean = SEM of six samples.
*p<0.05 vs. normal oesophagus.
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and —460. To determine whether bile acids function as a direct
transcriptional activator of KLF4, we examined the KLF4
promoter region for the putative NF-kB binding site using the
computational program TESS (http://www.cbil.upenn.edu/).
We identified a putative NF-kB binding site from —605 to —596
(ggcagttcee) and speculated that bile acids might bind to the
KLF4 promoter in this region. Therefore, to investigate the role
of the NF-kB site following bile acid-induced stimulation of
KLF4 expression, the element of the putative NF-kB binding site
was mutated, which completely abolished bile acid-induced
activation of the KLF4 promoter (figure 2D).

To confirm whether bile acids bind to the KLF4 promoter,
a ChIP assay was performed using Het-1A cells. Real-time PCR

Figure 2 Effects of bile acids on (A Het-1A
transcriptional activation of KLF4 in (A) n
Het-1A, (B) OE33, and (C) OE19 cells.
Twenty-four hours after transfection
with the KLF4 promoter vector, cells
were stimulated with various
concentrations of the bile acids mixture
or vehicle alone for 3 h, then cell lysates
were used to determine luciferase 8
activity. Results are expressed as the
mean = SEM of four experiments.
*p<0.05 vs. control. (D) Reporter gene
analysis of KLF4 promoter deletion and
mutation constructs in Het-1A cells.
Twenty-four hours after transfection
with the indicated KLF4 promoter
vectors, cells were stimulated with the
bile acids mixture {200 uM) or vehicle
alone for 3 h. Results are expressed as
the mean *= SEM of four experiments.
*p<0.05 vs. pKLF4/1700-Luc. (E)
Chromatin immunoprecipitation assay.
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analysis was performed to amplify the promoter region of KLF4
from —650 to —424 that contains the NF-«B binding site. The
amount of transcript in the bile acid-treated samples was
significantly higher than that in the vehicle-treated samples of
DNA immunoprecipitated with the anti-p50 and anti-p65
antibodies (figure 2E).

Direct effects of bile acids on KLF4 mRNA and protein
expressions in oesophageal epithelial cells

To determine whether bile acids augment KLF4 mRNA expres-
sion, we investigated the direct effect of a bile acids mixture
on KLF4 mRNA expression using Het-1A and OE33 cells, and
found that the bile acids augmented KLF4 mRNA expression in
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At 24 h after transfection with the KLF4 promoter vector, Het-1A cells were treated with the bile acids mixture {200 M) or vehicle alone for 3 h. Anti-p50
and anti-p65 antibody immunoprecipitated DNA was purified and analysed by real-time PCR for the KLF4 promoter, including the NF-kB binding site. The
amount of precipitated DNA was normalised to input DNA. Results are expressed as the mean = SEM of three experiments. *p<0.05 vs. control.
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