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Fig. 4 MFG-E8 was up- A
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integrin significantly reduced the proliferation of Colon-26
cells stimulated with rMFG-E8.

Discussion
In the present study, a deficiency of MFG-ES8 reduced the
incidence and size of colon tumors in a murine CAC

model, though the severity of colonic inflammation became
severe in MFG-E8 KO mice. On the other hand,

@ Springer

3 weeks

experiments using a sporadic colon cancer model showed
that MFG-E8 expression influenced tumor growth but not
the incidence of tumor development. These findings indi-
cate that MFG-ES8 promotes tumor growth regardless of the
presence or absence of colonic inflammation, whereas the
development of colon tumors is initiated by MFG-E8 under
inflammatory conditions.

In the present study, MFG-E8 deficiency exacerbated
DSS-induced colitis, which supports our previous report
showing the protective effects of tMFG-ES in mice colitis
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Fig. 5 In the sporadic cancer A AOM
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a Schematic overview of
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b Tumor morphology shown by
stereoscopic microscopy (upper
0.2 % methylene blue staining)
and histology (lower
hematoxylin and eosin (H&E)
staining). ¢ Average number and
size of tumors in WT (n = 26)
and MFG-E8 KO (n = 21)
mice. *p < 0.05 vs. WT
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Fig. 6 A Increased expression
of MFG-ES8 in mononuclear
cells infiltrating the active
mucosa of UC patients.
Representative
immunohistochemical images
of MFG-E8 expression.

B MFG-E8 mRNA levels in
active and inactive colonic
tissues, p < 0.01 vs. inactive.
C Abundant expression of
MFG-ES8 in human colon
cancer. Surgically resected
human colon cancer tissues
were obtained and MFG-E8
expression was examined by
immunohistochemistry.
Representative images of MFG-
E8 expression in colon cancer
cells (a, b), a non-tumorous
lesion (¢), and infiltrating
mononuclear cells (d)

models. The anti-inflammatory effects of MFG-E8 were
also confirmed in I/R- and sepsis-induced intestinal injury
models, and mainly dependent on the prompt clearance of
apoptotic cells as well as an inhibition of inflammatory
cytokines produced by macrophages [17-22]. Apart from
the anti-inflammatory effect, MFG-E8 directly regulates
epithelial functions including proliferation and apoptosis.
Chogle et al. [17] reported that DSS administration induced
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more severe crypt-epithelial injury with delayed regener-
ation of colonic epithelium in MFG-E8 KO mice as com-
pared to WT mice. In addition, Ajakaiye et al. found that
rMFG-E8 treatment reduced radiation-induced intestinal
mucosal damage with improved survival.

Enhancement of the proliferation and anti-apoptotic
characteristics of epithelial cells contributes to decrease
inflammation and induces repair of inflamed tissues. On the
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Fig. 7 MFG-E8 was found to
promote epithelial cell
proliferation via o, ps-integrin.
a, b Colon-26 cells (2 x 107/
well) were seeded and treated
with tMFG-E8 (400 ng/ml) for
24 h. Cells were counted and a
WST-1 assay was assessed,

#p < 0.05 vs. PBS. Error bars
indicate SEM values obtained
from three independent
experiments. ¢, d Colon-26 cells
(2 x 10°/well) were seeded and
pre-treated with the neutralizing
antibody for o, -integrin

(400 ng/ml) for 3 h or siRNA
targeting o,-integrin for 24 h
and then treated with itMFG-ES
(100 or 800 ng/ml) for 24 h.
The effect of rIMFG-E8 (100 ng/
ml) was assessed by a WST-1
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other hand, those functions also accelerate the development
of cancers under chronic inflammatory conditions [32, 34,
36-42]. In the present study, we found that severe colitis
developed in DSS-treated KO mice due to the lack of an
anti-inflammatory effect of MFG-ES. It is known that CAC
development occurs more readily with severe colonic
inflammation. However, the number of colon tumors that
developed in the present KO mice was lower than that of
those in the WT mice, indicating that MFG-ES8 deficiency
suppressed the potential of inflammation-induced cancer
development even under severe colitis condition. PCNA
has been identified as an antigen expressed in cell nuclei
during the DNA synthesis phase of the cell cycle (G1 to S
phase). To further confirm the influence of MFG-E8 on
colonic epithelial proliferation, we determined the fre-
quency of PCNA-positive epithelial cells in our DSS-
induced colitis model and found that the number of those
cells was significantly greater in WT mice as compared to
KO mice, which was associated with colonic expression of
MFG-ES8. Ki67, a nuclear protein expressed from the G1 to
M phase, is known as a cellular marker of proliferation. We

100 800

Control Integrinay

rMFG-E8 (ng/ml)

siRNA siRNA

also examined Ki67 expression in colonic tissues and found
it to be increased in WT mice. A recent study showed that
MFG-ES8 regulates expression of cyclin-dependent kinase
(CDK)-3 and enhances proliferation of mammary epithelial
cells [25]. On the other hand, p27 and p57 are CDK
inhibitors that down-regulate the cell cycle and inhibit
excess cell proliferation. We speculate that expression of
those CDK inhibitors is accelerated in a homeostatic
manner in response to increased epithelial cell prolifera-
tion, which may regulate initiation of the process of MFG-
E8-related CAC development. We previously reported that
MFG-E8 expression is upregulated in mononuclear cells
infiltrating the lamina propria during the regeneration
phase of DSS-induced colitis [14]. A similar expression
pattern was also found in human inflammatory colonic
mucosa of UC patients (Fig. 6A). In addition, our present
in vitro results clearly showed that MFG-E8 stimulates
proliferation of colonic epithelial cells. Taken together,
these findings suggest that MFG-E8 secreted by infiltrating
inflammatory cells may stimulate epithelial proliferation by
regulating several cell cycle-related molecules in a
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paracrine manner during colitis, which might enhance the
turnover of epithelial cells and initiate CAC development.

In the present study, it is possible that small latent
cancer not found macroscopically or by stereoscopic
microscopy did not grow to become overt cancer due to
reduced cell proliferation in the CAC model KO mice. To
examine this issue, sections with tumors (areas around the
tumors) as well as serial sections were examined using a
histological method. However, no small latent cancer areas
or dysplastic epithelial lesions were found, suggesting that
MFG-ES8 contributes to initiation of CAC development.
There are few reports regarding the correlation between
MFG-E8 and cancer initiation markers. Ajakaiye et al. [23]
reported that treatment with rMFG-E8 increased the
expression of p53, bcl-2, and p21 in intestinal epithelial
cells, and also enhanced the anti-apoptotic function of
those cells. Okuyama et al. [43] revealed that p63, a
member of the p53 family, stimulates MFG-ES8 expression
via p53-binding consensus sequences and/or related sites,
which regulates various biological functions including cell
proliferation. Although those findings suggest that the
expression and function of MFG-ES8 associated with p53 or
p63 might initiate cancer development, further studies are
necessary to clearly explain the role of MFG-E8 in initia-
tion of CAC development.

A few studies that examined the role of MFG-E8 in
cancer development without inflammatory stimuli have
been presented. Sugano et al. [26] investigated develop-
ment of carcinogen-induced bladder cancer in MFG-E8 KO
mice and found that the extent of tumors, but not their
incidence, was significantly lower in KO mice as compared
to WT mice. Neutzner et al. [28] used Rip1-Tag2 trans-
genic mice, a model of pancreas cancer, and established
MFG-E8-deficient Rip1-Tag2 mice to examine the role of
MFG-ES8 in development and growth of pancreas cancer.
Tumor growth in their model was lower as compared to the
control (Rip1-Tag2 mice), though the incidence of tumors
was similar between those strains. We also examined the
influence of genetic MFG-ES8 ablation on tumor incidence
and growth in a sporadic colon cancer model without
colitis induction in the present study. Similarly, though the
average tumor size was lower in KO mice, we did not find
any differences regarding tumor incidence between KO
and WT mice. We also found that a deficiency of MFG-E8
significantly decreased tumor growth in the CAC model.
Thus, MFG-E8 contributes to the promotion of tumor
growth regardless of the presence or absence of
inflammation.

Previous studies reported the overexpression of MFG-
E8 in advanced tumor cells including breast, bladder, and
pancreas cancers, which was associated with tumor growth,
invasion, and metastasis [25-30]. Tumor cells over-
expressing MFG-E8 show a high growth potential as well
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as resistance to apoptosis induction in an autocrine manner,
and silencing the MFG-E8 gene in those cells inhibits their
growth [25, 27, 29]. Although we examined MFG-ES8
expression in colon tumors of experimental mice by
immunohistochemistry, immunoreactive signals were not
detected due to the low affinity of commercially available
anti-mouse antibodies to the tissue samples. In this regard,
we used surgically resected human colon cancer tissues for
immunohistochemistry and found abundant expression of
MFG-ES in tumor and infiltrating mononuclear cells, sug-
gesting that MFG-E8 may promote tumor growth mainly in
autocrine as well as paracrine manners. On the other hand,
other mechanisms regarding MFG-E8-mediated tumor
growth have been reported. Increased expression of MFG-
E8 in tumor cells also down-regulates E-cadherin expres-
sion, which promotes metastasis by controlling epithelial-
mesenchymal transition (EMT) [27]. In addition to the
direct effects of MFG-ES8 on tumor cells, that secreted from
tumor tissues induces angiogenesis by accelerating pro-
duction of vascular endothelial growth factor (VEGF) [24,
28]. Moreover, MFG-ES8 induces the infiltration of Foxp3-
positive regulatory T cells (Tregs) in tumor tissues, which
increases the extent of tumor proliferation by down-regu-
lating host tumor immunity [26, 27, 29, 30].

o, PBs-Integrin is expressed in a variety of cells including
macrophages, epithelial cells, and endothelial cells [44].
MFG-E8 binds to o,fs-integrin and contributes to various
MFG-E8-induced biological events [6, 7]. Bu et al. [20]
observed that treatment with rMFG-E8 enhanced migration
of intestinal epithelial cells by activating intracellular
protein kinase C (PKC), as well as reorganizing F-actin and
Arp2/3 on the cells via o,fs-integrin. Silvestre et al. [24]
reported that MFG-E8 induces o.,fs-integrin-dependent
phosphorylation in endothelial cells and promotes VEGF-
mediated neovascularization. In the present study, we
clearly demonstrated that MFG-E8-induced proliferation of
colonic epithelial cells was dependent on o,fs-integrin
expression in those cells. However, further investigations
are necessary to clarify the precise mechanisms regarding
oy PBs-integrin-dependent intracellular signaling in epithelial
cells and its association with cancer development.

MFG-ES8-blocking therapy may be a double-edged
sword, as it may reduce carcinogenesis but enhance colonic
inflammation. In this regard, MFG-ES8 treatment should be
performed to reduce colonic inflammation only in severe
phases of UC, as long-term maintenance with this therapy
may accelerate CAC development. On the other hand, after
development of CAC or sporadic cancers, blocking MFG-
E8 function contributes to reduce tumor growth and
metastasis by inhibiting cell proliferation and angiogenesis.
Further investigations regarding effectiveness and safety
are necessary prior to clinical use of the therapy targeting
MFG-ES.
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In summary, we investigated the role of MFG-ES in
intestinal inflammation and its relationship to tumor
development in a murine CAC model. The present results
show that MFG-ES8 expression is up-regulated in inflamed
colonic tissues and initiates CAC development, which may
be dependent on increased proliferation of epithelial cells
via o, Ps-integrin. Furthermore, MFG-E8 promoted tumor
growth in both our CAC and sporadic colon cancer models.
These results are the first to show the role of MFG-ES in
the pathogenesis of colon cancer. For development of a
novel therapy targeting MFG-ES, additional findings
regarding the various physiological, immunological, and
clinical aspects must be evaluated in the future.
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Introduction

Abstract

The prevalence and incidence of eosinophilic esophagitis (EoE) have been rapidly increas-
ing in Western countries. It is thought to be more common among Caucasians than other
racial or ethnic groups, but epidemiological studies have not been fully evaluated in Asian
populations, and its clinical manifestation is rarely documented. In this review, recent
reports regarding EoE in Asian countries have been collected, and differences in the
clinical features, including symptoms and endoscopic findings, between Asian and
Western populations have been evaluated. In Asia, EoE is still much less prevalent than in
Western countries. Baseline values for average age, male/female ratio, and personal history
of allergic disease were comparable to those in Western populations. Predominant symp-
toms were dysphagia, and food impaction was extremely rare among Asian patients.
Although the frequency of abnormal endoscopic findings varies among studies, over 90%
of patients with EoE have shown abnormal findings such as linear furrow, which is the most
common findings, in recent prospective studies in Asia. There are few reports regarding the
treatment of EoE and no prospective studies evaluating drags or elimination diet in patient
with EoE have been reported in Asia. Overall, EoE had similar clinical characteristics in
Asian populations. Because the incidence of EoE could increase in the future with the
increase in allergic disorders in Asian countries, large-scale, nationwide prospective
studies should be performed to more fully understand the epidemiology and pathophysi-
ology of EoE in Asian populations.

15 intraepithelial eosinophils/high-power field (HPF) in at least
one biopsy specimen without pathogenesis of gastroesophageal

Eosinophilic esophagitis (EoE) is a chronic inflammatory disorder
characterized by dense eosinophilic infiltration of the esophageal
epithelium without infiltration of other parts of the gastrointestinal
tract.? It is a relatively new disease entity first described by
Landres ef al. in 1978, and increasingly recognized over the past
decade. The incidence and prevalence of EoE have been rapidly
increasing, especially in Western countries,*® and it has become a
major cause of gastrointestinal morbidity among children and
adults. Cases of EoE have been reported from all continents except
Africa. The clinical characteristics of EoE have been extensively
investigated in Western countries, but not other countries.?® The
first case of a Japanese patient with BoE was reported in 2006.”
Since then, it appears that cases of EoE are increasingly reported
from other Asian countries, including South Korea,® China,” Thai-
land,'® India, Turkey,'? and Saudi Arabia.'> However, the disease
is recognized as a rare condition and its epidemiology has not been
fully estimated in Asia.

EoE is clinicopathological disease that is diagnosed by symp-
toms related to esophageal dysfunction accompanied by more than

Journal of Gastroenterology and Hepatology 2015; 30 (Suppl. 1): ee—ee

reflux disease (GERD) as shown by lack of response to high-dose
proton-pump inhibitor (PPI) medication.'*'* The presenting symp-
toms in patients with EoE can differ between children and adults.'
Children often have symptoms of feeding intolerance, vomiting,
and failure to thrive, while adults usually have symptoms of dys-
phagia, food impaction, heartburn, and chest pain. Moreover, a
variety of clinical features by racial and ethnic differences have
been reported. Solid food dysphagia is reported to be more
common among white patients, whereas reflux symptoms are
more common in black/Hispanic patients.'” On the other hand,
Sperry et al. reported that the majority of symptoms, endoscopic
findings, and histological features were not different between Cau-
casians and African American subjects.'® It remains to be eluci-
dated if there is a difference between Asian and non-Asian
populations because most current knowledge about EoE in Asian
population is based on case reports and small case series. However,
it is of importance to identify the clinical features, including pre-
senting symptoms and endoscopic findings, in Asian populations
in the context of growing recognition of EoE widely in Asia.
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We review the present status of EoE in Asia and discusses
the differences in the clinical features of Asian and Western
populations.

Epidemiology

Prevalence. The prevalence of EoE varies on the basis of
study design and setting, and most of the studies have reported
from Western countries. In the general population, case estimates
have ranged from 0.2 to 4/1000 in asymptomatic patients,>'**
but in those undergoing endoscopy for upper gastrointestinal
(UGI) symptoms, EoE is found in 5-16%.%"2 Current estimates
suggest that the overall prevalence of EoE in Western population
is between 43 and 56.7/100 000.”*-% In Japan, the first EoE case
was reported by Furuta et al.” in 2006, and since then the cases
have been reported increasingly.?*?’ Likewise, the number of
case reports regarding EoE in other Asian countries has been
gradually increasing from 2009.%1%1113 To date, nine epidemio-
logical studies have been conducted in Asian countries (Table 1).
The first prospective study carried out in 23 346 patients who
had underwent routine esophagogastroduodenoscopy (EGD) in
Japan estimated 0.02% (17.1/100 000),%® which was much lower
than the reports from Western countries. These data indicate that
EoE could be found in approximately 1 in 5000 endoscopy-
investigated cases. Consistently, studies have reported that the
prevalence of EoE ranges from 0.01% to 0.13% in patients who
undergo EGD.3>3* There have been a few studies evaluating the
presence of EoE in patients with UGI symptoms, such as dys-
phagia and heartburn. A prospective Korean study reported a
prevalence of EoE among patients with esophageal or UGI
symptoms as 6.6% (8/122).%° In a Turkish study, the frequency of
EoE in patients with esophageal symptoms was 2.6% (8/311).
We recently evaluated the prevalence of esophageal eosinophilia
(EE), which is a pathological hallmark of EoE, among esopha-
geal symptoms and found eight patients (2.5%) among 319 with
esophageal symptoms.®> These data indicate that the prevalence
of EoE with UGI symptoms may not be so low as compared with
Western countries. The mean age at diagnosis of EoE in adults
ranges from 40 to 63 years, so it is frequently observed in
middle-aged persons (Table 2). The difference is a somewhat
older age of Asian patients with EoE as compared with Western
patients.38 Similar to Western reports, EoE is more common in
males (50-100%). Only one study of the prevalence of EoE in
children has been reported, from Saudi Arabia in 2012.% That
study found 18 patients among 2127 EGD cases for UGI symp-
toms who were diagnosed as EoE, constituting 0.85% of the total
number of patients. The prevalence of EoE in children has never
been reported in East Asian countries. Collectively, EoE and EE
are still rare in the general Asian population, but clinicians
should be aware of EoE in patients with UGI symptoms.

Allergic status. EoE is considered to be an allergy-
associated inflammatory disorder, possibly caused by antigens in
the air and food. Indeed, cases of EoE are frequently associated
with atopic disorders, as affected individuals often have coexis-
tent bronchial asthma, allergic rhinitis, atopic dermatitis, and
various food or drug allergies3*** The frequency of allergic dis-
eases in patients with EoE as a comorbidity in Asian populations
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Table 2 Characteristics and clinical presentation of adult patients with EoE and EE in Asia

Study Year  Country No. of Age, years Male sex  Heartburn  Dysphagia Food impaction  Allergy
patients Mean Range n % n n n n

Abe et al.®" 2011 Japan 12 477  32-68 9 75 11(8.3%) 7 (568.3 0 3(25%)

Fujishiro et al?* 2011 Japan 4 633 51-83 2 50 2 (50%) 1 (25%) 1{25%) NR

Joo et al*® 2012 South Korea 8 411 25-61 5 625 4(50%) 3(37.5%) 2 (25%) NR

Shi et al® 2012 China 12 514  29-71 7 583 2(16.7%) 4(33.3%) 0 NR

Altun et al.¥' 2013 Turkey 8 402 27-52 4 80 7 (87.5%) 1 (12 5%) 0 31(37.5%)

Fujiwara et al®” 2012 Japan 7 503 37-70 7 100 3(42.9%) 3) @y 4(57.1%)

Tomomatsu et al**' 2013  Japan 10 475  26-73 7 70 3(30%) 4 (40%) 2 (20%) 9(90%)

Kinoshita et al* 2013 Japan 26 49 25-70 20 76.9 21(7.7%) 12 (46.2%) 0 13 (50%)

Lee et al®” 2013 South Korea 8 40.0  19-60 6 75 1{(12.5%) 6 (75%) 0 5 (62.5%)

Shimura et al' 2014 Japan 12 493  24-82 7 5B3 4(333%) 541.7%) 0 3(25.0%)

"Including cases of PPl-responsive esophageal eosinophilia.
*Cases of dysphagia or food impaction.

EE, esophageal eosinophilia; Eok, eosinophilic esophagitis; NR, not reported; PPI, proton-pump inhibitor.

is shown in Table 2. Although the association of a history of
allergic diseases and EoE varies among studies because of small
sample sizes, approximately half of the Asian patients have a
history of allergic disease that is similar to reports from Western
populations.

Foods have been shown to be an important cause of EoE through
the use of elimination diets or elemental formulas in both pediatric
and adult patients.*"* On the other hand, seasonal variation in
esophageal mucosal eosinophilia and incidence is described, sug-
gesting a correlation with seasons of more intense allergen
exposure.**** Although patients with EoE are frequently positive
for allergy testing such as skin prick test and serum antigen-specific
IgE antibody, the clinical significance of these tests for management
of EoE remains controversial. Both laboratory-based research and
clinical studies have indicated a strong role for the non-IgE-
mediated T-helper 2 (Th2)-delayed hypertensive response in
EoFE. " Therefore, the usefulness of allergy testing for EoE may be
limited. Indeed, Gonsalves er al. recently demonstrated that skin
prick testing predicted only 13% of food-associated cases of EoE."!
Because there are no reports evaluating the efficacy of food elimi-
nation diets for patients with EoE in Asian countries, it remains
unclear how food and/or aeroallergens affect patients with EoE in
Asia. We have recently evaluated the possible involvement of food
and/or aeroallergen factors in EoE using serum antigen-specific IgE
antibodies in a Japanese population.*® Consistent with the higher
levels of serum total IgE antibodies, patients with EoE were fre-
quently sensitized to multiple antigens. However, no particular
antigen causing EoE was detected by measuring serum antigen-
specific IgE antibodies.

Helicobacter pylori infection. Reduced exposure to
microorganisms during childhood may result in failure to activate
the Thl immune response, leading to an imbalance between the
Th1 and Th2 immune responses and a predisposition to develop
allergic disorders that are triggered by altered or missing innate
immune cell activation. This concept is termed the “hygiene
hypothesis™ and provides a general explanation for the increase
in allergic diseases, including EoE, parallel to the decrease in
infectious diseases. Of note, early life exposure to H. pylori
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infection has been inversely associated with conditions such as
asthma and allergic rhinitis,”*** and a decrease in H. pylori infec-
tions may predispose individuals to various allergic diseases.
Recent study has suggested that H. pylori infection is inversely
associated with EE.” However, there are few reports of the rela-
tionship between EoE and H. pylori infection in either Western
or Asian populations.™ Furuta ef al. recently investigated the pos-
sible influence of H. pylori infection on EoE in Japanese patients
by case-control study.” In that study, 22.3% of the patients with
EoE were infected with H. pylori, as compared with 55.5% of
their age- and sex-matched healthy controls. The odds ratio for
EoE patients to have H. pylori infection was 0.22, which was
significantly lower in EoE and consistent with reports regarding
other allergic diseases. Because the recent increase in EoE might
be related not only to H. pylori infection, but also to changes in
the social environment,” large-scale and multicenter studies
should be carried out to further determine the relation between
H. pylori and allergic disorders.

Diagnosis

Symptoms. EoE is one of most the common causes of inter-
mittent solid-food dysphagia or food impaction in adults in
Western countries. In 10 studies evaluating the symptoms of
patients with EoE in Asia, the most common presenting symptom
was dysphagia (Table 2). Interestingly, food impaction was very
rare in contrast to Western reports. Moreover, most of the Asian
reports show no severe progressive cases, such as complete
obstruction or long segment obstruction. We recently demon-
strated that none of the presenting symptoms, including dysphagia,
heartburn, and chest pain, was useful for diagnosis of EoE by
logistic regression analysis.*® Consistently, Mackenzie et al. pro-
spectively assessed the risk factors and prevalence of EoE in an
adult population with dysphagia.?® Of 261 patients enrolled, 31
(12%) met the pathological criteria for EE, but EE was found only
in five cases (1.9%) with normal endoscopic findings, suggesting
that endoscopic abnormal findings suspicious of EoE are more
important and effective for predicting EoE than esophageal
symptoms.
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Table 3 Endoscopic findings of adult patients with EoE and EE in Asia

N Ishimura et al.

Study Year Country No. of Abnormal Type of findings Normal EGD
patients EGD findings Linear furrows Rings Whitish exudate findings
Abe et al.?" 2011 Japan 12 11(91.7%) 10 (83.3%) 10 (83.3%) 9 (75%) 1(8.3%)
Fujishiro et /.28t 2011 Japan 4 4 (100%). 2 (50%) 1(25%) 3(75%) 0
Joo et al*® 2012 South Korea 8 6 (75%) 2 (25%) 2 (25%) 3(37.5%) 2 (25%)
Shi et al.® 2012 China 12 9(75%) 1(8.3%) 1(8.3%) 1(8.3%) 3(37.5%)
Altun et al® 2013 Turkey ) 8 4 (50%) 0 2 (25%) 2 {25%) 4 (50%)
Fujiwara et al.3?t 2012 Japan 7 7 (100%) 6 (85.7%) 3(42.9%) 3(42.9%) 0
Tomomatsu et al3%" 2013  Japan 10 10 (100 %) 10 (100%) 3 (30%) 6 (60%) 0
Kinoshita et al.%" 2013 Japan 26 15 (67.7%) 9 (34.6%) 5(19.2%) 6 (23.1%) 11 (42.3%)
Lee et al’t 2013 South Korea 8 7 (87.5%) 6 (75%) 4 {50%) 0 1(12.5%)
Hori et al®*" 2014 Japan 5 5 {100%) 3 (60%) 3 (60%) 2 {40%) 0
Shimura et al.%* 2014 Japan 12 11 (91.7%) 10 {83.3%) 3(25.0%) 4 (33.3%) 1(8.3%)

fIncluding cases of PPl-responsive esophageal eosinophilia.

EE, esophageal eosinophilia; EGD, esophagogastroduodenoscopy; EoE, eosinophilic esophagitis; PPI, proton-pump inhibitor.

Endoscopic findings. There are a number of reports of the
endoscopic features of EoE in Western patients, which include
esophageal rings, linear furrows, whitish exudates, and steno-
sis.”*>” Endoscopic findings may differ by race. Bohm et al.
reported that normal endoscopy and reflux changes were more
common in black/Hispanic patients, whereas linear furrows and
rings were more common in white patients.'” Eleven studies have
evaluated the endoscopic features of patients with EoE in Asia
(Table 3). In most of them, > 75% of patients with EoE had abnor-
mal endoscopic findings. In contrast, according to the report with
the largest number of EoE cases in Asia, 11 (42.3%) of 26 patients
had a normal-appearing esophagus.® The study was based on a
questionnaire administered to patients with EoE who had been
diagnosed from 2004 to 2009. Thus, the results may reflect a lack
of awareness of the disease because most of the Asian studies have
been published since 2011. According to a recent meta-analysis, in
prospective studies, at least one abnormality was detected by
endoscopy in 93% of EoE patients.”® Consistent with that, more
recent prospective studies conducted in Japan have shown endo-
scopic abnormalities in 91.7% to 100% of the patients with
EoE.*> In those studies, linear furrows were the most frequently
found endoscopic abnormality in patients with EoE and/or EE,
suggesting that endoscopic abnormal findings suspicious of EoE,
especially linear furrows, can be detected in most of the patients
with EoE by experienced endoscopists with careful observation
using a high-resolution endoscope or narrow band imaging endos-
copy® (Fig. 1). Miller et al. reported that upper endoscopy with
biopsy for EoE appears to be a cost-effective approach in patients
when the prevalence of EoE is 8% or greater.’ Thus, a biopsy may
not be recommended for the evaluation of patients with esophageal
symptoms but no endoscopic abnormalities.

Cytokine expression. The results of genome-wide associa-
tion study (GWAS) have implicated the 5q22 locus in the patho-
genesis of EoE and identify thymic stromal lymphopoietin (7SLP)
as the most likely candidate gene in the region.’ TSLP is an
interleukin (IL)-7-like cytokine that is a critical factor linking
responses at interfaces between the body and environment (skin,
airway, gut, ocular tissues, etc.) to Th2 responses. Stimulated Th2

Figure 1 Endoscopic finding of linear furrows in patients with eosino-
philic esophagitis. (a) Conventional endoscopy and (b) narrow-band
imaging endoscopy.

lymphocytes produce IL-5 and IL-13, and dendritic cells produce
IL-15. Then, IL-13 and IL-15 increase eotaxin-3 production by
esophageal epithelial cells. Eotaxin-3 is a potent chemokine that
facilitates the trafficking of eosinophils from peripheral blood to
the esophageal epithelium. Moreover, genetic polymorphism in
the human gene CCL26 (eotaxin-3) has been found to be associ-
ated with increased susceptibility for EoE.®* Indeed, patients with
EoE have been reported to have higher concentrations of these
cytokines in peripheral blood than normal individuals.65>64
However, the expression of these cytokines in patients with EoE in
Asian populations has not been fully evaluated. Kinoshita et al.
investigated plasma concentrations of these cytokines (TSLP, IL-5,
IL-13, IL-15, eotaxin-3) in 18 Japanese EoE patients.® Consistent
with previous reports, they found that plasma concentrations of
IL-5 and IL-15 were significantly higher in EoE patients as com-
pared with healthy controls. Although the diagnostic value of
cytokine measurement is limited because of the large overlap
between patients and controls, the similar responses suggest a
similar role for these cytokines in EoE in both Asian and Western
populations. Likewise, a single nucleotide polymorphism in the
TSLP locus has been reported to be associated with adult asthma
in populations of both Japanese and non-Hispanic individuals of
European ancestry.® GWAS of EoE in Asian populations is needed
for future research.
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Table 4 Treatment of adult patients with EoE and EE in Asia

Eosinophilic esophagitis in Asia

Study Year Country No. of PPl PPl non-responsive No
patients responsive Topical Oral Others treatment
steroid steroid
Abe et al?! 2011 Japan 12} 5 2 0 0 3
Fujishiro et al?® 2011 Japan 4 2 1 0 0 1
Shi et al.”! 2012 China 12} 7 — — — 3
Fujiwara et al™* 2012 Japan 7 3 1 0 1 2
Tomomatsu et al*' 2013 Japan 10 2 0 3 1 4
Kinoshita et al.*' 2013 Japan 26 4 (16)" () — 4
Lee etal®" 2013 South Korea 8 4 0 3 0 1

"Including cases of PPl-responsive esophageal eosinophilia.
*Two cases not treated by PPL.
Sixteen cases treated either by topical or oral steroid.

—, data not shown; EE, esophageal ecsinophilia; EoE, eosinophilic esophagitis; PP, proton-pump inhibitor.

Treatment

At present, there is no standardized treatment for EoE, and differ-
ent therapeutic regimens have been used for patients with EoE in
Asia. Treatment for EoE has been described in seven case series
studies (Table 4). Importantly, all these studies included PPI-
responsive symptomatic patients with esophageal eosinophilic
infiltration greater than 15-20 eosinophils/HPF, possibly because
of the small sample sizes. This condition is referred to as “PPI-
responsive esophageal cosinophilia” (PPI-REE),”*!* and is diag-
nosed when a trial of PPI improves symptoms and eosinophilic
infiltration in patients with clinical characteristics similar to
EoE.%7% Initially, PPI-REE was considered to be a separate entity
from EoE. To distinguish EoE from other causes of EE, including
GERD and PPI-REE, the guideline strongly recommends that
patients with suspected EoE should be given a 2-month course of
a PPI followed by endoscopy with biopsies. However, as EoE has
become more widely recognized, it has also become increasingly
evident that the distinction between EoE and GERD is not always
clear.®”™ Moreover, the pathogenesis of PPI-REE remains
unclear.”" Because of the potential mechanism that gastric acid
plays a role in the pathogenesis of EoE and that PPIs have anti-
inflammatory actions independent of their effects on gastric acid
secretion,””™ EoE patients might benefit from PPI therapy
whether or not they have coexisting GERD. More studies are
sorely needed to recognize, define, and mechanistically understand
PPI-REE.

As for PPI non-responsive patients diagnosed as having typical
EoE, topical or oral steroids have been used as treatment in several
cases. Because of the rareness of EoE patients with food impaction
or other severe complications in Asia, intensive treatment such as
esophageal dilatation or surgical operation has not been reported.
Administration of steroid has been effective for most of the
patients with EoE regarding symptoms and endoscopic findings;
however, prognosis remains obscure. Although oral topical ste-
roids can be effective in limiting EoE-associated inflammation,
there are concerns regarding the long-term use of steroids, particu-
larly in children. Adherence to an elemental diet that eliminates
exposure to foods that trigger EoE results in resolution of symp-
toms in many patients; however, this approach requires disruptive
changes in lifestyle and eating habits. The effect of elimination
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diet therapy remains to be elucidated in Asia. Thus, there is a need
to identify the effect of diet therapies for Asian patients, who have
different dietary habits from those in Western countries.

Conclusion

The findings of a thorough review of the medical literature
reported in Asian countries suggest that EoE affects middle-aged
men who have an allergic predisposition that is similar to the
clinical features of patients in Western populations. Dysphagia is a
more common symptom than food impaction, and the complica-
tion of food bolus obstruction has not been reported, suggesting
that the clinical presentation of EoE in Asian patients is milder
than in Western patients. Typical endoscopic findings include
linear furrows, rings, and whitish exudates. Most of the recent
studies have shown endoscopic abnormalities in over 90% of
patients with EoE in Asia. Although case series have been reported
increasingly, larger scale, nationwide studies should be performed
in Asian populations.
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