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FIG. 1. TSLP expression in gastric epithelial cells after H. pylori
colonization. (A) Various human gastric epithelial cell lines were cul-
tured for 24 h with (closed bars) or without (open bars) H. pylori at 1
cell per 150 bacteria. (B) MKN28 and MKN45 cells were cultured for
24 h with H. pylori at the indicated cell/bacterium ratios. (C) MKN28
and MKN45 cells were cultured for the indicated times with H. pylori
at 1 cell per 150 bacteria. Expression levels of mRNA encoding TSLP
were measured using real-time quantitative RT-PCR. The data repre-
sent the means of three independent experiments. The error bars
represent standard deviations (SD). *, P < 0.05.

sessed by protein ELISA. In contrast to the exposure to H.
pylori, gastric epithelial cells did not upregulate TSLP expres-
sion after H. felis colonization (Fig. 2A and B). It seemed likely
that one mechanism by which H. pylori, but not H. felis, could
mediate induction of TSLP expression was by the secretion of
specific proinflammatory factors. However, when gastric epi-
thelial cells were separated from H. pylori by culture in a
Transwell, induction of TSLP expression was not observed
(Fig. 2A and B). Indeed, one of the proinflammatory factors,
the Toll-like receptor 4 ligand LPS (from Escherichia coli), also
failed to induce TSLP expression in gastric epithelial cells (Fig.
2A and B). Taken together, these data suggest that direct
contact of H. pylori with human gastric epithelial cells is essen-
tial for induction of TSLP expression in these cells.
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FIG. 2. TSLP expression in gastric epithelial cells, depending on
direct contact with H. pylori. MKN45 and MKN28 cells were cultured
for 24 h in the presence of 1 ug/ml LPS, H. felis (Hf), or H. pylori at 1
cell per 150 bacteria with (TW) or without (Hp) using Transwell, or
medium alone (med). The expression levels of TSLP mRNA were
measured using real-time RT-PCR (A) or those of TSLP protein in the
culture supernatant were measured by protein ELISA (B). The data
represent the means of three independent experiments. The error bars
represent SD. #, P < 0.05.

Direct contact of H. pylori triggers human gastric epithelial
cells to produce MIP-3c. Chemokine production by epithelial
cells plays a critical role in the migration of immune cells in
inflamed mucosal lesions, and H. pylori infection induces up-
regulation of MIP-3« gene expression in gastric epithelial cells
in humans and mice (26, 49). Next, we examined whether H.
pylori colonization can induce production of chemokines at-
tracting myeloid lineage cells, such as MCP-1 (also called CCL-2),
MIP-la (CCL3), MIP-1B8 (CCL4), and MIP-3a (CCL20), to-
gether with TSLP, in gastric epithelial cells. MKN45 cells were
cultured for 24 h with Helicobacter bacteria, and chemokine
production in the culture supernatant was assessed by protein
ELISA. In contrast to MCP-1, MIP-1«, or MIP-1B, production
of MIP-3a was strongly upregulated after colonization by H.
pylori, but not H. felis, in gastric epithelial cells (Fig. 3). In
addition, when gastric epithelial cells were separated from H.
pylori by culture in a Transwell, no induction of MIP-3« pro-
duction was observed (Fig. 3). Moreover, LPS (from Esche-
richia coli) failed to induce MIP-3« production in gastric epi-
thelial cells (Fig. 3). Taken together, these data suggest that
direct contact of H. pylori with human gastric epithelial cells is
also essential for induction of MIP-3a production in these
cells.

TSLP-containing supernatants from H. pylori-colonized gas-
tric epithelial cells enhanced surface CD80 expression in DCs,
Human CD1l1c™ blood immature DCs respond to the stimu-
lation of TSLP, and TSLP stimulation enhances CD80 expres-
sion in DCs (23, 44). To examine whether TSLP-containing
supernatants from the H. pylori-infected gastric epithelial cells
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FIG. 3. Chemokine production by gastric epithelial cells, depend-
ing on direct contact with H. pylori. The cells were cultured as de-
scribed in the legend to Fig. 2. MIP-3a, MIP-1a, MIP-1B, and MCP-1
were measured in the culture supernatant by protein ELISA. The data
represent the means of three independent experiments. The error bars
represent SD. #, P < 0.05.

enhanced cell surface expression of CD80 in DCs, we isolated
blood myeloid DCs and incubated them with supernatants
from the H. pylori-infected gastric epithelial cells. After 24 h
of incubation, we analyzed the surface expression of CD80 on
DCs by flow cytometry. Recombinant TSLP protein induced
upregulation of surface CD80 expression in DCs (Fig. 4A).
Notably, after DCs were incubated with supernatants from H.
pylori-infected epithelial cells, the conditioned cells also en-
hanced surface CD80 expression (Fig. 4A).

DCs conditioned by TSLP-containing supernatants prime
naive CD4 T cells to differentiate into effectors producing both
Thl and Th2 cytokines. TSLP-activated DCs induce differen-
tiation of inflammatory Th2 cells, and DCs activated with
TSLP and CD40 ligand induce the differentiation of effectors
producing both Thl and Th2 cytokines (23, 42, 44). Next, we
conditioned DCs with TSLP-containing supernatants from the
H. pylori-colonized gastric epithelial cells and cocultured these
DCs with allogeneic naive CD4™ T cells at a 1:5 ratio of DCs
to T cells. After 7 days of coculture, we evaluated the cytokine
production capacity using intracellular cytokine staining of
primed T cells restimulated with PMA plus ionomycin. This
staining demonstrated that DCs conditioned with supernatants
from gastric epithelial cells without Helicobacter colonization
(medium) primed CD4™ T cells to produce IFN-y and TNF-q,
but not IL-4 or IL-13 (Fig. 4B). In contrast, DCs activated with
recombinant TSLP protein (rTSLP) primed CD4™ T cells to
produce IL-4, IL-13, and TNF-a as expected. Although DCs
incubated with supernatants from H. felis-colonized gastric ep-
ithelial cells (HfSp) did not change the Th1 cytokine produc-
tion profile of cocultured CD4™ T cells, DCs incubated with
supernatants from H. pylori-colonized gastric epithelial cells
(HpSp) did change it to a mixed Thl and Th2 profile in which
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FIG. 4. CD80 expression on myeloid DCs and the cytokine-produc-
ing capacity of CD4™ T cells are expanded by activated DCs. (A) Pu-
rified CD1lc™ myeloid DCs were cultured with recombinant TSLP
(solid line, open histogram) or supernatants from MKN45 cells with
(filled histogram) or without (dotted line, open histogram) exposure to
H. pylori at 1 cell per 150 bacteria. After 24 h of incubation, the surface
expression of CD80 on DCs was determined by flow cytometry. The
data represent one of three experiments. (B) Purified DCs were cul-
tured with rTSLP or supernatants from MKN45 cells exposed to H.
felis (HfSp), H. pylori (HpSp) at 1 cell per 150 bacteria, or medium
alone (medium). For neutralization of TSLP, supernatants were incu-
bated with anti-human TSLP (20 pg/ml) (HpSp + anti-TSLP). After
24 h of incubation, DCs were cocultured with allogeneic naive CD4*
T cells at a 1:5 ratio of DCs to T cells. After 7 days of coculture, T cells
were restimulated for 6 h with PMA plus ionomycin, and production of
indicated T-cell-derived cytokines was determined by intracellular cy-
tokine staining. Shown are dot blot profiles of the indicated cytokine-
producing cells. The numbers indicate the percentages of cells in each
quadrant. The data represent one of three independent experiments.

cocultured T cells produced IL-4 and IL-13, together with
IFN-y and TNF-a. After incubation of the TSLP-containing
supernatants with neutralizing antibodies to human TSLP, how-
ever, the conditioned DCs (HpSp plus anti-TSLP) did not
prime T cells to produce high levels of IL-4 and IL-13. These
data suggest that DCs conditioned with supernatants from the
H. pylori-colonized gastric epithelial cells promote naive CD4*
T cells to differentiate into effectors producing both Thl and
Th2 cytokines and that TSLP in the supernatants is responsible
for the conditioning of DCs to prime CD4™ T cells to produce
Th2 cytokines.

H. pylori-colonized gastric epithelial cells sequentially up-
regulate TSLP and B-cell-activating factor BAFF. BAFF (also
called BLyS) is a powerful regulator of B-cell biology (2, 17, 33,
39). Human TSLP-secreting tonsillar epithelial cells produce
BAFF to induce class switching by stimulating B cells (48).
Next, we tested whether H. pylori colonization on gastric epi-
thelial cells can upregulate BAFF gene expression in gastric
epithelial cells. Such cells were cultured with H. pylori, and the
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FIG. 5. TSLP and BAFF expression in gastric epithelial cells after
H. pylori colonization. MKN28 cells were cultured for the indicated
times with (closed bars) or without (open bars) H. pylori at 1 cell per
150 bacteria. The expression levels of mRNAs encoding TSLP and
BAFF were measured using real-time quantitative RT-PCR. The data
represent the means of three independent experiments. The error bars
represent SD. », P < 0.05.

expression levels of mRNA encoding BAFF were measured
using real-time quantitative RT-PCR. In contrast to gastric
epithelial cells not exposed to H. pylori, gastric epithelial cells
that were exposed upregulated BAFF expression (Fig. 5). Al-
though induction of TSLP expression peaked at 12 h after H.
pylori colonization, induction of BAFF expression was detected
after 12 h of H. pylori colonization and increased even after 36
h. These findings suggest that H. pylori colonization induces
upregulation of TSLP and subsequently of BAFF expression in
gastric epithelial cells.

Expression of TSLP is induced in mucosal lesions from H.
pylori-infected gastritis patients. Finally, we evaluated the ex-
pression of TSLP in mucosal lesions from patients with H.
pylori-infected follicular gastritis in which B-cell activation, in-
cluding Th2 responses, was apparently involved. Frozen sec-
tions of mucosal lesions from follicular gastritis were stained
with anti-TSLP antibodies. As shown in Fig. 6, immunoglobu-
lin isotype control antibodies did not produce any positive
staining, and there was no detectable immunostaining for
TSLP in normal gastric mucosa. However, we found anti-TSLP
staining of epithelial cells in the inflamed gastric mucosa from
patients with H. pylori-infected follicular gastritis. TSLP ex-
pression was associated with the presence of CD11c* DCs
within the inflamed gastric mucosa and was also associated
with the presence of DC-lysosome-associated membrane pro-
tein (DC-LAMP, which is a DC activation marker)-positive
cells. These data suggest that expression of TSLP is enhanced
in mucosal lesions from H. pylori-induced follicular gastritis
patients, but not in normal gastric mucosa, and also that TSLP
expressed by gastric epithelial cells may play an important role
in DC-mediated T-cell activation of a process related to Th2
inflammation in H. pylori-induced chronic gastritis.
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FIG. 6. Immunohistological staining of gastric mucosa. H. pylori
(Hp)-infected inflamed mucosa containing a lymphoid follicle from
a patient with follicular gastritis (left column) and non-H. pylori-in-
fected normal mucosa (right column) were stained with hematoxylin
and eosin (HE), immunoglobulin isotype control antibodies (isotypes),
anti-human TSLP (TSLP), anti-CD1lc (CD11c), or anti-DC-LAMP
(DC-LAMP). All scale bars, 100 pum.

DISCUSSION

In the present study, we demonstrated that H. pylori trig-
gered human gastric epithelial cells to produce TSLP, together
with the DC-attracting chemokine MIP-3« and B-cell activat-
ing factor BAFF. DCs conditioned by H. pylori-infected epi-
thelial cells expressed high levels of costimulatory molecules
and primed naive CD4 T cells to differentiate into effectors
producing both Th1 and Th2 cytokines.

H. pylori-induced atrophic gastritis is characterized by marked
infiltration of CD4* T cells that produce IFN-y (12, 14). De-
velopment of H. pylori-induced atrophic gastritis is severely
impaired in mice lacking CD4* T cells or IFN-y production (7,
32). In addition, development of Thl cell-mediated atrophic
gastritis is also severely impaired in Helicobacter-infected Pey-
er’s patch-null mice, which normally develop well-organized
lymphoid organs, except for Peyer’s patches. In these mice, the
marked colonization of bacteria in the gastric mucosa can be
detected (18, 25).

Although the gastric mucosa originally does not have a lym-
phoid apparatus, H. pylori infection triggers the development
of MALT-like structures consisting of lymphoid aggregates
and organized B-cell follicles in patients with H. pylori-induced
gastritis (10, 11, 34). High-level expression of B-cell-activating
chemokine 1 (BCA-1) (also called CXCL13) and its receptor,
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CXC chemokine receptor (CXCR) 5, is observed in lymphoid
aggregates and in the mantle zone of secondary lymphoid
follicles in Helicobacter-induced follicular gastritis, suggesting
that the chemokine-chemokine receptor interaction triggers
the recruitment of lymphocytes (24). However, the mecha-
nisms underlying the triggering of B-cell activation, including
Th2 responses apparently involved in H. pylori-induced chronic
gastritis, are not fully understood.

Chronic inflammatory processes in both autoimmunity and
infection are characterized by the infiltration of a variety of
immune cells, such as T cells, macrophages, and DCs, but also
B cells and plasma cells. These cellular elements often orga-
nize the de novo formation of B-cell follicles and T-cell areas
(1). In mouse models of H. pylori-induced follicular gastritis,
the inflamed gastric mucosa contains B-cell follicles with ger-
minal centers, T-cell areas, and high endothelial venules (28,
31). On the other hand, the constitutive expression of BAFF in
secondary lymphoid tissues is essential for sustaining the long-
term survival of mature B cells in vivo (17, 33). Human TSLP-
secreting tonsillar epithelial cells produce BAFF to induce
class switching by stimulating B cells (48). In addition, a recent
human study suggested an association between circulating lev-
els of BAFF in ectopic germinal centers of the salivary gland in
primary Sjogren’s syndrome (16, 37). Taken together, these
results suggest that TSLP, together with BAFF, produced by
H. pylori-infected gastric mucosa leads to inflammatory Th2
responses and maintenance of B-cell activation.

TSLP is involved in a variety of immune responses in the
mucosal immune system in humans and mice. Epithelial cells
in the tonsils and intestines release TSLP (13, 30, 38, 43, 48,
50). Human TSLP-secreting tonsillar epithelial cells produce
BAFF to induce class switching by stimulating B cells (48).
TSLP-conditioned DCs induce homeostatic noninflammatory
Th2 responses and produce a proliferation-inducing ligand
(APRIL) (13, 30, 43, 50). This results in enhancement of IgA2
class switching by intestinal epithelial cells under physiological
conditions. In addition, TSLP-mediated signaling plays critical
roles in host-protective Th2 cytokine-dependent immunity to
the intestinal nematode pathogen Trichuris (40, 50). TSLP is
involved in the regulation of Thl-type inflammation in a mouse
model of colitis (40). We showed that H. pylori, one of the
major pathogens in the human gastrointestinal tract, triggered
gastric epithelial cells to produce TSLP, implying that TSLP
may be crucial in a variety of immune responses in the gastro-
intestinal tract, including the stomach.

In mice, TSLP appears to suppress Thl responses by acting
on DCs in the mucosal immune system. In infection of mice by
Trichuris, neutralization of TSLP or deletion of the TSLP re-
ceptor (TSLPR) in normally resistant mice resulted in defec-
tive expression of Th2 cytokines and persistent intestinal in-
fection (40). In the intestinal inflammation in these mice,
expression of inflammatory cytokines, such as IFN-y, IL-17,
and IL-12/23p40, was abundant. Neutralization of IFN-vy res-
cued the Th2 response and restored antiworm immunity in
TSLP-deficient mice. In humans, although TSLP-activated
DCs promote CD4" T cells to differentiate into inflammatory
Th2 cells, TSLP primes DCs to produce large amounts of IL-12
following CD40 ligand stimulation. DCs activated with TSLP
and CD40 ligand induce the differentiation of naive CD4"* T
cells into effectors producing both Thl and Th2 cytokines (23,
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42, 44). These data suggest that, in the human system, induc-
tion of Thl responses mediated by IL-12 is not suppressed
under TSLP-induced Th2 inflammation and that IL-12-medi-
ated negative regulation of Th2 responses is not effective in
TSLP-induced Th2 inflammation. In this study, DCs condi-
tioned by Helicobacter-infected epithelial cells primed naive
CD4 T cells to differentiate into effectors producing both Thl
and Th2 cytokines. Taken together, although Thl cytokine-
producing CD4™ T cells markedly infiltrate inflamed mucosa
in Helicobacter-induced chronic gastritis, these Thl cytokines
may not suppress Th2 cytokine production by TSLP-condi-
tioned DCs.

Several recent studies have shown that microorganism-de-
rived stimulation and/or proinflammatory cytokines upregulate
expression of both TSLP and MIP-3« in human epithelial cells,
and these upregulations are directly controlled by NF-«B (15,
21, 22, 36). In addition, although it is unclear whether BAFF
expression is under the direct control of NF-«B, a recent study
demonstrated that Toll-like receptor 3 ligand poly(I - C) in-
duced upregulation of TSLP and subsequently of BAFF pro-
duction in human tonsillar epithelial cells (48). In this study,
we demonstrated that H. pylori triggered human gastric epi-
thelial cells to produce TSLP, together with MIP-3a and
BAFF. Because H. pylori products induce NF-«B activation in
gastric epithelial cells (8, 27, 41, 47), H. pylori-induced NF-kB
activation in gastric epithelial cells may directly and/or indi-
rectly upregulate the expression of TSLP, MIP-3a, and BAFF
in these cells.

In conclusion, we have demonstrated that H. pylori triggered
gastric epithelial cells to produce TSLP, MIP-3a, and BAFF
and that DCs conditioned by Helicobacter-infected epithelial
cells triggered differentiation of T cells with a mixed Th1 and
Th2 profile. These results, and the finding that TSLP was ex-
pressed by the epithelial cells of human follicular gastritis,
suggest that H. pylori can directly trigger epithelial cells to
produce TSLP and that TSLP-mediated DC activation may be
involved in Th2 responses triggering B-cell activation in H.
pylori-induced gastritis.
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G-protein 3 subunit 825CC genotype is associated with
postprandial distress syndrome with impaired gastric
emptying and with the feeling of hunger in Japanese
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Abstract

Background G-protein dysfunction related alteration
of intracellular signal transduction might be linked to
various abnormalities of functional gastrointestinal
(GI) disorders. Serotonin (5-hydroxytryptamine; 5-HT)
as well as G-protein is also key signaling molecule
sensorimotor functions in the GI tract. Thus, this
study aims to evaluate the correlation between gastric
emptying and GNP3 and 5-HTs polymorphisms in
functional dyspepsia (FD) as defined by Rome IIT
classification. Methods Seventy-four patients present-
ing with typical symptoms of FD (epigastric pain
syndrome: EPS, n=24; postprandial distress syn-
drome: PDS, n = 51) and sixty-four healthy volunteers
were enrolled. Gastric motility was evaluated with the
Tomax value using the *C-acetate breath test. We used
Rome III criteria to evaluate upper abdominal symp-
toms and SRQ-D scores to determine depression
status. GNf3-C825T, 5-HT14-C1019G, 5-HT,,4-G1438A,
5-HT34-C42T, and 5-HT44-G353 + 6A polymorphisms
were analyzed in DNA from blood samples of enrolled
subjects. Genotyping was performed by polymerase
chain reaction. Key Results There was a significant
relationship (P = 0.045) between GNB3 825CC geno-
type and PDS patients without gastro-esophageal
reflux symptoms with impaired gastric emptying. In
Japanese, GNS3 825CC genotype in FD patients was
significantly associated (P = 0.0485) with the feeling
of hunger compared with GNB3 825CT and TT

Address for Correspondence

Seiji Futagami, Division of Gastroenterology, Department of
Internal Medicine, Nippon Medical School, 1-1-5 Sendagi,
Bunkyo-ku, Tokyo, 113-8602, Japan.

Tel:+81 3 3822 2131; fax: +81 3 5685 1793,

e-mail: seiji.futagami@gmail.com

Received: 23 May 2011

Accepted for publication: 20 July 2011

© 2011 Blackwell Publishing Ltd

genotypes. Conclusions € Inferences OQur results
suggest that the GNf3 825CC genotype is significantly
associated with PDS patients without gastro-esopha-
geal reflux with impairments of gastric emptying and
also with the feeling of hunger in patients with FD.
Further studies are needed to clarify whether the
GNB3 825CC genotype is linked to disturbances of
gastric emptying via altered signal transduction
responses.

Keywords functional ~dyspepsia, gastric motility,
GN§3, polymorphism, postprandial distress syndrome.

INTRODUCTION

Recently, Functional dyspepsia (FD} has been subclas-
sified into two new disease categories under the Rome
II classification, epigastric pain syndrome (EPS) and
postprandial distress syndrome (PDS).! Although Rome
III criteria exclude gastro-esophageal reflux symptoms
from the clinical symptoms of FD patients, some
degree of overlap between the symptoms of non-erosive
reflux disease (NERD) and FD is inevitable. Impair-
ment of gastric motility such as gastric emptying is
strongly associated with the pathophysiology of FD,
one of the most common gastrointestinal (GI} disor-
ders.? Disturbances of physiological gastric emptying
occur with a variety of symptoms ranging from
premature saturation, fullness, nausea, vomiting, epi-
gastric pain, and acid reflux in patients with delayed
emptying in FD patients. We have previously reported
that Tp,.x value as a marker of gastric emptying in PDS
patients was significantly greater compared with that
of healthy volunteers.®> We have reported that proki-
netics such as mosapride citrate improve clinical
symptoms through affecting Ty, value in proton
pump inhibitor (PPI)-resistant NERD patients with
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impaired gastric emptying.* These results suggest that
Tmax Value is one of the useful marker for considering
the management of FD and NERD patients.

G-protein is composed of different «, §, and y subunit
isoforms, the fy subunit forming a functional monomer.
On receptor activation, both « and fy subunits dissoci-
ate from the receptor and in turn modulate a large
variety of intracellular effector system. Accordingly,
G-protein dysfunction potentially could block intracel-
lular signal transduction. The GNp3 gene encodes the
Gf3 subunit of heterotrimeric G proteins, which are
key components of intracellular signal transduction
that are widely present in cells of the body.® Thus,
G-protein dysfunction related alteration of intracellular
signal transduction might be linked to various abnor-
malities of functional GI disorders including disturbed
gut sensory or motor function,®® dysfunction of the
autonomic nervous system,” and underlying psychiatric
disturbances.'® A common C825T polymorphism has
been described in the gene GNp3 that encodes the f3
subunit of heterotrimeric G-proteins. Homozygous
825C allele carriers (CC genotype) form only minute
amounts of the 3 splice variant and, thus, are charac-
terized by diminished signal transduction responses.'!
In recent studies, clinical symptoms such as unex-
plained abdominal symptoms and meal-unrelated dys-
pepsia in FD have also been associated with the various
polymorphism including GNf3 polymorphism.'*!?
Moreover, familial clustering of FD has been reported,
suggesting that a genetic factor may also play a signif-
icant role in developing FD."

In addition, serotonin (5-hydroxytryptamine; 5-HT)
as well as G-protein is key signaling molecule senso-
rimotor functions in the GI tract. 5-HT;, receptor
agonists with anxiolytic properties delays gastric emp-
tying'® and relaxes the proximal stomach in human.'®
5-HT, A receptor has been reported to be involved in the
modulation of enteric neuronal activity.!” 5-HT3
receptor agonist, MKC-733 has also delayed gastric
emptying in association with relaxation of the proxi-
mal stomach. 5-HT, receptor as well as 5-HT; play an
important role in GI sensory and motor functions.'®
Lelyveld et al. have studied whether there was a
significant relationship among three genotypes includ-
ing 5-HT;3 and clinical symptoms in FD patients based
on Rome II classification in Austria.'”

In this study, we aimed to clarify whether GNS3
genotype as well as genotypes of 5-HT)a, 5-HTaa,
5-HT3a, and 5-HT4, could be associated with clinical
symptoms and gastric emptying via impairment of
receptor dysfunction, reduction of serotonin levels, and
the response for serotonin in FD patients based on
Rome III classification.

Neurogastroenterology and Motility

MATERIAL AND METHODS

Patients

Seventy-four consecutive patients presenting with typical symp-
toms of FD (EPS, n = 24; PDS, n =51} and sixty-four healthy
volunteers were enrolled after upper GI endoscopy and abdom-
inal ultrasonography. Patients were diagnosed according to
Rome III criteria.’® Healthy volunteers were also recruited from
the volunteers among Japanese medical staffs of Nippon Med-
ical School, who have no clinical history of gastroduodenal
disease including clinical symptom of FD symptoms. Exclusion
criteria included severe heart disease, renal or pulmonary

failure, liver cirrhosis, severe systemic illness, and history of

malignant disease. Patients with previous gastroduodenal sur-
gery, duodenal ulcer scar, diabetes mellitus, and recent use of
NSAIDs, PPIs or anticoagulants at endoscopy were also
excluded. Helicobacter pylori infection was determined by both
the '®C-urea breath test and by histological identification.
Written informed consent was obtained from all subjects prior
to undergoing upper GI endoscopy and abdominal ultra-sonog-
raphy for evaluation of their dyspeptic symptoms. The study
protocol was approved by the Ethics Review Committee of
Nippon Medical School Hospital.

Clinical symptoms

Clinical symptoms of FD were evaluated according to Rome III
criteria®® and must have included at least one of the following:
bothersome postprandial fullness, early satiation, epigastric pain,
or epigastric burning. Diagnostic criteria for PDS included both-
ersome postprandial fullness occurring after ordinary-sized meals
and/or early satiation that prevented finishing a regular meal,
with either symptom occurring at least several times a week.
Diagnostic criteria for EPS included all of the following: pain or
burning that is intermittent, localized to the epigastrium, and of
at least moderate severity at least once per week. Diagnostic
criteria for PDS and EPS were fulfilled with symptoms occurring
for the last 3 months and the onset of symptoms occurring at least
6 months prior to diagnosis. Abdominal symptoms including the
feeling of hunger were assessed by using the modified question-
naire that has been applied in previous studies.!”*!** We assessed
abdominal symptoms including the feeling of hunger using the
modified Glasgow dyspepsia severity score,®® which consist of
frequency (never; score 0, on only 1 or 2 days; score 1, on
approximately 1 day per week; score 3, on approximately 50% of
days; score; score 4, on most days; score 5}, duration of symptoms
(maximal score 5) and intensity of symptoms {maximal score 3).
Status of depression was evaluated by SRQ-D (Self-Rating
Questionnaire For Depression) score.**

Measurement of gastric motility

Sodium acetate {water soluble) for emptying of liquids was used as
tracer (Cambridge Isotope Laboratories; MA, USA). Probes were
analyzed by non-dispersive infrared spectroscopy (IRIS, Wagner
Analyzentechnik; Bremen, Germany). The subject’s own produc-
tion of 300 mmol CO, per m? body surface and per hour were set
as default. We used an Integrated Software Solutions program to
calculate the half gastric emptying time (T ) and the lag phase
(Tmax; min) as the point of maximum gastric emptying according
to Hellmig et al.?® Ty value greater than 60 min, representing
the mean Thax in healthy volunteers plus SD, was defined to
represent relative disturbances in gastric emptying according to

© 2011 Blackwell Publishing Ltd
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the diagnostic criteria of the Japan Society of Smooth Muscle
Research and our study.>?¢

Study protocol for gastric emptying of liquids

The liquid test meal consisted of 100 mg of '*C-acetate dissolved
in 200 mL of liquid meal (Racol, 1 mL kcal™}; Otsuka Pharmacia
Company, Tokyo, Japan). Breath samples were collected 0, 10 s,
5 min, 10 min, 15 min, 20 min, 30 min, 40 min, 50 min, 60 min,
75 min, and 90 min after ingestion of the test meal at 10:00 a.m.
Patients were instructed not to drink, eat, or smoke during the
test.

Genotyping

We have developed or optimized the following assays for genetic
variation. Genotypes were confirmed or selectively assessed for
GNp3, 5-HT 4, 5-HT34 and 5-HT34, 5-HT4a genotypes by direct
sequencing using an ABI 7500 Fast. Gene polymorphisms were
determined by methods in the literature. Real-time polymerase
chain reaction using TagMan chemistries (Applied Biosystems,
Foster City, CA, USA) was used to determine alleles present in
each sample. Real-time polymerase chain reactions were per-
formed in an Applied Biosystems 7500 Fast machine (Applied
Biosystems). TagMan primer-probe assays for GNS3 SNPs C825T
(rs:5443; C-2184734-10), 5-HT,4, SNPs CI1019G (rs:6296;
C-11904666-10), 5-HT,4 SNPs G1438A (rs:6311; C-7488465-10),
and 5-HT 3, SNPs C42T (rs:1062613; C-2184734-10), 5-HT44 SNPs
G353 + 6A (rs:2278392; C-15965377-10) were purchased from
Applied Biosystems. In briefly, each reaction volume was 10 ul
and consisted of 5ul of a TagMan Genotyping Master Mix
(Applied Biosystems), 0.25 pl of a 40 x primer probe assay mix
(Applied Biosystems), H,O 3.75 pul and 1 4 {10 ng) genomic DNA.
Amplification conditions consisted of 95 °C, 10 min; 40 cycles of:
95°C, 155; 60 °C, 60s; followed by 50 °C, 2 min. And then
analyzed using automated software (SDS 2.1; Applied Biosystems)
to determine the genotype of each sample.

Measurement of plasma ghrelin levels in
FD patients

We measured plasma ghrelin levels to evaluate their association
with polymorphism of GNB3 825CT. Blood samples were
obtained after an overnight fast of > 12 h, immediately transferred
to chilled polypropylene tubes containing Na,EDTA and aproti-
nin, then centrifuged at 4 °C. One tenth of the volume of 1IN HCl
was immediately added to the separated plasma. The acylated and
des-acylated forms of ghrelin were measured using commercially
available ELISA kits according to the manufacturer’s instructions
(Active Ghrelin ELISA Kit and Desacly-Ghrelin ELISA Kit,
Mitsubishi Kagaku Iatron Inc., Tokyo, Japan). The intra- and
inter-assay coefficients of variation (CV) were 6.5% and 9.8% for
acylated ghrelin, and 3.7% and 8.1% for des-acylated ghrelin.

Statistical analysis

For statistical evaluation of group data, Students’ t-test for paired
data and analysis of variance (anova) for multiple comparisons
were followed by Scheffe’s F test. Mann-Whitney U test was used
for analysis of categorical data. To determine factors that associ-
ated with the disturbance of gastric emptying, multiple logistic
regression analysis was used at 95% confidence intervals and
associated P values. A P value < 0.05 was statistically significant.

© 2011 Blackwell Publishing Ltd
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RESULTS

Characteristics of FD patients and healthy
volunteers

The age, sex, and BMI in FD and healthy volunteers
were not statistically different (Table 1). SRQ-D score
in FD patients was also significantly higher (P < 0.001)
compared with that of healthy volunteers. Both of Ty,
and Tpax values in FD patients were significantly
(P < 0.001, P <0.001) higher compared with those of
healthy volunteers. The proportion of disturbed gastric
emptying in FD patients (43.2%) was significantly
(P <0.01) higher compared with that of healthy
volunteers (4.7%) (Table 1.

GNﬁg, S'HTIA, S'HTZA, 5-HT3A, and 5-HT4A
genotypes in FD patients

GNg3, 5-HT 4, 5-HT 34, 5-HT3a, and 5-HT 44 genotypes
distribution in FD were 14CC (18.9%), 44CT (59.5%),
16TT (21.6%); 44GG (59.5%), 28GC (37.8%), 2CC
{2.7%); 17CC (23.0%), 35CT (47.3%), 22TT (29.7%];
58CC (78.4%), 16CT (21.6%); 7AA (9.4%), 29GA
[39.2%), 38GG (51.4%), respectively. Meanwhile, in
the healthy controls, GNS3, 5-HT 4, 5-HTo4, 5-HT34,
and 5-HTy4 genotypes distribution were 17CC (26.6%),
28CT (43.7%), 19TT (29.7%); 33GG (51.6%), 28GC
(43.7%), 3CC (4.7%); 18CC (28.1%), 30CT (46.9%),
16TT (25%); 49CC (76.5%), 14CT (21.9%), ITT (1.6%);
7AA {10.9%), 22GA (34.4%), 35GG (54.7%), respec-
tively. Each genotype distribution was not significantly
different in FD patients and healthy volunteers
(Table 2).

Multiple logistic analysis for T,,,, value in FD
patients

As various clinical symptoms in FD patients are partly
involved in the disturbance of gastric motility, we tried

Table 1 Characteristics of the patients

Healthy
FD volunteer

Subjects {n) 74 64

Age 59.2 + 14.2 372 +9.13
Sex {(M/F) 36/38 5717

BMI 22.2 + 2.57 22.9 £ 2.63
SRQ-D 9.94 +0.71 6.14 x 0.49
Tip 94.5 + 3.54 72.8 + 1.62
Trmax 59.2 + 1.74 46.7 = 0.95
Disturbed gastric emptying (%) 43.2 4.7

FD, functional dyspepsia.
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Table 2 GN3, 5-HT)a, 5-HT24, 5-HT34 and 5-HT;4 genotypes in FD patients

Genotype
OR
Variables n (%) CcC CT TT CC vs others P value
GNf3-G825C polymorphism and FD
Healthy volunteers (n = 64) 17 (26.6) 28 (43.7) 19 (29.7} Reference
FD (n = 74) 14 (18.9) 44 (59.5) 16 (21.6) 0.645 0.283
Genotype
OR
Variables n (%) GG GC cC GG vs others P value
5-HT; 4-C1019G polymorphism and FD
Healthy volunteers (n = 64) 33 (51.6} 28 (43.7) 31{4.7) Reference
FD (n = 74) 44 (59.5) 28 (37.8) 2(2.7) 1.38 0.316
Genotype
OR
Variables n (%) cC CT TT CC vs others P value
5-HT4-G1438A polymorphism and FD
Healthy volunteers (n = 64) 18 (28.1) 30 (46.9) 16 {25.0) Reference
ED (n = 74) 17 (23.0) 35 (47.3) 22 (29.7) 0.762 0.488
Genotype
OR
Variables n {%) CcC CT TT CC vs others P value
5-HT34-G42T polymorphism and FD
Healthy volunteers (n = 64} 49 {76.5) 14 (21.9) 1(1.6) Reference
FD (n = 74) 58 (78.4) 16 (21.6) 0 {0) 1.11 0.798
Genotype
OR
Variables n {%}) AA GA GG AA vs others P value
5-HT4a-G353 + 6A polymorphism and FD
Healthy volunteers (n = 64) 7 {10.9) 22 (34.4 35 (54.7} Reference
FD (n = 74) 7(9.4) 29 (39.2) 38 (51.4} 1.35 0.825

to clarify whether these parameters including age, BMI,
sex, SRQ-D score, FD symptoms, H. pylori infection,
and five genotypes are linked to Ty, value as a marker
of gastric emptying. Multiple logistic regression anal-
ysis revealed that there was no significant relationship
between these parameters and Ty value in FD
patients (Table 3).

GN/;3, S-HTlA, 5-HT2A, 5-HT3A, and S-HTq,A
genotypes in PDS patients with or without
impaired gastric emptying

We then compared five genotypes (GNS3, 5-HTa,
5-HTya, 5-HT34, and 5-HTy4,) in FD patients with or
without disturbance of gastric emptying. We divided
FD patients into two groups which are disturbed with
gastric emptying (Tmax value > 60 min) and normal

gastric emptying (Tiax value < 60 min). We could not
find a significant correlation (P =0.620;, P = 0.760;
P =0365 P=0.570; P=0.691) between Tmax value
and genotype of GNB3, 5-HT 4, 5-HT,,, 5-HT3,, and
5-HT,4 in seventy-four FD patients, respectively. The
proportion of GNpS3 825C/C in FD patients with
disturbed gastric emptying was relatively greater
[P = 0.06) compared with that of healthy volunteers
(data not shown).

To investigate whether there is any significant differ-
ence in five genotypes and Ty, value as a marker of
gastric emptying in PDS patients, we compared geno-
types with PDS patients with or without disturbed
gastricemptying. We found that there was no significant
relationship (P = 0.501; P = 0.131; P = 0.924; P = 0.490;
P =0.390} between five genotypes and PDS patients
with impaired gastric emptying, respectively (Table 4).

© 2011 Blackwell Publishing Ltd
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Table 3 Multiple logistic analysis for impaired Toax value in FD
patients (n = 74)

Factor Odds ratio (95% CI) P value
Age 1.034 {0.998-1.071} 0.061
BMI 1.032 {0.857-1.242) 0.742
SEX 1.100 (0.438-2.761) 0.839
SRQ-D 0.993 (0.919-1.074) 0.897
Heartburn 0.955 {0.899-1.016) 0.146
PDS-like* 1.957 (0.639-5.992) 0.239
EPS-like” 0.796 {0.208-3.046) 0.739
H. pylori 1.821 (0.273-3.787) 0.271
GNf3 (CC; CT/TT) 1.400 (0.436-4.496) 0.577
5-HT\a (GG; GC/CC) 0.791 (0.310-2.017) 0.624
5-HT:A (CC; CT/TT) 1.957 (0.639-5.992) 0.239
5-HT;4 (CC; CT/TT) 1.916 {0.591-6.214) 0.280
5-HTua [AA; GA/GG) 2.027 {0.206-4.928) 0.418

FD, functional dyspepsia; PDS, postprandial distress syndrome; EPS,
epigastric pain syndrome.

*Most bothersome symptom based on physician interview was early
satiety.

*Most bothersome symptom based on physician interview was upper
abdominal pain.

Table 4 Association between GNf3, 5-HT s, 5-HTya, 5-HTaa, and
5-HT44 polymorphism and gastric emptying in PDS patients

Tmax > Tmax <

Genotypes 60 min 60 min OR {95% CI) P value
GNf3 CC 6 5 2.00 {0.519-7.7703) 0.501
CT/TT 15 25

5-HT.o GG 17 17 3.25 {0.879-12.00) 0.131
GC/CC 4 13

5.HT,, CC 6 7 1.31 {0.368-4.663) 0.924
TT/CT 15 23

5HT,5 CC 18 22 2.18 (0.503-9.442) 0.490
CT/TT 3 8

5HT.A AA 2 4 0.37 {0.061-2.232) 0.390
GA/GG 26 19

PDS, postprandial distress syndrome.

Table 5 Association between GNf3, 5-HT, 5-HT;,, 5-HT34, and
5-HT, 4 polymorphism and gastric emptying in PDS patients without
reflux

Tnax > Trax <

Genotypes 60 min 60 min OR {95% CI) P value
GNf3 CC 6 3 5.71{1.117-2.918) 0.045
CT/TT 7 20

5-HT A GG 8 13 1.6 {0.399-6.414) 0.953
GC/CC 5 10

5.-HT., CC 5 6 0.63 {0.147-2.697) 0.690
TT/CT 8 17

5HT,, CC 12 16 5.25 (0.567-48.58) 0.213
CT/TT 1 7

5HT.A AA 1 3 0.43 {0.040-4.593) 0.625
GA/GG 14 18

PDS, postprandial distress syndrome.
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GNﬂ3, S-HTlA, 5'HT2A, 5-HT3A, and 5-HT4A
genotypes in PDS patients without
gastro-esophageal reflux symptom

Moreover, to investigate whether there is any signifi-
cant relationship between five genotypes and T,,,
value in PDS patients without gastro-esophageal reflux
symptom, we compared five genotypes with PDS
patients without gastro-esophageal reflux symptom
with or without impaired gastric emptying in similar
way. We confirmed that there was a significant rela-
tionship (P = 0.045) between GNp3 825CC genotype
and PDS patients without gastro-esophageal reflux
symptom accompanying impaired gastric emptying
(Table 5). In contrast, there were no significant
relationship between 5-HT)A, 5-HT,,, 5-HT34, and
5-HT4a genotypes and PDS patients without gastro-
esophageal reflux symptom accompanying with
impaired gastric emptying (P =0.953; P = 0.690,
P = 0.213; P = 0.625) (Table 5).

Association between GNB3, 5-HT; 4, 5-HT,,,
5-HT3,, and 5-HT44 genotypes and clinical
symptoms in FD patients

As GNJ3 genotype has been previously reported to be
linked to clinical symptoms in FD patients, we also
determined whether five genotypes including GNp3
are associated with several clinical symptoms in
Japanese FD patients based on Rome III classification.
In our FD populations, GNS3 825CC genotype in FD
patients is significantly (P = 0.0485) associated with
the feeling of hunger compared with GNg3 825CT and
TT genotypes (Fig. 1).

As ghrelin levels have been reported to be associated
with appetite, we tried to determine whether plasma
ghrelin levels are linked to GNS3 825CC genotype in
FD patients. We measured both plasma acylated ghre-
lin {7.08 + 0.63 fmol mL™!) and des-acylated ghrelin
levels (74.7 + 6.22 fmol mL™") in FD patients. There
was no significant difference (P = 0.269) in acylated
ghrelin levels in GNp3 825CC and GNp3 825CT/TT
genotypes.

In contrast, there are not significant differences
between 5-HT,5 GG, 5-HT,5 CC, 5-HT;u CC, and
5-HTsa AA genotypes and clinical symptoms com-
pared with other genotypes, respectively (Fig. 1).

DISCUSSION

The major findings of this study are (i) There was a
significant relationship between GNf3 825CC geno-
type and PDS patients without gastro-esophageal reflux
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symptoms with impaired gastric emptying, (ii) GNp3
825CC genotype in FD patients was significantly
associated with the feeling of hunger symptom com-
pared with GNf3 825CT and TT genotypes.

There is increasing evidence that susceptibility to
functional GI disorders is also influenced by hereditary
factors.*”*’ In this study, we have first reported that
GNpg3 CC variant was significantly associated with
disturbance of gastric emptying in PDS patients with-
out gastro-esophageal reflux symptoms. Previous stud-
ies have reported that there is reasonable evidence that
the GNfB3 status is associated with depression,®®
increased immune cell activation,'! and altered acti-
vation of «2-adrenoreceptors.®! In addition, Holtmann
et al. have reported that the homozygous GNfA3 825CC
was associated with upper abdominal symptoms unre-
lated to meals in Germany,'> while previous studies
have shown that the homozygous GNS3 825CC or
825TT was also associated with meal-unrelated dys-
pepsia in people randomly selected from the US
community and EPS patients in Japan.'®>3? Recent
study has reported that there was no significant
relationship between gastric emptying and GNg3
genotype in Rome II-based FD patients.®® In this study,
we investigated the relationship between gastric emp-
tying and the GNS3 subunit 825 genotype among FD,
PDS, and healthy volunteers based on Rome III clas-
sification. We have previously reported that the Ty
value as a marker of gastric emptying in PDS patients
was significantly greater compared with that of healthy
volunteers.? Therefore, in our study, we focused on the
GNp3 genotype in PDS patients with or without
impaired gastric emptying and found a significant
relationship between GNp3 825CC genotype and
impaired gastric emptying in PDS patients without
gastro-esophageal reflux symptoms. In addition,
because of small number of subjects of Rome III

3 Foeling of unger

Neurogastroenterology and Motility

Figure 1 Association between GNf3,
5-HT,a, 5-HTy4, 5-HT34, and 5-HT44 geno-
types and gastrointestinal symptoms in FD
patients. There was no significant relation-
ship between 5-HT 4, 5-HT,4, 5-HT34,
5-HT4,a, and various clinical symptoms. In
Japanese, GNf3 825CC genotype in FD
patients is significantly (P = 0.0485) associ-
ated with the feeling of hunger compared
with GNf3 825CT and TT genotypes.
GNf3: 14CC, 60CT/TT; 5-HT4: 44GG,
30GC/CC; 5-HTqa: 17CC, 57CT/TT; 5-H-
Tsa: 58CC, 16CT/TT; 5-HT4a: 7AA,
G67GA/GG. * vs GNf3 825CT/TT genotypes.
FD, functional dyspepsia.

subgroups, type II error could not be excluded. Thus,
our result should be treated carefully with caution
until replicated.

The age of onset of gastro-esophageal reflux disease
(GERD)] is variable and many individuals develop the
disease during childhood. Gastro-esophageal reflux
disease is the most common esophageal disorder of
children, affecting about 11% of all infants during their
first year of life.** Epidemiological data justify theory
formation about a genetic component in the patho-
physiology of GERD. The disease etiology is further
complicated by a substantial genetic contribution as
shown by familial clustering,*® autosomal dominant
familial transmission of disease®®?” as well as twin
studies.®® As Vries et al. have reported that GERD is
associated with the GNp3 825CT genotype,® we
investigated whether the GNpB3 825CC variant were
associated with disturbance of gastric emptying in PDS
patients without gastro-esophageal reflux symptoms in
this study. Further studies are needed to clarify
whether the reduction of threshold of 5-HTs receptors
is associated with reflux symptom through protein
kinase-mediated signaling pathways induced by
impairment of G-protein-coupled receptors (GPCRs)
via GNf3 825CT variant in these patients.

Considering that there were the discrepancy about
clinical symptoms and gastric motility for GNS3 825
alleles of FD patients in several countries,'*!319:32:33 j¢
seems to be a very important factor that Japanese
patients with H. pylori-infected gastritis have low
levels of acid secretion compared with Europeans and
Americans.*’ It is very critical issue about the rela-
tionship between gastric acidity and gastric motility
because Lee et al. and Schwartz et al. have reported
that intraduodenally administrated acid affects gastro-
duodenal motility as well as visceral hypersensitiv-
ity.*!* Considering these previous studies, high

© 2011 Blackwell Publishing Ltd
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prevalence of H. pylori infection may be considered to
play an important role in the etiology of certain FD
patients in Japan.** Saito et al. have reported that
acceleration of gastric emptying was observed in
H. pylori-infected animal model.** In our study, the
proportion of H. pylori-infected PDS patients was 37 %.
In our previous study, H. pylori infection reduced
ghrelin-producing cell numbers which are linked to
gastric emptying.*® Therefore, in the future study,
we should investigate whether GNf3 825 genotype
may be linked to gastric emptying among H. pylori-
negative subjects. Our findings thus needed to be
replicated in different populations and other races. On
the other hand, the allele distribution in controls was
very similar to allele distributions that have been
observed in previous studies of Japanese.*”*® Oshima
et al. and Tahara et al. have reported GN3 825TT
genotype is associated with EPS-like dyspepsia or
dyspepsia, respectively. ***® This discrepancy between
these reports and our results may have occurred in
sample selection, such as patient’s age, psychological
condition {SRQ-D score is high), Rome Ill-categorized
patients, and visiting care centers. The novel 5-HT,
agonist R137696 has been reported to affect the
proximal gastric function'® as well as previous stud-
ies.*”*® 5.HT;,4 receptors also seem to be involved both
in the transmission of the sensation that arises from
the stomach and in the process of gastric emptying and
accommodation.*” However, we have first compared
genotypes of 5-HT's with gastric emptying in Rome III-
based FD patients. We could not find any significant
relationship between genotypes of 5-HTs such as
5-HTia, 5-HTya, 5-HT3s, and 5-HT,s and gastric
emptying in these FD patients.

In the present data, there was a significant relation-
ship between the feeling of hunger and GNg3 825CC

G-protein 3 subunit 825CC genotype

genotype in Rome Ill-based FD patients. In contrast, in
Japanese patients, Tahara et al. have reported that the
homozygous 825T allele of the GNS3 protein influ-
ences the susceptibility of Japanese to dyspepsia.*” In
our data, we could not find any significant relationship
between the GNpB3 825CC genotype and Rome III-
based symptoms, such as abdominal distention, epi-
gastralgia, and abdominal discomfort. However, we
investigated that there was a significant relationship
between the feeling of hunger and the GNp3 825CC
genotype in FD patients. We could not find a signifi-
cant relationship between disturbed T, value and the
feeling of hunger (P = 0.608) or early satiety (P = 0.239)
in FD patients using multiple logistic analysis. In
contrast, Stanghellini et al. have reported that dis-
turbed gastric emptying is associated with satiation
and impaired food intake.” We have previously
reported that there was a significant relationship
between low level of acylated ghrelin linked to appetite
and Tyax value.® However, in our data, the score for
feeling of hunger was not significantly (P = 0.473)
associated with acylated-ghrelin levels. In addition,
there was also no significant difference (P = 0.269) in
acylated ghrelin levels in GNf3 825CC and GNj3
825CT/TT genotypes. Further studies are needed to
clarify the mechanism by which the GN3 825CC
genotype is associated with the feeling of hunger in
H. pylori-negative FD patients.

Taken together, in this study, we determined that
there was a significant relationship between impair-
ment of gastric emptying and the GN3 825CC genotype
in Rome III-based PDS patients without gastro-esopha-
geal reflux symptoms. Further studies are needed to
clarify whether the GNA3 825CC genotype are linked to
disturbance of gastric emptying and feeling of hunger via
diminished transduction responses.
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Abstract Eosinophilic esophagitis (EE) is an allergic
inflammatory condition of the esophagus and is charac-
terized by dense eosinophilic infiltration of the esophagus.
There has been a dramatic increase in the diagnosis of EE
in Western countries in recent years; however, in Japan,
there are very few reports of EE. We present a rare case of
EE in a 70-year-old Japanese woman, who had dysphasia
for 2 years, but which worsened over a 6-month period.
Laboratory examinations showed peripheral eosinophilia
(1279/pl). Significant thickening of the esophageal wall
was observed on computed tomography scan and many
circular rings appeared when an esophagogastroduodeno-
scopy was carried out. From these circular rings, EE was
suspected and a biopsy was then taken from the esophagus.
As the histologic findings from the esophageal biopsy
showed that >25 eosinophils existed per high-power field,
the patient was diagnosed with EE. Oral corticosteroid
(prednisolone 30 mg/day) therapy was administered and
after 3 days of treatment her symptoms almost disap-
peared. EE needs to be considered as a differential diag-
nosis if patients with non-erosive reflux disease have
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dysphagia but do not respond to high-dose proton pump
inhibitor therapy.

Keywords Eosinophilc esophagitis - Gastroesophageal
reflux disease - Dysphagia

Introduction

Eosinophilic esophagitis (EE) is a newly-recognized dis-
ease, which over the past decade has been increasingly
diagnosed in Western countries [1]. It is an allergic
inflammatory condition of the esophagus and is charac-
terized by dense eosinophilic infiltration of the esophagus
[2]. Patients with EE suffer from gastroesophageal reflux
symptoms, such as dysphagia, food impaction and heart-
burn and in the past, EE has been confused with eosino-
philic gastroenteritis, food allergy, and gastroesophageal
reflux disease (GERD) [3].

There are only a few reports of EE from Japan and other
Asian countries [4-6]. We present a rare case of EE in
Japan.

Case report

We report on a 70-year-old Japanese woman who had
dysphasia for 2 years, but which worsened over a 6-month
period, and during this time a sore throat and heartburn also
appeared. She visited the general hospital, where her upper
gastrointestinal tract was examined using endoscopy but no
abnormal findings were apparent and she was diagnosed
with non-erosive reflux disease (NERD). She then took a
double-dose of proton pump inhibitor (PPI) for 4 weeks but
her symptoms did not improve. She also visited the
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Department of Otolaryngology in the general hospital,
where she was evaluated using a laryngoscope and she also
underwent a cervical esophagography. The laryngoscope
showed no abnormal findings but the cervical esophagog-
raphy showed a transient esophageal narrowing in the
middle to lower esophagus (Fig. 1). The otolaryngologist
thought that the esophageal motor abnormality was the
cause of this esophageal narrowing and the patient was
referred to our hospital. At this time, she was unable to eat
a solid meal because of having severe dysphagia.

Fig. 1 Barium cervical esophagogram showing narrowing of the
esophageal lumen in the middle to lower esophagus

Fig. 2 Esophageal endoscopic (a)
findings. a Conventional
endoscopic finding, b dye
esophageal endoscopic finding
by iodine staining. Circular
rings and edematous esophageal
mucosa were observed

@ Springer

The patient’s medical history included diabetes mellitus,
which she has had since the age of 50 and which has been
treated with insulin [Inolet 30R (12-12-12 unit)] and
bronchial asthma, which she has had since childhood, but
which was stable from taking theophylline 200 mg (p.o.)
and budesonide air inhalation twice per day. The patient
did not suffer from any other allergic disease. With regard
to the physical examination, mild edema of the lower limbs
was observed but there were no other abnormal findings.

Laboratory examinations on the first day of admission
showed that peripheral eosinophilia (1279/ul), HbAIC
(7.1%), and glucose (175 mg/dl) during a fasting period
were high. The immunoglobulin E (IgE) level was normal
and 57 types of the antigen-specific IgE and parasitic worm
eggs were examined, all of which were negative.

-

Fig. 3 Histologic findings from the esophageal biopsy. Pathologic
features of the esophagus showing >25 eosinophils in the esophageal
mucosa (H&E, x400)

(b)
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An esophagogastroduodenoscopy (EGD) was carried
out the day after admission and many circular rings
appeared immediately after the endoscope was inserted
into the esophagus (Fig. 2a). These circular rings disap-
peared quickly but the esophageal mucosa was edematous.
Except for the circular rings and the edematous esophageal
mucosa, there were no abnormal findings in the esophagus,
stomach or duodenum. Figure 2b shows esophageal endo-
scopic findings using iodine staining dye where, after
spraying with iodine, many circular rings immediately
appeared but then quickly disappeared. From these circular
rings, EE was suspected and a biopsy was then taken from
the middle esophagus. Histologic findings from the

Fig. 4 CT scan of the chest demonstrating the thickened wall of the
esophagus

Fig. 5 High-resolution
21-channel perfused
manometric recordings in a
patient with eosinophilic
esophagitis. Time is on the
x-axis and distance from nares
is on the y-axis. A computer
program was used to code and
record pressures over time for
each channel, as outlined in
vertical color coding on the
right-hand side of the figure.
Anatomical landmarks and
motor events are labeled on the
figure. Multiple ineffective
esophageal contractions after
swallowing 5 ml water can be
seen. LES lower esophageal
sphincter, UES upper
esophageal sphincter, WS water
swallowing

Esophageal
manometric
recording

esophageal biopsy showed that >25 eosinophils existed per
high-power field (HPF) (Fig. 3).

Significant thickening of the esophageal wall was
observed on the computed tomography (CT) scan of the
chest 3 days after admission (Fig. 4). Except for this, no
abnormal findings were observed on the CT scan of the
chest or abdomen. Figure 5 shows esophageal contractions
after water swallowing (5 days after admission and prior to
treatment), where ineffective esophageal peristalsis was
observed.

Three elements need to be present for a diagnosis of EE:
(a) clinical symptoms of esophageal dysfunction, (b) >15
eosinophils in 1 high-power field, and (c) lack of respon-
siveness to high-dose PPI or normal pH monitoring of the
distal esophagus. All 3 elements were present in this case,
therefore the patient was diagnosed with EE.

After the diagnosis of EE, oral corticosteroid (prednis-
olone 30 mg per day) was administered to the patient and
after 3 days of treatment her symptoms had almost disap-
peared. After 7 days, the symptoms had completely dis-
appeared and the prednisolone was then gradually tapered
off. She now takes 2.5 mg prednisolone per day and there
has been no recurrence of the symptoms. Figure 6 shows
the clinical course of the symptoms, eosinophil and pred-
nisolone treatment.

An esophagogastroduodenoscopy was carried out
4 weeks after the prednisolone treatment. The circular
rings had disappeared and it was possible to see the vessels
in the esophageal mucosa (Fig. 7). The histologic findings
from the esophageal biopsy 4 weeks after the prednisolone
treatment, showed only a few eosinophils in the biopsy
specimen (Fig. 8).
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Fig. 6 Clinical course of symptoms, eosinophils and prednisolone
treatment

Discussion

EE is a chronic inflammatory disease characterized by an
elevated count of eosinophils in the esophagus. Although
EE had not been previously been thought to affect adults,
in recent times, adult cases have been reported [7]. In fact,
there has been a dramatic increase in the diagnosis of EE in
Western countries over the last few years, due to both an
increased awareness of this disorder as well as an actual
increase in prevalence [8, 9]. In Japan, however, to date
there are only a few reports [4-6].

The first reported case of EE was by Landres and col-
leagues in 1978 [10]. Many patients with EE have asthma
or other atopic conditions and, in addition, 5-58% of
patients with EE are reported to show eosinophilia [11-14].
In 40-73% of patients with EE, increased serum IgE levels,
a positive RAST result and a positive skin prick test result
have also been reported [11, 12, 14, 15]. Our patient
showed increased blood eosinophils but the serum IgE
level was normal and she had a history of bronchial
asthma. The allergen that causes EE is not known but the
antigens which trigger EE may include various ingested
food allergens as well as inhaled aeroallergens. It is
thought that eosinophils cause mucosal damage through the
release of cytotoxic granule proteins, reactive oxygen
intermediates and lipid mediators [8]. Cytokines and che-
mokines such as interleukin (IL)-5 and eotaxin, play an
important role in the migration and accumulation of
eosinophils and T cells and mast cells may also be involved
in the inflammatory response [8, 16].

It has been reported that the predominant symptoms of
EE in adults are dysphagia and food impaction, and severe
dysphagia and heartburn were also the predominant
symptoms in our case. Management of these symptoms in
patients with EE is difficult as EE is persistently resistant to
PPI therapy. A diagnosis of EE is made more difficult
because the symptoms of GERD and EE are often similar,
and in the past, patients with EE have been incorrectly
diagnosed as suffering from GERD.

@ Springer

EE is a primary esophageal disorder in which there are
at least 15 eosinophils per HPF on microscopy [17],
without associated eosinophilic infiltration of the stomach
or intestine. The essential examination, therefore, in order
to correctly diagnose EE, is an upper endoscopy with
biopsies. One biopsy has a sensitivity of 50%, while five
biopsies increase the sensitivity to 100% [18]. GERD
patients may also show an elevated eosinophil count, but
this elevation is much lower than that of patients with EE.
The eosinophilic changes in GERD are limited to the
distal esophagus only, where the density is <5-10 eosin-
ophils per HPF. In the diagnostic guidelines of EE, three
criteria need to be present for a diagnosis of EE: (a)
clinical symptoms of esophageal dysfunction, (b) >15
eosinophils in 1 HPF, and (c) lack of responsiveness to
high-dose PPI or normal pH monitoring of the distal
esophagus [17]. Histologic findings from the esophageal
biopsy in our case showed that >25 eosinophils existed per
HPF. As all 3 criteria were present in our case a diagnosis
of EE was made.

An esophagogastroduodenoscopy has been reported to
reveal abnormalities in the majority of EE patients, such as
absent vascular markings, ridges, furrows, vertical lines,
corrugations, rings and adherent whitish plaques [7, 19,
20]. In our case, many circular rings appeared immediately
after the endoscope was inserted into the esophagus, but
they disappeared quickly. Also in cases with EE, the
esophageal mucosa has been reported as being fragile and
mucosal tears have been observed in the affected esopha-
gus, which have been reported as occurring spontaneously
during endoscopic observation or having been induced by
minor trauma during biopsy procedures. In our case, the
esophageal mucosa was edematous, but esophageal mucosa
fragility or mucosal tears were not clearly evident.

In cases with EE, esophageal motility disturbance has
been reported by several investigators and many studies
have demonstrated a high degree of ineffective esophageal
peristalsis {21]. In our case, ineffective esophageal peri-
stalsis was similarly observed using high resolution
manometry. The possibility of EE should therefore be con-
sidered when diagnosing patients with abnormal esophageal
motor function.

Treatment strategies for EE should include dietary
modification and medical therapy [22]. The initial
approach to the disorder is often an allergy evaluation in
order to identify the allergens which may be present in the
diet or in the environment [23]. In our case, however, 57
types of the antigen-specific IgE and parasitic worm eggs
were examined, all of which were negative. Systematic and
topical corticosteroids effectively resolve acute clinico-
pathologic features of EE but in our case, topical cortico-
steroid had already been administered as therapy for
bronchial asthma. This therapy was effective for bronchial
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Fig. 7 Esophageal endoscopic (a)
findings 4 weeks after
prednisolone treatment.

a Conventional endoscopic
findings, b dye endoscopic
findings by iodine staining.
Circular rings disappeared and it
was possible to see the vessels
in the esophageal mucosa

Fig. 8 Histologic findings 4 weeks after prednisolone treatment. Few
eosinophils existed (H&E, x400)

asthma but was not effective for EE. Our case was an
emergent case because the patient had severe dysphagia
and was not able to eat a solid meal at the time of visiting
our hospital. In emergent cases, systematic corticosteroid
therapy is recommended [17] and was therefore com-
menced. The patient started taking prednisolone 30 mg/day
and after 3 days of treatment her symptoms had almost
disappeared; after 7 days of treatment they had completely
disappeared. We then began to gradually taper off the
prednisolone. She is now taking 2.5 mg of prednisolone per
day with no recurrence of the symptoms.

The prognosis for patients with EE is generally very
good. Symptoms usually respond to treatment from corti-
costeroids, although the need for re-treatment is common.
To date, no evidence for any malignant potential of this
condition has been identified [12].

Thus we have presented a rare case of EE in Japan.
There have been many cases of EE reported in Western
countries, but because EE is still rare in Japan, and is a

(b)

disorder which doctors seldom encounter, its diagnosis is
often delayed, sometimes for years. If patients with NERD
have dysphagia and heartburn but do not respond to high-
dose PPI therapy, EE needs to be considered as a differ-
ential diagnosis.
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