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DIAGNOSIS AND TREATMENT OF EOSINOPHILIC ESOPHAGITIS

Yoshikazu KINOSHITAY, Shunji ISHIHARAY, Yuji AMANO?
aND Hirofumi FUJISHIRO®

1) Department of Gastroenterology and Hepatology, Shimane University School of Medicine, Izumo.
2) Division of Endoscopy, Shimane University Hospital, Izumo.
3) Division of Endoscopy, Shimane Prefectural Central Hospital, Izumo.

Eosinophilic esophagitis is a rare type of esophageal disease that features dense intra-
epithelial infiltration by eosinophils, which is caused by an allergic reaction to food or aeroaller-
gens. Chronic eosinophil-related inflammation causes edema and fibrosis in the esophageal
submucosal layer, while abnormal esophageal motor activity and fibrosis-related esophageal
stenosis result in unpleasant symptoms including dysphagia and food impaction. In an endos-
copic study of affected patients, longitudinal furrows, whitish stipple-like exudates, and
multiple focal strictures were often found. For establishment of the diagnosis, dense infiltration
of eosinophils (15-30 eosinophils/HPF) should be identified in an esophageal mucosal biopsy
specimen. Local administration of glucocorticoids has recently been reported as useful first-
line therapy for eosinophilic esophagitis.
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Imaoka H, Ishihara S, Kazumori H, Kadowaki Y, Aziz MM,
Rahman FB, Ose T, Fukuhara H, Takasawa S, Kinoshita Y.
Exacerbation of indomethacin-induced small intestinal injuries in
Reg I-knockout mice. Am J Physiol Gastrointest Liver Physiol
299: G311-G319, 2010. First published May 27, 2010:
doi:10.1152/ajpgi.00469.2009.—Nonsteroidal anti-inflammatory
drug (NSAID)-induced small intestinal injuries are serious clinical
events and a successful therapeutic strategy is difficult. Regenerating
gene (Reg) I protein functions as a regulator of cell proliferation and
maintains intercellular integrity in the small intestine. The aim of this
study was to evaluate the role of Reg I in NSAID-induced small
intestinal injuries. First, to examine the effect of Reg I deficiency on
such injuries, indomethacin, a widely used NSAID, was injected
subcutaneously into 10-wk-old male Reg I-knockout (Reg I / ) and
wild-type (Reg I'’ ) mice twice with an interval of 24 h, after which
the mice were euthanized. Small intestinal injuries were assessed by
gross findings, histopathology, and contents of IL-18 and MPO in the
experimental tissues. Next, we investigated the therapeutic potential
of Reg I in indomethacin-induced small intestinal injuries. Recombi-
nant Reg I protein (rReg I) was administered to 10-wk-old male ICR
mice, then indomethacin was administered 6 h using the same proto-
col as noted above, after which small intestinal injuries were assessed
after euthanasia. Our results showed that Reg I/ mice had a greater
number of severe small intestinal lesions after indomethacin admin-
istration. Histological examinations of the small intestines from those
mice revealed deep ulcers with prominent inflammatory cell infiltra-
tion, whereas the mucosal content of proinflammatory agents was also
significantly increased. In addition, rReg I administration inhibited
indomethacin-induced small intestinal injuries in ICR mice. In con-
clusion, Reg I may be useful as a therapeutic agent in NSAID-induced
small intestinal injuries.

nonsteroidal anti-inflammatory drug; regenerating gene product I; intestinal
permeability

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDs) are known
to damage the upper gastrointestinal (GI) tract as a serious
adverse event (1). Recent advances in diagnostic methods,
including double-balloon endoscopy (DBE) and capsule en-
doscopy (CE), enable examination of the entire small intestine
(28, 44). Studies using these techniques have shown that the
prevalence of small bowel mucosal breaks in patients receiving
NSAIDs is higher than that reported previously (13, 26, 27).
Although the clinical importance of NSAID-induced small
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intestinal injuries has been acknowledged, suitable therapeutic
strategies have not been sufficiently established. Recently.
animal models with NSAID-induced small intestinal injuries
have been successfully employed to reveal the mechanisms of
NSAID-mediated tissue damage, as well as to delineate the
effectiveness of several essential endogenous and exogenous
factors for therapy (32, 49). However, owing to the complex
mechanism of small intestinal damage induced by NSAIDs, a
successful therapeutic strategy has not been clearly established.

The regenerating gene (Reg) was originally isolated from rat
regenerating pancreatic islets in 1988. Reg I (regenerating
product I), one of four Reg subfamilies (14, 29, 30), is
expressed in the GI tract of various species and plays important
roles not only in regeneration but also in proliferation, inflam-
mation, and carcinogenesis (36, 48). We previously found that
Reg I is a potent regulator of cell growth that is required to
generate and maintain the villous structure of the small intes-
tine (31). These findings suggest that Reg I may be important
for establishment of new therapeutic strategies for NSAID-
induced small intestinal injuries on the basis of its abilities to
control cell proliferation, and maintain intercellular integrity
and gut homeostasis. In the present study, we used Reg I-
knockout (KO) mice to evaluate the role of Reg I and its
therapeutic potential in NSAID-induced small intestinal inju-
ries. Our results indicate that Reg I plays a key role in the
pathogenesis of NSAID-induced small intestinal injuries and
may be useful as a therapeutic agent.

MATERIALS AND METHODS

Animals. All of the following experimental procedures were ap-
proved by the animal care committee of Shimane University Graduate
School of Medicine. ICR mice (Charles River Japan, Kanagawa,
Japan) were used for the experiments to evaluate Reg I expression in
the small intestine and the efficacy of recombinant Reg I (rReg 1) in
mice with indomethacin administration. Reg I-KO (Reg I /) mice
and wild-type (Reg I'’") littermates were used in the cxperiment to
evaluate the role of Reg I in indomethacin-induced small intestinal
injuries. The Reg I/~ mice were generated on an ICR background as
previously described (46). All mice were housed in cages with
chopped paper bedding in an air-conditioned biohazard room with a
12-h light-dark cycle and allowed access to food and water.

Reg I mRNA expression in small intestine of wild-type mice with
indomethacin administration. Initially, we determined the time course
changes of Reg TmRNA expression in the small intestine of wild-type
mice after administration of indomethacin. Ten-wk-old male ICR
mice were injected subcutaneously twice. with a 24-h interval. with
indomethacin at a dose of 80 mg/kg body wt dissolved in 5%
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Table 1. Criteria for histological damage score

Score

Width of ulceration
No ulcer
Small ulcer (<3 mm)
Large ulcer (>3 mm)
Depth of lesion
None
Mucosa
Submucosa
Muscularis propria
Serosa
Inflammation
None
Mild
Moderate
Severe
Thrombi
No
Yes
Maximum score 1

PO —O (SR ]

(SIS )
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NaHCOs. Then the mice were euthanized at 3, 6, 12, or 24 h after the
last indomethacin injection, and the small intestinal mucosal layer was
scraped off and stored in RNAlater (Qiagen, Tokyo, Japan). The total
RNA in each sample was extracted by using ISOGEN (Nippon Gene,
Tokyo, Japan) according to the manufacturer’s instructions, and 1 j.g
of total RNA was reverse transcribed into cDNA by using the random
primer from an affinity script QPCR cDNA synthesis kit (Stratagene,
La Jolla, CA). Real-time PCR was carried out in a total reaction
volume of 30 pl by use of SYBR Green PCR master mix (Applied
Biosystems, Foster City, CA) and run on a StepOnePlus unit (Applied
Biosystems). The primers used for transcript confirmation were as
follows: Reg I (sense), 5'-ATGCCTGATCGTCCTGTCTC-3"; Reg I
(anti-sense), 5'-AGATCTGCATCAGCCCAAGT-3'; GAPDH (sense),
5'-CCACATCGCTCAGACACCAT-3"; GAPDH (anti-sense), 5'- TG-
ACCAGGCGCCCAATA-3'". Changes in Reg I mRNA expression
level were calculated after normalization against GAPDH. The ratios
obtained after normalization are expressed as the fold change over
corresponding vehicle-treated controls.

Evaluation of indomethacin-induced small intestinal injuries in
Reg I-KO mice. To examine the effect of Reg I deficiency on
indomethacin-induced small intestinal injuries, two doses of indo-
methacin (80 mg/kg, dissolved in 5% NaHCOs) were subcutaneously
injected into 10-wk-old male Reg I/~ mice and Reg I/~ littermates
with a 24-h interval. Following the second indomethacin treatment,
the mice were fasted for 24 h to empty the intestines to clearly assess
macroscopic lesions after euthanasia with di-ethyl-ether inhalation.
Mice injected with the vehicle alone (5% NaHCOs) served as con-
trols. Small intestinal injuries were evaluated by assessing the area of
macroscopically visible ulcers or hemorrhagic lesions, the length of
the small intestine, histopathology, and production of interleukin-1§3
(IL-1B) and myeloperoxidase (MPO) in the experimental tissues.

Macroscopic evaluation of small intestinal injuries. For each ex-
periment, the small intestines were quickly removed and opened along
the antimesenteric attachment. The area (mm?) of macroscopically
visible ulcers or hemorrhagic lesions that had developed in the small
intestine was measured by using the image analysis software Photo-
shop CS3 extended (Adobe Systems, San Jose, CA) and summed per
small intestine.

Microscopic evaluation of small intestinal injuries. For histological
examinations, injured segments of the small intestine were trimmed,
fixed in 10% formalin, and processed as a tissue block for histopatho-
logical evaluation by hematoxylin-eosin staining. Two observers
blinded to the treatment groups independently assessed each section
using an optical microscope. For this evaluation, we used a previously

Reg I AND NSAID-INDUCED SMALL INTESTINAL INJURIES

proposed histological damage scoring system (38, 47). As shown in
Table 1, the histological damage score included the following four
factors: width of the ulceration, depth of the lesion, degree of inflam-
matory infiltrate, and presence of thrombi.

Inflammatory parameters of small intestinal injuries. For assess-
ment of proinflammatory agents, production of IL-13 and MPO in the
experimental tissues was measured by enzyme immunoassay (EIA).
First, the small intestinal mucosal layer was scraped off, weighed, and
ground with liquid nitrogen-chilled mortar and pestles. The tissue was
then completely lysed with 200 w1 of lysis buffer (200 mM NaCl, 5
mM EDTA, 10 mM Tris, 10% glycine, | mM PMSF, 1 pg/ml
leupeptide, and 28 pwg/ml aprotinin) for every 10 mg of tissue. Tissue
lysates were centrifuged at 13,000 rpm at 4°C for 20 min and the
supernatants were stored at —70°C until being assayed. The amounts
of IL-1$3 and MPO were assessed by using EIA kits for IL-18 (R&D
Systems, Minneapolis, MN) and MPO (Hycult Biotechnology, Uden,
Netherlands), respectively.

Therapeutic efficacy of recombinant Reg I protein in indomethacin-
induced small intestinal injuries. The therapeutic potential of Reg I
was assessed by administration of recombinant Reg I protein (rReg I).
Briefly, rReg I was prepared using a mammalian expression system in

>
g
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Relative expression of Reg | mRNA

12hr

Fig. 1. Regenerating gene (Reg) I mRNA expression and histological findings
in wild-type mice with indomethacin-induced small intestinal injuries. Ten-
week-old male ICR mice were injected subcutaneously twice with indometh-
acin, with a 24-h interval, then 24 h after the last indomethacin injection the
small intestines were dissected. A: time course changes of Reg I mRNA
expression in the small intestines of wild-type mice after second injection of
indomethacin. Total RNA was extracted from each small intestine sample and
Reg I mRNA expression was evaluated by real-time PCR. Error bars indicate
the standard error of mean values. B: representative histological images of
small intestine samples from the experimental mice (hematoxylin-eosin, orig-
inal magnification X40).
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our laboratory as described previously (16) and was diluted in distilled
water. The rReg I solution or vehicle (distilled water) was injected
into 10-wk-old male ICR mice at a dose of 500 ng/body into the
lateral tail vein. Six hours after rReg I administration, indomethacin or
the vehicle (5% NaHCO3) was injected subcutaneously twice, with a
24-h interval, at a dose of 80 mg/kg of body wt dissolved in 5%
NaHCO;. Twenty-four hours after the last indomethacin injection, the
animals were euthanized and small intestinal injuries were assessed
with respect to the area of macroscopically visible ulcers or hemor-
rhagic lesions, the length of the small intestine, histopathology, and
production of IL-1B and MPO in the experimental tissues.

Effect of rReg I protein on IL-1B production by macrophages. To
evaluate the effect of rReg I protein on IL-1p production, an in vitro
system was established. The mouse macrophage cell line RAW264.7
was obtained from American Type Culture Collection (ATCC, Man-
assas, VA) and grown in Dulbecco’s modified Eagle medium (Invitro-
gen, CA), supplemented with 10% fetal bovine serum (ICN Biomedi-
cals, Aurora, OH) and penicillin-streptomycin-amphotericin B (In-

A
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vitrogen). Cells were cultured in 24-well plates (5 x 10* cells/well)
pretreated with Reg I protein (1 ng/ml) for 6 h, then stimulated with
lipopolysaccharide (LPS; 100 ng/ml) (Invivogen) for 24 h. TL-1B
contents in the cell culture supernatants were determined by using an
IL-1PB EIA kit (R&D Systems).

Statistical analysis. All values represent means * SE. Since all
data had statistically nonnormal distributions, nonparametric statisti-
cal methods were used to analyze the data. Comparisons between two
groups were made by a Mann-Whitney U-test. A P value of <0.05
was considered to be statistically significant and all P values are two
sided. Data were analyzed via statistical software IBM SPSS Statistics
for Macintosh version 18.0 (SPSS, Chicago, IL).

RESULTS

Increased Reg I expression in the small intestine of wild-type
mice after indomethacin administration. First, we examined
the time course of changes in Reg I mRNA expression in the

i

Indomethacin-treated Reg | (++)

Fig. 2. Representative images of small intestines dissected from Reg 7=/~ and Reg I '/ mice at 24 h after the last injection of indomethacin or the vehicle.
Ten-week-old male Reg /7~ mice and Reg I / littermates were injected subcutaneously twice with indomethacin, with a 24-h interval. then 24 h after the last
indomethacin injection the small intestines were dissected. A: gross findings of small intestines. B: macroscopically visible injured lesions. C: histological findings

(hematoxylin-eosin, original magnification X40).
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small intestines of wild-type mice and compared these with
microscopic findings to clarify the pattern of Reg I expression
in indomethacin-induced small intestinal injuries. A single
dose of indomethacin treatment was not adequate to create
significant injuries in the intestinal mucosa (data not shown);
thus we gave two doses of indomethacin with a 24-h interval
and noted that Reg I mRNA expression rapidly increased and
peaked at 6 h after the second indomethacin injection, followed
by a gradual decline toward a normal level (Fig. 1A).

Similar to the findings noted above, histological assessment
did not reveal any significant damage in the intestinal tissues
after the first dose of indomethacin (data not shown), whereas
those were clearly distinguished as early as 6 h after the second
injection, and the small intestinal mucosa showed an altered
villous morphology with disarrangement. Mucosal damage
was maximal at 12 h and histopathological examination
showed development of small intestinal ulcers (Fig. 1B). These
results indicate that after indomethacin administration, the
expression of Reg I mRNA is upregulated in the early phase of
small intestinal injuries, followed by the development of small
intestinal ulcers.

Exacerbation of indomethacin-induced small intestinal inju-
ries in Reg I-KO mice. On the basis of speculation that upregu-
lated-Reg I plays some role in the pathogenesis of indomethacin-
induced small intestinal injuries, we administered indomethacin to
both Reg I ' and Reg I ' mice. Figure 2, A-C, shows repre-
sentative pictures of small intestines dissected from the exper-
imental mice at 24 h after the last injection of indomethacin or
the vehicle. The small intestines of the indomethacin-treated
mice were filled with melena, and the length of the small
intestine in the indomethacin-treated Reg I/ mice was sig-
nificantly shorter than that in the indomethacin-treated Reg / /'~ mice
(Fig. 3A; P < 0.01). Administration of indomethacin provoked
lesions in the small intestine, whereas both vehicle-treated Reg I/
and Reg I/ mice had no small intestinal lesions (Fig. 2B).
The area of macroscopically visible lesions in the Reg I’
mice was significantly greater than that in the Reg I ' mice at 24
h after the last injection of indomethacin (Fig. 3B; P < 0.01).
Histological examinations revealed deep ulcers with prominent
inflammatory cell infiltration and vascular thrombosis present
in both Reg I / and Reg I ' mice (Fig. 2C). However, this
trend was more conspicuous in Reg I~/ mice, and the histo-
logical damage scores of indomethacin-treated Reg I '~ mice
were significantly higher than those of Reg I”/ " mice (Fig. 3C;
P <2 0.05). In contrast, histological examinations showed no
active inflammation in either vehicle-treated Reg I '~ or Reg I /
mice.

Since the scores assessed by histopathological examinations
were significantly different between Reg I/ and Reg I/
mice, we further evaluated the expression of proinflammatory
cytokines and MPO in the small intestine samples obtained
from indomethacin- or vehicle-treated mice. Twenty-four
hours after the second indomethacin injection, both IL-1{ and
MPO contents in the mucosa were significantly higher in Reg I /
mice than in Reg I/ mice (Fig. 3, D and E; P < 0.05),
whereas, as expected. those were unchanged in vehicle-treated
mice. These findings suggest that Reg 1 may play a protective
role in indomethacin-induced small intestinal injuries.

Inhibitory effect of rReg I on indomethacin-induced small
intestinal injuries. On the basis of the above experiments using
Reg I-KO mice, we speculated that rReg T administration might
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Fig. 3. Exacerbation of indomethacin-induced small intestinal injuries in Reg
I/~ mice. Shown are the length of the small intestine (A). the area of
macroscopically visible injured lesions (B). histological damage scores (C).
and inflammatory parameters in the experimental mice (D and E). For mea-
surement of IL-1f and MPO contents. total protein was extracted from each
small intestine tissue sample. IL-1B and MPO content were evaluated by
enzyme immunoassay (EIA). Error bars indicate the standard error of mean
values obtained independently from 7 mice. #P < 0.05. *P < 0.01 vs. Reg "~
mice; n.s.. not significant.

prevent indomethacin-induced small intestinal injuries. To test
our speculation, we injected rReg I into the mouse model of
indomethacin-induced small intestinal injuries. Figure 4, A-C,
shows the gross and microscopic findings of the small intes-
tines from both rReg I-treated mice and vehicle-treated mice at
24 h after the last indomethacin injection. Although the small
intestines of the experimental animals were shortened, this
shortening in rReg I-treated mice was attenuated compared
with vehicle-treated mice (Fig. 5A; P < 0.01). The area of
small intestinal injuries in the rReg I-treated mice was signif-
icantly smaller than that in the vehicle-treated mice (Fig. 5B;
P < 0.01). Microscopically, more shallow ulcers with less
inflammatory cell infiltration were observed in the rReg I-
treated mice. Consequently, the histological damage scores for
the rReg I-treated mice were lower than those of the vehicle-
treated mice (Fig. 5C; P < 0.05).
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