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A Case of Esophageal Stricture Due to Metastatic Breast Cancer
Diagnosed by Endoscopic Mucosal Resection
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Metastasis of breast cancer to the esophagus has been reported but is rare. It is often difficult to
diagnose metastases of breast cancer to the esophagus because they are often located in the
submucosa and covered with normal mucosa. Although several methods have been reported in
order to obtain specimens for pathological diagnosis, the adverse effects including bleeding and
perforation were considerable problems. We report a case of a patient with esophageal stricture
due to metastatic breast cancer to the esophagus. Pathological diagnosis was successfully
obtained using endoscopic mucosal resection of the esophagus.

Key words: tumor metastasis to esophagus — metastatic breast cancer — endoscopic mucosal resection

INTRODUCTION

Tumor metastasis to the esophagus is a rare occurrence, and
breast cancer is its most frequent origin (1-3). Diagnosis of
esophageal stricture resulting from metastatic breast cancer is
often difficult, and most cases were diagnosed on autopsy and
surgery (1,4-10). Only some cases have been reported in which
endoscopic biopsy confirmed metastatic breast cancer of the
- esophagus (1,4-10).

We present here a case of a patient with esophageal stricture
due to metastatic breast cancer of the esophagus, in whom
pathological diagnosis was successfully established using
endoscopic mucosal resection (EMR) of the esophagus.

CASE REPORT

A 68-year-old woman was admitted to our hospital because of
increasing symptoms of dysphagia lasting several years. She
had had a mastectomy due to breast cancer when she was
45 years old. Upper endoscopy showed a severe stricture in
the mid-esophagus where the endoscope could not pass
through (Fig. 1). Repeated biopsy from the stricture was neg-
ative for malignancy. Chest computed tomograpy (CT) showed
thickening of the wall of the esophagus around the stricture
(Fig. 2). Endoscopic ultrasound (EUS) of the stricture revealed

For reprints and all corespondence: Hiroto Kita, Department of
Gastroenterology, Jichi Medical School, 3311-1 Yakushiji, Minamikawachi,
Kawachi, Tochigi 329-0498, Japan. E-mail: hkita@jichi.ac jp

Figure 1. Endoscopic view of the esophageal stricture. The esophageal mucosa
on the stricture appeared normal.

thickening of the fourth layer around the esophagus (Fig. 3).
Laboratory data revealed a normal level of CEA (3.2 U/ml),
and an elevated level of CA15-3 (52 U/ml). After receiving
informed consent, the stricture was dilated endoscopically
using a balloon dilator. The esophageal mucosa covering
the lumen of the stricture after the dilation was smooth and
neoplasm was not detected by another repeated biopsy. We
could not obtain the diagnosis for the stricture even after the
dilation therapy, and the patients was carefully observed
because her symptoms had disappeared and also she did not

© 2005 Foundation for Promotion of Cancer Research
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Esophageal stricture from breast cancer

Figure 2. Chest computed tomography revealed thickening of the esophageal
wall at the carina.

Figure 3. Endoscopic ultrasound of the stricture revealed the thickening of the
fourth layer around the esophagus.

want further study at that time. However, she had dysphagia
6 months later and was again admitted to our hospital.
Esophagoscopy on admission demonstrated a similar esopha-
geal stricture at the same location. In order to make a patho-
logical diagnosis, EMR was carried out for the stricture lesion
using a cap method after the injection -of 20 ml of saline
underneath the mucosa (Fig. 4) (11). There were no complica-
tions including perforation and bleeding after EMR. The
pathological diagnosis was adenocarcinoma (Fig. 5). Immun-
ostaining of the resected sample was positive for Her-2, ER,
PgR, GCDFP and CAM 5.2. Although detailed information on
the original breast cancer was not available because the opera-
tion had been done >20 years previously, these results strongly
indicate that the stricture was due to metastasis from the
breast cancer. After the diagnosis, she was treated with
hormone therapy. She gained weight after 6 months of treat-
ment, and she had no symptoms during the 8 months of
follow-up.

Figure 4. Macroscopic view of the resected specimen. The mass lesion was
observed from the bottom.

S 2 B

Figure 5, Microscopic findings revealed adenocarcinoma beneath the mucosa.

DISCUSSION

Since the first reported case of metastatic esophageal carcin-
oma from the prostate in 1942 (12), a wide variety of metastatic
esophageal tumors have been reported from various organs,
including breast, larynx, thyroid, hypopharynx and stomach
(7,13,14). Breast carcinoma represents one of the most fre-
quent origins of metastasis in the esophagus (1-3). Diagnosis
of breast cancer metastasis to the esophagus is difficult, and
esophageal involvement can occur without clinical symptoms
in a considerable number of patients with breast cancer.
Abrahms et al. reported seven patients with esophageal meta-
stases on autopsy among 167 patients who died of breast
cancer (15). Asch et al. also performed an autopsy series of
337 patients who died of breast cancer and found 20 patients
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with esophageal metastases, although dysphagia was present in
only two of them (16). Graham et al. suggested a prevalence of
up to 6% of metastases in the esophagus for breast cancer,
although clinically symptomatic cases would not be as numer-
ous (17). The mechanism of esophageal spread from breast
cancer has been controversial. Involvement of periesophageal
lymph nodes through intra-mammary lymphatic channels was
suggested to cause esophageal obstruction usually at the level
of the carina (18,19).

Dysphagia is one of the most common clinical presentations
associated with esophageal metastasis from breast cancer. The
mean period between the diagnosis of cancer and the onset
of symptoms due to esophageal metastases was reported to be
~8 years, including the previously recorded longest time inter-
val of 22 years (17). In our case, ~20 years had passed to the
onset of dysphagia due to esophageal metastases after the first
diagnosis of breast cancer was made.

Metastatic esophageal carcinoma is a diagnostic challenge
because of the difficulty of obtaining adequate specimens
for pathological diagnosis. It is also difficult to differentiate
it from primary esophageal carcinoma. In our case, esophago-
scopy exhibited a stricture with normal mucosa, which was a
typical macroscopic feature of the metastatic esophageal car-
cinoma. Biopsy from the stricture is often negative. Anderson
et al. reported 15 cases of secondary esophageal tumor dia-
gnosed from an autopsy and surgical pathology, including
seven cases of lung cancer, four cases of breast cancer and
single cases of kidney, pancreas and cervical cancers (20).
Laforet et al. reported that biopsy was performed endoscop-
ically in seven patients with esophageal strictures due to sec-
ondary esophageal tumor and accompanied with three
perforations, while diagnostic tissue was recovered in three
cases (21). Varanasi et al. reported that of three cases of breast
carcinoma metastatic to the esophagus, diagnosis was made by
surgery in two cases and by lymph node biopsy in one case (4).
Esophageal obstruction was also observed in mediastinal meta-
stasis from breast cancer (10,22).

Several techniques have been introduced for the diagnoses
of strictures with possible involvement of either primary or
metastatic neoplasms. Wiersema et al. and Giovannini et al.
separately described the combination of EUS and EUS-guided
fine-needle aspiration as a diagnostic method to treat sub-
mucosal tumor (SMT) (23,24). However, the relatively small
specimens obtained with this method make it difficult to dif-
ferentiate benign from malignant tumors. Normal findings also
do not exclude the possibility of malignancy, (25,26). The
guillotine needle biopsy technique described by Caletti et al.
is safe, but up to three consecutive procedures are requiréd for
histological confirmation (27). Large forces in conjunction
with a tunneling technique can be used to obtain sufficient
samples. However, bleeding may be troublesome as a com-
plication of this technique (28,29).

EMR is a widespread technique of cutting mucosal lesions
through the submucosa (30). EMR is also applicable to treat
SMT in the esophagus and stomach, although indications
for endoscopic treatment of SMT have not been established

Jpn J Clin Oncol Page 3 of 4

(31,32). Several EMR techniques have been developed for the
diagnosis of SMT. Takahashi et al. and Yu et al. separately
reported that EMR is a safe method for obtaining tissues
for histological diagnosis (18,19). Kawamoto et al. found
that endoscopic submucosal tumorectomy was useful, but
this technique should be restricted to the lesions limited to
the submucosa (33). In this patient, we have applied the
EMR technique for the diagnosis of the accupying lesion in
the esophagus presumably located in the submucosa. The dia-
gnosis was of clinical importance because metastasis from
breast cancer can be treated by chemotherapy, radiotherapy
and/or hormone therapy.
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SUMMARY

Background: To date, there has not been an in-depth
investigation to identify differences in the effects of
bleeding prevention among different routes of adminis-
tration of H; receptor antagonists to treat gastric ulcers
following endoscopic mucosal resection (EMR).

Aim: To prospectively compare the frequency of bleeding
following EMR between patients treated with intraven-
ous(IV) famotidine and those with oral famotidine.
Methods: Fifty-three patients with neoplastic gastric
lesions (33 carcinoma and 20 adenoma) treated by EMR
were included.- Subjects underwent EMR with circum-
ferential mucosal incision assisted by submucosal
injection of sodium hyaluronate (EMRSH), followed by

IV or oral (PO) administration of famotidine at a dosage
of 40 mg/day for 2 days. Patients with odd ID numbers
were assigned to IV therapy (30 cases) while even
numbers were given PO therapy (23 cases). Frequencies
and endoscopic findings of bleeding during the first
2 days after EMR were examined.

Results: Frequency of bleeding within 2 days after EMR
was 3 and 4% in IV and PO patients, respectively,
showing no significant difference. No significant differ-
ence was seen in the endoscopic findings of bleeding and
therapy, either, with respective IV and PO findings at 23
and 26%.

Conclusions: No significant difference was observed in
frequency of bleeding within 2 days after gastric EMR
between IV and oral administrations of famotidine.

INTRODUCTION

Hemostasis is essential after endoscopic mucosal resec-
" tion (EMR) to treat neoplastic gastric lesions. Gener-
ally, it is performed by fasting, fluid replacement by
drip infusion, and intravenous (IV) administration of
an H, receptor antagonist (H,RA) to control acid
secretion.

Few studies have been made to investigate the
antibleeding effects of H,RA administration to treat
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School, 3311-1 Yakushiji, Minamikawachi-machi, Kawachi-gun, Tochigi,
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gastric ulcers following EMR with a focus on the route
of administration, and no concrete evaluation has been
established. Oral administration is considered more
favorable in terms of both patient quality of life (QOL)
and economic efficiency, on the condition that it
produces an effect equivalent to that of IV route. This
study was conducted to prospectively compare the
frequency of bleeding between patients given post-EMR
oral or IV famotidine.

MATERIALS AND METHODS

Fifty-three patients with neoplastic gastric lesions
(gross mucosal carcinoma that were categorized as
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differentiated early gastric carcinoma or adenoma)
underwent EMR, including 33 with carcinoma and
20 with adenoma. Subjects’ histologic types included
26 tubular adenocarcinoma, five papillary adenocarci-
noma, and two tubular and papillary adenocarcinoma.
Patients were excluded from the study if they had (i) a
previous history of upper gastrointestinal surgery or
vagotomy; (if) any serious complications including
cardiac, hematologic, renal, and/or hepatic disease;
(iif) a history of previous allergy to an H,RA; (iv)
ongoing medication that has interaction with H,RA
(theophylline or phenytoin); (v) a complication of
gastric/duodenal ulcer excluding ones at a healed
stage; (vi) ongoing warfarin therapy; and/or (vii)
his/her attending physician’s decision that the patient
would be ineligible for inclusion in the study. Patients
assigned with odd ID numbers were selected to receive
famotidine intravenously (IV), whereas those with an
even number were assigned to receive famotidine orally
(PO).

The EMR with circumferential mucosal incision assis-
ted by submucosal injection of sodium hyaluronate
(EMRSH) was conducted" 2. To elevate the mucosa,
0.5% sodium hyaluronate (SH) added with 0.001%
epinephrine and 0.004% indigo carmine dye was locally
injected using a 23-gauge needle. Coagulation with
hemostatic forceps or hemoclipping was performed to
control intra-operative bleeding, if necessary.

Patients were subject to fasting on the day of and the
day after the EMR treatment. During these 2 days,
IV-treated patients were given 20 mg of famotidine
(Yamanouchi Pharmaceutical, Japan) diluted with
50 mL of normal saline solution twice a day, while
receiving an infusion of 1500 mL of Solita T3 (Shimizu
Pharmaceutical, Japan). The other patients orally took
one tablet of famotidine D (20 mg) (Yamanouchi
Pharmaceutical, Japan) twice a day, with a 1500 mL
oral fluid replacement of Solita T3 granule (Shimizu
Pharmaceutical, Japan). Concomitant use of antisecre-
tory drugs other than famotidine, antiacids, and
mucosal defensive agents was prohibited, while the
use of sodium alginate and thrombin powder was
allowed.

Upper gastrointestinal endoscopy was conducted
2 days after EMR to identify any bleeding from the
ulcer on the resection site, using Forrest’s classifica-
tion.> Major findings of bleeding included group Ia
(spurting hemorrhage), Ib (oozing hemorrhage), Ila
(non-bleeding visible vessel), and b (adherent clot). In

the case of hemorrhagic lesion, eradication therapy was
given by either hemoclipping or local infusion of
hypertonic saline-epinephrine (HSE). When there was
no hemorrhagic episode, patients were permitted to eat
from the evening of the same day. From the second day
onward after EMR, patients orally took one tablet of
famotidine D (20 mg) two times per day. Endoscopy was
performed on the seventh day after EMR, and patients
were discharged from the hospital on the eighth day if
no bleeding from an ulcer was observed, while the
fasting period was extended in patients with bleeding.

The first end-point of evaluation was the frequency of
bleeding on the second day after EMR. Bleeding was
evaluated based on any clinical evidence of bleeding,
including hematemesis and tarry stool. Hemoglobin
level on the first day was determined, as well as any
endoscopic finding of bleeding on the second day. Other
evaluations included days from EMR to the resumption
of a diet and number of days in the hospital.

This study was conducted upon approval of the ethical
committee of Jichi Medical School and written informed
consent was obtained.

Statistic analysis was performed using the Mann-
Whitney U-test, Fisher's exact probability test, and
Wilcoxon signed-ranks test. Statistically significant
differences were determined to be established when
P < 0.05.

RESULTS

Patient characteristics for IV and PO patients are
summarized in Table 1. No item had any significant
difference; slightly but not significantly more coexisting
hypertension was observed in IV patients.
Characteristics of the neoplastic lesions and procedures
of EMR were compared between the two routes
(Table 2). There was no significant difference in the
ratio of carcinoma to adenoma, tumor location and size,

Table 1. Patient characteristics

IV patients PO patients
Characteristics (n = 30) (n=23) P value
Mean age (years)* 69.6 (8.0) 66.4 (9.7) 0.44
Sex (M/F) 23/7 18/5 >0.99
Smoking 15 (50%) 9 (39%) 0.58
Drinking 16 (53%) 11 (48%) 0.78
Hemoglobin (g/dL)* 3.5(1.2) 13.8 (1.1) 0.28
Coexisting hypertension 15 (50%) 7 (30%) 0.06

*Values are mean (s.d.).
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— 191 —



Table 2. Characteristics of the neoplastic lesions removed by
procedure of EMR

IV patients PO patients
Details (n = 30) (n=23) P value
Cancer/adenoma - 20/10 13/10 0.57
Tumor location (L/M/U) 6/16/8 9/12/2 0.14
Tumor size (mm)* 22,3 (11.5)  18.3(11.3) 0.12
Size of resected 39.2 (14.3) 34.1(11.4) 0.20
area (mm)*
Amount of SH 39.0 (26.0) 26.5(12.9) 0.08
injected (mL)*
Time of EMR (minutes)* 89.2 (55.3) 59.0 (32.1) 0.04
Number of 1 (0, 1.5) 0(0, 1.5) 0.22

hemoclips used’

SH, sodium hyaluronate; L, lower; M, middle; U, upper third of the
stomach.

*Values are mean (s.d.).

"Values are median (first and third quartile).

Table 3. Bleeding during 2 days after EMR, the endoscopic
findings of bleeding, and therapy on the second day after EMR

IV patients PO patients

(n = 30) (n = 23) P value
Tarry stool 1 (3%) 1 (4%) >0.99
Endoscopic 7 (23%) 6 (26%) >0.99
findings of bleeding
Ia 1 1 -
b 2 2 -
IIa 4 2 -
b 0 1 -
Hemostatic therapy 6 (20%) 6 (26%) 0.74

size of resected area, amount of SH injected, and
number of hemoclips used. Time of EMR was longer in
IV patients. In both treatment segments, en-bloc
resection was achieved in all patients by EMR.
Bleedihg during 2 days from EMR was 3 and 4% for IV
and PO patients, respectively, representing no signifi-
cant difference (Table 3). A 66-year-old woman treated
with IV famotidine had gastric carcinoma measuring
21 mm in diameter in gastric antrum (Figure 1), but
use of hemoclip was not necessary at the time of EMR
(Figure 2). She had a small amount of tarry stool on the
second day after EMR, and on the same day endoscopy
revealed oozing on the ulcer base and one visible vessel
(Figure 3), in both of which one and two hemoclips
were placed, respectively (Figure 4). No bleeding was
observed thereafter, and 7 days after EMR the ulcer base
appeared as a clean whitish exudate. A 74-year-old
man treated with oral famotidine had gastric carcinoma
measuring 35 mm in diameter in the gastric antrum,
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Figure 1. An IV-treated 66-year-old woman with a 21 mm
stomach cancer in the lesser curvature of the gastric antrum.

Figure 2. After the completion of EMR, the size of resected area
measured 32 mm, no hemoclipping was necessary during EMR.

Figure 3. Endoscopic evaluation on the second day after EMR,
one oozing and one visible vessel were observed on the ulcer base.

and hemoclipping was not necessary at the time of
EMR. There was one observation of tarry stool on the
first day after EMR, and the following day visible vessels
were observed in three sites by endoscopy. A local

© 2005 Blackwell Publishing Ltd, Aliment Pharmacol Ther 21 (Suppl. 2), 105-110
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Figure 4. A hemoclip was placed on the site of oozing, and two on
the visible vessel.

infusion of 1.5 mL HSE and one hemoclipping were
performed on each site. Endoscopy on the seventh day
from EMR found the ulcer base appeared as a clean
whitish exudate.

Hemoglobin levels on the first day after EMR did not
decrease from those prior to the therapy in both patients
[IV:13.4 £ 1.1 (mean =+ s.d.) g/dL vs. 13.5 £ 1.1 g/dL
before and 1 day after the therapy, respectively, PO:
13.9 £ 1.2 g/dL vs. 14.1 £ 1.2 g/dL, respectively). No
case experienced hemorrhagic shock or required trans-
fusion following EMR. There was a case in which urgent
endoscopy was performed due to bleeding after the
second day from EMR; a 66-year-old female patient
treated IV had a 33 mm adenoma in the body and had
two hemoclips placed during the EMR. There was no
finding of hematemesis or melena following EMR, and
endoscopy on the second day after EMR found no
bleeding. She experienced hematemesis of approximately

300 mL in the morning of the seventh day after EMR,
but there was no decrease in blood pressure or
tachycardia found. Endoscopy revealed an oozing on
the ulcer base, thus two hemoclips were placed and a
local infusion of 2.5 mlL of HSE was given to stop
bleeding. The patient was then given a proton pump
inhibitor (PPI) and later discharged once no bleeding
was found by endoscopy on the seventh day after the
endoscopic hemostatic therapy.

Endoscopy on the second day after EMR found bleeding
in 23% of IV patients and 26% of PO patients, with no
significant difference between the two (Table 3).
Table 4 shows profiles of these 13 cases. Hemoclips
were used to stop bleeding in all 13 subjects of both
treatments but one Ifa of the seven IV patients.

Period of fasting following EMR was 2.9 + 1.2
(mean * s.d.) days in IV patients and 2.9 + 1.8 days
in PO patients, showing no significant difference. No
significant difference was seen in the length of stay in
hospital, either, with 11.1 + 1.9 days and 11.9 %
2.9 days in IV and PO patients, respectively.

The costs (in 2004 Japanese Yen) of famotidine 20 mg
injection and famotidine D 20 mg tablet were ¥387 and
¥68, respectively. The cost of 2 day famotidine IV
therapy (¥1548) was more expensive than that of PO
therapy (¥272). The difference was ¥1276 (approxi-
mately $12.27 calculated in US $). The costs of
1500 mlL of Solita T3 and the procedure of drip infusion
were ¥660 and ¥950, respectively. The cost of 15 packs
of Solita T3 granule (dissolved in 1500 mL of water)
was ¥367.5. The cost of 2 day drip infusion (¥3220)
was more expensive than that of oral fluid replacement

Table 4. Patients profile with endoscopic

Forrest's Tumor findings of bleeding
No Treatment Age (years) Sex classification Tumor Region  size (mm)
1 v 70 m Ia Cancer L 25
2 IV 66 - f Ib Cancer L 21
3 IV 74 m Ib Cancer U 18
4 IV 74 f IIa Cancer L 24
5 IV 52 m IIa Cancer M 20
6 IV 75 m Ila Cancer M 18
7 IV 78 m Ila Adenoma M 27
8 PO 58 f Ia Cancer L 25
9 PO 71 m b Cancer M 20
10 PO 51 m Ib Adenoma M 9
i1 PO 74 m a Cancer L 35
12 PO 74 m IIa Cancer L 13
13 PO 48 m Ib Adenoma M 12

L, lower; M, middle: U, upper third of the stomach.

© 2005 Blackwell Publishing Ltd, Aliment Pharmacol Ther 21 (Suppl. 2), 105-110
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(¥735). The difference was ¥2485 (approximately
$23.89 calculated in US $).

When comparing the 13 patients with bleeding in
endoscopic findings and the other 40 patients, there was
no significant difference in patient characteristics (age,
sex, smoking, drinking and coexisting hypertension), or
in tumor characteristics [pathology (carcinoma/
adenoma), location, and size], procedure of EMR (size
of resected area, amount of SH administered, and
number of hemoclips used).

DISCUSSION

It is a common practice to administer antisecretory
drugs after EMR for neoplastic gastric lesions to prevent
bleeding. Acid secretion is not high in cases of
differentiated early gastric carcinoma or adenoma, as
the gastric mucosa presents significant atrophic gastri-
tis. Therefore, H,RAs are considered to have sufficient
efficacy to suppress acid secretion in such cases. Effects
of H>RA in preventing hemorrhage, however, have not
been evaluated in depth in terms of difference among
administration routes to treat post-EMR gastric ulcers.

Although bleeding during EMR is usually treated with
procedures such as coagulation and hemoclipping and
poses no clinical problem, post-operative or delayed
bleeding, on the other hand, has been reported other-
wise.* EMR forms gastric ulcer going into the submu-
cosa, which could have damaged small vessels, and
even if they have coagulated by the end of EMR,
subsequent recurrence of bleeding is possible. In order to
prevent bleeding, it is necessary to elevate gastric pH
and improve clotting ability.”

Some reports claim superior benefits of PPIs over H,RA
for the prevention of recurring hemorrhage due to
bleeding ulcer,® 7 while others report no difference.? °
Given that post-EMR gastric ulcer stops bleeding by the
end of treatment and that acid secretion is low in cases
of significant atrophic gastritis, H,RA is considered
sufficient enough for the prevention of bleeding follow-
ing EMR. In this study using famotidine, delayed
bleeding was seen in only 5.7% of the cases (3/53).

Prequencies of bleeding in gastric EMR have been

reported in 6.8% (5/73) by Takeshita et al.,'® and 22%

(9/41) by Ohkuwa et al. in their studies with EMR using
an insulated-tip diathermic knife (IT-EMR),'! while our
study with EMRSH found the rate to be 4% (3/70).!
Yamamoto et al. reasoned that the low frequeéncies of
post-EMR bleeding is due to the use of SH, as it secures a
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safe mucosal incision, and maintenance of sufficient
mucosal elevation poses less damage on deep tissues.!

Regarding the frequency of delayed bleeding following
EMR in the stomach or upper gastrointestinal tract,
Okano et al.# found it in 5.3% (2 5/476) of the subjects,
and Résch et al.'? in 5.4% (2/37). The present study
had similar results at 5.7% (3/53). Okano et al*
reported that the only factor significantly related to
the occurrence of delayed bleeding was immediate
bleeding during EMR. In the present study, one of three
cases of delayed bleeding had a hemoclip placed during
EMR, while the other two did not. No factor was
recognized to present significant difference between
cases with and without endoscopic findings of bleeding,
indicating a potential difficulty in predicting the occur-
rence of delayed bleeding.

In the present study, no significant difference was
observed between famotidine IV and PO in terms of
the respective results of endoscopy or frequency of
bleeding on the second day after EMR. The endoscopy
performed on the second day did not show any
significant difference in frequency for bleeding to be
found or for hemostatic procedure to be required, nor
was such difference found in the length of post-EMR
fasting or hospitalization. As to the administration of
H,RA to prevent bleeding in the stomach following
EMR, the oral route was shown to have sufficient
effect. This result is considered preferable from the
perspective of both less complicated procedure and
higher cost efficiency. The cost of 2-day famotidine IV
therapy (¥1548) was more expensive than that of PO
therapy (¥272). The cost of 2-day drip infusion of
Solita T3 (¥3220) was more expensive than that of
oral fluid replacement of Solita T3 granule (¥735).
Moreover, oral fluid replacement might improve
patient QOL.

In conclusion, there was no significant difference
demonstrated in the frequency of bleeding up to 2 days
from the completion of gastric EMR between IV and oral
administration of famotidine.
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Ghrelin is primarily secreted from the stomach and has been
implicated in the coordination of eating behavior and weight
regulation. The effects of Helicobacter pylori infection on
plasma ghrelin concentration and gastric ghrelin production
still have not been well known. We determined plasma ghrelin
concentration in a total of 160 consecutive individuals with
normal body mass index including 110 H. pylori-infected and
50 H. pylori-negative subjects. The expression levels of ghrelin
mRNA and ghrelin-producing cells in the gastric mucosa were
quantified with real-time quantitative RT-PCR and immuno-
histochemistry, respectively. The severity of gastrie atrophy
was evaluated by serum pepsinogen concentrations. Plasma
ghrelin concentration, gastric ghrelin mRNA, and ghrelin-

positive cell numbers in gastric mucosa were significantly
lower in H. pylori-infected subjects. The decrease in plasma
ghrelin concentration in H. pylori-positive subjects was
accompanied by an attenuation of ghrelin mRNA expression
and a reduction of ghrelin-positive cell numbers in the gas-
tric mucosa. Moreover, lower serum pepsinogen I concentra-
tions and I/II ratio were significantly associated with lower
plasma ghrelin concentrations in H. pylori-positive subjects.
These findings suggest that impaired gastric ghrelin produc-
tion in association with atrophic gastritis induced by H. pylori
infection accounts for the decrease in plasma ghrelin
concentration. (J Clin Endocrinol Metab 90: 10-16, 2005)

HRELIN, A 28-AMINO acid peptide isolated from rat

and human stomach possesses strong GH-releasing
activity and plays central as well as peripheral roles in food
intake, gastric motility, and acid secretion (1, 2). Ghrelin has
been shown to evoke weight gain by actions in the hypo-
thalamus (3). Plasma ghrelin concentrations rise before meals
and fall after meals. This peptide also contributes to the
regulation of both somatic growth and adipose tissue mass
and is therefore a short-term, meal-related orexigen as well
as a long-term regulator of body weight (4-6). Circulating
ghrelin concentrations in newborns are not associated with
gender, body weight, or hormonal parameter (7). In children
and adults, however, plasma ghrelin concentrations are
lower in obese subjects, compared with those with normal
body weight and lean subjects (8, 9). The decrease of plasma
ghrelin concentrations appears to compensate for the posi-
tive energy balance in obese individuals (9). The majority of
circulating ghrelin is produced in the mammalian gastric
mucosa by enteroendocrine cells/oxyntic glands, probably
the X/ A-like cells (10). Thus, there exists the possibility that
chronic persistent damage of the gastric mucosa, such as
chronic gastritis, might affect ghrelin production, leading to
changes in food intake and body weight. Helicobacter pylori
is a Gram-negative bacterium that colonizes the stomach. H.
pylori infection is involved in the pathogenesis of gastritis,
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gastric and duodenal ulcer, gastric carcinoma, and mucosa-
associated lymphoid tissue lymphoma (11-13). More than
50% of the adult population are infected with H. pylori
worldwide (14, 15). H. pylori infection first leads to atro-
phic gastritis and intestinal metaplasia, which may further
lead to dysplasia and gastric carcinoma (16). Thus, it is an
intriguing question whether H. pylori infection affects gas-
tric ghrelin production and consequently alters plasma
ghrelin concentration.

In this respect, Nwokolo ef al. (17) reported that plasma
ghrelin concentrations increased after the eradication of H.
pylori. On the contrary, Gokcel et al. (18) reported that H.
pylori infection has no effect on plasma ghrelin levels. Thus,
the relationship between H. pylori infection and plasma
ghrelin concentrations is still controversial, prompting us to
further assess the effects of H. pylori infection on plasma
ghrelin concentrations. Because previous studies examined
serum ghrelin concentrations without investigating gastric
ghrelin production (17, 18), the direct relationship between
H. pylori infection and gastric ghrelin production, which
could influence plasma ghrelin concentrations, is still to be
demonstrated. We thus conducted this study to investigate
the association of H. pylori infection with both ghrelin mRNA
and protein production in the stomach, concomitantly ex-
amining plasma ghrelin concentrations. To this end, we ap-
plied real-time quantitative RT-PCR and immunohistochem-
istry of endoscopic biopsy specimens. Moreover, because
body weight is an important factor that determines plasma
ghrelin concentrations, only individuals with normal body
mass index (BMI) were enrolled in this study. We report here
that H. pyloriinfection is associated with lower gastric ghrelin
mRNA and protein as well as serum ghrelin concentrations.
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Subjects and Methods
Participants

We enrolled 160 consecutive asymptomatic men with normal BMI
undergoing gastric cancer surveillance in Tochigi, Japan. They were
divided into two groups (110 H. pylori-positive subjects and 50 H. pylori-
negative controls) according to the presence or absence of H. pylori in the
gastric mucosa evaluated by the bacterial culture and histological ex-
amination. The percentage of the H. pylori-positive subjects was similar
to that of the same generation in Japan. H. pylori-positive subjects in-
cluded 23 patients with chronic gastritis alone, 50 patients with chronic
gastritis and gastric ulcer, 27 patients with chronic gastritis and duo-
denal ulcer, eight patients with chronic gastritis and gastric polyp, and
two patients with chronic gastritis and gastric adenoma. Neither atro-
phic changes nor any other abnormal findings were observed in the
50 controls without H. pylori infection by endoscopic or histological
examination. Their characteristics were similar to those of the H. pylori-
positive subjects in age, gender, BMI, serum cholesterol, and fasting
blood sugar as shown in Table 1. No subjects had evidence of a cachectic
state such as advanced cancer, thyroid disease, liver disease, or infection.
Subjects with diabetes mellitus or renal dysfunction (serum creatinine
=1.5 mg/dl) were excluded. None of the 160 individuals recruited had
a history of eradication therapy for H. pylori infection or received any
antibiotic treatment during the study. Written informed consents were
obtained from all participants in accordance with the Declaration of
Helsinki and its later revision. This study was approved by the Ethics
Committee of the Jichi Medical School. Subjects with H. pylori infection
were classified into three groups according to the fasting levels of plasma
ghrelin as shown in Table 2: low ghrelin group (<70 fmol/ml; n = 34),
middle ghrelin group (70-150 fmol/ml; n = 36), and high ghrelin group
(>150 fmol/ml; n = 40). Age, BMI, serum lipid data, and fasting blood
sugar were similar in those three groups.

Specimens

Five adjacent biopsy specimens from the greater curvatures at the
midcorpus of the stomach as well as five from the antrum were obtained
endoscopically from all subjects. One biopsy specimen from the corpus
of the stomach and one from the antrum were cultured individually to
evaluate for the presence of H. pylori infection. Three biopsy specimens
from the corpus and three from the antrum were immediately snap
frozen and stored in liquid nitrogen for later use. The remaining corpus
and antral specimens were fixed and stained with hematoxylin and
eosin, Giemsa, and antighrelin antibody. Histological assessments were
performed by a single observer (H.Os.). H. pylori infection was evaluated
by the bacterial culture and histological examination.

Hormone assays

Blood was drawn into chilled tubes containing EDTA-2Na (1 mg/ml)
and aprotinin (500 U/ml), and plasma was harvested after immediate
centrifugation and stored at —30 C until assay. Plasma ghrelin levels
were measured by a RIA developed in our laboratory. In brief, antiserum
against the C-terminal region of human ghrelin was raised in New
Zealand white rabbits that were immunized against synthetic human
ghrelin (13-28). Human Tyr*-ghrelin (position13-28) was radioiodi-
nated by the lactoperoxidase method for use in the assay. Inter- and
intraassay variation was less than 8 and 6%, respectively. The limit of

TABLE 1. Characteristics of H. pylori-negative and -positive
subjects

H. pylori-negative  H. pylori-positive P

(n = 50) (n = 110)
Age (yr) 474+ 1.1 48.8 + 0.6 0.58
BMI (kg/m?) 22.5 + 0.4 21.9+0.2 0.21
T-Chol (mg/dl) 196 + 4 194 + 3 0.71
HDL-C (mg/dl) 614+ 27 60.7 = 1.2 0.79
Triglyceride (mg/dl) 99+ 6 93 + 4 0.34
FBS (mg/dl) 96 + 2 94 +1 0.18

Data are the mean (= sE). T-Chol, Total cholesterol; HDL-C, high-
density lipoprotein cholesterol; FBS, fasting blood sugar.

J Clin Endocrinol Metab, January 2005, 90(1):10-16 11

TABLE 2. Characteristics of low, middle, and high ghrelin groups
in H. pylori-positive subjects

Low (n = 34) Middle (n =86) High (n = 40)
Age (yr) 50.1 = 1.1 48.3 = 0.9 48.0 = 1.1
BMI (kg/m?) 21.9+0.3 21.9 = 0.3 21.8 0.2
T-Chol (mg/dl) 196 £ 6 186 +=5 198 =5
HDL-C (mg/dl) 59.8 + 2.6 61.1 + 2.1 61.1t 1.8
Triglyceride (mg/dl) 96 £ 7 88 =7 94 + 17
FBS (mg/dl) 95 + 2 93 = 1 93+ 2

Data are the mean (= SE). T-Chol, Total cholesterol; HDL-C, high-
density lipoprotein cholesterol; FBS, fasting blood sugar.

detection of this assay is 12 fmol per tuve of human ghrelin. We de-
scribed previously the properties of the antiserum for ghrelin used in
this study (9, 10).

Immunohistochemistry

We generated antitéhrelin antiserum as described previously (10).
Briefly, synthetic [Cys*]rat-ghrelin (position 13-28) (4 mg) was conju-
gated with maleimide-activated mariculture keyhole limpet hemocya-
nin (6 mg; Pierce Chemical Co., Rockford, IL). The antigenic conjugate
solution was administered to a New Zealand White rabbit. The antirat
ghrelin antiserum (G107) specifically recognizes ghrelin and has 100%
cross-reactivity with human ghrelin in immunohistochemistry (10).

Paraffin-embedded sections of the biopsy samples taken from the
greater curvature of the stomach were deparaffinized in xylene, im-
mersed in citrate buffer [10 mm (pH 6.0)], heated at 120 C for 20 min in
an autoclave, and left at room temperature for 60 min. After incubation
with blocking reagent (Dako Japan, Kyoto, Japan) for 10 min, individual
sections were incubated with antiserum for ghrelin (diluted to 1:500) in
a moist chamber at 4 C overnight. Normal mouse IgG; was used for
control studies. The slides were then washed five times with PBS and
incubated with dextran polymer system/peroxidase (EnVision+; Dako
Japan) at 37 C for 60 min. The chromogen was developed by incubating
the slides with diaminobenzidine solution for 3 min. The slides were
counterstained with hematoxylin.

RNA extraction

Total RNA was isolated from the biopsy specimen with ISOGEN
(Nippon Gene, Tokyo, Japan). Two microgram of total RNA from each
sample was reverse transcribed by using random nanomers and reverse
transcriptase (TOYOBQO, Osaka, Japan) according to the manufacturer’s
protocol.

Real-time quantitative RT-PCR

The expression level of ghrelin mRNA was evaluated by using a
real-time quantitative RT-PCR method with an ABI 7700 sequence de-
tector system (PE Applied Biosystems, Foster City, CA). The sense
primer for ghrelin was 5-GGCAGGCTCCAGCTTCCT-3' and the an-
tisense primer was 5'-TGGCTTCTTCGACTCCTTTCTC-3". The reaction
mixture was prepared according to the manufacturer’s protocol using
TaqMan PCR kits (PE Applied Biosystems). The reactions also contained
target hybridization ghrelin probe labeled with a reporter fluorescent
dye, 6-carboxyfluorescein, at the 5’ end (5'-AGCCCTGAACACCA-
GAGA-3'). The thermal cycling conditions included 50 C for 2 min and
95 C for 10 min, followed by 15 sec of denature at 95 C and 1 min of
annealing/extension at 60 C for 40 cycles.

The quantitative amplification and expected sigmoid curve of PCR
were obtained. The PCR products were also examined by 2% agarose gel
electrophoresis to confirm successful amplification of the expected size
of the gene. As a control, the mRNA was also subjected to real-time
quantitative RT-PCR for measurement of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) using TagMan GAPDH control reagents (PE
Applied Biosystems). For relative quantification of the ghrelin expres-
sion, calibration curves were constructed using the mRNA obtained
from normal gastric mucosa without H. pylori infection. mRNA for
GAPDH was used as an endogenous control. The levels of ghrelin
mRNA were calculated from the ratio of ghrelin mRNA level to GAPDH
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mRNA level and shown as the 1000 times data of the mean ratio of three
corpus samples or three antral samples. Ghrelin mRNA expression
levels in the gastric mucosa were compared between H. pylori-positive
and -negative subjects or among groups with different levels of plasma
ghrelin. '

Counting the ghrelin-producing cells

The slides after the immunostaining were viewed at X100 magnifi-
cation and digitized with a digital HD microscope (VH-7000, Keyence,
Tokyo, Japan). The immunoreactive cells in the gastric mucosa were
counted and presented as the number of positive cells per branch of
oxyntic gland because they were localized in the lower half of fundic
epithelial glands. The numbers of ghrelin-expressing cells in the gastric
mucosa were also compared between H. pylori-positive and -negative
subjects or among groups with different levels of plasma ghrelin.

Statistical analyses

The level of ghrelin mRNA expression was expressed as the median
(first quartile to third quartile). The number of the immunoreactive cells
and clinical data were presented as mean (* sg). The Mann-Whitney U
test was used to compare ghrelin mRNA levels in gastric mucosa from
H. pylori-positive and -negative subjects. Two-tailed unpaired ¢ test was
used to compare the numbers of the immunoreactive cells in the gastric
mucosa between H. pylori-positive and -negative subjects as well as
clinical data between two groups. An ANOVA based on Fisher’s pro-
tected least significant difference test was used for the assessment of the
relationship between the plasma ghrelin levels and either the serum
pepsinogen levels or the number of the immunoreactive cells in gastric
mucosa among H. pylori-positive subjects. Differences at P < 0.05 were
considered significant.

Results
Plasma ghrelin concentrations are lower in H. pylori-
positive subjects

Because the relationship between H. pylori infection and
plasma ghrelin concentration remains controversial, we first
attempted to assess the effect of H. pylori infection on the

P<0.0001

= 250

E |

g

Sl

= 200 | T

=

=

£ 150 -

et

5]

=

50 100 |

]

B

@ 50 |

Ll

=W

¢ 1
Negative Positive
H. pylori infection

Fig. 1. Comparison of plasma ghrelin levels between H. pylori-
positive and -negative subjects. Plasma ghrelin levels in H. pylori-
positive subjects were significantly lower than H. pylori-negative
controls (mean * SE, 128 + 8 vs. 194 = 15 fmol/ml, P < 0.0001 by
unpaired two-tailed ¢ test).
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Fia. 2. Comparison of gastric ghrelin mRNA expression levels be-
tween H. pylori-positive and -negative subjects. There was a remark-

- able decrease in the expression levels of ghrelin mRNA in the gastric

mucosa from H. pylori-positive subjects than H. pylori-negative sub-
jects (median [first to third quartilel; 22 (8—91): n = 110; and 1011
(716-3200): n = 50; P < 0.0001 by Mann-Whitney U test).

plasma ghrelin concentrations. To this end, we compared
plasma ghrelin concentrations between H. pylori-positive
and -negative subjects. The effect of body weight level was
minimized because BMIs were similar in both groups (Table
1). As shown in Fig. 1, plasma ghrelin concentrations were
significantly lower in H. pylori-positive subjects than in H.
pylori-negative controls. A similar difference was also sig-
nificantly observed between patients with chronic gastritis
alone and H. pylori-negative controls (data not shown). Be-
cause the majority of ghrelin is known to be produced in the
stomach, we hypothesized that H. pylori infection may at-
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Fig. 3. Comparison of plasma ghrelin levels and gastric ghrelin
mRNA levels in H. pylori-infected subjects. Values are expressed as
the median (first to third quartile). There was a correlation between
plasma ghrelin concentrations and gastric ghrelin mRNA levels with
a correlation coefficient value of 0.36 (P = 0.0001). Gastric ghrelin
mRNA levels in low 12 (4-66) and middle 16 (6-55) group were
significantly lower than high ghrelin group 61 (17-157) (P = 0.002
and P = 0.006 by Mann-Whitney U test, respectively).
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