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Figure 3 Endoscopic views of submucosal fluid cushions created by
injecting normal saline and various mixtures of sodium hyaluronate,
a Normal safine. b A 0.5% solution of 800kDa sodium hyaluronate
(SH)} with normal saline. ¢ A 0.25% solution of 1900 kDa SH with nor-
mal saline. d A 0.125% solution of 1900 kDa SH with 20% dextrose wa-

tions. When SH is mixed with sugar, elastically active network
chains between SH molecules can form via hydrogen bonds be-
tween SH and sugar. The molecular weight of SH in a sugar solu-
tion is therefore apparently greater than in a nonsugar solution,
and the viscoelasticity of an SH solution with high sugar content
may increase.

In the part of the study investigating the ability of the various so-
tutions to create SFCs in living stomachs, similar SFCs were pro-
duced by solutions with similar levels of viscoelasticity. In addi-
tion, a 0.125% 1900 kDa SH selution made with Glyceol also cre-
ated similar SFCs, which may be due to a synergistic effect of the
increased viscoelasticity of SH and the hypertonic potency of
glycerin. Since successful EMRs can be carried out using 2 0.5%
800 kDa SH solution made with NS [17], a 0.125% 1900kDa SH
solution made with 20% DW or Glyceol, which is a low-cost solu-
tion ($1.25/ml), might be sufficient for successful EMR treat-
ment.

Increasing the sugar content to more than 20% might be prefer-
able in order to produce greater viscoelasticity, However, poten-
tial tissue damage needs to be taken into account when hyper-
tonic solutions are used, as increased tissue damage may make
it difficult to obtain a precise histological diagnosis of the resect-
ed specimens and may cause delayed ulcer healing after EMR.
Extensive ulceration is often found after injection therapy for en-
doscopic hemaostasis when 10% saline or 50% DW is used; 20%
might therefore be a suitable concentration for sugar without
the risk of tissue damage.

On the basis of the results presented here, the viscoelastic prop-
erties of SH can be changed using different SH molecules and dif-
ferent mixing solutions. Sodium hyaluronate sclutions with a
higher molecular weight that contain sugar with or without
glycerin may allow safer EMR treatment at an acceptable cost.

ter. e A 0.125% solution of 1500 kDa SH with a glycedin solution (Gly-
ceol; 10% glycerin with 0.9% saline plus 5 % fructose). The mucosal ele-
vation created by normal saline flattened out within 10 min, whereas
the elevations created by the other solutions persisted at similar levels
for up to 30 min, although the mucosal elevation declined over time.
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Immunological rapid urease test using monoclonal antibody for
Helicobacter pylori
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Abstract
Background and Aim: The current diagnostic methods for detecting Helicobacter pylori infection
include rapid urease test (RUT), urea breath test (UBT), histology, culture, and serum antibody detec-
tion. The present study evaluated the efficacy of a novel highly specific test, an immunological RUT
(IRUT), that uses a monoclonal antibody against H. pylori urease.
Methods: The clinical evaluation of the IRUT was performed in 100 subjects. Each gastric mucus sam-
ple obtained during endoscopic examination was incubated for 15 min with a solid tip coated with mon-
oclonal antibody for H. pylori urease, and then the tip was introduced into a pH-monitoring cell
containing urea solution. The change in pH of the solution after the enzymatic reaction (delta pH) was
measured. The performance of the IRUT was compared with culture, histology, RUT, and UBT.
Results: Of the 47 H. pylori-positive subjects, 43 were IRUT positive (sensitivity, 91.5%), and of the 53
H. pylori-negative subjects, 52 were negative (specificity, 98.1%). Compared with the usual diagnostic
methods, IRUT had high sensitivity and specificity for the detection of H. pylori and was no less efficient.
Conclusions: IRUT is a sensitive, specific and very rapid (within 20 min) method of detecting H. pylori
infection.

- © 2004 Blackwell Publishing Asia Pty Ltd

Key words: Helicobacter pylori, monoclonal antibody, rapid urease test.

INTRODUCTION

bated with a urea solution in a urease analyzer compris-
ing a flow-through cell for the solution, after

Since the report of Marshall and Warren' there has been
general agreement that Helicobacter pylort is closely asso-
ciated with gastroduodenal disorders such as gastritis,
peptic ulcer, and gastric cancer.? The current diagnostic
methods for detecting H. pylor: infection include rapid
urease test (RUT), urea breath test (UBT), histology,
culture, and serurn and urinary antibody detection.>*
Some of those methods are based on the high urease
activity of H.pylori,®® but because they detect all
enzyme activity of urease regardless of its origin, there is
the possibility that urease derived from other bacterial
species, such as Proreus mirabilis or Klebsiella pnuemo-
nige, will confound the result.

In the immunological RUT (IRUT), H. pylori-spe-
cific urease adsorbed onto a solid-phase tip coated with
a monoclonal antibody against H, pylori urease is incu-

immunological reaction with the patient’s gastric mucus
sample. The resulting change in pH of the solution (delta
pH) is measured by ion-sensitive field-effect transistors
within the cell.”® We have previously used the IRUT for
the detection of H. pylori infection® and the purpose of
the present study was to analyze its efficacy in compar-
ison with four conventional methods of detecting
H. pvlori; that is, RUT, UBT, histclogy and culture.

METHODS

Subjects

The subjects consisted of 100 inpatients who under-
went thorough upper gastrointestinal endoscopy at
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Wakayama Medical University Kihoku Hospital from
May 2001 to January 2002 (56 men, 44 women; mean
age: 60.8 years). Of these, 21 subjects were examined
after they had completed H. pylori eradication therapy.
Those who had been prescribed proton pump inhibi-
tors, H2 blockers, antibiotics or non-steroidal anti-
inflammatory drugs prior to the examination were
excluded from the study. The endoscopic diagnoses
were 26 cases of non-ulcer dyspepsia, 39 cases of gastric
ulcer, 20 cases of duodenal ulcer, four cases of gastric
cancer, and 11 cases of gastric polyp. Informed consent
was obtained from all subjects.

Sample collection

The endoscopic examination was carried out using an
Olympus Videoscope (GIF-XQ230 or GIF-Q240X;
Olympus Optical, Tokyo, Japan). After the routine
examination, the gastric mucus sample for the IRUT
was collected with a brush (163R; Olympus Optical)
introduced into the stomach through the biopsy chan-
nel of the endoscope, The area in the greater curvature
from the antrum to the corpus was brushed. Three
biopsy specimens for culture, histology, and RUT were
obtained from each of the greater curvature in the
antrum and the upper corpus during the same endos-
copy session. Within 14 days before or after endoscopy,
tidal gas was collected for UBT as described
elsewhere.™°

Immunological rapid urease test

The solid-phase tips of the IRUT kit (HLS-2000;

Olympus Optical) were prepared as previously
described.'"!? After its removal from the endoscope, the
tip of the brush was placed in dilution buffer in a sample
tube and swished vigorously. After 15 min of immu-
noreaction with the sample solution at room tempera-
ture, the solid-phase tip coated with a monoclonal
antbody against H. pylori urease was introduced into
the pH-measuring cell. The change in pH (delta pH) in
the urea solution inside the tip after enzymatic reaction
for 55 s was measured by the ion-sensitive field-effect
transistors within the cell (Fig. 1).

Conventional methods of detecting
H. pylori infection

Culture, histology, RUT and UBT were used to detect
H. pvlori infection. For culture, two biopsy samples
were placed onto modified Brucella agar plates (B-
MRS82, Eiken Chernical, Tokyo, Japan) and incubated at
37°C for 3-5 days under microaerobic conditions. For
histology, two biopsy samples were fixed in formalin
and stained with Giemsa to detect H. pylori. The
remaining two biopsy samples were used for the RUT
(CLO, Ballard Medical Products, Draper, UT, USA),
and were incubated for 24 h at room temperature, The
UBT was performed by infrared spectrometer (UBI'T-

971
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Figure 1 Schematic illustration of immunological rapid ure-
ase test. Jon-sensitive field-effect transistor (ISFET) is a pH
sensor. The change in pH in the urea solution inside the tip
after enzymatic reaction was measured by the ISFET.

IR300, Otsuka Pharmaceutical, Tokyo, Japan).,'*!
Before the sampling of end tidal gas, the patients rinsed
their mouths with water. Breath samples were collected
before and 20 min after administration of 100 mL of
urea solution containing 100 mg of *C-labeled urea
(UBIT, Otsuka Pharmaceutical). The cut-off value of
the UBT was set at 2.5 per mL. Patients with at least
two positive test results from the four tests were consid-
ered as H. pylori positive. If only the culture was posi-
tive, the patient was also considered as infection-
positive. The patients were considered to be H. pvlori
negative when the results of any three of the four tests,
including culture, were negative.

Statistical analysis

The sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (INPV) were calcu-
lated by standard methods. Statistical analysis was per-
formed using the unpaired :-test, Pearson’s correlation
test, % test and Fisher’s exact test. Statistical signifi-
cance was indicated by P < 0.05.

RESULTS

In the present study, the cut-off value of the IRUT was
set at delta-pH = 0,010, corresponding to 0.2 mIU/mL
of H. pylori urease as. described in a previous report.”
According to the results of the conventional tests, there
were 47 H. pylori-positive and 53 H. pylori-negative
cases among the study subjects. The mean vatues of the
delta-pH of the IRUT for H. pylori-positive and -nega-
tive subjects were 0.246 and 0.003, respectively
(P < 0.001; Fig. 2). Of the 47 H. pylori-positive sub-
jects, 43 were positive, and of the 53 H. pylori-negative
subjects, 52 were negative by the IRUT, resulting in a
sensitivity of 91.5% and specificity of 98.1%. The PPV
and NPV for IRUT were 97.7% and 93.0%, respec-
tively. The estimated sensitivity, specificity, PPV and
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NPV of each of the conventional diagnostic methods
are shown in Table 1. Compared with these widely
accepted methods, the IRUT has high sensitivity and
specificity for the detection of H. pvlori and is a no less
efficient diagnostic test for the bacterium. The esti-
mated sensitivity and specificity of each of the five tests
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Figure 2 Distribution of delta-pH values using immunolog-
ical rapid urease test. (—), mean value for each group; (—),
cut-off value in the present study.
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in the cases before and after eradication are shown in
Table 2, .

There was a significant positive correlation between
the values of delta-pH of the IRUT and delta "COQ, of
the UBT (r = 0.39, P < 0.01, data not shown). Figure 3
shows the receiver operator characteristic (ROC) curve
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Figure 3 Receiver operating characteristic curve of the (H)
immunological rapid urease test and (A) urea breath test for
the diagnosis of Helicobacter pylori infection.

Table 1 Efficiency of various tests for the detection of Helicobacter pyvlori (all cases: n = 100)

Culture Histology RUT UBT IRUT
Sensttivity 89.41% 93.|6% * 72.1%’»"’1/0 * 95.7‘;& 9}.5%
Specificity lOO‘I% * BISI.::'% * 100% x 94.|3% N 9113.1%
Positive predictive value IOO‘I% * 881':0% * IOIO% 93.8% 97.7%
Negative predictive value 91.4% 94.0% 80.3% 90.4% 93.0%
RUT, rapid urease test; UBT, urea breath test; IRUT, immunoclogical RUT. *P < 0.05.
Table 2 Efficiency of various tests for the detectien of Helicobacter pylort before and after eradication
Culture Histology RUT UBT IRUT
Cases before eradication: n=79
Sensitivity 90.9% 93.2% * 72.7% -95.5% 90.9%
. L I ]
Specificity IOOIVL * 911”.4% x IO(J)% 94.3% IOIO%
Cases after eradication: n= 21
Sensitivity 66.7% 100% 66.7% 100% 100%
Specificity 100% 83.3% 100% 94.4% 94.4%

RUT, rapid urease test; UBT, urea breath test; IRUT, immunological RUT. *P < 0.05.
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of the IRUT and UBT, which revealed a considerable
overlap; but it clearly indicates that the diagnostic abil-
ity of the IRUT is at least comparable or even superior
to that of the UBT.

No significant adverse effects of the IRUT were
observed throughout the study.

DISCUSSION

There is general agreement that H. pylori infection is
closely associated with chronic gastritic conditions,
including intestinal metaplasia, peptic ulcer and gastric
cancer. Several methods for detecting H. pylors infection
have been developed and of them the IRUT is simple,
easy and aims to achieve more sensitive and rapid detec-
tion.!*!* It takes conventional RUT a relatively long
time (usually between 1 h and 24 h) to detect H. pylors
infecton, but an IRUT can detect it within 20 min. In
addition, the sensitivity of IRUT is significantly higher
than RUT, and the specificity is significantly higher than
histology (Table 1); in the present study, the sensitivity,
specificity, PPV and NPV for the IRUT were 91.5%,
98.1, 97.7% and 93.0%, respectively, whereas the RUT
had a sensitivity of 72.3%, which is relatively low com-
pared with previous reports (88-95%). Our results may
be related to the patchy distribution of H. pylor? in the
stomach or to the inclusion of a considerable number of
subjects who either had undergone eradication therapy
(21%) or who were aged (mean age, 60.8 years). The
sensitivity and specificity of the IRUT used in the
present study were comparable to those for UBT, which
is based on non-specific urease activity, regardless of the

bacterial species. In both tests the enzyme activity of .

urease is measured after biochemical reaction, so it is
quite reasonable that there was good correlation
between the results of the two tests. However, the UBT
detects all urease activity, whereas the IRUT specifically
detects H. pylori-derived urease. The ROC analysis
revealed that the two curves overlap considerably and
that the two tests are almost equally reliable. Further-
more, the IRUT is less expensive than the UBT (¥600
vs ¥3357 for reagent and ¥980 000 vs¥1870 000 for
apparatus, respectively) and the results can be obtained
more rapidly. The UBT has been widely used as a test
after H. pylori eradicdtion therapy to judge whether the
therapy has been successful,!'® and the high sensitivity
and specificity of the TRUT indicates that it would also
be useful for this task (Table 2). The observed high sen-
sitivity of the IRUT is probably related to the method of
collecting the sample and the high specificity is based on
the use of monoclonal antibody against H. pylori. A
major factor in a false-negative diagnosis of H, pylor?
infection is the patchy distribution of both the bacteria
and intestinal metaplasia within the gastric mucosa,!™"*
and it is now considered reasonable to analyze gastric
mucus rather than a mucosal biopsy specimen.'® We
have confirmed that when broad gastric brushings are
used to collect the mucus sample, a larger area of the
gastric surface can be sampled, giving greater reliability
even with a small sample size, which ultimately leads to
sensitivity comparable to those by histology or UBT,
described here.

973

In conclusion, the IRUT enables sensitive, specific
and very rapid (within 20 min) detection of H. pylori
infection.
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Abstract

Distuption of histamine H, receptor and gastrin receptor had different effects growth of gastric mucosa: hypertrophy and atrophy,
respectively. To clarify the roles of gastrin and histamine H, receptors in gastric mucosa, mice deficient in both {double-null mice) were
generated and analyzed. Double-null mice exhibited atrophy of gastric mucosae, marked hypergastrinemia and higher gastric pH than gastrin
receptor-null mice, which were unresponsive even to carbachol. Comparison of gastric mucesae from 10-week-old wild-type, histamine H,
receptor-null, gastrin receptor-null and double-null mice revealed unique roles of these receptors in gastric mucosal homeostasis. While small
parietal cells and increases in the number and mucin contents of mucous neck cells were secondary to impaired acid production, the histamine
H, receptor was responsible for chief ¢ell maturation in terms of pepsinogen expression and type I mucin. In double-null and gastrin
receptor-null mice, despite gastric mucosal atrophy, surface mucous cells were significantly increased, in contrast to gastrin-null mice. Thus,
it is conceivable that gastrin-gene product(s) other than gastrin-17, in the stimulated state, may exert proliferative actions on surface mucous
cells independently of the histamine H, receptor. These findings provide evidence that different G-protein coupled-receptors affect
differentiation into different cell lincages derived from commeon stem cells in gastric mucosa.
© 2004 Elsevier B.V. All rights reserved.

Keywords: G protein; Histamine H,; Double-null, mouse

1. Introduction Nagata et<al, 1996; Tanaka et al., 2002). Of these gene

products, histamine Hj, gastrin, and muscarine Mj receptors

Recently, gene-targeting techniques have made it possible
to generate mice deficient in a number of genes involved in
gastric acid secretion (Friis-Hansen et al., 1998; Fukushima
et al, 2003; Kobayashi et al, 2000; Koh et al,, 1997;
Langhans et al., 1997; Lloyd et al., 1997; Matsui et al., 2000;

* Corresponding author. Tel.: +81 3 3815 5411x33133; fax: +81 3
5803 1874,
E-mail address: fksm@mth biglobe.ne jp (Y. Fukushima).

0014-2999/% - see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.¢jphar.2004.09.013

are direct targets of secretagogues and are involved in acid
production in parietal cells. Targeted disruption of the
histamine H, receptor caused hypertrophy of gastric mucosa
due to marked hyperplasia of parietal, mucous neck and
enterochromaffin-like (ECL) cells (Fukushima et al_, 2003).
Despite prominent hypergastrinemia, surface mucous cells
were not as incrcased in number as downward migrating cells
in histamine H, receptor-null mice (Fukushima et al., 2003).
In contrast, gastrin receptor-null mice exhibited remarkable
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gastric mucosae atrophy accompanied by decreases in
parietal and ECL cell numbers (Nagata et al, 1996).
Although differences in pH values between wild-type mice
and histamine H, receptor-null mice were minimal (Fukush-
ima et al., 2003; Kobayashi et al., 2000), gastrin-dependent
acid production was impaired in histamine Hj receptor-null
mice. In gastrin receptor-null mice, basal acid productions
were lower than those in wild-type mice (Langhans et al.,
1997; Nagata et al., 1996). In this study, to further clarify the
distinct roles of histamine H, receptor and gastrin receptor
in gastric mucosa, mice deficient in both the histamine H,
and the gastrin receptors (double-null mice) were generated.
We also analyzed gastric mucosa from aged histamine H,
receptor-null mice and aged double-null mice. Herein, we
present evidence that these different G-protein coupled-
receptors mediate differentiation into different cell lineages
derived from common stem cells in gastric mucosa.

2. Materials and methods
2.1, Mice

All animal experimental procedures were reviewed and
approved by the Institutional Animal Care and Research
Advisory Committee of the University of Tokyo. Mice
deficient in histamine H, receptors were generated as
described previously (Fukushima et al, 2003; Shindo et
al,, 2002).

2.2. Generation of mice deficient in both the histamine H,
receptor and the gastrin receptor (double-null mice)

Histamine H, receptor-null mice and gastrin receptor-null
mice with the genetic background of the 129/SvxC57BL/6
hybrid were used (Fukushima et al., 2003; Nagata et al.,
1996). Offspring obtained by crossing histamine H, receptor-
null and gastrin receptor-null mice were confirmed to be
heterozygous for both the histamine H, receptor and the
gastrin rcceptor. These mice were then crossed and the
offspring thus obtained were genotyped with PCR. and/or
Southern blot analysis using genomic DNA prepared from
tail biopsies. Of these offspring, wild-type, histamine H,
receptor-null, gastrin receptor-null and double-null mice
were used for the following studies. Double-null mice
appeared normal, were healthy into adulthood and both sexes
were fertile.

2.3. Generation of polyclonal antibody against murine
pepsinogen C

Polyclonal antibody against murine pepsinogen C was
generated by a previously described method (Fukushima et
al., 1993). The 100 carboxyl-terminal amino acids of
murine pepsinogen C were fused to Glutathione S-trans-
ferase, which was used to immunize female New Zealand

white rabbits. Serum collected from the immunized rabbits
was passed through Affigel-10 beads, which had been
cross-linked to Glutathione S-transferase. The flow-through
was collected and passed through Afvfigel-10 beads, which
had been cross-linked to the fusion protein. Antibody
adsorbed to the beads was collected. This polyclonal
antibody specifically recognizes chief cells in mouse
oxyntic mucosa.

2.4. Histological analysis

Gastric specimens were fixed in 3% phosphate-buffered
paraformaldehyde (pH 7.4), embedded in paraffin, and cut
into 3 um sections. The sections were stained with periodic
acid-Schiff (PAS), hematoxylin and eosin, and examined
under a light microscope. Paraffin-embedded gastric tissue
sections were dewaxed and rehydrated with graded concen-
trations of ethanol. After trcatment with 2% H,0,/phosphate
buffered saline for 1¢ min, tissue sections were incubated

- with anti-pepsinogen C antibody, anti-histidine decarbox-

ylase (HDC) polyclonal antibody, anti-H®"/K)-ATPase
monoclonal antibody (Fukushima et al., 1999), anti-type I
mucin monoclonal antibody HIK1087 (Kanto-Kagaku,
Japan) or normal rabbit or mouse immunoglobulin G (IgG)
overnight at 4 °C. The sections were rinsed and then
incubated for 30 min with biotinylated anti-rabbit or mouse
IgG (1:400dilution). The tissue sections were then rinsed and
incubated for 30 min with peroxidase-labeled streptavidin
(1:70 dilution). The slides were rinsed again in phosphate
buffered saline and reacted with diaminobenzidine for 5 min
at room temperature. Finally, the sections were rinsed and
counterstained with hematoxylin.

2.5. Incorporation of the thymidine analog bromodeoxyur-
idine (BrdU)

BrdU (80 mg/kg BW(body weight)) was injected intra-
peritoneally into mice 2 h before sacrifice. Gastric tissues
were removed and fixed in 3% phosphate-buffered paraf-
ormaldehyde. Immunohistochemistry with anti-BrdU mono-
clonal antibody was performed using paraffin-embedded
sections from these samples.

2.6. Measurement of gastric pH

Wild-type and histamine H, receptor-null mice were
fasted overnight with free access to water. At 1.5 h after
subcutancous injection of vehicle (0.5% methylcellulose),
10 mg/kg BW of famotidine, 10 mg/kg BW of pirenzepine
dihydrochloride (a muscarine M, receptor antagonist) or 10
mg/kg BW of (R)-1-[2,3-dihydro-1-(2' -methylphenacyl)-2-
oxo-5-phenyl-1H-1,4-benzodiazepin-3-yl]-3-(3-methylphe-
nylurea (YMO022), a gastrin receptor antagonist, the mice
were sacrificed and their stomachs were immediately
excised. Gastric pH was measured using an ultra-thin pH
monitor (Horiba, Japan).
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2.7. Measurement of secretagogue.induced acid secretion

Mice were maintained on anesthesia in chambers infused
with oxygen gas saturated with diethylether. The stomach and
duodenum were exposed via an epigastric midline incision, A
tube inserted from the duodenum was placed in the gastric
lumen. Stomachs were washed with 1 ml of prewarmed
physiclogic saline three times. After extraction of the tube
and ligation of the pylorus, physiologic saline or secreta-
gogue solution was administered peritoneally. A total of 10
mg/kg BW of histamine dihydrochloride, 0.05 mg/kg BW of
carbachol or 0.1 mg/kg BW of gastrin-17 were administered,
i.c. 2.5 mi/kg BW of physiologic saline as a control, histamine
dihydrochloride solution (4 mg/ml), carbachol solution (0.02
mg/ml) or gastrin-17 solution (0.04 mg/ml). Thirty minutes
after administration, the mice were sacrificed and their
stomachs were excised. Gastric juice was collected with 1.5
ml of physiologic saline. Secreted gastric acid was measured
by titrating the collected gastric juice to pH 7.0.

2.8. Statistical arzabisis;

Quantitative values were expressed as means+S.E.
Statistical significance was tested using the unpaired £-test
(two tailed). A value of P<0.05 was considered significant.
3. Results
3.1. Comparison of gastric mucosae and serum gastrin
levels of 10-week-old histamine H, receptor-null, gastrin

receptor-null, double-null and wild-type mice

Stomachs from 10-weck-old double-null mice weighed
significantly less than those of 10-week-old wild-type mice

Double-nuil

Wild-type

Fig. 1. Macroscopic views of stomachs from 10-week-old wild-type and
double-null mice, The excised stomachs were opened along the greater
curvature.

gastrin
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Fig. 2. Serum gastrin levels in wild-type, histatnine Hy receptor-null, gastrin
receptor-null and double-null mice. Serum gastrin levels were measured in
fasting (open bars) and fed states (hatched bars) in 10- to I2-week-old wild-
type, histamine Hy receptor-null (FI2R-null), gastrin receptor-null (GR-null)
and double-null mice. Data are presented as means+S.E, (n=15).
*P<0.0001 between fasting and fed states.

{double-null 60.0%0.6 g/kg BW, wild-type 79.0+1.0 g/kg
BW, P<0.0001). Macroscopically, oxyntic mucosae from
double-null mice were more atrophic than those from wild-
type mice (Fig. 1). Serum gastrin levels in double-null mice
were significantly higher than those in wild-type mice,
while being comparable to and lower than those in gastrin
receptor-null mice and histamine H; receptor-null mice,
respectively (Fig. 2). In addition, except in. wild-type mice
scrum gastrin levels were not elevated by feeding (Fig. 2).

To explore the effects of disrupting gastrin receptor and
histamine H, receptor genes, we examined oxyntic mucosae
from the four types of mice at 10 weeks of age, PAS staining
of gastric mucosa from 10-week-old double-null mice
showed no hypertrophy of oxyntic mucosae in double-null
mice (Fig. 3D).

In histamine H, receptor-null mice, oxyntic mucosal
hypertrophy was attributable to hyperplasia of ECL, parietal
and mucous neck cells, and parietal cells were small (Table 1).
In some portions of oxyntic mucosae from histamine H,
receptor-null mice, peculiar mucous neck cells full of mucin
protruded into the gastric gland lumen. Despite marked
hypergastrinemia surface mucous cells were not as increased
in number as the downward migrating cells, resulting in a
decreased percentage of surface mucous cells per gland in
histamine Hj receptor-null mice. Thesé findings confirm our
previous report on histamine H, receptor-null mice (Table 1,
Fig. 3B) (Fukushima et al., 2003), However, on closer
examination, we found the number of surface mucous cells to
be significantly increased as compared to wild-type mice
(Table 1).

In gastrin receptor-null mice, numbers of downward
migrating cells were decreased as previously reported
(P<0.001, vs. wild-type mice) (Table 1) (Nagata et al,
1996). Interestingly, surface mucous cell cells were increased
in number as compared with wild-type mice (26.7+1.6
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Fig. 3. Oxyntic mucosa from 10-week-old wild-type, histamine H; receptor-null, gastrin receptor-null and double-nutl mice. Sections of oxyntic mucosa from
wild-type (A, G), histamine H; receptor-null (B, H), gastrin receptor-null {C, E, I) and double-null (D, F, J) mice were subjected to PAS staining (A, B, C, D, E,
F) or BrdU labeling (G, H, 1, J). Scale bars, 200 pm (A, B, C, D), 50 um (E, ), 500 um (G, H, L J).

arbitrary units per gland vs. 20.3+0.5 arbitrary units per
gland, P<0.001) (Table 1, Fig. 3C}. Thus, although numbers
of downward migrating cells were decreased, the total
number of cells per gland did not differ significantly between
gastrin receptor-null and wild-type mice (Table 1). In
addition, an increase in the number of BrdU positive cells
per gland was observed in gastrin receptor-null mice {gastrin
receptor-null, 2.76+0.14 arbitrary units per gland, wild-type,
0.95%0.09 arbitrary units per gland, P<0.001) (Table 1, Fig.
3I). Just as in histamine H; receptor-null mice, some portions
of the oxyntic mucosa, especially at the greater curvature and
near the antrumn, contained mucous neck cells full of mucins
(Fig. 3E). Small parietal cells were obscrved in gastrin
receptor-null mice as well (gastrin receptor-null mice,

5.37£0.10 arbitrary units per cell, wild-type mice,
8.86+0.17 arbitrary units per cell, P<0.001) (Table 1). In
double-null mice, numbers of ECL cells, and parietal cells as
well as the total number of downward migrating cells, were
decreased (Table 1). As in gastrin receptor-null mice, the
number of surface mucous cells was increased as compared
with those from wild-type mice (25.30.8 arbitrary units per
gland vs. 20.320.5 arbitrary units per gland, P<(.001) (Table
1, Fig. 3D). BrdU positive cells per gland were increased in
number in double-null mice (double-null, 1.75+0.13 arbi-
trary units per gland, wild-type, 0.95+0.09 arbitrary units per
gland, P<0.001) (Table 1, Fig. 3J). Total number of cells per
gland did not differ significantly between wild-type and
double-null mice (Table 1). Mucous neck cells with
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Table 1 .
Quantitative analyses of gastric glands from 10-week-old wild-type, histamine H, receptor-null, gastrin receptor-null and double-nult mice
Total cell number Surface mucous Gland cell Parietal cell ECL cell Brdl positive
cell number number Mumber Size number cell number
Wild-type 63.7+07 20.3£0.5 434407 203204 8.86+0.17 1.44£013 0.95£009
Histamine H; receptor-null 114.2+3.6" 26.7+1.6* 87.5+29" 38.6+£1.3° 4.79+0.11" 7.611£032° 2.01+0.11°
Qastrin receptor-null 61.5%1.2 26.7+0.7* 34.8+0.9% 13.8+0.2° 5.37+0.10* 0.53+0,08* 276+0.14%
Double-null 61.1+1.1 253+0.8" 35.8+0.8" 14.2+04" 5.014+0.09* 081+ 0.07° 1.75+0.13®

Numbers of cells were counted in gastric glands sectioned centrally and in a manner parallel to their longitudinal axes, then expressed as arbitrary units per
gland, Parietal cell size was determined by measuring the longitudinal cross sectional area of partetal cells from these gastric glands and expressed as arbitrary
units per cell. One hundred glands from 10 mice (10 glands per mouse) were used for each type of mouse. Data are expressed as arbitrary units per gland or
parietal cell since the data obtained are proportional but not equivalent to the actual cell numbers or parietal cell mass.

* P<0.0001 vs. wild-type mice.

characteristics similar to those in histamine H, receptor-null
mice and gastrin receptor-null mice were seen in similar
portions of the gastric mucosa (Fig. 3F). Small parietal cells
were also observed in double-null mice (double-null mice,
5.01+0.09 arbitrary units per cell, wild-type mice,
8.86+0.17 arbitrary units per cell, P<0.001) (Table 1).

3.2. Comparison of chief cell lineage in gastric mucosae
from 10-week-old wild-type, histamine H, receptor-null,
gastrin receptor-null and double-null mice

Next, to explore the effects of histamine H, receptor and
gastrin receptors on maturation of the chief cell lincage,
expressions of pepsinogen and type II mucin were
examined in gastric glands in each type of mouse. Fig. 4
is a schematic representation of a gastric gland. Fig. 5 shows
that type I mucin positive cells were increased in number
in histamine H, receptor-null, gastrin receptor-null and
double-null mice as compared with wild-type mice. In
addition, type III mucin positive cells, although present in

Gastric lumen

N

Pit

[sthmus

Neck

Base

Fig. 4. Schematic drawing of a gastric gland.

the base regions of gastric glands from histamine H,
teceptor and double-null mice (Fig. 5J,L), were very scarce
at the bases of gastric glands from wild-type and gastrin
receptor-null mice (Fig, SLK). In wild-type mice, numbers
of pepsinogen positive cells in gastric glands gradually
increased from the isthmus to the base and pepsinogen
expression per cell had already peaked in the neck region
(Fig. 5A). In gastrin receptor-null mice, pepsinogen
expression in gastric glands was maximal only at the base
{Fig. 5C). 1t is noteworthy that mature chief cells, without
type Il mucin and with abundant pepsinogen, were present
at the base region of gastric glands from gastrin receptor-
null mice (Fig. 5C,G). In contrast, gland cells with abundant
pepsinogen expression and without type HI mucin were not
present in histamine H; receptor-null mice and double-null
mice (Fig. 5B,D,F,H). In addition to the low pepsinogen
expression, pepsinogen levels per cell did not increase from
the isthmus to the base in histamine H, receptor-null and
double-null mice (Fig. 5B,D).

3.3. Gastric pH and gastric acid productions in 10-week-old
wild-type, histamine H, receptor-null, gastrin receptor-null
and double-null mice

First, in vivo acid productions in response to secreta-
gogues were measured. Histaming H, receptor-null mice
were responsive to carbachol, but not to histamine or
gastrin-17 (Fukushima et al., 2003). Secretagogue-induced
acid secretion (10 mg/kg BW of histamine, 0.05 mg/kg
BW of carbachol) was not observed in either gastrin
receptor-nufl nor double-null mice (data not shown).
Gastric pH values in doublé-null mice were the highest
among the four types of mice (Fig. 6). Those in gastrfin
receptor-null mice were higher than those in wild-type or
histamine H, receptor-null mice and lower than those in
double-null mice. Treatment of gastrin receptor-null mice
with famotidine (10 mg/kg BW) or pirenzepine (10 mg/kg
BW) raised gastric pH values, indicating that histaminergic
and muscarine pathways, although severely impaired, are
functional in gastrin receptor-null mice. Because fasting
gastric pH values in double-null mice were too high to
assess the inhibitory effects of pirenzepine, the effect of
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Fig. 5. Expressions of pepsinogen and type IT mucin in oxyntic mucosa from 10-week-old wild-type, histamine H; receptor-null, gastrin receptor-null and
double-null mice: Sections of oxyntic mucosa from wild-type (A, E, I), histamine H, receptor-oull (B, F, ), gastrin receptor-null {C, G, K) and double-null (D,
H, L) mice were stained with anti-pepsinogen antibody (A, B, C, D) and anti-type Il mucin antibody (, F, G, H, L J, K, L).InI, J, K, L, type Il mucin-
positive cells are marked with asteticks. Scale bars, 200 um (A, B, C, D, E,F, G, H), 50 um (I, J, K, L).

carbachol at | mg/kg BW, a dose which is too high to be 3.4. Long term follow-up of histamine H; receptor-null mice

tolerated in measuring in vivo acid production, was and double-null mice
examined in double-null mice. Fig. 6 shows that while
gastrin receptor-nufl mice were responsive to both hista- At 6 months, while there were no changes in gastric
mine and carbachol, double-null mice were unresponsive mucosa from wild-type mice, further elongation of gastric
to both. glands was observed in histamine H, receptor-null mice
A . . B
pH [ * | * ., l pH l_*f_l
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Fig. 6. Gastric pH in wild-type, histamine H2 receptor-null, gasirin receptor-null and double-null mice. Wild-type, histamine H, receptor-null (H2R-null),
gastrin receplor-null (GR-null) and double-null (10 to 12 weeks old) mice were fasted ovemight with free access to water. (A) At 1.5 h afler subcutaneous
injection of 0.5% methylcellulose as a vehicle (V) (n=20}, 10 mg/kg BW of famotidine (F) (s=20), 10 mg/kg BW of pirenzepine (P) {n=20) or 10 my/kg BW of
YMO22 (Y} (=20), the mice were killed and their stomachs immediately excised. Gastric pH was measured using an ultra-thin pH monitor. (B) At 15 min after
subcutaneous injection of vehicle (V) (n=20), 10 mg/kg BW of histamine (H) (=20} or 1 mg/kg BW of carbachol (C) (n=20), the mice were killed and their
stomachs immediately excised. Gastric pH was measured using an ultra-thin pH monitor. Data are presented as means+$.E. *P<0.001 vs. respective values.
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Table 2
Stomach weight and gastric pH in aged wild-type and aged histamine H,
receptor-null mice

Stomach weight (g}  Fasting gastric pH
Wild-type 0.16+0.02 1.6140.13
Histamine Hj receptornull  0.38+0.02° 2,1420,13°

Stomach weight and fasting gastric pH were measured in 12-month-old
wild-type and histamine H, receptor-null mice. Data are expressed as
means+S E. (n=10, each group).

* P<0.0001 vs. wild-type mice.

b P=0.0134 vs. wild-type mice.

(data not shown). However, the structure of gastric oxyntic
mucosa from 6-month-old histamine H, receptor-null mice
was very similar to that of mucosa from 10-week-old
histamine H; receptor-null mice, except for the presence of
cysts near the basal region. In 12-month-old histamine H,
receptor-null mice, in addition to the marked increase in
stomach weight (Table 2), oxyntic mucosal structures
appeared to differ strikingly from those of wild-type and
younger histamine H, receptor-null mice (Fig. 7B). Oxy-
ntic mucosa from aged histamine H; receptor-mull mice
was full of cystic structures (Fig. 7B). Most gastric glands
were dilated and, in addition, interstitial tissues between
cysts were markedly increased (Fig. 7D), which is in sharp
contrast to the findings in gastric mucosa from aged wild-
type mice (Fig. 7C). Some cells lining the cysts were
positive for H'/K)-ATPase, pepsinogen and HDC (Fig.
7E,E,(3), indicating that the cysts were derived from dilated
gastric glands. However, small portions of oxyntic mucosa
remained mostly unaltered (Fig. 7H), suggesting that the
program for formation of normal gastric glands is
preserved in gastric mucosal stem cells. Gastric pH values
in aped histamine H, receptor-null mice were essentially
preserved (Table 2). Similar features were observed in
gastric mucosae from 24-month-old histamine H, receptor-
null mice (data not shown). Unlike histamine H, receptor-
null mice, there were no significant differences in oxyntic
mucosae between 10-week-old and 12-month-old double
null mice (data not shown).

4. Discussion

Oxyntic mucosal atrophy in double-null mice confirms
the oxyntic mucosal hypertrophy observed in histamine H,
receptor-null mice to be due to stimuli delivered via gastrin
receptors. In double-null and gastrin receptor-null mice,
numbers of gland cells as a whole (downward migrating
cells) were decreased. However, despite gastric mucosal
atrophy surface mucous cell number was moderately but
significantly increased in gastrin receptor-null and double-
null mice as compared with wild-type mice (Table 1}.
Turnover of surface mucous cells is far faster than that of
downward migrating cells (Karam and Leblond, 1992,
1993a,b,c,d, 1995). Thus, it is likely that most of the

increases in BrdU labeling in oxyntic mucosae in gastrin
receptor-null and double-null mice are attributable to
increased growth and differentiation into surface mucous
cells. In the case of gastrin-null mice, the percentage of
BrdU positive cells in oxyntic mucosa was not different
from that in wild-type mice and there was a marked decrease
in the surface mucous cells in gastrin-null mice as compared
with wild-type mice (Koh et al, 1997). Thus, gastric
mucosae from gastrin receptor-null and double-nul! mice
and those from gastrin-null mice are different in terms of
number of surface mucous cells. Post-translational modifi-
cation of preprogastrin yields progastrin and glycine-
extended gastrin as well as gastrin-17 (Dockray et al.,
2001). In G-cells, gastric mucosal processing of preprogas-
trin yields gastrin and glycine-extended gastrin (Dockray et
al., 2001). Glycine-extended gastrin reportedly has very low
affinity for the gastrin receptor and has been suggested to
interact with a2 novel receptor, which remains to be identified
(Dockray et al., 2001), Thus, scrum and oxyntic mucosal
levels of glycine-extended gastrin may well be elevated, like
those of gastrin-17, in gastrin receptor-null and double-null
mice. In a study using gastrin-null mice, infusion of gastrin-
17 and glycinc-extended gastrin had distinct effects on
gastric acid secretion, via different signal transduction
pathways {Chen et al., 2000; Hollande et al., 2001; Stepan
et al., 1999). Thus, the absence of glycine-extended gastrin
effects in gastrin-null mice and pessible hyperstimulation of
the glycine-extended gastrin receptor in gastrin receptor-null
mice might account for the difference in surface mucus cells
in these mice. The finding of similar surface mucous cell
increases in double-null mice indicates that a glycine-
extended gastrin-dependent increase in surface mucous cells
in the absence of gastrin receptors is not dependent on the
histamine H; receptor. We speculate that a similar increase
in surface mucous cell number in histamine H, receptor-null
mice was caused by such a glycine-extended gastrin effect.
Taken together, our results show gastrin and glycine
extended-gastrin to have distinct roles in the growth of
gastric mucosa.

We previously reported that maturation of the chief cell
lincage was impaired in gastric mucosa from histamine H,
receptor-nufl mice (Fukushima et al., 2003). In this report,
mature chief cells, which we define as being positive for
pepsinogén and negative for type I mucin, were present
gastrin receptor-mull mouse.” In contrast, in histamine H,
receptor-null mice and double-null mice expression levels of
pepsinogen per cell are very low and mature chief cells were
very scarce. Considering the marked difference in pH values
in histamine H, receptor-null mice and double-null mice
(Fig. 6), the difference in chief cells in these mice is not
attributable to low acidity but rather to disruption of the
histamine H, receptor itself. Genetic ablation of parietal
cells with H/K™-ATPase promoter resnlted in loss of
mature chief cells, which can be taken as evidence that
parietal cells are involved in chief cell maturation (Canfield
et al., 1996; Li et al., 1996). However, it has been suggested
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Wild-type

HistamineH, E
receptor-null

Fig. 7. Oxyntic mucosa from 12-month-old wild-type and histamine H, receptor-null mice. A, B, C, D, E, F, G and H Sections of oxyntic raucosa from
histamnine H; receptor-null mice (B, D, E, F, G, H) and wild-type (A, C) mice were stained with hematoxylin and eosin (A, B, C, D) and with anti-HKM.
ATPase antibody (E), anti-pepsinogen antibody (F) or with anti-HDC antibody (G) and PAS (H). Arrows indicate interstitial cells, Scale bars, 1000 um (A, B);
100 pm (E, F, G); 50 pm (C, D, H). (I) Macroscopic views of stomachs from wild-type and histamine H, receptor-null mice, The excised stomachs from 12-

month-old mice were opened along the preater curvature,

that chief cell precursor cells express H/K™-ATPase
(Mutoh et al., 2002). Thus, it is likely that ablation of chief’
cell precursors rather than ablation of parietal cells resulted
in the loss of chief cells observed in the stady (Canfield et
al.,, 1996; Li et al., 1996). In contrast, our pepsinogen and
type III mucin findings show that the histamine H;, receptor
per se is involved in production and/or secretion of
pepsinogen in chief cells. Thus, the histamine H, receptor

is indispensable for chief cell maturation at least in terms of
pepsinogen secretion,

Even in double-null mice, with severely impaired acid
production, parietal cells and H*/K™-ATPase were present
(Table 1}. In addition, electron microscopic analysis of
parictal cells from double-pull, gastrin receptor-null and
histamine H, receptor-null mice revealed no essential
ultrastructural differences as compared to wild-type mice
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(data not shown). Thus, there is no apparent structural
alteration in gastric acid secretion mechanisms in double-
null mice. However, gastric pH values were higher than in
doublc-null mice than in the other three kinds of mice
studied and were unresponsive even to carbachol. In
histamine H, receptor-null mice, carbachol-induced acid
production was mostly preserved (Fukushima et al., 2003;
Kobayashi et al., 2000). Thus, considering the loss of the in
vivo acid production response in gastrin receptor-null mice,
acid production via cholinergic stimuli is largely dependent
on the gastrin receptor. The finding that gastrin receptor
disruption in histamine H; reccptor-null mice, i.e. double-
null mice, resulted in marked elevation of gastric pH (Fig. 6)
reinforces the notion that gastrin receptors in parietal cells
function in gastric acid secretion (Fukushima et al., 2003).
In any case, it is noteworthy that disrupting histamine H,
and gastrin receptors resulted in loss of response to
secretagogues, even in terms of gastric pH, confirming the
pivotal roles of these receptors in gastric acid production
and secretion.

Recently, Ogawa et al. (2003) reported that findings in the
stomachs of aged histamine H, receptor-null mice were
compatible with Menetrier’s disease. Menetrier’s disease is
characterized by hyperplasia of oxyntic mucosa which is
attributable to hyperplasia of surface mucous cells and is
often accompanied by hypoplasia of gland cells and low
gastric acidity (Wolfsen etal., 1993; Yamada et al,, 1995). As
we previously reported, oxyntic mucosa from histamine H;
receptor-null mice is characterized by marked hyperplasia of
downward migrating cells, while hyperplasia of surface
mucous cells is negligible (Fukushima et al,, 2003). In 12-
month-old mice, marked gastric mucosal hypertrophy was
observed. However, as shown in Fig. 7, the extremely
hypertrophic gastric mucosa consists of markedly elongated
glands, cysts which originated from dilated gastric glands and
increcased interstitial tissues. The contribution of surface
mucous cells is minimal. Thus, we consider it difficult to
conclude that the gastric mucosal findings of aged histamine
H2 receptor-null mice are compatible with Menetrier’s
discase,

Rather, histological findings in aged histamine H,
receptor-null mice can be fully explained by the findings in
their 10-week-old counterparts. Oxyntic mucosal stem cells
reside in the upper one-third of the mucosa away from the
basal region and differentiate, growing upward or downward
(Karam and Leblond, 1993a), In histamine H; receptor-null
mice, marked hyperplasia of downward migrating cells
results in unlimited movement of stem cells away from the
basal region of the gastric mucosa (Fukushima et al,, 2003).
In addition, in the mid-portion of gastric glands both the
number and mucous content of mucous neck cells are
increased, which can lead to increased viscosity of the gastric
Jjuice retained in the mid-portions of gastric glands. Thus, due
to this marked elongation of gastric glands together with the
increased viscosity of pastric juice, gastric glands in
histamine H, receptor-null mice would presumably be

susceptible to occlusion. Once occlusion occurs, secretions
from pland cells, even if impaired, promote the formation of
cysts. Since gastric pH values per se are essentially preserved
in histamine H; receptor-null mice (Fukushima et al., 2003;
Kobayashi et al., 2000), leakage of contents and cystic
rupture are expected to induce inflammation and an increase
in interstitial tissues. Therefore, although the phenotype of
stomachs from aged histamine H, receptor-null mice appears
to be quite unusual, there is no essential difference between
gastric mucosae from young and aged histamine H, receptor-
null mice.

In conclusion, we have used double-null mice to show
that (1) gastrin and histamine H; receptors are both essential
in gastric acid production and secretion, (2) the histamine
H receptor plays a pivotal role in chief cell maturation, (3)
gastrin gene products other than gastrin-17, such as glycine-
extended gastrin, might be involved in surface mucous celi
proliferation and (4) hypertrophy of gastric mucosa from
histamine H, receptor-null mice is due to hyperstimulation
of gastrin receptors via marked hypergastrinemia. Since
gastric oxyntic mucosa is quite unique in that different cell
types interact with each other both structurally and func-

‘tionally, our murine models arc potentially valuable for

further analyzing differentiation of gastric mucosa and
gastric acid secretion mechanisms.
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O EDITORIAL O

Seronegative Alpha-Fetdprotein-Producing Gastric Cancer:
An Early Form of Aggressive Cancer

Key words: Alpha-fetoprotein, gastric cancer, metastasis,
endoscopic mucosal resection

Alpha-fetoprotein (AFP)-producing gastric cancer (AFP-
GC) represents an unusual form of aggressive adenocarci-
noma, and comprises 2-9% of cancers derived from stomach
epithelia. AFP-GC displays a complex histological pheno-
type, and hepatoid or enteroblastic differentiation may occur,
although this is by no means obligatory (1, 2). Lectin column
analyses of AFP synthesized by such tumors has revealed
that AFP-GCs are not always derived from hepatoid differ-
entiation of the foregut; rather, these gastric carcinomas
might be categorized as medullary tumors producing gastro-
intestinal tract-specific AFP. The cadherin family is deeply
involved in establishment of the histological structure of
cells derived from epithelia (3). In gastric cancer cells, B-
cadherin is predominantly expressed. However, in a certain
population of AFP-GCs, expression of E-cadherin is absent,
replaced by the expression of N-cadherin. This finding is in
good accord with the phenotypic diversity of AFP-GC,
which may reflect the origin of the cancer as an aggressive
clone through genetic progression and/or divergence. Indeed,
loss-of-heterozygosity (LOH) analysis using microdissected
samples of AFP-GCs has revealed heterogeneous patterns of
LOH 4).

AFP-GC is characterized by frequent serosal invasion,
lymph node invasion and liver metastasis, and offers a very
poor prognosis compared with more common gastric cancers
(5). Differential diagnosis should seek to exclude metastasiz-
ing germ cell tumor. An immunohistochemical study has re-
vealed characteristics comprising high proliferative activity,
weak apoptosis, and rich neovascularization in this tumor
(6). The causal relationship between AFP production and
high malignant potential of AFP-GC remains unclear. A re-
cent study clearly indicated that rather than methylation of
the AFP promoter region, the absence of AT-motif binding
factor 1 (ATBF1), a repressive transcription factor for the
AFP gene, is responsible for the AFP-expressing phenotype,
and absence of ATBFI represents a distinct characteristic of
AFP-GC (7). However, whether or not the absence of
ATBF1 might also be important for the highly malignant na-
ture of the tumor is still unclear. One explanation for the
high malignant potential of AFP-GC may be aberrant expres-
sion of a growth factor and receptor system. Hepatocyte

Internal Medicine Vol. 43, No. 10 (October 2004)

growth factor (HGF) and its receptor, c-Met, are known to
mediate mitogenic and motogenic signals for epithelial cells
in various organs, including the stomach (8). HGF is a potent
growth factor on gastric epithelia, and may be involved in
the promotion of tumor progression. A higher frequency of
c-Met expression has been observed in AFP-GC than in
other types of gastric cancer (9). In addition, a higher expres-
sion of an isoform of vascular endothelial growth factor,
VEGF-C, and P-glycoprotein (P-gly) has also been reported
in AFP-GC (10, 11). VEGF-C is considered to be associated
with tumor progression through angiogenic or lymphangio-
genic function, while P-gly is thought to be responsible for
the phenotypic expression of multidrug resistance. These
factors, together with other as-yet-imidentiﬁed factors, are
probably involved in the high invasiveness and metastatic
potential of AFP-GC,

As mentioned above, tumors are often advanced and com-
plicated by liver metastases at the time of diagnosis. Surgical
resection of AFP-GC is thus often unsatisfactory; 75% of
cases are in stage ITl or IV disease when detected, and sur-
gery is non-curative in 48% of operated patients (12). The 5-
year survival rate and median survival period in all patients
is 22% and 14 months, respectively, compared to 42% and
29 months, respectively, in patients with curative gastrecto-
my (6). However, several case reports have indicated that
long-term survival can be achieved when patients with stage
I or Il tumor undergo curative gastrectomy. In the present
issue of Internal Medicine, Hirasaki et al report a case of
AFP-GC treated using endoscopic mucosal resection (EMR)
and additional surgery (13).

See also p 926.

This cage is quite important, in that no sign of lymph node
involvement was noted preoperatively on diagnostic imaging
including computed tomography, and treatment with EMR
appeared successful. However, histological analysis of the
resected specimen revealed submucosal and vascular inva-
sion. Additional surgery was thus performed and micro-
metastases of the resected lymph nodes were detected. Based
on histological findings in the resected region, namely the
presence of cells with a clear cytoplasm and hyperchromic
round nuclei, the authors considered the possibility of AFP-
GC, although serum AFP levels were not elevated.
Immunohistochemistry using anti-AFP antibody confirmed
this prediction, and seronegative AFP-GC was diagnosed.
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This case report underlines the importance of paying atten-
tion to this type of gastric cancer, which displays aggressive
behavior and clinical and biological features quite different
from typical gastric cancers. To centrol this highly invasive
gastric cancer, tactics for early detection and novel multi-
modal therapies are badly needed.

Kimihiko YANAOKA,‘MD, PhD,
Yasuhito SHMIZU, MD, PhD
and Masao ICHINOSE, MD, PhD
Second Department of Internal Medicine,
Wakayama Medical University,

811-1 Kimiidera, Wakayama 641-8509
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