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Abstract
AIM: The interaction of mucosal addressin cell adhesion
molecule 1 (MAdCAM-1) with integrin α4β7 mediates
lymphocyte recruitment into mucosa-associated lymphoid
tissue (MALT). Nodular gastritis is characterized by a unique
military pattern on endoscopy representing increased
numbers of lymphoid follicles with germinal center, strongly
associated with H pylori infection. The purpose of this study
was to address the implication of the MAdCAM-1/integrin
β7 pathway in NG.

METHODS: We studied 17 patients with NG and H pylori
infection and 19 H pylori-positive and 14 H pylori-negative
controls. A biopsy sample was taken from the antrum and
snap-frozen for immunohistochemical analysis of MAdCAM-
1 and integrin β7. In simultaneous viewing of serial sections,
the percentage of MAdCAM-1-positive to von Willebrand
factor-positive vessels was calculated. We also performed
immunostaining with anti-CD20, CD4, CD8 and CD68
antibodies to determine the lymphocyte subsets co-
expressing integrin β7.

RESULTS: Vascular endothelial MAdCAM-1 expression was
more enhanced in gastric mucosa with than without H pylori
infection. Of note, the percentages of MAdCAM-1-positive
vessels were significantly higher in the lamina propria of NG
patients than in H pylori-positive controls. Strong expression
of MAdCAM-1 was identified adjacent to lymphoid follicles
and dense lymphoid aggregates. Integrin β7-expressing
mononuclear cells, mainly composed of CD20 and CD4
lymphocytes, were associated with vessels lined with
MAdCAM-1-expressing endothelium.

CONCLUSION: Our results suggest that the MAdCAM-1/
integrin α4β7 homing system may participate in gastric
inflammation in response to H pylori-infection and
contributes to MALT formation, typically leading to the
development of NG.
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INTRODUCTION
Lymphocyte recruitment to inflammatory sites is regulated by
differential expression of cell surface homing receptors and
their interactions with relevant vascular adhesion molecules[1].
An immunoglobulin super family, single-chain 60-kDa
glycoprotein, mucosal addressin cell adhesion molecule 1
(MAdCAM-1) is selectively expressed on the endothelium of
high endothelial venules in gut-associated lymphoid tissues
and vascular endothelial cells in the lamina propria of the small
and large intestine[2]. Engagement of MAdCAM-1 to its
exclusive ligand, integrin α4β7, on lymphocytes represents a
tissue-specific homing mechanism for the intestine and gut-
associated lymphoid tissue[2].
        Helicobacter pylori causes one of the most common chronic
infections in humans[3]. Although H pylori is a noninvasive
pathogen[4], persistent infection causes chronic gastritis, which
predisposes the mucosa to peptic ulceration, and is thought to
be eventually linked to gastric cancer and primary gastric
lymphoma, especially the lymphoma of mucosa-associated
lymphoid tissue (MALT) type[5,6]. The histopathological
features of H pylori-associated gastritis include intense
infiltration of granulocytes and lymphocytes[7] and the
formation of organized lymphoid follicles[8]. In this regard,
nodular gastritis (NG), which is a unique military pattern
resembling “goose flesh” on endoscopy[9], is characterized by
increased numbers of lymphoid follicles with germinal
center[10], in close association with H pylori infection[9, 10].
Although NG frequently occurs in children, there are ample
evidences at present suggesting that NG is not so uncommon
in adults, especially in pre-menopausal women[9,10].
     Recently, Hatanaka et al[11] reported that expression of
vascular endothelial MAdCAM-1 was enhanced in murine
chronic gastritis induced by H pylori. Furthermore, Dogan
et al[12] demonstrated strong expression of MAdCAM-1 protein
on the vasculature in patients with H pylori-associated MALT
type lymphoma. However, little is known about the implication
of such adhesion molecules in the pathogenesis of NG. In this
study, we investigated MAdCAM-1 expression on vessel
endothelium in gastric mucosa of patients with NG by
immunohistochemistry, along with the interaction with integrin
α4β7. This could shed light on the mechanism of MALT
organization in gastric mucosa in response to H pylori infection.

MATERIALS AND METHODS

Subjects and samples
We studied 17 patients who underwent upper gastrointestinal
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endoscopy for dyspepsia and were diagnosed as having NG
between April 1999 and March 2002. They included 2 men
and 15 women, ranging 24 to 58 years old (mean, 43 years).
As a control, age- and sex- matched 33 subjects with non-
ulcer dyspepsia during the same period were recruited in the
study. They consisted of 19 H pylori-infected patients without
nodular gastritis (H pylori-positive controls) and 14 H pylori-
negative ones. None of the control subjects had been treated
with non-steroidal anti-inflammatory drugs, proton pump
inhibitors, antibiotics, or bismuth compounds during the 4-week
period prior to the present study. There were no differences in
baseline characteristics such as alcohol intake, current tobacco
use and body mass index among the three groups.
      At endoscopy, one biopsy specimen was obtained from
the antrum within 2 cm of the pyloric ring along the greater
curvature. The sample was snap-frozen in OCT compound
(Tissue-tek; Miles Inc., Elkhart, IN) in ethanol-dry ice bath
and stored at -80  until use.

Detection of Helicobacter pylori infection
H pylori status was assessed by serology (anti-H pylori
immunoglobulin G antibody, HEL-p TEST, AMRAD Co.,
Melbourne, Australia), rapid urease test (CLO test; Delta West
Co., Bentley, Australia) using additional biopsy specimens
obtained during endoscopy from the antrum within 2 cm of the
pyloric ring and the corpus along the greater curvature. Patients
were considered positive for H pylori infection when at least one
examination yielded positive results. On the other hand, patients
were defined as H pylori-negative if all test results were negative.

Immunohistochemical analysis
MAdCAM-1 protein expression on vascular endothelial cells
was studied in situ by immunohistochemistry with the
streptavidin-biotin-peroxidase-complex method (Histofine
SAB-PO kit, Nichirei Co., Tokyo), as described previously[13].
In brief, frozen tissues were cut into 4-µm thick sections and
placed on glass slides coated with 3-aminopropyltriethoxysilane
(Dako Co., Glostrup, Denmark). The following steps were
performed at room temperature unless otherwise specified.
Sections were fixed in 4 % paraformaldehyde (Merck Co.,
Darmstadt, Germany) in phosphate-buffered saline (PBS,
pH 7.4) for 20 minutes. After a brief washing in PBS,
endogenous peroxidase activity was inhibited for 30 min with
methanol containing 0.3 % H2O2. Sections were reacted for
20 min with 10 % normal rabbit serum (Nichirei Co.) to prevent
non-specific binding, and incubated with anti-MAdCAM-1
mouse monoclonal antibody (clone 1G2)[14] at a concentration
of 1:100 in PBS overnight at 4 . On the next day, the sections
were washed three times (10 min each) in PBS and incubated
for 20 min with 10 mg/ml biotinylated rabbit anti-mouse
immunoglobulins (Nichirei). After washed three times (10 min
each) in PBS, the sections were re-incubated for 20 min with
100 µg/ml HRP-conjugated streptavidin (Nichirei). After
washed three times (10 min each) in PBS, a color reaction was
performed with 0.05 M Tris-HCl (pH 7.6) containing 3, 3’-
diaminobendizine tetrahydrochloride (Dojin Chemical Co.,
Kumamoto, Japan) and H2O2. Sections were counterstained
with Mayer’s hematoxylin and then dehydrated, cleared and
mounted by standard procedures.
      In each serial section of the same tissue specimen, vessels
were immunostained with anti-von Willebrand factor
monoclonal antibody (Dako Co.) in the same fashion described
above, in order to assess quantitatively the difference in the
extent of expression of endothelial adhesion molecules, based
on the method reported by Hatz et al[15]. Briefly, two
independent observers who were blind to the diagnosis and
experimental results, counted the number of von Willebrand
factor-positive vessels and then the number of MAdCAM-l-

positive vessels on the section serial to that stained for von
Willebrand factor. Percentage of the ratio of MAdCAM-1-
positive to von Willebrand factor-positive vessels was
calculated. As a negative control, each non-specific isotype
antibody was used instead of the primary antibodies, or the
primary antibodies were omitted. When the interobserver
variability exceeded 10 %, the areas were simultaneously re-
evaluated by the two investigators to reach a consensus.
    Furthermore, immunoreactivity for integrin β7 on
inflammatory cells infiltrating the gastric mucosa was similarly
analyzed using a specific monoclonal antibody (Pharmingen Co.,
San Diego, CA) at a concentration of 1:10. On the section serial
to that stained for β7, we also performed immunohistochemistry
using anti-CD20, -CD4, -CD8 and -CD68 monoclonal
antibodies (purchased from Dako Co.).

Reverse transcriptase polymerase chain reaction (RT-PCR)
Total RNA from biopsy samples that were also collected from
the same location was extracted using a commercial kit
according to the instructions provided by the supplier
(ISOGEN, Nippon Gene Co., Toyama, Japan). Equivalent
amounts of RNA were monitored by absorption at 260 nm
and by monitoring the density of 28S and 18S RNA detected
after electrophoresis. After 1 µg of total RNA was reverse
transcribed to complementary DNA, the target sequence of
MAdCAM-1 was amplified in 35 cycles, each consisting of
1 min at 94  for denaturation, 1 min at 60  for annealing
and 1 min at 72  for extension, followed by a final extension
for 5 min at 72  with specific primers[16], using a RT-PCR
kit (Takara Shuzo Co., Otsu, Japan). Two primers designed to
nucleotide positions 978-999 (TGC GGT GCT GGG ACT
GCT GCT C, sense) and 1 344-1 364 (TCA GGG AGG GGC
TTC AGG TCA, antisense) of human MAdCAM-1 cDNA
sequence were used for amplification of a 387 bp product[16].
A 10 µl aliquot of each PCR product was analyzed by
electrophoresis on 2 % agarose gel containing ethidium
bromide, and the bands were examined under ultraviolet light
for the presence of amplified DNA. Glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) gene transcript was
routinely amplified as described previously[17] and used as an
internal control of the processed RNA for each preparation.
     All samples were obtained with informed consent in
accordance with the Helsinki Declaration.

Statistical analysis
Statistical analyses were performed using Fisher’s exact, χ2,
Student’s t, and Mann-Whitney U tests, whichever appropriate.
A P value less than 0.05 was accepted as statistically significant.
Data were expressed as mean ± standard deviation (SD).

RESULTS

Clinicopathological features of NG
All 17 patients with NG were H pylori-positive. Among the
17 patients, no less than 9 (52.9 %) had endoscopic evidence
of peptic ulcer (duodenal ulcer in 7 and gastric ulcer in 2). All
except one specimen from the NG patients showed lymphoid
follicle formation and/or dense lymphoid aggregates.

MAdCAM-1 expression on vessel endothelium
The MAdCAM-1antigen, recognized by the 1G2 antibody, was
seen on vascular endothelial cells in gastric mucosa. In H pylori-
negative group, MAdCAM-1 was rarely or occasionally
localized in vascular endothelial cells in the lamina propria
(Figure 1A). However, the relative endothelial area expressing
MAdCAM-1 increased in inflammatory settings induced by
H pylori infection (Figure 1B), particularly in association with



dense lymphocytic infiltration (Figure 1C). High endothelial
venule-like vessels adjacent to the lymphoid follicle were intensely
immunoreactive (Figure 1D). There was a significant difference
in the percentages of MAdCAM-l-positive vessels between H
pylori-positive and –negative controls (P<0.001, Figure 2). In
addition, the expression of vascular MAdCAM-1 was more
enhanced in patients with NG than that in H pylori-negative
controls (P<0.0001, Figure 2). Of note, MAdCAM-1-positive
vessels were more abundant in the antral mucosa of patients with
NG, compared with H pylori-positive controls (P<0.05, Figure
2). The percentages of MAdCAM-1-positive vessels detected by
the two observers were almost identical. When each non-specific
isotype serum was used or primary antibodies were omitted, the
specimens showed no immunoreactivity.

Figure 1  (A): H pylori-negative gastric mucosa showed little
immunoreactivity for mucosal addressin cell adhesion mol-
ecule 1 (MAdCAM-1). MAdCAM-1 was expressed on the en-
dothelium of numerous vessels within the lamina propria
with H pylori infection (B), particularly in association with
dense mononuclear infiltration (C). Strong endothelial expres-
sion of MAdCAM-1 was localized on high endothelial venule-
like vessels adjacent to the lymphoid follicles D.

Figure 2  MAdCAM-1 immunoreactivity on mucosal vascula-
ture of antral biopsy specimens from patients with nodular gas-
tritis and H pylori-positive and –negative controls. Results were
expressed as the percentage of von-Willebrand factor-positive
vessels immunoreactive for MAdCAM -1 in serial sections.

    Integrin β7 was expressed on increased number of
mononuclear cells in the lamina propria of patients with
H pylori infection, whereas there were few integrin β7-positive
cells in the mucosa of H pylori-negative controls. Analysis of
serial sections showed lymphocytes co-expressing anti-CD4
antibody and integrin β7 (Figure 3). Also, some CD20-positive
cells also expressed integrin β7. However, the integrin β7-
positive infiltrating cells showed little immunoreactivity for
CD8 and CD68. The vessels lined with endothelial cells
positive for MAdCAM-1 correlated well with the infiltration
of integrin β7-expressing lymphocytes (Figure 4).

Figure 3  In simultaneous viewing of serial sections, integrin β7-
expressing cells (A) consisted of CD-4-positive T lymphocytes (B).

Figure 4  Vessels lined with MAdCAM-1-positive endothelium
(A) were associated with infiltration of lymphocytes immu-
noreactive for integrin β7 (B).
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Expression of MAdCAM-1 gene in antral biopsy specimens
We identified the MAdCAM-1 gene-specific product as a 387-
bp band by RT-PCR both in patients with NG and in H pylori-
positive controls, but not in H pylori-negative controls despite
the constitutive G3PDH housekeeping gene expression
(Figure 5).

Figure 5  MAdCAM-1 and glyceraldehyde-3-phosphate dehy-
drogenase (G3PDH) mRNA transcripts were detected as 387
and 983 base pair-bands with reverse transcriptase-polymerase
chain reaction, respectively. Lane N: negative control, lane 1:
H pylori-negative control, lane 2: H pylori-positive control, lane
3: patients with nodular gastritis.

DISCUSSION
In the present study, vascular expression of MAdCAM-1
protein assessed by immunohistochemistry was more enhanced
in gastric mucosa of H pylori-positive than in H pylori–negative
subjects. On RT-PCR analysis, the mRNA for MAdCAM-l
was detected only in H pylori-infected gastric mucosa, but not
in the mucosa negative for the organism. In the previous in
vitro study, MAdCAM-1 was induced on a murine endothelial
cell line, by proinflammatory cytokines including interleukin
1 and tumor necrosis factor α[18], which were much more
increased in human gastric mucosa with than without H pylori
infection[19]. Considered together, these results indicate that
MAdCAM-1 is selectively upregulated in the infected gastric
mucosa. Integrin β7-expressing mononuclear cells were found
surrounding blood vessels lined with MadCAM-1-postive
endothelium, suggesting that the MAdCAM-1/integrin α4β7
pathway directs lymphocytes to the inflamed sites of H pylori
infection, as shown in the murine model[11]. Together with
other endothelially expressed adhesion molecules such as
intercellular cell adhesion molecule 1 and vascular cell
adhesion molecule 1[15], though more specifically, MAdCAM-
1 could play a role in chronic inflammation induced by H pylori.
      The striking finding of this study was that the percentages
of MAdCAM-1-positive to von Willebrand factor-positive
vessels in the lamina propria was significantly higher in patients
with NG than in H pylori-positive controls. In addition to the
prominent development of lymphoid follicles, intense mucosal
inflammatory cell infiltration consisting mainly of lymphocytes
was characteristic of NG[10]. The recruitment and emigration
of circulating lymphocytes, on which integrin α4β7 is certainly
expressed[20], may be accelerated in the gastric mucosa of NG,
through, in part, the substantially enhanced expression of this
vascular addressin.
     MAdCAM-1 protein was strongly expressed on high
endothelial venule-like vessels adjacent to lymphoid follicles
and dense lymphoid aggregates within gastric mucosa. In the
gut-associated lymphoid tissues such as Peyer’s patches and
mesenteric lymph nodes, the homing of their constituent
lymphocytes has been found to be largely dependent on the
interaction of MAdCAM-1 on high endothelial venules with
integrin α4β7[2]. Similarly, the vascular MAdCAM-1 localized
near the lymphoid follicles may be a principal ligand for
circulating lymphocytes to the specialized lymphoid sites and

may contribute to the formation of MALT in H pylori-induced
gastric inflammation, typically leading to the development of
NG. This is a topic that warrants further studies, with special
attention to the relationship between NG and MALT
lymphoma[21], as a recent report documented the strong
expression of MAdCAM-1 on the vasculature of patients with
this type of lymphoma[12].
      In the present study, simultaneous viewing of serial sections
revealed the presence of integrin β7-expressing mononuclear
cells in the infected gastric mucosa. These cells were mainly
CD4-positive T and CD20-positive B cell populations, as
described previously[12,20,22]. Several in vitro studies showed
that H pylori antigen could induce the expression of integrin
α4β7 on the surface of these cells[20,22]. In addition, employing
immunomagnetic cell sorting, H pylori reactive circulating T
lymphocytes were mainly found in the α4β7-positive cell
fraction[20]. Accordingly, we believe that mucosally activated
lymphocytes in response to H pylori infection can migrate from
the inductive sites via circulation to their effector sites in the
gastric mucosa, using this exclusive homing receptor as a ligand
for MAdCAM-1.
       In conclusion, our study demonstrated enhanced expression
of MAdCAM-1 on the vascular endothelium and increased
number of integrin β7-expressing T and B cells in H pylori-
positive gastric mucosa. In NG, the proportion of MAdCAM-
1-positive vessels was higher than that even in H pylori-positive
controls. The selective MAdCAM-1/integrin α4β7 homing
system is thought to play a significant role in gastric mucosal
immunity in response to H pylori infection, especially in
lymphoid follicle formation.
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