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Fig. 1A-F. Immunohistochemical staining of normal human gastric mucosa and intestinal metaplasia. G, Pyloric gland with a
gastric phenotype expressing Sox2 and MUCSAC,; I, intestinal metaplastic gland harboring goblet cells producing Cdx2, MUC2,
and villin. A H&E staining; B-F immunohistochemistry; for Sox2 (B), MUC5AC (C), Cdx2 (D), MUC2 (E), and villin (F).
Binding was visualized with 3,3'-diaminobenzidine (DAB), and counterstaining was done with light green SF yellowish (B) or
hematoxylin {C-F). x200

Another approach to showing cellular phenotypic
mosaicism in females utilizes the random inactivation of
one X chromosome [27-29]. The human androgen re-
ceptor gene locus (HUMARA) has been used to assess
methylation, and about half of intestinal metaplastic
glands were revealed to be heterotypic (comprised of
cells with differing allelic methylation), while the re-
mainder were homotypic {(cell populations with the
same allelic methylation). Mouse models have also been
used to show heterogeneity within a single gland/crypt,
utilizing the DIb-1 locus, which determines the expres-
sion of the binding site for the lectin Dolichos biflorus
agglutinin (DBA) in the intestinal epithelium, in

C57BL/6J x SWR F1 mice [30]. Mouse models have also
shown X-linked glicose-6-phosphate dehydrogenase
(G6PD) activity in C3H/Heston mice [31]. When a car-
cinogen, ethylnitrosourea, was administered to the
C3H/Hester mice, loss of G6FPD activity appeared in
one side of a colonic crypt {31]. These results led to the
hypothesis of the existence of four to six stem cells in
one crypt [32].

The discrepancy between the concept of a single pro-
genitor stem cell and the hypothesis of four to six stem
cells in cne crypt could be derived from confusion
regarding the terminoclogy used for “stem cells”. The
single stem cell in glands/crypts hypothesized from the



T. Tsukamoto et al.: Intestinal metaplasia and stem cells

Fig. 2. An example of double staining of
gastrin and glucagon-like peptide (GLP)-
1 in gastric-and-intestinal mixed pheno-
type intestinal metaplasia (GI-IM). A
mixture of gastrin- and GLP-1-positive
endocrine cells is apparent in the same
gland. Gastrin-positive cells (blue arrow)
and GLP-1-positive cells (red arrow) are
indicated. X200

Gl mixed
type iM

Gastric
proper

Phenotypes:

[ type IM
(SI/C-mixed)

Expression of
differentiation
markers:

Expression of
transcription
factors:

chimeric mouse data may be a “master stem cell” com-
manding the whole gland, whereas the four to six stem
cells in one crypt, indicated by the latter experiments
[31,32], could be “committed stem cells”, obeying the
master stem cell in producing their progeny.

Gastric and intestinal epithelial cell markers

Mucins in the alimentary tract can be divided into two
main classes: class III mucins in mucous neck cells, py-
loric gland cells, and Brunner’s gland cells; and class 11
mucins, in surface mucous cells, goblet cells, and the
surface coat of intestinal absorptive cells, as assessed

Fig. 3. Schematic view of progression
of intestinal metaplasia (IM). Gastric
mucosa changes to gastric-and-intestinal
(GI) mixed-type IM, and then progresses
to Solely intestinal {)-type IM. Within
the I type, small-intestinal {SI) type cells
can colocalize with G phenotype cells,
whereas colonic (C) type cells appear in
complete I-type IM. Sox2, along with gas-
tric markers, is decreased, and Cdx and
intestinal markers emerge ectopically
during the progression of IM. §-1,
sucrase-isomaltase; CA, carbonic anhy-
drase 1; GIP, gastric inhibitory peptide

utilizing paradoxical concanavalin A staining [33]. With
more recent developinents in mucin histochemistry and
immunohistochemistry, intestinal metaplastic cells can
now be clearly classified, by the analysis of phenotypic
expression, into a gastric epithelial cell type (G type),
resembling pyloric gland cells and surface mucous cells,
and an intestinal epithelial cell type (I type), resembling
goblet and intestinal absorptive cells. Gastric mucosa
consists of foveolar cells in the upper two-thirds and
pyloric gland cells in the iower one-third. Concerning
gastric phenotypic markers, the surface mucous-cell type
contains galactose oxidase-Schiff (GOS) and sialidase-
GOS reactive mucin, positive for mucin core protein
(MUC), MUCS5AC. Cells of the pyloric gland cell type
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contain class III mucin, colocalized with MUCS, and
show pepsinogen reactivity. Intestinal metaplastic mu-
cosa consists of absorptive cells with a brush border,
goblet cells packed with clear rounded vacuoles contain-
ing mucin, and, sometimes, Paneth cells, harboring eosi-
nophilic granules in their cytoplasm, which usually
appear at the bottom of the glands. Regarding intestinal
markers, the goblet-cell type contains mucin that is
GOS-negative and sialidase-GOS reactive, possessing
sialyl-Tn antigen and MUC2 core protein. Cells of the
intestinal absorptive type demonstrate sucrase and intes-
tinal-type alkaline phosphatase activity, harboring CD10
as a surface marker, and the structural protein villin.
Cells of Paneth-cell type are reactive with anti-defensin
antibodies [34-41] (Fig. 1, Table 1).

Classification of intestinal metaplasia (IM)

The present widely applied classification of IM, into
complete and incomplete types, was first proposed by
Matsukura and colleagues [10] and Kawachi and col-
leagues [42]. Classification based upon mucin secretion
patterns as well as morphology has also allowed division
into a small-intestine type and a colonic type [43.44].
Jass and Filipe [45] described three grades of IM (types
1, II, and TII) on the basis of morphology and classical
mucin staining, using periodic acid-Schiff, Alcian blue
(AB), and high iron diamine (HID) methods. Type I
corresponds to the complete type and types 11 and Il to
the incomplete type. While these classifications are gen-
erally accepted, they are based only upon the intestinal
properties and do not take into account the gastric
properties that are still preserved in association.

We have therefore proposed a new classification,
based upon the cell differentiation status, using both
gastric and intestinal cell phenotypic markers [39]. With
this classification, IM is divided inio two major types; a
gastric-and-intestinal (GI) mixed type, and a solely in-
testinal (I) type. To confirm this histological classifica-
tion, stomach mucosa was subjected to gland isolation
and classification of individual glands into gastric (G),
GI mixed, and I types according to the preservation of
pyloric cells and the appearance of goblet cells, as re-
vealed with Alcian blue and paradoxical concanavalin
A staining. The G type preserves the pyloric cells with-
out the emergence of goblet cells. In the 1 type, intesti-
nal metaplastic glands consist of goblet and intestinal
absorptive cells, with or without Paneth cells. In the GI
mixed-type, on the other hand, gastric phenotype cells
are found together with intestinal phenotype cells in
various-combinations. All of the subtypes of GI mixed-
type IM and a subtype of the I type without Paneth cells
belong to the incomplete IM category, while the I type
with Paneth cells corresponds to complete-type IM. In
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many cases of the GI mixed type, atrophied pyloric
glands are present under the intestinalized glands.

Mixtures of gastric and intestinal phenotypes occur at
the cellular as well as the glandular level. Intestinal
metaplastic glands are easily found on hematoxylin
and eocsin {(H&E) staining, by the presence of goblet
cells and brush border lining the apical side of the
epithelium. Goblet cells have been confirmed to
show an intestinal phenotype, as shown with MUC2
immunostaining, which is not present in gastric epithe-
lium. The brush border is positive for villin, as shown in
normal intestinal epithelium. However, gastric mucin
sometimes remains in both goblet and absorptive cells,
as revealed by MUCSAC immunohistochemistry, with
villin expression being weaker in MUCSAC-positive
cells as compared to those without MUCSAC expres-
sion. Thus, IM subtypes should not be considered as
independent entities, but, rather, as a sequence of
pathological states with a gradual change from gastric to
intestinal character. GI mixed-type IM may be com-
posed of mixtures of cells with various degrees of intes-
tinal phenotypic shift, rather than being just a random
mixture of gastric- and infestinal-type cells. This allows
us to introduce the notion that IM may be due to abnor-
mal stem cell differentiation, but with some stem cells
still obeying certain orders.

It is believed that stem cells (multipotent progenitor
cells) are present in the proliferative cell zone in the
isthmus region of gastric glands, giving rise to all the
various cell types by differentiation, so that, conse-
quently, gastric glands are monoclonal in the adult stage
[46,47]. In the environment of a normal gastric gland,
cells derived from stem cells undergo complex bipolar
migration from the isthmus, either upward or down-
ward. In the pyloric mucosa, surface mucous cells move
upward, while pyloric gland cells migrate downward
[48]. In the crypts of the small intestine, on the other
hand, stem cells would be expected to be present in
the proliferative cell zone at the bottom of the crypts.
In the normal intestinal gland, cells that will become
absorptive and goblet cells move up, and only those
differentiating into Paneth cells migrate lower from
the proliferative cell zone. In GI mixed-type IM,
gastric surface mucous cells, intestinal absorptive cells,
and goblet cells are found in the glandular portions
above the proliferative zone, while pyloric gland cells
and Paneth cells are found in the lower glandular por-
tions, below the proliferative zone [40]. GI mixed-type
1M may be the consequence of the abnormal differen-
tiation of stem cells that can produce both gastric- and
intestinal-type cells, with the normal cell migration pat-
tern preserved. Because epithelial cell differentiation
and the migration of gastric glands are thought to be
closely linked, it is not clear why only the former is
disturbed.
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Table 1. Differentiation markers for the human gastrointestinal tract

Differentiation Gastric
markers Fundic
MUCcous Fundic Fundic
Foveolar cell Pyloric cell neck cell chief cell parietal cell
Structural
proteins
Functional Proton pump
proteins alpha subunite
Proton pump
beta subunit
Enzymes Pepsinogen If: Pepsinogen If
Pepsinogen II
Mucin core MUC3AC? MUCg® MUCe
proteins
Mucins HGM?
SH9x PCS
GOS staining
PAS staining
Neuroendocrine
hormone
Transcription Sox2 Pdx1n RUNX3»
factors

HGM, human gastric mucin; GOS, galactose oxidase Schiff staining; PAS, periedic acid Schiff staining; PCS, paradoxical concanavalin A staining;
L-ALP, intestinal alkaline phosphatase; CAl, carbonic anhydrase 1; SIMA, small intestinal mucious antigen; S-GOS, sialidase GOS; GIP, gastric

inhibitory peptide; GLP-1, glucagon-like peptide 1
Sources of available antibodies

*Novocastra (Newcastle upon Tyne, UK)
bTransduction Laboratory (Lexington, KY, USA)

*Medical and Biological Laboratories (MBL) (Nagoya, Japan)
4Dr. E. M. Porter, University of California, Los Angeles

=Biogenesis (Poote, England, UK)

'Dr. M. Ichinose, Wakayama Medical College
¢Dr. T. Irimura, Tokyo University

"DAKO (Glostrup, Denmark)

iDr. K. Hirano, Gifu Pharmaceutical University
iChemicon (Temecula, CA, USA)

¥Dr. Imai, Nara Medical College

'Dr. 8. Hakemori (Tokyo University)

™Yanaihara Institute {Fujinomiya, Shizuoka, Japan)

"Dr. Y. Yuasa, Tokyo Medical and Dental University

vDr. Y. Ito, Institute of Molecular and Cell Biology, Singapore
PBiogenex (San Ramon, CA, USA)
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Intestinal
Neuroendocrine Neuroendocrine
cell Absorptive cell Goblet cell Paneth cell cell
CD1g»
Villin®
Defensin 59
Sucrase- E}'sozyme”
isomaltaset
LALP
CAll
MUC2a
SIMA:®
TKH2
Sialyl-Tn antigen’
91.1Hs
S-GOS staining
Alcian blue staining
Chromogranin Ah Chromogranin AM
Gastrin Glicentin!
Somatostatin® GIF
GLP-1
Cdx1 Cdxl Cdxt
Cdx2r Cdx2 Cdx2
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Sequential analysis using animal models

Experimentally, the shift from GI mixed-type IM to I-
type IM can be observed in sequential observations in
animal models. The occurrence of IM in rats gradually
increases with time after X-ray irradiation; the number
of GI mixed-type IMs is relatively high at 2-4 weeks,
becoming lower thereafter. On the other hand, the
number of I-type IMs is extremely low at 2 weeks, and
then increases with time. These observations suggest
that the phenotype of IM sequentially changes from the
GI mixed-type to the I type [49].

H. pylori infection in Mongolian gerbils causes IM in
their glandular stomachs [50]. Twenty-five weeks after
inoculation with H. pylori, the glandular stomach epi-
thelium becomes hyperplastic, and heteratopic prolifer-
ating glands (HPGs) penetrate the muscularis mucosae.
Fifty weeks after infection, intestinal metaplastic cells
appear among gastric epithelial cells, including goblet
cells possessing Alcian blue-positive mucins and/or ab-
sorptive cells with a striated brush border, so that the
lesions are characterized as Gl-mixed-type IM. At 75
weeks, HPGs with gastric phenotype decrease and most
animals possess solely I-type HPGs. Paneth cells appear
by 100 weeks.

The N-methyl-N-nitrosourea-induced mouse stom-
ach carcinogenesis model also provides support for
the conclusion that intestinalization of the stomach
epitheliom occurs in late stages, as assessed by
monitoring intestinal alkaline phosphatase expression
[51].

Coexistence of gastric- and intestinal-type endocrine
cells in gasiric-and-intestinal mixed-type intestinal
metaplasia (IM) of the human stomach

Gastrointestinal glands possess neuroendocrine cells,
usually in their bottom regions, among the mucous
and absorptive cells. Gastrin-positive endocrine cells
are predominantly detected in the normal pyloric mu-
cosa, with some detected in the duodenal mucosa. So-
matostatin-positive cells are also mainly detected in the
normal pyloric mucosa, with some detected in the fun-
dic and duodenal mucosae. Glicentin, gastric inhibitory
peptide (GIP)-, and glucagon-like peptide 1 {GLP-1)-
positive endocrine cells are detected exclusively in the
duodenum, small intestine, and colon, but not in the
normal gastric mucosa. Therefore, gastrin and soma-
tostatin could be gastric-predominant endocrine cell
markers, whereas glicentin, GIP, and GLP-I character-
ize the intestinal phenotype.

In GI mixed-type IM glands, both gastric and intesti-
nal endocrine markers have been found to be present in
endocrine cells, correlating with the phenotypic expres-
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sion of the glands. Thus, in I-type IM glands harboring
only intestinal mucous cell markers, endocrine cells
demonstrate only intestinal endocrine peptides. How-
ever, double immunostaining for gastrin and GLP-1 has
revealed the existence of both gastric and intestinal en-
docrine cells in the same glands of the GI-mixed-IM
type. Furthermore, at the single cell level, quite a few
glands harbored endocrine cells that were positive for
bath gastrin and GLP-1 (Fig. 2).

All of the different types of mucous, absorptive, and
endocrine cells in normal as well as intestinal metaplas-
tic glands may be derived from a single progenitor
cell. In the light of the clonal findings with C3H/
HeN—BAILB/c chimeric mice, we consider that the
alteration from gastric to intestinal metaplastic glands
must be controlled at the stem-cell level.

Expression of transcription factors in intestinal
metaplasia (IM)

CDX homeobox gene family

Caudal-type homeobox {Cdx) 1 and Cdx2 are mam-
malian members of the caudal-related homeobox
gene family [52]. In the adult mouse, and in humans,
expression is strictly confined to the gut, from the
duodenum to the rectum. Silberg et al. [53] reported the
presence of Cdxl protein in intestinal metaplastic le-
sions of the human stomach, and Mizoshita et al. [54]
demonstrated the expression of Cedx! and Cdx2 in both
the small and large intestine, and in intestinal metaplas-
tic mucosa of the human stomach. Eda et al. [35]
found that the expression of Cdx2 preceded that of
Cdxl during the progression of IM. Satoh et al. [56]
described Cdx2 expression in the gastric epithelium of
H. pylori-infected patients, with or without obvious
IM. Cdx2 plays an important role in the intestine-
specific expression of carbonic anhydrase 1 [57].
Furthermore, it stimulates the intestine-specific expres-
sion of sucrase-isomaltase [58], lactase-phlozizin hydro-
lase [59], and guanylyl cyclase C [60]. More recently,
Cdx2 has been revealed to induce the expression of
MUC2 mucin in goblet cells [61]. Cdxl has been re-
ported to appear in intestinal metaplastic glands, as
described by Silberg et al. [53]. Its expression is strong
in regenerating epithelial foci, but not in quiescent
sterilized crypts after irradiation-induced damage [62],
and recent analyses have shown that Cdxl is a direct
transcriptional target of the Wnt B-catenin signaling
pathway during mouse gut development [63] and that
Cdx1 is stimulated by oncogenic B-catenin in hurman
colon cancer cells [64]. Dietary factors may be involved
in the suppression of Cdx2 via its promoter methylation
[65] (Fig. 3).
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Sox gene family

To analyze the shift from a gastric to an intestinal phe-
notype, one should also focus on gastric transcription
factors, including the Sox gene family [66], which
consists of ten subgroups, divided according to Sry-like
high-mobility group (HMG) box homology. The Sox
genes in group Bl, including Soxl, Sox2, and Sox3,
are important for gut development in mice [67]. In-
situ analysis of the chicken ¢Sox2 gene demonstrated
localized expression in the embryonic endoderm, with
transcripts appearing before the commencement of
morphogenesis, and cytodifferentiation in the rostral
gut epithelium from the pharynx to the stomach.
The caudal limit of cSox2 expression coincides with that
of the region competent for proventricular differentia-
tion and with the rostral limit of the domain of CdxA
[68]. In the human digestive tract, Sox2 expression is
found in stomach epithelium, including the fundic and
pyloric mucosae, but is very low in the intestine, as
observed in the chicken. However, in IM, Sox2 tran-
scripts begin to decrease and gradually disappear as IM
progresses from the GI-mixed-type to the I type, with
Sox2 showing an inverse correlation with Cdxl and
Cdx2. Sox2 may regulate the expression of gastric dif-
ferentiation markers, including MUCS5AC, as suggested
in the chicken system [69]. The expression patterns of
Sox2 and Cdx1/Cdx2 are inversely related, and down-
regulation of Sox2 couid thus be an important mecha-
nism in IM, in addition to the ectopic expression of
Cdx1/Cdx2 [70]. Specificity of the expression pattern
of these transcription factors also persists in stomach
cancers [71,72] (Fig. 3).

PDX1

Pancreatic-duodenal homeobox 1 (PDXI), a ParaHox
gene which contributes to the genesis and development
of the pancreas, duodenum, and antrum, has been
found to be frequently expressed in pseudopyloric
glands and IM. MUC6 is more abundant than
MUCSAC in pseudopyloric glands, while higher levels
of MUCS5AC than MUCS are evident in IM. In carcino-
mas, PDX] expression is closely associated with MUCS,
whereas no link is apparent between PDXI and
MUCSAC reactivity. Thus, PDXI may play an impor-
tant role in the development of pseudopyloric glands
and subsequent IM [73,74].

OCT-I

OCT-1 is a member of the POU homeodemain family
of transcription factors [75]. This protein recognizes the
canonical octamer motif (ATGCAAAT) and is impli-
cated in the activation of the mouse Cdx2 promoter in
pancreatic and intestinal cell lines. OCT-1 is expressed

163

in chronic gastritis, particularly when it is adjacent to
IM, and it is also expressed in 87% of IM focl. Further-
more, 74% of gastric carcinomas in one series were
found to be positive for OCT-1, and a strong associa-
tion was observed between OCT-1 expression and an
intestinal-type phenotype. OCT-1 is able to bind to the
CDX2 promoter, although transactivation of CDX2 has
not been demonstrated [76].

Sonic hedgehog (Shh) pathway

High levels of Sih are expressed in the fundic glands of
the stomach in the normal pastrointestinal tract, but Skh
expression is lost in IM of the human stomach [77],
resulting in a glandular phenotype of intestinal transfor-
mation and overgrowth. Hedgehog-related transcrip-
tion facters, Gli2 and Gli3, may be involved in Shh
signaling. While disruption of Gli2 (the principal factor
mediating the activator function of Shh), leads to mini-
mal changes in glandular development in the mutant
mouse, knockout of Gli3, functioning as a repressor of
the Hedgehog signal, causes a striking phenotype
of glandular expansion and intestinal transformation. A
reduction in apoptotic events was seen in the stomachs
of all Gli3 mutants, without affecting proliferation [78].
In humans, impaired expression of the gastric morpho-
genic factor Shh by parietal cells, and the increased
expression of transcriptional activators of intestinal and
pancreatic differentiation; namely, CDX2 and PDX],
seem fo be crucial for the development of gastric
atrophy and for intestinal, endocrine, and pancreatic
transdifferentiation processes {74].

Erk pathway

The increased expression of villin is one of the earliest
changes seen in H. pylori infection [70]. These bacteria
have been found to stimulate the villin promoter in a
human gastric adenocarcinoma cell line (AGS) via acti-
vation of the Erk pathway, where Elk-1 and the serum
response factor (SRF) are downstream transcriptional
targets. Inducible binding of Eik-1 and the SRF to the
proximal promoter of villin after 3 and 24 h of treatment
with H. pylori suggests that these bacteria alone are
sufficient to initiate a cascade of signaling events re-
sponsible for villin expression.

Runt-related transcription factor gene 3 (RUNX3)

The RUNX family of transcription factors plays pivotal
roles during normal development and in neoplasias [79],
and RUNX3 is reported to be a tumor suppressor gene
for stomach cancer [80]. The loss of RUNX3 expression
due to aberrant methylation of its CpG island (evident
in gastric cancer cell lines) suggests that this factor is 2
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target for epigenetic gene silencing in gastric carcino-
genesis. RUNX3 methylation has also been found in
mucosa with chronic gastritis or IM [81]. Immunohis-
tochemistry disclosed RUNX3 protein in most chief
cells and a few gastrin-containing G cells in normal
mucosa, but not in IM or carcinoma cells [82]. Further-
more, in vitro studies have shown that gastric epithelial
cells can differentiate into intestinal-type cells, probably
due to the expression of Cdx2, when the function of
Runx3 is impaired in Runx3-knockout mice [83].

Expression of small-intestinal and colonic phenotypes
in complete intestinal metaplasia (IM)

Jass and Filipe [45] described three grades of IM, in
terms of small-intestinal sialomucin and colonic
sulfomnucin expression, shown by high-iron diamine
alcian blue (HID-AB) staining. Type I glands have no
mucins in columnar cells, but feature goblet cells. Type
II glands have blue-stained columnar cells possessing
sialomucins, while type III glands harbor brown-stained
columnar cells producing sulfomucins, with type II and
IIT glands characterized by slight distortion. To dis-
criminate small-intestinal and colonic differentiation in
IM, molecular markers, including sucrase and carbonic
anhydrase 1 (CA1) could be utilized in comparison with
MUCSAC mucin core protein. CAl expression is de-
tectable in the cytoplasm of colon epithelial cells (espe-
cially on the luminal side of the colonic mucosa), but not
in the jejunum. Sucrase, on the other hand, is present on
the luminal surfaces of mature small-intestinal absorp-
tive cells, but not in the colon. In IM, gastric MUCSAC
expression is higher in CAl-negative mucous cells of
Gl-mixed-type IM glands, compared with CAl-positive
I-type IM, in line with levels of MUCSAC mRNA. In
contrast, the expression of sucrase is more strongly de-
tected on the luminal surfaces of CAl-positive IM gland
cells than in CAl-negative IM glands. MUC2, villin, and
Cdx2 expression is observed in intestinal metaplastic
cells, irrespective of CA1 expression. The number of
glands with CA1 expression is higher in type [ complete
IM compared to types II and III incomplete IM. Fur-
thermore, there appear to be no differences between
types II and III in terms of CAl expression, and no
correlation of colonic sulfomucin expression. In short,
the expression of gastric and colonic markers may be
regulated in a different manner, although both can be
colocalized with small-intestinal markers {84] (Fig. 3).

Conclusion

Atrophic gastritis and IM of the stomach mucosa are
generally considered to be precancerous lesions, and
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chronic H. pylori infection is one of the most important
factors in their development. However, H. pylori strains
show a wide variety at the genome level, especially re-
garding the cag and vac genes, and this variation may
underlie the observed large differences in stomach can-
cer incidence and mortality around the world, including
the “Asian paradox” and “African enigma”. In addition
to bacterial factors, polymorphisms in host genes (for
example, for cytokines that modulate inflammatory re-
sponses) are believed to exert synergistic effects. For
the prevention of detrimental changes in the stomach
mucosa, it is necessary to elucidate the pathogenetic
mechanisms of mucosal atrophy and IM due to H. pylori
infection.
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Helicobacter pylori (H. pylori) infection causes chronic gastritis and
is also related to gastric carcinoma. The present study focused on
severity of H. pylori-induced gastritis as a determinant of carcino-
genesis. Seven-week-old male Mongolian gerbils were inoculated
with H. pylori at experimental weeks 0, 12, or 18, then given A-methyl-
N-nitorosourea (MNU) from weeks 20-40. At week 70, stomachs
were then excised for histelogical examination 70, 58, or 52 weeks
after H. pylori inoculation, respectively (Groups A, B, and C for long-,
middle-, and short-term). The respective incidences of glandular
stomach adenocarcinomas were 65.0% (13/20), 20.0% (2/10}, and
23.0% (3/13) (P < 0.05). Higher scores of infiltration of inflammatory
cells, hyperplasia, intestinal metaplasia and mucosal bromodeo-
xyuridine {BrdU) labeling index in antrum and corpus mucosa, were
seen in group A than B or C{P < 0.05) and serum anti-H. pylori 1gG
titer and gastrin levels were also significantly higher, along with
mRNA levels for mucosal interleukin-1p (IL-1B), tumor necrosis
factor-a (TNF-a), cyclooxygenase-2 (COX-2), and inducible nitric
oxide synthase {iNOS}. The results demonstrated the term and
severity of H. pylori infection to play important roles in gastric
carcinogenesis, with essential involvement of chronic inflammation,
espedcially increased rates of cell proliferation, in H. pyfori-associated
carcinogenesis. (Cancer Sci 2007)

A large body of evidence peints to a close relationship between
Helicobacter pyleri (H. pylori) infection and the development
of chronic gastritis, peptic ulcers and gastric carcinomas.t?
Recently the concept that inflammation is a critical component
of tumor progression has received a great deal of attention.
Many cancers arise from sites of infection, chironic irritation and
inflammation,® and H. pylori can induce cytokine release from
epithelial cells which leads to recrnitment of inflammatory cells.
Reactive oxygen species generated by neutrophils causes lipid
peroxidation, as well as protein and DNA oxidation. In addition,
persistent inflammation has an impact on cellular turnover.®?
It is clear that not all H. pylori infections are linked to gastric
cancer, since approximately 50% of the world population is infected,
and only a very small minority of infected subjects suffer from
an associated neoplasm. The reasons for this phenomenon are
unknown although different mechanisms have been proposed.©”
In humans, studies have shown that H. pylori gastritis is associated
with increased risk, and this decreases following cure of bacterial
infection.® The gastritis model in Mongolian gerbils has advantages
in that the human pathogen H. pylori is used and the consequent
chronic gastritis, intestinal metaplasia, and gastric cancer closely

mimic those in humans.®'" Previous studies showed that H. pylori .

infection induces chronic active gastritis, expression of various
cytokines and regenerative epithelial cell responses in gerbils, (442
However, the level of gastric mucosal injury has received only
limited attention in studies of H. pylori-induced gastritis. For
this study, we therefore designed an experiment with different

dei: 10.1111//.1349-7606.2007.00416.x
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timing and periods of infection in animals of the same ages. Our
hypothesis was that early inoculation and long-term colenization
of H. pylori would result in more severe chronic active gastritis,
and therefore a greater yield of gastric carcinomas.

Materials and Metheds

Animal and H. pylori inoculation. Seven-week-old male specific-
pathogen-free Mongolian gerbils (Meriones unguiculatus; MGS/
Sea) were purchased from Seac Yoshitomi, Ltd. (Fulucka, Japan)
and maintained in an air-conditioned biokazard room with free
access to a commercial rodent diet (Oriental CRF-1; Oriental
Yeast Co., Tokyo, Japan) and water ad libitum. H. pylori ATCC
43504 [American Type Culture Collection (ATCC), Manassas,
VA, USA] were grown in Brucella broth supplemented with 7%
fetal calf serum at 37°C under microaerophilic conditions for
48 h. Animals were inoculated with 0.8 mL of broth culture
containing 1 x 10* colony-forming units (cfu) of H. pylori by
gastric intubation three times at 48-h intervals. The animals
were fasted for 24 h before the first inoculation. All experiments
and procedures carried out on the animals were approved by the
Animal Care Committee of Aichi Cancer Center Research Institute.

Chemical. N-methyl-N-nitrosourea (MINU) (Sigma Chemical
Co., St Louis, MO) was dissolved in distilled water at a con-
centration of 10 p.p.m. (solution was freshly prepared three
times per week) for administration in light-shielded bottles as
drinking water ad libitum.

Experimental protocol. The animals were divided into six H.
pylori -inoculated and two control groups (Fig. 1). H. pylori
were inoculated for groups A and E at 0 weeks, groups B and F
at 12 weeks, and groups C and G at 18 weeks, representative of
early long-term, middle, and short-term infection, respectively.
Since the early long-term Group A was predicated that it might
be of poorer survival rate at the end of the experiment, more
animals were added into Group A than Groups B and C. Groups
D and H received Brucella broth without H. pylori. At 20 weeks,
Groups A, B, C, and D were given MNU, Before the MINU admini-
stration, subgroups of animals in groups A, B, and C (al, b1, and
cl} were sacrificed at 20, 12, and 2 weeks post-infection,
respectively. For these geibils, 5'-bromo-2'-deoxyuridine (BrdU)
at a dose of 100 mg/kg, was injected intraperitoneally, 60 min
before the sacrifice. All animals were subjected to deep eiher
anesthesia after 24 h fasting, laparotomized, and exsanguinated
from the inferior vena cava, after which their stomachs were
excised.

*To whom requests for reprints should be addressed. E-mail: ttsukamt®@aichi-cc.jp
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fig. 1. Experimental design. Animals, 7-week-old male Mongolian
gerbils, ¥, H. pylori {i.g.), B, N-methyl-N-nitorosourea in drinking water
at the concentration of 10 p.p.m.

Histopathological evaluation, Mulfiple 4 um-thick histologic sec-
tions were obtained from routinely processed 4% paraformaldehyde-
fixed and paraffin-embedded tissues. Sections were stained with
hemotoxylin and eosin (H&E) or with Alcian blue (pH 2.5)-periodic
acid Schiff (AB-PAS) for detection of mucin-containing cells.
The glandular mucosa of the antrum and corpus was examined
histologically for inflammatory and epithelizl changes. Active
chronic gastritis was characterized by infiltration of neutrophils,
mononuclear cells, hyperplasia, and intestinal metaplasia. The
degree of change was graded on a scale from 0 to 3, [0 (normal},
1 (mild), 2 (moderate), and 3 (marked)], based on the Updated
Sydney System."® Epithelial cell proliferation was assessed by
BrdU labeling, visvalized wsing a mouse monoclonal anti-BrdU
antibody (1:50, Dako, Glostrup, Denmark) as described
previously.?¥ The numbers of BrdU-labeled celis in the gastric
mucus of antrum and corpus were counted under a micrescope
with a x40 objective lens, and indices were determined as the
mean percentages of positive cells among totals of more than
1000 cells. Mucosal thickness was assessed using NIH Image
version J1,272 (National Institutes of Health, USA).

Analysis of cytokines by real time quantitative PCR. Total RNA
was extracted from the glandular stomach mucosa at the border
between the antrum and corpus using an RNA extraction kit
(Isogen, Nippon Gene, Tokyo, Japan). After DNase treatment,
first strand cDNAs were synthesized using the Thermoscript
RT-PCR System (Invitrogen, Carlsbad, CA, USA) zccording
to the manufacturer’s instructions, Relative quantitative PCR
of interleukin-1f (IL-1B), tumor necrosis factor-o {TNF-a),
cyclooxygenase-2 (COX-2}, and inducible nitric oxide synthase
(iNOS),® was performed with the LightCycler system (Roche
Diagnostics, Mannheim, Germany), using the gerbil-specific
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene as
an internal contrel. %9 PCR was performed basically as described
earlier using a QuantiTect SYBR Green PCR (QIAGEN) kit
with optimal Mg®* concentration at 2.5 mM.%? The 5'- and
3'-primer sequences are listed in Table 1. Specificity of the PCR
reaction was confirmed using the melting program provided
with the LightCycler software. To further confirm that there was
no obvious primer dimer formation or amplification of any extra
bands, the samples were electrophoresed in 3% agarose gels and
visualized with ethidium bromide after the LightCycler reaction.
Relative quantification was performed as previously established
using an internal confrol without the necessity for external
standards."? The expression levels of cytokine mRNAs were
expressed relative to 1.0 in the control group (group H).

Serology. Serum samples were used to measure the titers of
anti-H. pylori IgG antibodies by enzyme-linked immunosorbent

Table 1. PCR primers used for real-time quantitative RT-PCR analysis

Gene Primer :;Zd{g:t)

GAPDH F: 5-AAMCGGCACAGTCAAGGCTGAGAACG-3 118
R: 5-CAACATACTCGGCACCGGECATCG-3'

IL-18 F: 5-TGACTTCACCTTGGAATCCGETCTCT-3 91
R: 5-GGCAACAAGGGAGCTCCATCAC3'

TNF-¢ F: 5-GCTGQCCCCCACCTCOTGCTC-3 89
R: -CTTGATGGCAGACAGGAGGCTGACC3

COX-2 F: 5%-GCCRTCGAGTTGAAAGCCCTCTACA-3' 97
R: 5-CCCCGAAGATGGCGTCTGGAC-3'

iNGS F: 5-GCATGACCTTGGTGTITGGGTGCC-3" 110

R: 5-GCAGCCTGTGTGAACCTGGTGAAGL-3’

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL-1p, interleukin-
1B; TNF-o, turnor necrosis Tactor-o; COX-2, cyclooxygenase-2; iNQS,
inducible nitric oxide synthase; F, forward; R, reverse,

assay, and serum gastrin levels were measured at 70 weeks
using radioimmunoassay. The antibody titers were expressed
using an arbitrary index, and values greater than the cut-off of
1.5 were considered to be positive for H. pylori infection.!®
Statistical analyses. Results for the gastritis scores, BrdU labeling
indices, mRNA. expression levels, and antibody and gastrin levels
are given as means + SE. The Fisher’s exact test and the Bonfertoni
multiple-comparison test were performed to establish the
significance of differences with the cut-off at P < 0.05.

Results

Histopathology. The survival rates in all groups were >85%,
with no differences among groups. All gastric mucosal specimens
from control gembils demonstrated a normal histomorphology.
Histological findings for gastric mucosal specimens from H.
pylori-infected gerbils are summarized in Table 2. At 20 weeks,
the early/long-term H. pylori-infected gerbils (group al) showed
greater lymphoplasmocytic infiltration and submucosal lymphoid
follicle formation than the middle and short-term H. pylori-infected
groups in the antral mucosa (Table 2; Fig. 2a,b). At 70 weeks,
there was a change over time in topography of the gastritis from
predominantly antral gastritis to pangastritis in H. pylori-infected
gerbils. Lesions of gastric mucosa were more marked in the
long-term infection groups than in the middle and short-term
infected groups (Table 2; Fig. 2c,d). Heterotopic proliferative
glands (HPGs) were observed in all H. pylori-infected gerbils at
77 weeks,®® limited to the antrum and the junctional region
between the antrum and the body (Fig. 2c).

Incidence of adenocarcinomas. Data for adenocarcinomas are .
summarized in Table 3. Both well differentiated (Fig. 3a) and
signet ring-cell carcinomas (Fig. 3b) were found, mainly located
in the antrum or at the border between the antrum and the corpus.
Whereas 13 of 20 (65%) in the long-term H. pylori + MNU
group (group A) had adenocarcinomas in the glandular stomach,
this was the case for only two of 11 (20.0%) in the middle-term
H. pylori + MINU group (group B), and three of 13 (23.1%) in the
late short-term H. pylori + MINU group (group C). The difference
was statistically significant. In the MNU-alone group {(group D),
H. pylori-alone groups {groups E, F, and GY), and controls {group
H), no tumors developed in the glandular stomach.

BrdU} labeling indices for epithelial cells. At 20 weeks, antrum BrdU
labeling indices in group al were significantly greater than in
groups bl and ¢l {P < 0.01), with no significant increase in the
corpus. At 70 weeks, both antrum and corpus BrdU lzbeling indices
in the long-term infection groups (A and E) were significantly
elevated as compared to middle and short infection groups (B and
F, and C and F) (P < 0.05) (Table 1).

doi: 10.1111/4.1349-7006.2007.00416.x
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Fig.4. Relative expression levels of IL-1B, TNF-o, COX-2 and INOS
mRNAs in glandular stomachs of gerbils. (a) IL-18; (b) TNFa; (¢) COX-2;
{d) INOS. Values were set at 1.0 in group H and expressed as mean = SE
relative values. Note increase in relative IL-18, TNFa, COX-2 and iNOS
mRNA expression levels in group A as compared to groups B and G in
group al as compared to groups b1 and c1; in group E as compared to
groups F and G. *P < 0.05 and **P < 0.01, by the Bonferroni muitiple-
comparison test.

submucasal lymphoid follicle formation in the antrum mucosa
in early/long-term groups than in the middle and short-term
H. pylori-infected groups, and this correlated with the vield of
adenocarcinomas. The results thos provide support for the
conclusion that infiltration of polymorphonuclear neutrophils
and mmucosa-associated lymphoid tissue, as well as damage to

the epithelial cells, characterizes the first phase of gastric
carcinogenesis in this model.®® Neutrophil infiltration is an
almost invarjable finding in H. pylori-associated gastritis and is
topographically related to H. pylori colonization. It is now
evident that inflammatory cells have powerful effects on gastric
mucosal injury, neutrophils being recruited to the gastric mucosa
and generate reactive oxygen and nitrogen species and pro-
teases.®) However, neutrophils are not able to kill the H. pylori
that live in the gastric mucus, and compounds produced by
activated neutrophils themselves are potentially harmful for
normal tissue. Active neutrophil infiltration in gastric H. pylori
infection may contribute to the increased levels of mutation also
observed in Big Blue transgenic mice.?

The type of host immune response against H. pylori is con-
sidered crucial for the outcome of the infection.® One possible
mechanism involves up-regulation of inflammatory responses
through increase of synthesis and release of pro-inflammatory
mediators, such as iNOS and COX-2, via effects on nuclear
factor kB (NF-xB).®** A predominant H. pylori-specific Thl
response, characterized by high TNF-a, IL-1B and interferon-y
(IFN-y) production is associated with gastritis and peptic
ulcer.®® We found mRNA levels of mucosal IL-1p and TNF-a
mRNA levels were significantly higher in gerbils with long-term
H. pylori-infection than in those with middle and the short-term
infection. Yamaoka et al. reported that IL-1p and IFN-y play
important roles in the acute phase of pyloric inflammation in
H. pylori-infected gerbils.®? H, pylori stimulates NF-xB activa-
tion and chemokine interleukin-8 (IL-8) expression in gastric
epithelial cells. Epithelial IL-8 can be induced not only by direct
stimulation of H. pylori, but also following exposure to the
endogenous proinflammatory mediators IL-1 and TNF-« in the
gastric mucosa.*™®

COX-2 and INOS may play important roles in stomach tumor
growth and progression. COX-2 is frequently undetectable in
normal tissues but is induced by cytokines, growth factors, reac-
tive oxygen species and tumor promoters,®**% and catalyzes the
committed step in the conversion of arachidonic acid to pro-
tumorigenic eicosanoids, such as prostaglandin E2, which are
involved in the maintenance of tumor integrity.®%*" Several
reports have documented H. pylori up-regulation of COX-2 mRNA
expression and release of prostaglandin E2 from a gastric cancer
cell line, as well as in the gastric mucosa of gerbil models and
in humans.®**) In the present study, the fact that long-term
H. pylori infection significantly up-regulated COX-2 expression
is of clear interest.

A number of previous findings also suggest that iNOS con-
tributes to H pylori-associated gastric carcinogenesis in mice
and man. Increased iNOS activity has been observed in patients
with chronic gastritis and gastric adenocarcinoma patients,®
nitric oxide (NO) endogenously produced by this family of
enzymes causing mutations and DNA. deamination.®**? Qur
present observations suggest that COX-2 and iNOS are both
induced in H. pylori-positive gastritis and thus may modulate
the inflammation and alterations in epithelial cell growth that
occur with this disease. The increase in proliferative activity in
the mucosa is another feature of interest. At 20 and 70 weeks
post-infection, BrdU-labeled cells represented almost 20-25%
of the antrum epithelial cells in long-term infected gerbils
{groups al and A). Early inoculation and long-term H. pylori
infection thus appeared to increase epithelial cell apoptosis and
proliferation, and this would be expected to lead to increased
susceptibility to carcinogens.

Immunohistochemical study showed increased expression of
iNOS and COX-2 genes in H. pylori gastritis in humans: iNOS
protein was detected in epithelium, endothelium, and lamina
propria inflammatory cells, and COX-2 protein localized to
mononuclear and fibroblast cells in the lamina propria.®" Thus,
INGCS as well as other inflammatory cytokines may be expressed

doi: 10.1111/.1349-7006.2007.00416.x
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Table 3. Incidence of gastric carcinoma

Carcinoma

Groups Age colonized Duration of colonization Age sacrificed No. of animals

Dif. Undif. Incidence (%}
A Hp 20 w + MNU 7w 70w 7w 20 12 1 13 (65.0)*
a1 before MNU treatment 7w 20w 27 w 6 1] 0 ]
B Hp 8w+ MNU 19 w 58 w 77w 10 2 1] 2 (20,00
b1 before MNU treatment 19w 8w 27w 7 1] 0 [}
C Hp 2w + MNU 25 w 52w 7Tw 13 2 1 3 {231
¢1 before MNU treatment 25w 2w 27w 7 1] 0 1]
O MNU -) O] 77w 16 0 0 V]
EHp 70w 7w 70w 77w 5 1] 0 1]
FHp 58 w 19w 58 w 77w 5 1] 0 o]
G Hp 52 w 25 w 52w 77w 5 0 v} o
H Control (-) 8] 7w [ 1] 0 1]

*P < 0.05 between groups A, B and C, P < 0.05 to group B and group C, P < 0.001 to group D, by Fisher's exact test. Hp, H. pylori infection {i.g.);
Dif, differentiated adenocarcinoma; Undif, undifferentiated adenocarcinoma. MNU, N-methyl-N-nitorosourea.

not only in inflammatory cells but also in epithelial cells in the
H, pylori-infected Mongolian gerbils.

Group A showed lower anti-H. pylori IgG titer than that of
the MNU untreated group (group E), although not statistically
significant (P < 0.08). This tendency was not consistent
between H. pyleri + MINU and H. pylori alone groups (Groups
B vs. F; Groups C vs. G) in anti-H. pylori IgG titers and gastrin
levels (Table 2). Thus, the effects of MNU on mucosal atrophy
could not be considered significant.

Of note, gerbils infected with H. pylori developed an antral-
predominant gastritis, which progressed to corpus gastritis at
70 weeks. This pattern is typical of what is seen in humans living
in regions of high gastric cancer incidence, and explains why
H. pylori-related gastric cancer in gerbils develops most often in
the antrura.®® In the present study, we examined the inflammation
status at two experimental timing points: 20 and 70 weeks.
Among the 20-week groups {Groups 21, bl, and 1), Group al
showed the highest inflammatory and proliferative responses,
which might affect MNU-induced turnorigenesis. Thus, it could
be concluded that the severity of H. pylori-induced inflammation
may play important roles in gastric carcinogenesis.

Long-term H. pylori infection was here accompanied by sig-
nificantly increased anti-H. pylori serum IgG antibody titer,
highlighting the importance of the immune response of the host
in the development of H. pylori-related gastric lesions. The results
also suggest that the anti-H. pylori serum IgG antibody titer may
be used as a marker of the severity of the H. pylori-infected
chronic active gastritis."® A previous study demonstrated that
acid secretion is decreased in gerbils infected with H. pylori.®®
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In the present case, long-term H. pylori infection induced chronic
pangastritis and may have suppressed parietal cell function,
causing compensatory gastrin release corresponding with a lower
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cancer development. This phenomenon is not only dependent on
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Summary. We have previously suggested that an origin
of a stomach cancer is from a progenitor cell
specializing toward exocrine cell (Exo-cell) lineages. To
clarify whether our hypothesis is correct or not, we
analyzed the expression of Exo-cell and endocrine cell
(End-cell) markers in a series of lesions for comparison.
We evaluated chromogranin A (CgA) expression in 37
early and 73 advanced stomach cancers, in 30 stomach
adenomas, in 8 carcinoid tumors, and in 4 endocrine cell
carcinomas (ECCs) with assessment of gastric and/or
intestinal (G/I) phenotypes in both Exo-cell and End-cell
by immunohistochemistry. CgA expression was
observed in 10.8% of the early and 16.4% of the
advanced stomach cancers, respectively. The End-cell
G/1 phenotypes were in line with the Exo-cell
counterparts in the CgA-positive stomach cancerous
areas, and there was strong association between Cdx2
expression and the intestinal End-cell markers. All of the
adenoma cases had the intestinal Exo-cell phenotypic
expression, with the positive link between Exo-cell and
End-cell G/I phenotypes. All stomach carcinoids had
CgA expression but no expression of Exo-cell markers,
In conclusion, most stomach cancers might develop from
a progenitor cell specializing towards Exo-cell lineages,
but some cases possessed both Exo-cell and End-cell
markers with maturely differentiated phenotypes. In such
cases, Exo-cell and End-cell phenotypes were found fo
correlate strongly, suggesting the possibility of
histogenesis from “cancer stem cells”.

Key words: Stomach cancers, Endocrine cell,
Phenotypes, Progenitor cell, Cancer stem cells
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Introduction

Gastrointestinal stem cells have the capacity for
long-term self-replication and the ability to give rise to
all other epithelial cell lineages (Schier and Wright,
2005). We have previously shown that each epithelial
gland in the alimentary tract is derived from a single
stem cell, based on clonality analysis using a strain
specific antibody in C3H/HeN<BAI B/c chimeric mice
{Tatematsu et al,, 1994, 1996; Tsukamoto ef al,, in
press). The stem cell gives rise to two kinds of
progenitor cell directly: (i) progenitor cell specializing
toward exocrine cell {(Exo-cell) lineages; and (ii)
progenitor cells specializing toward endocrine cell (End-
cell) lineages (Tatematsu et al., 2003, 2005).

Reparding the histogenesis of stomach cancer, if the
cancer originated from the stem cell, the mixture of
differentiation toward both Exo-cell and End-cell
lineages should be observed more frequently and
homogenously in the whole stomach cancerous tissues,
although in fact it is observed rarely. Stomach epithelial
tumors are divided into two major types: Exo-cell type
(adenomas and carcinomas) and End-cell type [carcinoid
tumors and endocrine cell carcinomas (ECC)].
Therefore, we have suggested the hypothesis that the
origin of stomach cancers is from a progenitor cell
specializing towards an Exo-cell lineage (Tatematsu et
al., 2005). However, there have been several reports that
chromogranin A (CgA), an End-cell differentiation
marker, was immunohistochemically found in about 15-
70% of human stomach cancers, although with
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differences in anti-CgA antibodies and criteria of CgA
positivity among the reports, suggesting the possession
of both Exo-cell and End-cell differentiation in the
stomach cancers (Park et al., 1992; Blumenfeld et al.,
1996; Waldum et al., 1998; Qvigstad et al., 2000;
Tzaneva, 2002; Naritomi et al., 2003). The existence of
CgA positive stornach cancer cells indicates a concept
that stomach cancer may occur from a stem cell
harboring the ability to differentiate toward both Exo-
cell and End-cell lineages. Recently, several reports have
demonstrated the existence of malignant cells possessing
self-renewal properties similar to normal stem cells in
human myeloid leukemias (Bonnet and Dick, 1997),
breast cancers (Al-Hajj et al.,, 2003) and brain tumors
(Singh et al., 2004). There may be the possibility that the
cancer stem cells appear secondarily in the stomach
cancerous tissue, and they produce both Exo-cell and
End-cell types, being similar to normal stem cells.

Human stomach cancers have been classified by
Lauren into two major groups, the “infestinal” and
“diffuse” types (Lauren, 1965), which respectively
nearly correspond to the “differentiated” and
“undifferentiated” types of Nakamura et al. (1968) and
Sugano et al. (1982). However, the above-mentioned
classifications are inadequate for studies of histogenesis
of gastric carcinomas and phenotype expression at the
cellular level, because they confuse an intestinal
phenotype with a “diffuse” structure and a gastric
phenotype with the “intestinal” type of Lauren
(Tatematsu et al., 2003). The phenotypic expression of
stomach cancer cells of each histological type can be
clearly classified into gastric and intestinal epithelial cell
types by immunohistochemistry using gastric and
intestinal epithelial cell markers such as MUCSAC,
MUC6, MUC2, and villin (Tatematsu et al., 2003). In
contrast, gastric and intestinal differentiation of
endocrine cells in stomach cancers has not been fully
evaluated.

To clarify whether our hypothesis is correct or not,
the present study was conducted to analyze CgA
expression by immunohistochemistry in a series of early
and advanced stomach cancers with histological
evaluation by hematoxylin and cosin (H&E) staining.
The relations of gastric and intestinal differentiation
between Exo- and End-cells were immuno-
histochemically evaluated within multiple areas within
each stomach cancer case, and for comparison, adenoma
cases and small numbers of carcinoids and ECCs, were
similarly assessed.

Materials and methods
Samples and tissue collection

A total of 110 primary stomach cancers surgically
resected at Aichi Cancer Center Hospital between 1994
and 2000 (Mizoshita et al., 2004a,b; Tsukamoto et al.,
2005) were examined, 37 early and 73 advanced lesions,
found in paticnts ranging in age from 43 to 78 years

(mean+SD, 59.8+8.8 years) and 32 to 84 years
(62.1+10.2 years), respectively. Histological
classification was made into differentiated and
undifferentiated adenocarcinomas according to the
Japanese Classification of Gastric Carcinomas (Japanese
Gastric Cancer Association, 1998), Early cases localized
in mucosa {m) or in submucosa (sm). In the advanced
cases, the cancers had invaded the muscularis propria
{mp), the subserosa (ss), or the serosa and the peritoneal
cavity (se), including adjacent organs (si).

We examined 12 primary endocrine tumors (8
carcinoids and 4 ECCs) surgically resected, too. The
endocrine tumors were diagnosed by the presence of at
least one of a number of endocrine markers, including
CgA, synaptophysin, or CD56 and were found in 7 men
and 5 women ranging in age from 39 to 66 years
(52.0+10.8 years).

We also evalnated 30 stomach adenomas obtained
by endoscopic mucosal resection or submucosal
dissection. The stomach adenomas were found in 17
men and 13 women ranging in age from 46 to 79 years
(64.7+10.2 years). Adenoma cases having a cancerous
component were excluded from this study.

All specimens were fixed in 10% buffered formalin.
Carcinomas with adjacent non-neoplastic mucosa were
cut serially into 5 mm slices in parallel with the lesser
curvature and embedded in paraffin, and then stained
with H&E for histological examination.

Immunohistochemistry

Immunohistochemical staining was carried out with
antibodies against the following antigens: Cdx2
(BioGenex, San Ramon, CA, USA); MUCSAC
(Novocastra Laboratories, Newcastle upon Tyne UK);
MUCS (Novocastra Laboratories); MUC2 (Novocastra
Laboratories); and villin (Transduction Labolatories,
Lexington, KY, USA); CgA (Dako, Glostrup,
Demmark); Gastrin (Yanaihara Institute, Fujinomiya,
Japan); Somatostatin (Dako); glucagon-like peptide-1
(GLP-1) (Yanaihara); gastric inhibitory polypeptide
(GIP) (Yanaihara); Glicentin (Yanaihara). With regard to
gastric phenotypic markers, we used normal gastric
mucosa and normal ileum as positive and negative
controls, or vice versa, for intestinal phenotypic ones.
The precise procedures for immunohistochemical
techniques were as previously described (Mizoshita et
al., 2003, 2004a,b; Tatematsu et al,, 2003; Tsukamoto et
al., 2004, 2005; Otsuka et al., 2005). Briefly, 4 #m-thick
consecutive sections were deparaffinized and hydrated
through a graded series of alcohol. After inhibition of
endogenous peroxidase activity by immersion in 3%
H,O, /methanol solution, antigen retrieval was
conducted by heating in 10 mM citrate buffer (pH 6.0} in
a microwave oven for 10 min at 98°C. Sections were
incubated with primary antibodies, thoroughly washed in
phosphate-buffered saline (PBS), then incubated with
biotinylated secondary antibedies, followed by avidin-
biotinylated horseradish peroxidase complexes
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(Vectastain Elite ABC kit; Vector Laboratories,
Burlingame, CA, USA). Finally, binding was visualized
by incubation with 0.01% H,0, and 0.05% 3.3’-
diaminobenzidine tetrachloride (DAB). Nuclear
counterstaining was accomplished with Mayer’s
hematoxylin.

Two independent pathologists (T.T. and T.M.)
judged the histology and immunochistochemical staining
of the Exo-cell and End-cell markers including Cdx2.
The result for CgA staining was evaluated with reference
to the percentage of positively stained tumor cells. A
result was considered positive if at least 10% of tumor
cells were stained. When less than 10% of tumor cells
were stained, immunostaining was considered negative,

Classification of tumors

MUCS5AC and MUC6 are markers of the gastric
Exo-cell phenotype, whereas MUC2 and villin are
typical of the intestinal Exo-cell phenotype (Mizoshita et
al., 2003, 2004a,b; Tatematsu et al,, 2003; Tsukamoto et
al., 2005). Similarly, gastrin and somatostatin are
-markers of the gastric End-cell phenotype, whereas
GLP-1, GIP, and glicentin are typical of the intestinal
End-cell phenotype {Otsuka et al., 2005).

In the CgA-positive tumor cases, expression of both
Exo-cell and End-cell markers was evaluated in
tumorous areas having CgA cytoplasmic staining.
Firstly, we examined the expression of the End-cell
markers in the CgA-positive tumors. Stomach tumorous
areas were classified as endocrine-gastric (e-G type) or
endocrine-intestinal (e-I type), respectively, with at least
one gastric or intestinal End-cell phenotype, and
endocrine-gastric-and-intestinal mixed phenotype {(e-Gi
type) when both gastric and intestinal markers were
present. Those showing neither gastric nor intestinal
phenotypic expression were grouped as endocrine-null
type (e-N type). Then, stormach tumorous areas positive
for at least one gastric or intestinal Exo-cell marker were
classified as of gastric (G type) or intestinal (I type)
phenotype, respectively. Those which exhibited both
phenotypes were classified as gastric-and-intestinal
mixed (GI type), while those showing neither were
grouped as null (N type).

Statistical analysis

The data were analyzed by Fisher’s exact or %2 test
for differences between groups. The P-values <0.05
were considered statistically significant.

Results

Expression of CgA in the early and advanced stomach
cancers

Totals of 16 {14.5%) and 94 (85.5%) stomach
cancers were judged to be CgA-positive and CgA-
negative, respectively (Table 1). In the early cases, totals

of 4 (10.8%) and 33 (89.2%) lesions were judged to be
CgA-positive and CgA-negative, respectively. In the
advanced cases, totals of 12 (16.4%) and 61 (83.6%)
lesions were judged to be CgA-positive and CgA-
negative, respectively. With the histological
classification, the CgA-positive rates in cases of the
differentiated, and undifferentiated types were 12.5%
(7/56) and 16.7% (9/54), respectively, the difference
being not significant. There were no significant
differences between CgA-positive and CgA-negative
groups with reference to age and sex. No lymph node
metastasis was observed with the 37 early cases. There
was also no significant difference between CgA-positive
and CgA-negative groups with reference to lymph node
metastasis in the advanced cases. On Kaplan-Meier
analysis of the advanced cases, the 5-year survival rafes
in patients of the CgA-positive and CgA-negative groups
were 38.2% and 43.6%, respectively, the difference not
being significant (data not shown).

Relations belween expression of Exo-cell and End-celf
markers in 4 early and 12 advanced CgA-positive
stomach cancers

We examined the expression of End-cell markers in
4 early and 12 advanced CgA-positive stomach cancers.
Ten (62.5%) cases had the expression of at least one
End-cell marker, while 6 cases had no expression of
End-cell markers. In 10 CgA-positive cases with End-
cell marker expression, we evaluated the expression of
the Exo-cell markers (Table 2). In 2 cases (Cases 4 and

Table 1. Correlations between clinicopathological findings and the
chromegranin A expression in 37 early and 73 advanced stomach
cancers.

Clinicopathotogical CgA (+} CgA () P- value
findings (n=16}) (n=94)
Age
Years (mean = s.d.) 64.0+10.2 60.89+9.7 NS
Sex
Male (n=67) 12 55 NS
Female (n=43) 4 39
Histological classification®
Differentiated (n=56) 7 49 NS
Undifferentiated (n54) 9 45
Depth
early (n=37) 4 33 NS
advanced (n=73) 12 61
Lymph node metastasis
Paositive {n=63) 10 53 NS
Negative (n=47) 6 41

CgA, chromogranin A; NS, not significant; 3; Classified based on
structure of elements. "Differentiated" includes tubular and papillary
types, while "Undifferentiated™ consists of signet-ring cell and poorly
differentiated types.
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Fig. 1. A stomach cancerous area of el type {Case 6f). A. H&E staining. B. CgA cytoplasmic staining observed in some tumor cells. C. GIP is present
in the cytoplasm of some cancer cells. D. Glicentin is evident in the cytoplasm of some cancer cells. E. Cdx2 nuclear staining in the tumor cells. F, Villin
is positive on the luminal surfaces of cancer cells. CgA, chremogranin A; GIP, gastric inthibitory polypeptide. x 200
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Fig. 2. A stomach adenoma case of -] type (Adenoma 13). A. H&E staining. B. CgA expression is apparent in the cytoplasm of tumor cells. G. MUC2

is present in the cytoplasm of some adenoma cells. D. Cdx2 is positive in the nuclei of adenoma gland cells. E. GLP-1 is evident in the cytoplasm of
some adenoma cells. F. GIP is present in the cytoplasm of some adenoma cells. CgA, chromogranin A; GLP-1, glucagon-like peptide-1; GIP, gastric

inhibitory polypeptide. x 200





