
&p.1:Abstract Recent developments in mucin histochemistry
and immunohistochemistry have made reliable determi-
nation of the gastric and intestinal phenotypes of gastric
carcinoma cells possible. Phenotypic expression changes
from gastric epithelial cell type to intestinal epithelial
cell type with the growth of gastric tumours in experi-
mental animals. We studied cell differentiation in gastric
signet ring cell carcinomas with progression in 203 sur-
gically obtained specimens. The results showed that the
proportion of gastric phenotype carcinomas, in which
over 90% of the tissue consists of gastric epithelial cell
type cells, decreases with the depth of invasion. The pro-
portion of mixed phenotype carcinomas (between 10%
and 90% of the tissue made up of gastric and/or intesti-
nal epithelial cell type cells) increases. The intestinal
phenotype (over 90% intestinal epithelial cell type carci-
noma cells) was found in four carcinomas (about 2%) in-
volving the serosa. No clear relationship was evident be-
tween phenotypic expression of carcinoma cells and the
degree of intestinal metaplasia of the surrounding muco-
sa.

Progression of gastric signet ring cell carcinomas is
associated with a phenotypic shift from gastric to intesti-
nal type expression.

&kwd:Key words Signet ring cell carcinoma · Stomach · Cell
differentiation · Histochemistry · Intestinal metaplasia&bdy:

Introduction

The phenotypic expression of tumour cells resembles
that of the tissue of origin. Recent developments in mu-
cin histochemistry {paradoxical concanavalin A (PCS)
[17], galactose oxidase–Schiff (GOS) [18, 27] and siali-
dase GOS (S-GOS) [18, 27] staining} and immunohisto-
chemistry {use of pepsinogen II (PgII) [6, 11, 13, 25,
26], SH-9 (for demonstrating CA125-bearing antigenic
molecule fragments), [14, 34], and TKH-2 (for the sial-
osyl-Tn antigen) [15, 19]} have made reliable determina-
tion of the gastric and intestinal phenotypic expressions
of gastric carcinoma cells possible.

Histologically, human gastric cacrinomas have been
classified into two groups, the intestinal and diffuse
types of Lauren [21] and the differentiated and undiffer-
entiated types of Sugano et al. [28]. Cytologically, hu-
man gastric carcinoma cells can be classified into a gas-
tric epithelial cell type (comprising surface mucous and
pyloric gland cells) and an intestinal epithelial cell type
(goblet and intestinal absorptive cell types) on the basis
of their phenotypic expression [5, 7, 8, 15, 32–34]. Sig-
net ring cell carcinomas consist of both gastric and intes-
tinal epithelial type cells, which can be differentiated ul-
trastructurally into surface mucous, pyloric gland, goblet
and microcyst types [2, 31].

We have previously shown that gastric adenocarcino-
mas induced experimentally in rats are mainly composed
of tumour cells of the gastric epithelial cell type [29].
The phenotypic expression changes from gastric epithe-
lial cell type to intestinal epithelial cell type with growth
[30].

In this study, we investigated the variation in pheno-
typic expression of signet ring cell carcinomas with
depth of invasion, from the mucosa through the submu-
cosa and muscularis propria to the serosa. We chose to
focus attention on this carcinoma because it produces
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abundant mucin, which makes it particularly suitable for
mucin histochemistry and immunohistochemistry tech-
niques, and because it is widely recognized as originat-
ing from the gastric mucosa, regardless of the presence
of metaplastic change [9, 22–24].

Materials and methods

In all, 203 surgical specimens of primary signet ring cell gastric
carcinoma resected at Aichi Cancer Center Hospital and its affili-
ated hospitals during the period 1979–1992 were examined.

All specimens were fixed in 10% buffered formalin. Carcino-
mas were cut serially into 5-mm slices in parallel with the lesser
curvature and then embedded in paraffin. Tissue sections were ex-
amined after staining with haematoxylin-eosin (HE) and those
through the longest tumour diameters were selected for mucin his-
tochemical and immunohistochemical investigation.

A signet ring cell gastric carcinoma was defined as a carcino-
ma with more than 50% of the carcinoma tissue composed of sig-
net ring cells containing intracellular mucin.

For mucin histochemistry PCS, GOS and S-GOS staining tech-
niques were applied. For immunohistochemistry SH-9, anti-Pg II
and THK-2 antibodies were used. Reactive cells of each histo-
chemical staining are shown in Table 1. Mucin identified by PCS
was classified into four types. Reactive histological sites of class I
are cytoplasmic membranes, those of class II are the surface epi-

thelium of the stomach and goblet cells of the small intestine,
those of class III are mucous neck cells, pyloric glands and Brun-
ner’s glands, and those of class IV are goblet cells of the large in-
testine [17]. In this study PCS identifying class III was used. GOS
and S-GOS staining procedures were performed as described pre-
viously [18, 27]. The avidin-biotin-peroxidase complex (ABC)
method [10] was employed to determine the localization of Pg II,
SH-9-reactive mucin and TKH-2-reactive mucin in the gastric mu-
cosa and carcinomas. Polyclonal anti-Pg II and TKH-2 monoclo-
nal antibodies were prepared as described previously [12, 19]. The
monoclonal antibody SH-9 was kindly donated by Dr. Shunsuke
Imai (Department of Pathology, Nara Medical University) [14].
Affnity-purified biotin-labeled goat anti-rabbit or horse anti-
mouse IgG and ABC were applied (Vectastain Elite ABC kit, Bur-
lingame, Calif.). After deparaffinization and dehydration, sections
were incubated with fresh 3% hydrogen peroxide in methanol and
treated sequentially with normal goat or horse serum, rabbit anti-
Pg II (1:4000) or mouse SH-9 monoclonal antibody (1:50) or
TKH-2 (1:1000, respectively), biotin-labelled goat anti-rabbit or
horse anti-mouse IgG, and ABC. The sites of peroxidase binding
were visualized using diaminobenzidine. Sections were lightly
counterstained with haematoxylin.

Carcinoma cells were classified into gastric epithelial cell (sur-
face mucous and pyloric gland cell types) and intestinal epithelial
cell (goblet and microcyst cells) types using their histochemical
staining and HE staining features (Table 2) [5, 6, 15, 31–33]. Car-
cinomas with over 90% composed of gastric epithelial cells were
classified as having the gastric phenotype, and those demonstrat-
ing over 90% intestinal epithelial cells, as having the intestinal
phenotype. The remainder were assigned to the mixed phenotype.

The surrounding non-neoplastic gastric mucosa up to 5 mm
from the margin of each carcinoma was examined, with division
into four groups on the basis of location: cardiac gland region,
fundic region, intermediate zone and pyloric gland region.

The Chi-square test for trend was applied for comparison of
the proportions of each phenotype with different depths of inva-
sion.

Results

With PCS, GOS and S-GOS staining and with anti-Pg
II, SH-9 and TKH-2 immunohistochemistry, surface
mucous cells contained GOS-, S-GOS- and/or SH-9-re-
active mucin (Fig. 1a, b), and showed no class III mucin
or Pg II staining. In contrast, mucous neck cells con-
tained class III mucin and Pg II, and showed no GOS, S-
GOS or SH-9 reactivities. Parietal cells showed no reac-
tivity for any staining except TKH-2 immunohistochem-
istry. Chief cells demonstrated strong stainability for Pg
II. Pyloric gland cells contained class III mucin and Pg
II (Fig. 1c, d). Duodenal and intestinal metaplastic gob-
let cells contained S-GOS- and TKH-2-positive mucin,
and no GOS- and SH-9-reactive mucin and no Pg II or
class III positivity was demonstrable (Fig. 1e, f). Duo-
denal and intestinal metaplastic absorptive cells were
covered with a surface coat characterized by slight S-
GOS reactivity.

The phenotypes of signet ring cells were classified into
surface mucous, pyloric gland, goblet and microcyst
types. Carcinoma cells of surface mucous cell type con-
tained GOS- and/or SH-9-reactive mucin but showed no
class III mucin or Pg II reactivity. In contrast, carcinoma
cells of pyloric gland cell type contained class III mucin
and/or Pg II reactivity but showed no GOS or SH-9 reac-
tivity. Carcinoma cells of goblet cell type contained S-
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Table 1 Details for histochemically and immunohistochemically
reactive cells in the stomach (PCS paradoxical concanavalin A,
GOS galactose oxidase–Schiff, S-GOSsialidase galactose oxi-
dase–Schiff, Pg II pepsinogen II)&/tbl.c:&tbl.b:

Histochemistry Reactive cells

PCS Mucous neck cell
(class III) Pyloric gland cell
GOS Surface mucous cell
S-GOS Surface mucous cell

Goblet cell
Anti-PgII Mucous neck cell

Pyloric gland cell
Chief cell

SH-9 Surface mucous cell
TKH-2 Goblet cell

Parietal cell (weak)

&/tbl.b:

Table 2 Classification of carcinoma cells by histochemical mark-
ers (Gastric phenotypegastric epithelial cell type, Intestinal phe-
notypeintestinal epithelial cell type, Sur. typesurface mucous cell
type, Pyl. typepyloric gland cell type, Gob. typegoblet cell type,
Mic. typemicrocyst type)&/tbl.c:&tbl.b:

Markers Gastric phenotype Intestinal phenotype

Sur. type Pyl. type Gob. type Mic. type

PCS − + − −
(class III)
GOS + − − −
S-GOS + − + −
Anti–PgII − + − −
SH-9 + − − −
TKH-2 − − + −
Microcyst − − − +

&/tbl.b:
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Fig. 1a–f Serial sections of surrounding pyloric mucosa demon-
strating intestinal metaplasia. Surface mucous cells contain a ga-
lactose oxidase–Schiff (GOS)-reactive mucins, b SH-9 reactive
mucin and e sialidase GOS (S-GOS)-reactive mucins. Pyloric
gland cells contain class III mucins stained by c paradoxical con-
canavalin A (ConA) and d Pg II. Goblet cells contain e S-GOS-re-
active mucins and f TKH-2-reactive mucins. a GOS staining, ×33;
b SH-9 immunohistochemistry, ×33; c paradoxical ConA staining,
×33; d Pg II immunohistochemistry, ×33; e S-GOS staining, ×33;
f TKH-2 immunohistochemistry, ×33&/fig.c:

GOS- and TKH-2-positive mucin but exhibited no GOS or
SH-9. Carcinoma cells of microcyst type featured intracel-
lular microcysts that were not positive for any staining.

Hybrid cells expressing both surface mucus and gob-
let features were found in 15 cases of mixed phenotype
carcinomas. While a few carcinoma cells of surface mu-
cous cell type with GOS-positive mucins had no SH-9-
reactive mucins, or vice versa, the proportion of carcino-
mas cells with GOS-positive mucins was almost as same
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Fig. 2a, b Serial sections of an intramucosal signet ring cell carci-
noma. a Signet ring cells of the surface mucous cell type stained by
SH-9 and b pyloric gland cell type stained by paradoxical ConA re-
tain a tendency for distribution in the superficial and deep parts of
the mucosa, respectively. The arrow shows a normal pyloric gland
whose cells contain class III mucins stained by paradoxical ConA.
a SH-9 immunohistochemistry, ×50; b paradoxical ConA staining,
×50&/fig.c:

as that for SH-9-reactive mucins (about 80%). Similarly,
some goblet cells with S-GOS-positive mucins had no
TKH-2-reactive mucins and vice versa, the proportion of
carcinoma cells with GOS-negative and S-GOS positive
mucins being almost the same as that for TKH-2-reactive
mucins (about 60%). In the pyloric gland cell type cells,

the proportion of carcinoma cells with class III mucins
(about 70%) tended to be higher than that of Pg-II-posi-
tive ones (about 50%).

In the intramucosal carcinomas, cells of surface mu-
cous cell type retained a tendency to be distributed in
the superficial part and those of pyloric gland cell type
in the deep part of the mucosa (Fig. 2a, b). These carci-
nomas were found to consist mainly of gastric epithe-
lial cell type cells, with a few intestinal epithelial cell
type cells distributed randomly, independently of the
presence of intestinal metaplasia in the surrounding
mucosa.

In the carcinomas invading below the submucosa, the
mucosal areas showed disorganized layered structures

Table 3 Relation between phenotypic expression of signet ring
cells and properties of the surrounding mucosa (m carcinoma lim-
ited to the mucosa, sm carcinoma involving the submucosa, mp

carcinoma involving the muscularis propria, s carcinoma invading
below the subserosa, I.M. intestinal metaplasia)
&/tbl.c:&tbl.b:

Depth No. of carcinomas of each phenotype (%) Total
of
invasion Gastrica Mixedb Intestinalc I.M. (+) I.M. (−)

I.M. (+) I.M. (−) I.M. (+) I.M. (−) I.M. (+) I.M. (−)

m 29 (58.0) 21 (42.0) 3 (75.0) 1 (25.0) 0 0 32 (59.3) 22 (40.7)
sm 14 (60.9) 9 (39.1) 7 (70.0) 3 (30.0) 0 0 21 (63.6) 12 (36.4)
mp 7 (58.3) 5 (41.7) 5 (62.5) 3 (37.5) 0 0 12 (60.0) 8 (40.0)
s 26 (57.8) 19 (42.2) 28 (59.6) 19 (40.4) 3 (75.0) 1 (25.0) 57 (59.4) 39 (40.6)

a Gastric phenotype carcinoma consisting of over 90% gastric epi-
thelial cell type carcinoma cells
b Mixed phenotype carcinoma consisting of between 10% and
90% gastric and/or intestinal epithelial cell type carcinoma cells

c Intestinal phenotype carcinoma consisting of over 90% intestinal
epithelial cell type carcinoma cells&/tbl.b:



Fig. 3a–c Serial sections through an area of goblet cell type carci-
noma cells in a signet ring cell carcinoma invading the serosa.
Carcinoma cells which contain S-GOS (b) and TKH-2 reactive (c)
but GOS-negative mucins (a) are randomly distributed in the sub-
serosa. a GOS staining, ×50; b S-GOS staining, ×50; c TKH-2 im-
munohistochemistry, ×50&/fig.c:
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with each cellular phenotype being distributed at random
throughout the whole tumour tissue regardless of the pre-
dominant phenotype of the carcinoma. Carcinoma cells
in the subserosa of a goblet cell type carcinoma are
shown in Fig. 3a–c.

The proportions of gastric, mixed and intestinal pheno-
types of lesions with different depths of invasion are
shown in Fig. 4. The proportion of gastric phenotype car-
cinomas decreased with depth of invasion, from 92.6%
(involvement of the mucosa), to 69.7% (submucosa),
60.0% (muscularis propria), and 46.9% (subserosa, serosa)
and that of mixed phenotype carcinomas increased with
depth of invasion, from 7.4% (mucosa), to 30.3% (submu-
cosa), 40.0% (muscularis propria), and 49.0% (subserosa,
serosa). The intestinal phenotype was limited to four carci-
nomas involving the serosa. The decrease in gastric and in-
crease in mixed and intestinal type carcinomas with depth
of invasion were significant (P<0.001). A phenotypic shift
from gastric to intestinal type expression was thus ob-
served with depth of invasion of signet ring cell gastric
carcinomas. The proportion of intestinal epithelial cell
type carcinoma cells in mixed phenotype carcinomas tend-
ed to increase with depth of invasion (data not shown).

Results for the relation between phenotypic expres-
sion of carcinoma and that of the surrounding mucosa
are summarized in Table 3. Of the 203 carcinomas , 122
(60.1%) were surrounded by intestinal metaplasia and 81

Fig. 4 Changes in phenotypic expression of signet ring cell carci-
nomas with progression (m carcinoma limited to the mucosa, sm
carcinoma involving the submucosa, mp carcinoma involving the
muscularis propria, s carcinoma invading below the subserosa,
Gastric gastric phenotype carcinoma with over 90% gastric epi-
thelial cell type carcinoma cells, Intestinal intestinal phenotype
carcinoma with over 90% intestinal epithelial cell type carcinoma
cells, Mixed mixed phenotype carcinoma with between 10% and
90% gastric and/or intestinal epithelial cell type carcinoma cells)&/fig.c:



(39.9%) were observed in gastric mucosa without intesti-
nal metaplasia. The proportions of carcinomas with in-
testinal metaplasia in gastric and mixed phenotypes with
depth of invasion are shown in Table 3. No significant
differences were found among carcinomas with intestinal
metaplasia for any depth of invasion.

The proportion of gastric phenotype carcinomas in
each glandular stomach region decreased and that of
mixed phenotype carcinomas increased with depth of in-
vasion, while that of carcinomas with intestinal metapla-
sia scarcely changed. The rate was low in the fundic
gland region and high in the pyloric gland region, re-
gardless of the depth of invasion (data not shown). Thus,
no clear relationship was evident between phenotypic ex-
pression of gastric carcinoma cells and the surrounding
mucosa.

Discusion

In discussions of the histogenesis of gastric cancer, it has
generally been concluded that glandular type [3] (differ-
entiated type) carcinomas arise from areas of intestinal
metaplasia while the isolated cell type [3] (undifferenti-
ated type) lesions originate in normal gastric mucosa [4,
9, 22–24]. However, a number of cases for which this
theory does not apply have been reported. For example,
the incidence of glandular type carcinomas in cardiac
mucosa featuring a low degree of intestinal metaplasia
was shown to be higher than that of isolated cell type
carcinomas [16]. In another study, Tatematsu et al.
showed that 33 of 122 glandular type carcinomas
(27.1%) in 229 surgically obtained primary lesions con-
sisted mainly of gastric epithelial cell type carcinoma
cells [33], and Kushima et al. reported that 10 of 43
glandular type intramucosal gastric carcinomas (23.2%)
had gastric phenotypic expression [20]. These findings
suggest that the relationship between glandular type car-
cinoma and intestinal metaplasia is not intimate, and
raise the question as to whether the glandular type carci-
nomas develop from intestinal metaplasia. We proposed
earlier that the development of intestinal epithelial cell

type cells in gastric epithelium and in gastric carcinomas
during experimentally induced gastric carcinogenesis in
rats might occur independently [29]. In human gastric
carcinoma, we consider that both glandular and isolated
cell type carcinomas arise primarily from the normal
gastric mucosa; the change from gastric to intestinal phe-
notype with time occurs independently of and separately
from the corresponding metaplastic shift in the back-
ground mucosa (Fig. 5). This is part of the rationale for
the present study of signet ring cell gastric carcinomas.

Our results on the phenotypic expression of signet
ring cells show that some tumour cells lose the pheno-
typic characteristics of the normal gastric epithelium, re-
flecting incomplete cellular differentiation. Thus, in this
study, using plural markers, we were able to define cellu-
lar differentiation of carcinoma cells more clearly than
previously [30–33].

With regard to phenotypic expression of signet ring
cell carcinomas, in intramucosal carcinomas cells of sur-
face mucous cell type retained a tendency to be distribut-
ed in the superficial part and those of pyloric gland cell
type in the deep part of the mucosa. In advanced carcino-
mas the mucosal areas showed disorganized layered
structures with each cellular phenotype distributed at
random throughout the whole of the tissue. These results
are compatible with the report that intramucosal carcino-
mas show organoid differentiation whereas advanced
carcinomas do not [7].

The main result relating to alteration of phenotype in-
dicated a phenotypic shift from gastric to intestinal type
expression with depth of invasion. Tumour invasion de-
pends to some extent on time, and we can therefore con-
sider the depth of invasion as an index of the age of a
carcinoma. This conclusion is compatible with the clin-
icopathological finding that carcinomas with mixed or
intestinal phenotype tend to be larger than gastric pheno-
type carcinomas (data not shown). It is also compatible
with our previous reports that tumour cells of gastric epi-
thelial cell type change to intestinal epithelial cell type
with growth from small to large tumours during experi-
mentally induced gastric carcinogenesis in rats [30].
However, as the results in this study are valid only for
signet ring cell carcinomas, similar studies of glandular
type carcinomas are necessary to prove our hypothesis.
We defined carcinomas with over 90% gastric or intesti-
nal phenotypic expression as “purely” differentiated. If
we define carcinomas with 100% gastric or intestinal
phenotypic expression as “purely” differentiated, the
number of gastric phenotype carcinomas will decrease
and that of mixed phenotype lesions increase. The num-
ber of intestinal tumours would then decline, of course,
to zero, and the results would be compatible with our
conclusions.

Concerning the relation between phenotypic expres-
sion of carcinoma cells and that of the surrounding mu-
cosa, the number of intestinal phenotype carcinomas in
the present series was too small to allow conclusions.
However, the present results are in line with our hypoth-
esis. At first sight, the finding of carcinomas consisting
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Fig. 5 Schematic illustration of pathways of gastric carcinoma
genesis. The human gastric carcinomas arise primarily from the
gastric mucosa, the change from gastric to mixed and to intestinal
phenotype with time occurring independently of and separately
from the corresponding metaplastic shift in the background muco-
sa. Bold arrowsmain routes, dashed arrowsside routes&/fig.c:



predominantly of gastric epithelial type cells surrounded
by intestinal metaplasia might appear inconsistent with
the hypothesis, but it could be explained by an origin
from normal gastric mucosa and subsequent maintenance
of the gastric phenotype in carcinoma tissue despite sur-
rounding metaplasia. Conversely, carcinomas consisting
predominantly of intestinal type cells surrounded by
non-metaplastic glandular mucosa can be interpreted as a
shift from the gastric phenotype limited to the carcino-
ma.

The intestinalization of gastric carcinoma could be re-
lated to the fact that all Chordata have an intestinal epi-
thelium, but the Cyclostomes, Holocephali, some lung
fishes and many Teleosts lack a morphologically distin-
guishable stomach [1]. Thus, intestinal gene expression
is found at all levels of vertebrates, whereas the gastric
phenotype only appears in higher animals. When cells
lose their differentiation on treatment with various
agents, they occasionally show phylogenic reversion. In-
testinal metaplasia in normal pyloric mucosa might be
considered to be a phylogenic reversion of gastric muco-
sa to intestinal mucosa. Similarly, cells of intestinal epi-
thelial cell type in gastric carcinomas might be consid-
ered to indicate a similar process during neoplasia [30].

In conclusion, the present study provides evidence
that the phenotype of signet ring cell gastric carcinomas
changes from gastric epithelial to intestinal epithelial
type with progression.

References

1. Ballard WW (1964) The digestive apparatus. In: Ballard WW
(ed) Comparative anatomy and embryology. Ronald Press,
New York, pp 455–472

2. Carneiro F, Moutinho-Ribeiro M, David L, Seixas M, San-
sonetty F, Soares P, Serrano A, Sobrinho-Simões M (1992)
Signet ring cell carcinoma of the stomach: a morphometric, ul-
trastructural, and DNA cytometric study. Ultrastruct Pathol
16:603–614

3. Carneiro F, Seixas M, Sobrinho-Simões M (1995) New ele-
ments for an updated classification of the carcinomas of the
stomach. Pathol Res Pract 191:571–584

4. Correa P (1992) Human gastric carcinogenesis: a multistep
and multifactorial process. First American Cancer Society
Award Lecture on Cancer Epidemiology and Prevention. Can-
cer Res 52:6735–6740

5. Fiocca R, Villani L, Tenti P, Solcia E, Cornaggia M, Frigerio
B, Capella C (1987) Characterization of four main cell types
in gastric cancer: foveolar, mucopeptic, intestinal columnar
and goblet cells. An histopathologic, histochemical and ultra-
structural study of “early” and “advanced” tumours. Pathol
Res Pract 182:308–326

6. Fiocca R, Cornaggia M, Villani L, Capella C, Solsia E, Saml-
off IM (1988) Expression of pepsinogen II in gastric cancer.
Its relationship to local invasion and lymph node metastases.
Cancer 61:956–962

7. Fujimori Y, Akamatsu T, Ota H, Katsuyama T (1995) Prolifer-
ative markers in gastric carcinoma and organoid differentia-
tion. Hum Pathol 26:725–734

8. Furihata C, Tatematsu M, Miki K, Katsuyama T, Sudo K, Miy-
agi N, Kubota T, Jin S, Kodama K, Ito N, Konishi Y, Suzuki
K, Matsushima T (1984) Gastric- and intestinal-type proper-
ties of human gastric cancers transplanted into nude mice.
Cancer Res 44:727–733

9. Ghandur-Mnaymneh L, Paz J, Roldan E, Cassady J (1988)
Dysplasia of nonmetaplastic gastric mucosa. A proposal for its
classification and its possible relationship to diffuse-type gas-
tric carcinoma. Am J Surg Pathol 12:96–114

10. Hsu SM, Raine L, Fanger H (1981) The use of antiavidin anti-
body and avidin-biotin-peroxidase complex in immunoperoxi-
dase techniques. Am J Clin Pathol 75:816–821

11. Huang SC, Miki K, Sano J, Ichinose M, Kawamura N, Oka H,
Hirano K, Furihata C, Masugi Y, Takahashi K (1988) Pepsino-
gens I and II in gastric cancer: an immunohistochemical study
using monoclonal antibodies. Jpn J Cancer Res 79:1139–1146

12. Ichinose M, Miki K, Furihata C, Kageyama T, Niwa H, Oka
H, Oda T, Matsushima T, Takahashi K (1982) Radioimmuno-
assay of group II pepsinogen in human serum. Clin Chim Acta
122:61–69

13. Ichinose M, Miki K, Tatematsu M, Furihata C, Nobuhara M,
Ichihara Y, Tanji M, Sogawa K, Fujii-Kuriyama Y, Takahashi
T, Kageyama T, Takahashi K (1988) Hypomethylation and ex-
pression of pepsinogen A genes in fundic mucosa of human
stomach. Biochem Biophys Res Commun 151:275–282

14. Imai S, Maeda H, Kiyozuka Y, Morimoto J, Haga S, Noda T,
Hiroishi S (1991) Monoclonal antibodies against CA125-bear-
ing antigenic molecule fragments: reactivity with mucinous
ovarian tumours and lung cancers. Mol Cell Probes 5:55–63

15. Iwata H, Itzkowitz SH, Werther JL, Hayashi K, Nakamura H,
Ichinose M, Miki K, Tatematsu M (1993) Expression of sial-
osyl-Tn in intestinal type cancer cells of human gastric can-
cers. Acta Pathol Jpn 43:646–653

16. Kato Y, Sugano H, Wada J, Nakamura K (1978) Histogenesis
of the cardiac carcinoma (adenocarcinoma) in comparison
with that of the antral carcinoma (in Japanese). Stomach Intes-
tine 13:1509–1515

17. Katsuyama T, Spicer SS (1978) Histochemical differentiation
of complex carbohydorates with variants of the concanavalin
A horseradish peroxidase method. J Histochem Cytochem
26:233–250

18. Katsuyama T, Ono K, Nagata T (1982) Application of galac-
tose oxidase mucosubstance histochemistry: galactose oxi-
dase–Schiff reaction. J Histochem Cytochem 30:555

19. Kjeldsen T, Clausen H, Hirohashi S, Ogawa T, Iijima H, Ha-
komori S (1988) Preparation and characterization of monoclo-
nal antibodies directed to the tumor-associated O-linked sial-
osyl-2→6α-N-acetylgalactosaminyl (sialosyl-Tn) epitope.
Cancer Res 48:2214–2220

20. Kushima R, Hattori T (1993) Histogenesis and characteristics
of gastric-type adenocarcinomas in the stomach. J Cancer Res
Clin Oncol 120:103–111

21. Lauren P (1965) The two histological main types of gastric
carcinomas: diffuse and so called intestinal-type carcinoma.
An attempt at a histoclinical classification. Acta Pathol Micro-
biol Scand 64:31–49

22. Nagayo T (1975) Microscopical cancer of the stomach: a
study on histogenesis of gastric carcinoma. Int J Cancer
16:52–60

23. Nakamura K (1978) Special features of intestinal metaplasia
and its relation to early gastric carcinoma in man: observation
by a method in which leucine aminopeptidase activity is used.
J Natl Cancer Inst 61:693–702

24. Nakamura K, Sugano H, Takagi K (1968) Carcinoma of the
stomach in incipient phase: its histogenesis and histological
appearances. Gann 59:251–258

25. Samloff IM (1971) Cellular localization of group I pepsino-
gens in human gastric mucosa by immunofluorescence. Gas-
troenterology 61:185–188

26. Samloff IM, Liebman WN (1973) Cellular localization of the
group II pepsinogens in human stomach and duodenum by im-
munofluorescence. Gastroenterology 65:36–42

27. Schulte BA, Spicer SS (1983) Light microscopic histochemi-
cal detection of sugar residues in secretory glycoproteins of
rodent and human tracheal glands with lectin-horseradish per-
oxidase conjugates and the galactose oxidase–Schiff sequence.
J Histochem Cytochem 31:391–403

109



28. Sugano H, Nakamura K, Kato Y (1982) Pathological studies of
human gastric cancer. Acta Pathol Jpn 32 [Suppl 2]:329–347

29. Tatematsu M, Furihata C, Katsuyama T, Hasegawa R, Nak-
anowatari J, Saito D, Takahashi M, Matsushima T, Ito N
(1983) Independent induction of intestinal metaplasia and gas-
tric cancer in rats treated with N-methyl-N′-nitro-N-nitroso-
guanidine. Cancer Res 43:1335–1341

30. Tatematsu M, Katsuyama T, Furihata C, Tsuda H, Ito N (1984)
Stable intestinal phenotypic expression of gastric and small in-
testinal tumor cells induced by N-methyl-N′-nitro-N-nitroso-
guanidine or methylnitrosourea in rats. Gann 75:957–965

31. Tatematsu M, Furihata C, Katsuyama T, Miki K, Honda H,
Konishi Y, Ito N (1986) Gastric and intestinal phenotypic ex-
pressions of human signet ring cell carcinomas revealed by the
biochemistry, mucin histochemistry, and ultrastructure. Cancer
Res 46:4866–4872

32. Tatematsu M, Ichinose M, Miki K, Hasegawa R, Kato R, Ito N
(1990) Gastric and intestinal phenotypic expression of human
stomach cancers as revealed by pepsinogen immunohisto-
chemistry and mucin histochemistry. Acta Pathol Jpn 40:494–
504

33. Tatematsu M, Hasegawa R, Ogawa K, Kato T, Ichinose M,
Miki K, Ito N (1992) Histogenesis of human stomach cancers
based on assessment of differentiation. J Clin Gastroenterol 14
[Suppl 1]:1–7

34. Tatematsu M, Iwata H, Ichinose M, Kakei N, Tsukada S,
Miki K, Imai S, Imaida K (1993) Markers of surface mucous
cell type human gastric cancer cells: galactose oxidase–Schiff
reactive mucins and cathepsin E. Acta Pathol Jpn 43:500–
506

110


