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ABSTRACT

Gastric and intestinal phenotypic expression in 37 surgically obtained
primary signet ring cell carcinomas, five of their mÃ©tastasesto lymph
nodes, and three signet ring cell carcinomas transplanted into nude mice
were determined by biochemical, mucin, histochemical, and ultrastruc-
tural studies. Crude extracts of cancer tissues were used for measure
ments of pepsinogen isozymes, sucrase, aminopeptidase (microsomal),
and alkaline phosphatase. Histochemical staining of mucin by paradoxi
cal concanavalin A, the galactose oxidase-Schiff sequence and sialidase-
galactose oxidase-Schiff, and the periodate-borohydride technique/potas
sium hydroxide/periodic acid-Schiff procedure was performed. The pro
cedures allowed clear definition of pyloric gland, surface mucous, small
and large intestinal goblet, and intestinal absorptive cell types. Of 40
specimens examined, 19 consisted entirely of gastric-type cells, and three
entirely of intestinal-type cells. The others consisted of mixtures of gastric
and intestinal-type cells. The observed high incidence of intestinal-type
cells in signet ring cell carcinomas suggested that intestinal-type cells
develop independently from intestinal metaplasia within signet ring cell
carcinomas (diffuse-type gastric cancers), which probably originate from
nonmetaplastic gastric mucosa.

INTRODUCTION

Lauren (1) classified human gastric cancers histologically
into two main groups: the intestinal type, including papillary
adenocarcinomas and well-differentiated tubular adenocarci-

nomas; and the diffuse type, including signet ring cell carcino
mas and poorly differentiated adenocarcinomas. A close corre
lation between the presence of intestinal metaplasia and well-
differentiated adenocarcinomas has been observed in the stom
ach of humans (2-11) and rats treated with chemical gastric
carcinogens (12-16). However, the development of intestinal
metaplasia in pyloric mucosa and the appearance of intestinal-
type cells in adenomatous hyperplasia or well-differentiated
adenocarcinoma were found not to be correlated in rat gastric
carcinogenesis (17, 18). In previous work (19) we observed both
intestinal and gastric properties in diffuse-type carcinomas
transplanted into nude mice. Intestinal features of signet ring
cell carcinomas which originate from nonmetaplastic gastric
mucosa (20-22) support the possibility of independent induc
tion of intestinal-type cells in gastric epithelium and in gastric
cancer.

Recently new techniques have been developed for histochem
ical staining of mucin to determine phenotypic expression of
signet ring cell carcinomas. These techniques include paradox-
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ical Con A staining, the COS3 reaction (23, 24), the sialidase

COS reaction (23, 24), and the PBT/KOH/PAS protocol (25,
26). By paradoxical Con A staining, signet ring cell carcinoma
cells can be classified into two types (18, 19): cells containing
Class III mucins (pyloric gland cell type) and cells containing
Class II mucins. Class II mucins have been found in surface
mucous cells, goblet cells of the small and large intestine, and
the surface coat of intestinal absorptive cells (18, 27). GOS-
reactive mucins have been demonstrated only in surface mucous
cells (23). After sialidase digestion, mucins in goblet cells of the
small intestine were stained by GOS, because these cells con
tained GOS-reactive sugar residues penultimate to sialic acid
(24). The o-acylated sialic acids detected by PBT/KOH/PAS
are characteristic for goblet cells of the large intestine (25, 26).
Signet ring cells with Class II mucins will be further classified
into these 4 cell types by these stainings.

Ultrastructurally, mucin granules in cells of signet ring cell
carcinomas resemble those of pyloric gland cells (28) or goblet
cells (28). Intracellular microcysts with a striated cell border
possessing a layer of intestinal glycocalyx have been found in
some cells in signet ring cell carcinomas (29). Thus ultrastruc
tural studies are also useful for investigating the phenotypic
expression of signet ring cell carcinomas.

Although signet ring cell carcinomas have been considered
to be of poorly or undifferentiated carcinomas, a combination
of enzyme assays (for pepsinogen, sucrase, intestinal-type al
kaline phosphatase, and aminopeptidase), mucin histochemical
studies (paradoxical Con A stainings, the GOS reaction, the
sialidase-GOS reaction, and PBT/KOH/PAS staining), and

ultrastructural studies allows distinction of the phenotypic
expression of each cancer cell in signet ring cell carcinomas.

MATERIALS AND METHODS

Specimens of 37 surgically obtained primary signet ring cell carci
nomas and 5 of their mÃ©tastasesto lymph nodes and 3 signet ring cell
carcinomas transplanted into nude mice were used. To avoid contami
nation of tumor tissue with gastric mucosa, we used only nonnecrotic
central tissues of big tumors for enzyme assays. Resected tumors and
control normal tissues were washed with 0.9% NaCI solution, frozen,
and stored at â€”80Â°Cuntil use.

Extraction

Crude enzyme extracts were prepared as described previously (19) in
1 HIM sodium-potassium phosphate buffer, pH 6.8, for analysis of
pepsinogen and in 100 DIMsodium-potassium phosphate buffer, pH
6.8, containing 1% Triton X 100 for analysis of sucrase, am iimpcpi i-

3The abbreviations used are: GOS, galactose oxidase-Schiff; Con A, concan
avalin A; CD, cathepsin I) like acid protease; HRP, horseradish peroxidase; PA,
periodic acid; Pg 1, Pg 2, Pg 3, Pg 4, Pg 5, Pg 6, Pg 7, Pg 8. and Pg 9, pepsinogen
isozymes 1 to 9; sialidase GOS, sialidase-galactose oxidase-Schiff; PBT/KOH/
PAS, periodate-borohydride technique/potassium hydroxide/periodic acid-Schiff;
PBS, phosphate-buffered saline; PAS, periodic acid-SchifT.
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dase, and alkaline phosphatase. The protein contents of extracts were
determined by the method of Lowry et ai. (30).

Enzyme Assay

The total activity of gastric acid proteases [pepsinogens and CD-like

acid protease (31, 32)] was determined as described previously (19),
with hemoglobin (twice crystallized; Sigma Chemical Co., St. Louis,
MO) as substrate and Fluram (Roche Diagnostics, Nutley, NJ) as
fluorescent reagent. One unit of enzyme activity was defined as the
amount hydrolyzing I nimil of peptide bond per min at 37*C. Electro-

phoresis of gastric acid proteases was performed as described previously
(33), and Pg 1 to 9 and CD were separated (4).

Sucrase was assayed by the method of Dahlqvist (34). One unit of
enzyme activity was defined as the amount catalyzing formation of 1
i/mol of glucose per min at 37'C.

Aminopeptidase (microsomal) was assayed as described previously
(19), with L-leucyl-p-diethylaminoanilide as substrate, in the presence
of 0.2 mM />-hydroxymercuribenzoate. One unit of enzyme activity was
defined as the amount catalyzing formation of 10 nmol of/Â»-diethylam-
inoaniline per min at 37*C.

Total alkaline phosphatase activity was assayed as described previ
ously (19) with phenylphosphate as substrate. One unit of enzyme
activity was defined as the amount catalyzing formation of 100 nmol
of phenol per min at 37"C. The presence of intestinal-type alkaline

phosphatase was determined by disc electrophoresis as described pre
viously (19, 35).

Histochemical Detection of Murin

The tissue was fixed in 10% phosphate-buffered formalin and em
bedded in paraffin. Tissue sections were stained with hematoxylin/
eosin, two kinds of paradoxical Con A stain, COS, sialidase COS, and
PBT/KOH/PAS.

Paradoxical Con A Stainings (17-19). (a) For PA-Schiff-Con A-HRP
staining, tissue sections were oxidized with PA and then subjected to
amine blockage with leukofuchsin (Schiffs solution) before staining
with Con A-HRP. By this procedure, Class III mucins stained reddish
brown, and Class II mucins stained purple, (ft) For PA-reduction-Con
A-HRP staining, tissue sections were oxidized with PA for 60 min and
then reduced with sodium borohydride before Con A-HRP staining. In
this way Class III mucins stained brown, and Class II mucins were not
stained.

GOS Staining (23, 24). Sections were incubated with galactose oxi
dase at 5 units/ml in 0.01 M PBS, pH 7.0, for 18 h at 25Â°Cand rinsed

with PBS. Galactose oxidase oxidizes the C-6 hydroxyl bond of galac-
tosyl residues to produce D-galactohexodialdose. This reaction has been
shown to be highly specific for galactose and Â¿V-acetyl-D-galactosamine
residues in complex carbohydrates. Aldehyde groups generated by
galactose oxidase were located by their reaction with 2% Schiffs
reagent.

Sialidase-GOS Staining (23, 24). For detection of sugar residues
penultimate to sialic acid, the terminal sialic acid residues were removed
by treating sections with sialidase for 18 h at 37Â°Cbefore staining them

with GOS.
PBT/KOH/PAS Staining (25, 26). Sections were oxidized with 1%

aqueous periodic acid for 10 to 60 min and then immersed in ice-cold
2.45% boric acid solution. A solution of sodium borohydride was then
gradually added. The aim of this procedure was to abolish the normal
PAS reactivity of the tissue. The reaction was monitored by treating
sections in two ways: with (a) Schiff reagent (a positive reaction
indicates incomplete borohydride reduction of the periodate-engen-
dered aldehydes) and by (b) the PAS technique (a positive reaction, if
the Schiff reaction is negative, indicates that oxidation of the available
vicinal diols is incomplete and that the initial periodate oxidation
should be prolonged). After treatment with periodate and borohydride,
sections were treated with potassium hydroxide and then by the PAS
technique.

Ultrastructural Study

Small pieces of tumors were fixed for l h in ice-cold 3% glutaralde-
hyde buffered at pH 7.4 with 0.2 M cacodylate. Tissues were postfixed

in 1% osmium tetroxide in the same buffer at 4 ( for 1 h. Tissue blocks
were embedded in Epon 812. I'll rat Inn sections were stained with

uranyl acetate and lead acetate.

RESULTS

Enzyme Activities

The enzyme activities and mucin histochemical phenotypic
expressions in 15 primary signet ring cell carcinomas and 5 of
their mÃ©tastasesto lymph nodes are shown in Table 1. The
enzyme activities in 3 signet ring cell carcinomas transplanted
into nude mice were reported previously (19).

Pepsinogens. Nine pepsinogen isozymes (Pg 1 to 9) and one
CD-like acid protease in the normal fundic mucosa were sepa
rated by polyacrylamide gel electrophoresis. Pg 2 and Pg 4 were
found to be the major pepsinogens. In normal pyloric mucosa,
Pg 4, Pg 5, and CD were consistently observed, and Pg 5 was
the major pepsinogen; Pg 2, Pg 3, Pg 7, Pg 8, and Pg 9 were
occasionally observed, as described previously (19). Pepsino
gens were observed in 73.3% (11 of 15) of the primary signet
ring cell carcinomas and 80% (4 of 5) of their mÃ©tastasesto
lymph nodes examined. All signet ring cell carcinomas, which
contained pepsinogens, showed a pepsinogen isozyme pattern
of the pyloric gland cell type, not that of the fundic mucosa
type. More pepsinogen isozyme species were observed in pri
mary signet ring cell carcinomas than in their mÃ©tastases.

Sucrase. Sucrase was detected in the mucosa of the small
intestine and duodenum. Two primary signet ring cell carcino
mas had sucrase activity.

Aminopeptidase and Alkaline Phosphatase. Signet ring cell
carcinomas did not contain significant amounts of these en
zymes, indicating phenotypic expression of the intestinal type.
One primary signet ring cell carcinoma contained high alkaline
phosphatase activity, but its isozyme was of the universal (liver)
type.

Histochemical Studies on Mucin

Mucin histochemical phenotypic expressions of signet ring
cells in 37 primary signet ring cell carcinomas, 5 of their
mÃ©tastasesto lymph nodes, and 3 signet ring cell carcinomas
transplanted into nude mice are shown in Table 2.

Paradoxical Con A Staining. All mucin-containing cells of
signet ring cell carcinomas contained Class HI or Class II
mucins. Class HI mucins were found in mucous neck cells,
pyloric gland cells, and Brunner's gland cells. Class II mucins

were found in surface mucous cells of the gastric mucosa, the
surface coat of intestinal absorptive cells, and goblet cells. As
pepsinogens of the pyloric gland cell type were detected in
signet ring cell carcinomas containing Class III reactive cells,
phenotypic expression of Class III reactive cells is a pyloric
gland cell type. Signet ring cells containing Class III mucins
were located in the bottom layer (Fig. la). In addition, scir-
rhous-type signet ring cell carcinomas consisted mainly of Class
HI reactive cells. Signet ring cells containing Class II mucins
were further classified into 4 types by GOS, sialidase GOS, and
PBT/KOH/PAS stainings and by the presence of microcysts.

GOS Staining. Class HI reactive signet ring cells were not
stained, but Class II reactive signet ring cells were classified
into GOS-reactive and -negative types by GOS staining (Fig.
l/>). Surface mucous cells, including gastric pit mucous cells,
stained intensely pinkish-red, but mucous neck cells, pyloric
gland cells, Brunner's gland cells, the surface coat of intestinal

absorptive cells, and goblet cells of the small and large intestine
did not stain. Histochemically, phenotypic expression of signet
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Table 1 Biochemical and mucin histochemical gastric- and intestinal-type properties of signet ring cell carcinomas

BiochemicalmarkerPepsinogensSample11-MÂ«233-M4567899-M1010-M1111-M1213141$FundusPylorusDuodenumSmall

intestineIsozymes4,5,9955,95,91-5,

8,951-5NoneNoneNoneNone1-5,

8,94,52-5,883-5,93-51-5None1-92-5,

7-92-5,
7-9'NoneActivity

(units/gprotein)4951131486610268.663.954.111.2'02.6"0145047.524.036.820.8144.088.014.

171806
Â±461*753

Â±2941000
Â±6517Â±2Sin-ruse

(units/gprotein)00000000000000000Trace0.4700032

Â±36107
Â±43Aminopeptidase

(units/gprotein)dâ€”â€”21.011.129.6â€”29.113.9â€”22.751.321.129.618.921.217.3â€”â€”â€”15Â±512Â±6100

Â±21244*Alkaline

phosphatase
(units/gprotein)*7.617.9â€”017.426.0â€”8.20â€”160

(U)14.814.226.010.821.940.3â€”â€”â€”1

Â±2(U)4
Â±3(U)54
Â±32(I)255
Â±93 (I)Phenotypic

expression0GGGGGGGGUnUnUnUnGGGGGG

+IG
+IUnGGIIMucin

histochemical pheno-
typicexpression'GastricPy

+SuPy
+SuPy
+SuPy
+SuPy
+SuPy
+SuPy
+SuPy
+SuPy
+SuPy
+SuSuSuPy

+SuPy
+SuPy
+SuPy
+SuPy
+SuPy
+SuPy
+SuSuIntestinal000000000000S-Go

+InS-Go
+InS-Go
+InInS-Go

+InInS-Go

+ L-Go +InS-Go
+ In

* Py, pyioric gland cell type; Su, surface mucous cell type; S-Go, small intestinal goblet cell type; In, intestinal absorptive cell type; L-Go, large intestinal goblet

cell type.
* U, universal type; I, intestinal type.
' G, gastric type; Un, undetermined; I, intestinal type.
d â€”,not determined.
'' M, metastatic tumor to a lymph node.

f Due to CD-like acid protease.
* Due to nonspecific acid protease.
* Mean Â±SD.
' Due to Brunner's glands.
' Only one specimen was examined.

Table 2 Histochemical data on gastric- and intestinal-type mucins of signet-ring
cell carcinomas

No. of cases

Metastatic
tumor Transplanted

Phenotypic expressions of cancer Primary to a lymph into nude
cells" tumor node mice

Gastric type
Py + Su
Su

18(48.6)* 2(40.0)c 0
1 (2.7) 1 (20.0)c 0

IntestinaltypeS-Go
+ L-Go +InS-GoGastric

type + intestinaltype(Py
+ Su) + (S-Go + L-Go +In)(Py
+ Su) + (S-Go +In)(Py
+ Su) +InSu

+ (S-Go + In)1

(2.7)1
(2.7)2

(5.4)10(27.0)3(8.1)1

(2.7)0001

(20.0)c1

(20.0/001

(33.3/02

(66.7)'00

" I'>â€¢pyioric gland cell type; Su, surface mucous cell type; S-Go, small intestinal
goblet cell type; L-Go, large intestinal goblet cell type; In, intestinal absorptive
cell type.

* Numbers in parentheses, percentage.
' The same phenotypic expression of primary tumor.
'' No significant activities of gastric or intestinal marker enzymes (see Ref. 19).
'One is significant activities of pepsinogens (see Ref. 19), and another is

significant activities of pepsinogens, sucrase, and intestinal-type alkaline phos
phatase (see Ref. 19).

7A primary tumor contained Py, Su. S-Go, and In types.

ring cells containing GOS-reactive mucin is of the gastric
surface mucous cell type. GOS-reactive signet ring cells tended

to be located in the upper layer of the gastric mucosa (Fig. \b).
Sialidase COS Staining. Signet ring cells containing GOS-

negative Class II mucins (Fig. le) were classified into a sialidase
GOS-positive type (Fig. Id) and a negative type. GOS-reactive

signet ring cells (surface mucous cell type) were also stained by
sialidase GOS. Class Ill-reactive signet ring cells did not con
tain sialidase GOS-reactive mucins. Mucins in surface mucous
cells of the gastric epithelium and in goblet cells of the small
intestine were stained by the sialidase GOS sequence. However,
mucous neck cells, pyioric gland cells, Brunner's gland cells,

goblet cells of the large intestine, and the surface coat of
intestinal absorptive cells did not contain mucins staining with
sialidase GOS. So phenotypic expression of signet ring cells
with GOS-negative, sialidase GOS-positive Class II mucins is

of the goblet cell type of the small intestine.
PBT/KOH/PAS Staining. Signet ring cells containing Class

II mucins not staining with GOS and sialidase GOS were
classified into PBT/KOH/PAS-reactive and nonreactive types.

Only goblet cells of the large intestine stained with PBT/KOH/
PAS. Thus signet ring cells containing PBT/KOH/PAS-reac
tive Class II mucins show phenotypic expression of the goblet
cell type of the large intestine.

Intracellular Microcysts. By light microscopy, vacuoles were
observed in the cytoplasm of signet ring cells containing GOS,
sialidase GOS, and PBT/KOH/PAS-negative Class II mucins
(Fig. \e). When these vacuoles became large, compressing the
cytoplasm and nucleus, the cells had a signet ring shape. The
vacuoles had an incomplete striated cell border with a Class II
reactive surface coat on the internal surface (Fig. If). Occasion
ally, a surface coat containing Class II reactive mucins was
found as a core in the center of vacuoles (Fig. If). Signet ring
cells with intracellular microcysts might show phenotypic
expression of intestinal absorptive cells. No vacuoles were found
in other signet ring cells.
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Fig. 1. Appearance of human signet ring
cell carcinomas stained for mucin. a, tumor
cells of the pyloric gland cell type (closed ar
rows) and normal pyloric gland cells (arrow
heads) containing Class III mucins and surface
mucous cells (open arrows) without Class III
mucins. PA-reduction-Con A-HRP, x 70. *,
tumor cells of surface mucous cell type (closed
arrows) and normal surface mucous cells (open
arrows) containing GOS-reactive mucins, and
pyloric gland cells (arrowheads) without GOS-
reactive mucins. COS, x 140. c, tumor cells of
the small intestinal goblet cell type not con
taining GOS-reactive mucins. COS, x 210. </,
the same specimen as for c. After sialidase
digestion, mucin in small intestinal goblet cell
type tumor cells shows COS reactivity. Siali
dase COS, x 210. e, a tumor cell with a micro-
cyst (intestinal absorptive cell type) containing
COS, sialidase COS, and PBT/KOH/PAS
negative Class II mucins. H & E, x 210. / the
same specimen as for e. Class II mucins are
seen on the internal surface of the cyst (arrow)
and in the lumen. PAS-Con A-HRP, x 210.

Ultrastructural Observations

Pyloric Gland Cell Type. Signet ring cells with Class III
mucins had mucous granules in their cytoplasm. These mucin
granules were composed of moderately electron-dense, homo
geneous material with highly electron-dense cores and were
enclosed by a limiting membrane (Fig. 2a). Cells containing a
small amount of Class III mucins had a few, small composite
dense granules in their cytoplasm. At a late stage, when the
cytoplasm of tumor cells was filled with composite granules,
the granules sometimes fused, and they consisted mainly of
moderately electron-dense materials. The properties of granules
of this type of signet ring cell carcinomas resembled those of
normal pyloric gland cells.

Surface Mucous Cell Type. Tumor cells of signet ring cell
carcinomas giving GOS-positive reactions contained mucous
granules with a characteristic stippled appearance (Fig. 2b).
The individual stipples appeared as dense dots and threads
within the granules. The center-to-center spacing between the
individual dots and threads was relatively uniform within single
granules, giving them an orderly appearance. The distances
between individual stipples of small granules with relatively

high density were shorter than those of large granules with
relatively low density. Granules with a stippled appearance were
found in normal gastric surface mucous cells, including gastric
pit mucous cells.

Goblet Cell Type. Signet ring cells giving a positive reaction
with sialidase GOS or PBT/KOH/PAS had many mucin gran
ules in their cytoplasm, and their nucleus tends to be flattened
(Fig. 3a). The mucin granules were closely packed, and many
appeared to be fused. Most of the granules were of low density,
and a few granules had a tiny dense core. Mucous granules in
cells with small amounts of mucins (early stage) were also of
low density and tended to fuse. These mucous granules resem
bled those of normal goblet cells. No ultrastructural differences
were seen between goblet cells with positive reactions for siali
dase GOS and PBT/KOH/PAS.

Intestinal Absorptive Cell Type (Intracellular Microcyst
Type). Intracellular microcysts were seen as round cytoplasmic
cavities (Fig. 3b). The nucleus was located at one side of the
cell, and the usual cell organdÃes were present in the cytoplasm.
Almost all the cancer cells of this type contained only one
microcyst. Microcysts were lined by microvilli with a microfil-
amentous core extending into the cytoplasm. These microvilli
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Fig. 2. Ultrastructure of signet ring cell
carcinoma, a, pyloric gland cell type with com
posite granules, x 3500. b, surface mucous cell
type containing mucous granules with stippled
appearance. X 5600.

were similar to those of intestinal absorptive cells. Numerous
cytoplasmic microfilaments, partially connected with filaments
of microvilli, were often seen surrounding the cyst wall and
were devoid of cytoplasmic organellae, looking like the terminal
web of intestinal absorptive cells. Electron-lucent material or
dense bodies were found in microcysts.

DISCUSSION

By paradoxical Con A staining, COS staining, sialidase COS
staining, PBT/KOH/PAS staining, and electron microscopy
signet ring cell carcinomas could be clearly classified into 5
types (36): a pyloric gland cell type; surface mucous cell type;
goblet cell types of the small and large intestine; and an intes
tinal absorptive cell type (intracellular microcyst cells) as indi
cated in Fig. 4. In addition, microvilli lining the cystic lumens
of signet ring cells of the intestinal absorptive cell type were
histochemically characterized by alkaline phosphatase and
ATPase activities (29).

Ultrastructurally, signet ring cells were classified as type A
(immature), type B (intermediate), or type C (mature) by Ya-
mashiro et al. and resembled pyloric gland cells or mucous neck
cells (37). Sasano et al. (28) classified signet ring cells into a
goblet cell type (major) and pyloric gland cell type (minor).
Nevalainen and .larvi (38) suggested that signet ring cell carci
noma cells closely resembled goblet cells of intestinal metapla
sia and pointed out another type of signet ring cell (39), the
intracellular microcyst cells, which were first reported by Kondo
et al. (40). Intracellular microcysts were covered by incomplete
intestinal microvilli with a layer of glycocalyx (29). This Class
II reactive layer of glycocalyx was continuously shed and re
placed by new material (41). The cells with microcysts had a
signet ring shape because of retention of glycocalyx materials
in the microcysts. These previous ultrastructural findings (28,
29, 37-40) indicated the existence of pyloric gland cell type,

goblet cell type, and intestinal absorptive cell type signet ring
cell carcinomas. However, there is no mention in previous
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â€¢

Fig. 3. Ultraslructure of signet ring cell
carcinoma, a, goblet cell type with homogene
ous, low density granules, x 5600. h, intestinal
absorptive cell type with an intracellular mi
crocyst lined by microvilli with a filamentous
core, x 3500.
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Fig. 4. Mucin histochemical classification of phenotypic expression of signet
ring cell carcinomas.

reports of surface mucous cell type signet ring cells containing
mucous granules with a stippled appearance, which is charac
teristic of mucous granules of normal gastric surface mucous
cells (42). As signet ring cells with GOS reactive (26) mucins

4871

(histochemically surface mucous cell type) showed this stippled
appearance, ultrastructurally, this type of cell is easy to identify.
Although there are no ultrastructural differences between signet
ring cells of the goblet cell types of the large and small intestine,
they were distinguishable histochemically by their mucin char
acter. Signet ring cells were classinoci ultrastructurally into
gastric type, consisting of a surface mucous cell type and pyloric
gland cell type, and an intestinal type, consisting of a goblet
cell type and intestinal absorptive cell type (cells with intracel
lular microcysts).

All signet ring cell carcinomas with pepsinogen activity con
tained tumor cells of the pyloric gland cell type, although 2
(15.4%) of 13 primary tumors containing pyloric gland type
cells did not show pepsinogen activity. In contrast, 4 (66.7%)
of 6 primary signet ring cell carcinomas containing intestinal
absorptive cell type tumor cells had no sucrase activity. Signet
ring cell carcinomas consisting of surface mucous type cells or
goblet type cells did not show any gastric or intestinal enzymatic
activities. Thus histochemical demonstration of mucin and
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electron microscopy are more useful aids in classification of
signet ring cell carcinomas.

In human stomach, intestinal-type carcinomas (well-differ
entiated adenocarcinomas) consisting mainly of intestinal-type
cells has been suggested to develop from areas of intestinal
metaplasia (1-11), while diffuse-type carcinomas may originate
from nonmetaplastic gastric mucosa (20-22). In rat stomach,
however, well-differentiated adenocarcinomas were found to
consist mainly of gastric type cells (17, 18) and to originate
from nonmetaplastic gastric epithelium (17).

We had earlier proposed (17, 43) independent induction of
intestinal type cells in gastric epithelium and in gastric cancer.
Stable phenotypic expression of intestinal type cells (43) may
explain the reported difference between human and rodent
gastric cancers, allowing conclusions of the same histogenesis
for both cases from nonmetaplastic epithelium. As intestinal
phenotypic expression of gastric cancer cells is stable (43), the
intestinal type cell component of human gastric cancers may
gradually increase spontaneously with time. In this study, 19 of
40 signet ring cell carcinomas were found to consist entirely of
gastric type cells, and 3 entirely of intestinal type cells, while
the others consisted of mixtures of gastric and intestinal type
cells. These data are consistent with the conclusions of our
previous work that intestinal metaplasia may not be a preneo-
plastic change in gastric carcinoma, but rather that cells of the
intestinal type may appear independently in gastric cancers or
in the gastric mucosa (17, 19, 43).
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