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PHENOTYPE OF SIGNET RING CELL CARCINOMATA

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
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(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).

ACKNOWLEDGMENTS

We thank Dr. T. Matsushima, Dr. N. Miyagi, Dr. K. Sudo, Dr. T.
Inoue, and Dr. T. Kubota for providing samples and for suggestions
throughout this study.

REFERENCES

1. Lauren. P. The two histolÃ³gica! main types of gastric carcinoma: diffuse and
so called intestinal-type carcinoma. An attempt at a histoclinical classifica
tion. Acta Pathol. Microbiol. Scand., 64: 31-49, 1965.

2. Correa, P., Cuello, C., and Duque, E. Carcinoma and intestinal metaplasia
of the stomach in Colombian migrants. J. Nati. Cancer Inst-, 44: 297-306,

1970.
3. Correa, P., Cuello, C., Duque. E.. Burbano, L. C., Garcie, F. T., Bolanos,

O., Brown, C., and Haenszel, W. Gastric cancer in Colombia. III. Naturai
history of precursor lesions. J. Nati. Cancer Inst., 57: 1027-1035, 1976.

4. Jarvi. O., and Lavren, P. On the role of heterotopias of the intestinal
epithelium in the pathogenesis of gastric cancer. Acta Pathol. Microbiol.
Scand., 29 (Suppl.): 26-43, 1951.

5. Kawachi. T., Kurisu, M., Numanyu, S., Sasajima, K., Sano, T., and Sugimura,
T. Precancerous changes in the stomach. Cancer Res., 36: 2673-2677,1976.

6. Korson. B. C. Carcinoma arising from areas of intestinal metaplasia in the
gastric mucosa. Br. J. Cancer, 9: 377-385, 1955.

7. Lev, R. The mucin histochemistry of normal and neoplastic gastric mucosa.
Lab. Invest., 14: 2080-2099, 1965.

8. Lev, R., Siegel, H. L, and Glass, G. B. The enzyme histochemistry of gastric
carcinoma in man. Cancer (Phila.), 23: 1086-1093, 1969.

9. Ming, S. C., Goldman, H.. and Freiman, D. G. Intestinal metaplasia and
hislogenesis of carcinoma in human stomach. Light and electron microscopic
study. Cancer (Phila.), 20: 1418-1429, 1967.

10. Morson, B. C. Intestinal metaplasia of the gastric mucosa. Br. J. Cancer, 9:
365-376, 1955.

11. Morson, B. C. Carcinoma arising from areas of intestinal metaplasia in the
gastric mucosa. Br. J. Cancer, 9: 377-385, 1955.

12. Matsukura, N., Itabashi, M., Kawachi, T., Hirota, T., and Sugimura, T.
Sequential studies on the histogenesis of gastric carcinoma in rats by a weak
gastric carcinogen, W-propyl-jV'-nitro-iV-nitrosoguanidine. J. Cancer Res.
Clin. Oncol., 98: 153-163, 1980.

13. Matsukura, N., Kawachi, T., Sasajima, K., Sano, T., Sugimura, T., and
Hirota, I. Induction of intestinal metaplasia in the stomachs of rats by N-
ethyl-iV'-nitro-iV-nitrosoguanidine. J. Nati. Cancer Inst., 61: 141-144, 1978.

14. Nagayo, T., Ito, M., and Yamada, S. Histogenesis and autoradiography of
adenocarcinoma of the glandular stomach in rats induced by oral administra

tion of /vyV"-2,7-fluorenylenebisacetaniide combined with irradiation to the
stomach region. Gann, 63:143-151, 1972.

15. Shirai, T. Periodical observations of the glandular stomach in rats treated
with /V-methyl-W-nitro-W-nitrosoguanidine. Nagoya Med. J., 19: 155-167,
1974.

16. Sugimura, T., Fujimura, S., and Baba, T. Tumor production in the glandular
stomach and alimentary tract of the rat by Ar-methyl-/V'-nitro-/V-nitrosoguan-
idine. Cancer Res., 30: 455-465, 1970.

17. Tatematsu, M., Furihata, C., Katsuyama, T., Hasegawa, R., Nakanowatari,
J., Saito, D., Takahashi, M., Matsushima, T., and Ito, N. Independent
induction of intestinal metaplasia and gastric cancer in rats treated with .V-
methyl-iV'-nitro-A'-nitrosoguanidine. Cancer Res., 43: 1335-1341, 1983.

18. Tatematsu, M., Katsuyama, T., Fukushima, S., Takahashi, M., Shirai, T.,
Ito, N., and Nasu, T. Mucin histochemistry by paradoxical concanavalin A
staining in experimental gastric cancers induced in Wistar rats by A'-methyl-
W-nitro-A'-nitrosoguanidine or 4-nitroquinoline 1-oxide. J. Nati. Cancer
Inst., 64: 835-843, 1980.

19. Furihata, C., Tatematsu, M., Miki, K.. Katsuyama, T., Sudo, K., Miyagi, N.,
Kubota, T., Jin, S., Kodama, K., Ito, N., Konishi, Y., Suzuki, K., and
Matsushima, T. Gastric- and intestinal-type properties of human gastric
cancers transplanted into nude mice. Cancer Res., 44: 727-733, 1984.

20. Nagayo, T. Microscopical cancer of the stomach: a study on histogenesis of
gastric carcinoma. Int. J. Cancer, 16: 52-60, 1975.

21. Nakahara, K. Special features of intestinal metaplasia and its relation to early
gastric carcinoma in man: observation by a method in which leucine amino-
peptidase activity is used. J. Nati. Cancer Inst., 61: 693-702, 1978.

22. Nakamura, K., Sugano, H., and Takagi, K. Carcinoma of the stomach in
incipient phase: its histogenesis and histolÃ³gica!appearances. Gann, 59:251 -
258, 1968.

23. Katsuyama, T., Ono, K., and Nagata, T. Application of galactose oxidase to
mucosubstance histochemistryâ€”galactose oxidase-Schiff reaction. J. Histo-
chem. Cytochem., 30: 555, 1982.

24. Schulte, B. A., and Spicer, S. S. Light microscopic histochemical detection
of sugar residues in secretory glycoproteins of rodent and human trachea!
glands with lectin-horseradish peroxidase conjugates and the galactose oxi
dase-Schiff sequence. J. Histochem. Cytochem., 31: 391-403, 1983.

25. Culling, C. F. A., and Reid, P. E. The histochemistry of colonie nun-ins. J.
Histochem. Cytochem., 27: 1177-1179, 1979.

26. Culling, C. F. A., Reid, P. E., Worth, A. J., and Dunn, W. L. A new
histochemical technique of use in the interpretation and diagnosis of adeno
carcinoma and villous lesions in the large intestine. J. Clin. Pathol., ill:
1056-1062,1977.

27. Katsuyama, T., and Spicer, S. S. Histochemical differentiation of complex
carbohydrates with variants of the concanavalin A-horseradish peroxidase
method. J. Histochem. Cytochem., 26: 233-250, 1978.

28. Sasano, N., Nakamura, K.. Arai, M., and Akazaki, K. Ultrastructural cell
patterns in human gastric carcinoma compared with non-neoplastic gastric
mucosaâ€”histogenetic analysis of carcinoma by mucin histochemistry. J.
Nati. Cancer Inst., 43: 783-802, 1969.

29. Tokumitsu, S., Tokumitsu, K., Nomura, H., and Takeuchi, T. Deviated
formation of intestinal glycocalyx in human stomach cancer cells. Virchows
Arch. B Cell Pathol., 27: 217-227, 1978.

30. Lowry, O. H., Rosebrough, N. J., Fair, A. L., and Randall, R. J. Protein
measurement with the Folin phenol reagent. J. Biol. Chem., 193: 265-275,
1951.

31. Kageyama, T., and Takahashi, K. A cathepsin D-like acid proteinase from
human gastric mucosa. Purification and characterization. J. Biochem., 87:
725-735, 1980.

32. Samloff, I. M. Slow moving protease and the seven pepsinogens. Electropho-
retic demonstration of the existence of eight proteolytic fractions in human
gastric mucosa. Gastroenterology, 57: 659-669, 1969.

33. Furihata, C., Sasajima. K., Kazama, S., Kogure, T., Kawachi, T., Sugimura,
T., Tatematsu, T., and Takahashi, M. Changes in pepsinogen isozymes in
stomach carcinogenesis induced in rats by A7-methyl-/V"-nitro-/V-nitrosoguan-
idine. J. Nati. Cancer Inst., 55: 925-930, 1975.

34. Dahlqvist, A. Determination of maltase and isomaltase activities with a
glucose-oxidase reagent. Biochem. J., 80: 547-551, 1961.

35. Miki, K., Oda, T., Suzuki, H., Niwa, H., Endo, Y., lino, S., Miyazaki, J.,
Hirano, K., and Sugiura, M. Human fetal organ alkaline phosphatases. Clin.
Chim. Acta, 85: 115-124, 1978.

36. Katsuyama, T., Honda, T., and Yamagami, O. Intestinal metaplasia and
gastric cancer (1). Igakuno-ayumi, 128: oboegaki, 1984 (in Japanese).

37. Yamashiro, K., Suzuki, H., and Nagayo, T. Electron microscopic study of
signet-ring cells in diffuse carcinoma of the human stomach. Virchows Arch.
A Pathol. Anat. Histol., 374: 275-284, 1979.

38. Nevalainen, T. J., and JÃ¤rvi,O. H. Ultrastructure of intestinal and diffuse
type gastric carcinoma. J. Pathol., 122: 129-136, 1977.

39. Nevalainen, T. J., and Jarvi, D. H. Intracellular cysts in gastric carcinoma.
Acta Pathol. Microbiol. Scand. Sect. A, 84: 517-522, 1976.

40. Kondo, K., Tamura, H., and Taniguchi, H. Intracellular microcyst in gastric
cancer cells. J. Electron Microsc., 79:41-49, 1970.

41. Ito, S. Structure and function of the glycocalyx. Fed. Proc., 28: 12, 1969.
42. Lillibridge, C. B. The Tine structure of normal human gastric mucosa.

Gastroenterology, 47: 269-290, 1964.
43. Tatematsu, M., Katsuyama, T., Furihata, C., Tsuda, H., and Ito, N. Stable

intestinal phenotypic expression of gastric and small intestinal tumor cells
induced by A'-methyl-W-nitro-A'-nitrosoguanidine or methylnitrosourea in
rats. Gann, 75: 957-965, 1984.

4872

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426516/cr0460094866.pdf by guest on 08 D

ecem
ber 2022


