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Cell Proliferation Kinetics of Human Gastric
Carcinoma: An Immunohistochemical Study With
a Monoclonal Antibody Against DNA Polymerase-o

Kiyoshi Saitoh, Tomoki Chiba and Kyoichi Nakamura

Cell proliferation kinetics of human gastric carcinoma were studied immunohistochemically using a monoclonal
antibody against DNA polymerase-a (Pol-a). The distribution patterns and percentages of proliferative cells
were examined in cases with various histological types of gastric carcinoma and compared with those of normal
epithelium of the gastric foveolae. Pol-a-positive epithelial cells were localised at the isthmus of the normal
foveola, while Pol-a-positive cancer cells were distributed irregularly in the cancer nests. The percentage of Pol-
a-positive cells (%PPC) was significantly higher in the carcinoma [mean (S.D.) 41.6 (12.9)%] than in the normal
foveola [24.8 (6.4)%] (P < 0.01). Also, the intestinal-type carcinoma showed a relatively higher %PPC [44.9
(12.0)%)] than the diffuse type [36.2 (15.1)%] (P < 0.05), and the %PPC of signet ring cell carcinoma was extremely
low [7.3 (2.2)%] (P < 0.01). Pol-a-positive cancer cells were observed most abundantly in the lamina propria of

the mucosa. They decreased in number with the depth of cancer infiltration down to the subserosa.

Eur ¥ Cancer, Vol. 28A, No. 10, pp. 1642-1646, 1992.

INTRODUCTION
HUMAN GASTRIC carcinomas show varied proliferation patterns
and growth rates. It is important to estimate proliferative
activities of the carcinomas to predict the degree of malignancy
of each case. For this purpose cell proliferation kinetics of
human gastric carcinoma have been studied by detection of S-
phase cells with either tritiated thymidine (*H]TdR) [1-3] or
bromodeoxyuridine (BrdU) [4], and some interesting infor-
mation has been presented. It was reported that the intestinal-
type carcinoma showed a higher labelling index than the diffuse-
type carcinoma and that the signet ring cell carcinoma had a low
labelling index and might be out of cell cycle [1, 2]. The cases
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with high labelling indices of BrdU were reported to have a
poorer prognosis because of a high degree of lymph node
metastasis [4]. However, the labelling method using [*H]TdR
or BrdU has many restrictions when performed on human
tissues, and the findings of these studies were still not sufficient
to determine the relation between the proliferation patterns of
the carcinoma and the clinicopathological characteristics, such
as histological subtype, depth of infiltration, size of carcinoma,
age and sex of the patients, and positivity or negativity of lymph-
node metastasis.

DNA polymerase-a (Pol-o) is a key enzyme which catalyses
ribonucleoside triphosphate-dependent DN A synthesis in coop-
eration with DNA primase [5, 6], and the cells having Pol-a
activities in the nuclei are supposed to be in cell cycle. Recently,
monoclonal antibodies against Pol-a were produced which
enabled us to detect proliferating cells immunohistochemically
on pathological specimens [7-9]. As a result, several studies
have been performed on the human cancer tissues indicating
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that Pol-« is a useful marker to estimate the malignancy of the
tumour [10-12]. The present study is an attempt to examine
proliferative activity of gastric cancer cells and its relation to
some pathological features of individual cases, using a mono-
clonal antibody against Pol-a.

MATERIALS AND METHODS

65 gastric carcinomas resected surgically at Tsukuba Univer-
sity Hospital were used in the present study. The age of the
patients ranged from 33 to 80 years, and 43 cases were male and
22 were female. 19 tumours were located at the antrum, while
46 involved the corpus of the stomach. The tumours appeared
in various shapes; some cases were elevated, some were flat, and
the others were ulcerated. The size of the tumours ranged from
1.0 to 18.5 c¢m in largest diameter. The tumours were divided
into two groups based on their histological type according to
Lauren’s classification: intestinal and diffuse [13]. 36 cases were
of the intestinal-type carcinoma and 29 cases were of the diffuse
type. The intestinal-type carcinomas were further subclassified
into 27 cases of papillary (pap) and well-differentiated tubular
(tub 1) adenocarcinoma, and 9 cases of moderately differentiated
tubular (tub 2) adenocarcinoma according to the method used
by the Japanese Research Society for Gastric Cancer [14]. The
diffuse-type carcinomas were subclassified into 27 cases of poorly
differentiated adenocarcinoma (por) and 2 cases of signet ring
cell carcinoma (sig). The tumours were also classified into two
categories based on their stage of development. There were 12
early-phase carcinomas that were localised in the mucosa and 53
advanced-phase carcinomas that had infiltrated the muscular
layer. 41 cases had metastasised to the regional lymph nodes,
while 24 cases showed no lymph-node metastasis.

Small cancer tissues (1 X 1 X 0.5 cm)were removed immedi-
ately after the surgical operation and fixed in 4% paraformal-
dehyde overnight at 4°C. Five samples of the surrounding
histologically normal gastaric mucosa, more than 3 cm distant
from the carcinoma, were also used. After washing with a series
of gradient sucrose-added phosphate-buffered saline (PBS) sol-
utions, the tissues were embedded in OCT-compound (Tissue-
Tek), frozen in liquid nitrogen and stored at —80°C until used.
Thin sections, 6 wm in thickness, were prepared with a cryostat
(Tissue-Tek II, Miles, USA) and treated by the
peroxidase—antiperoxidase (PAP) [15] or the avidin-biotin per-
oxidase complex method (ABC) [16] with a monoclonal antibody
against Pol-a.

The monoclonal antibody against Pol-a (CL22-2-42B, Medi-
cal & Biological Laboratories, Japan) was a mouse IgG antibody,
secreted by a hybridoma clone prepared by the fusion of NS-1
mouse myeloma cells with mouse splenic cells that had been
immunised with calf thymic cells. This monoclonal antibody was
demonstrated to cross-react selectively with human proliferative
cells [8, 9].

After blocking the endogeneous peroxidase activity with 0.3%
hydrogen peroxide, the tissue sections of the gastric carcinoma
and the normal mucosa were washed with PBS, then treated
with normal goat serum. Next, the sections were incubated for
1 h at room temperature with either anti Pol-a antibody or
normal mouse serum as a negative control. The sections were
then washed with PBS and treated with sheep antimouse IgG
antibody and soluble horseradish peroxidase anti-horseradish
peroxidase antibody complex (PAP) solution (Proliferative Cell
Test Kit, MBL, Japan) successively. The peroxidase reaction
was visualised with 3,3’-diaminobenzidine tetrahydrochloride
(DAB, 0.03%) and hydrogen peroxide (0.001%) in Tris~HCl
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buffer, pH 7.4. After incubation with the primary antibody,
some of the specimens were treated successively with biotinyl-
ated sheep antimouse IgG and avidin-biotinylated horseradish
peroxidase complex (ABC) solution (Vectastain Kit, Vector
Lab., USA) and were then visualised with DAB and hydrogen
peroxide. No differences of immunohistochemical stainabilities
were detected between the PAP and ABC methods in the
present study. Some of the specimens were counter-stained with
haematoxylin or methyl green. For pathological examination,
the specimens prepared by routine haematoxylin—eosin staining
were used.

Approximately 1000-1500 foveolar epithelial cells of the nor-
mal mucosa, and 300-5000 gastric cancer cells were observed
using a light microscope. The foveolar epithelium was composed
of mucous cells at the surface and immature cells at the isthmus,
and was distinguished from the pyloric or fundic glands of the
deep layer by microscopic observation. Three to seven fields of
the gastric cancer tissue, including the different layers of the
gastric wall, were observed. The morphological features of the
cancer cells of individual cases were confirmed by the observation
of the specimen stained with haematoxylin—eosin. The cells,
whose nuclei were stained various shades of brown, were dis-
tinguished as Pol-a-positive cells light microscopically. All of
the positive cells were counted and the percentage of the Pol-a-
positive cells (%PPC) per total normal foveolar cells or gastric
cancer cells observed was calculated in each case. Further, the
cancer cells were subgrouped according to their location; lamina
propria of the mucosa, submucosa, muscularis propria and
subserosa. The percentage of the positive cells in each location
was also calculated. The data were presented in the form
of mean (S.D.), and statistical analysis was performed using
Student’s t-test. Furthermore, the mean %PPC of the gastric
cancer cells was comparatively studied between different groups
of cases categorised by the histological type, size, sex and age of
the patients and the existance of lymph-node metastasis.

RESULTS

Normal gastric mucosa

The normal gastric mucosa was composed of the foveolae at the
superficial layer and the pyloric or fundic glands at the deeper
layer. The foveolae were further composed of tall columnar mucous
cells at the surface and immature columnar or cuboidal cells at the
isthmus, just above the pyloric gland at the antrum and the fundic
gland at the corpus. Pol-a-positive epithelial cells appeared to be
localised at the isthmus of the normal foveolae, and virtally no
positive cells were observed at the surface of the foveolae or the
pyloric and fundic glands (Fig. 1). Pol-a was found in the nuclei
of the positive cells which had been stained various shades of
brown. The %PPC of the normal foveolar epithelium cells was
calculated, based on the ratio of positive cells found at the isthmus,
to the total no. of both positive and negative foveolar cells (the
negative cells having been found at the surface), and this ranged
from 16.1% to 30.0% [mean (S.D.) 24.8 (6.4)%] (Table 1).
Immature lymphocytes were also positively stained and were
observed in a group at the germinal centre of the iymph follicle or
sparsely distributed in the stroma.

Gastric cancer tissue

Pol-a-positive cancer cells were distributed irregularly in the
cancer nests of the varied histological types found in the various
layers of the gastric wall (Figs 2 and 3). The %PPC of each
carcinoma case calculated in several different fields of the cancer
nests showed values ranging from 5.8% to 71.8%. However, the
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Fig. 1. Photograph of normal gastric mucosa, stained with anti-Pol-

« antibody. The positive cells at the isthmus of the foveolae have

darkly stained nuclei. Almost all of the surface epithelium (s) and

fundic glands (fg) in the lower portion of the photograph have no

positive nuclei. Several inmature lymphocytes in the stroma are also

positively stained. Inmunoperoxidase staining without counter-stain.
x 100.

mean value of all the carcinoma cases was significantly higher
[41.6 (12.9)%] than that of the normal foveolar epithelium
(P < 0.01; Table 1).

Comparison between the two main histological types of gastric
carcinoma revealed that the 36 intestinal-type carcinoma cases
showed a relatively higher %PPC [44.9 (12.0)%] than did the
29 diffuse type carcinoma cases [36.2 (15.1)%; P < 0.05].
Comparison between histological subtypes also revealed that
pap and tub 1 adenocarcinoma cases showed relatively higher
%PPC values than poorly differentiated adenocarcinoma cases
(por). Histological discrimination of pap from tub 1 was rather
difficult by the observation of a single piece of tissue, so the
total value of %PPC of pap and tub 1 was calculated (pap+tub
1). tub 2 adenocarcinomas showed an intermediate %PPC value
between pap+tub 1 and por. The %PPC of sig, a subtype of the
diffuse-type carcinoma, was 7.3 (2.2)%; significantly lower than
those of other histological subtypes (P < 0.01; Table 1).

It was observed that the Pol-a-positive cancer cells were
abundant in the lamina propria of the mucosa in every case,
and that they decreased in number with the depth of cancer
infiltration down to the submucosa, muscularis propria and

Fig. 2. Photograph of a intestinal-type carcinoma, stained with anti-

Pol-« antibody. Approximately 60% of the cancer cells have positively

stained nuclei. Immunoperoxidase staining without counter-stain.
x 160.
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Fig. 3. Photograph of a diffuse-type carcinoma, stained with anti-

Pol-« antibody. The carcinoma consists of two subtypes of cancer

cells; non-mucus-containing poorly differentiated cells (por) and

mucus containing signet ring cells (sig). Most of the por at the upper,

lower and right portions have positively stained nuclei; however, the

sig in the middle portion have unstained nuclei. Inmunoperoxidase
staining without counter-stain. x 280.

Table 1. The mean percentage of P-a positive cells (%PPC) in the normal
foveolar epithelium and various types of gastric carcinoma

No. of Mean value of
Histological type cases Range of %PPC %PPC (S8.D.)
Normal foveolar epithelium S 16.0-30.1 24.8 ( 6.4)} P < 0.01
Cancer tissue, total cases 65 5.8-71.8 41.6 (12.9) :
Intestinal type 36 13.1-71.8 44.9 (12.0)
pap+tub 1 27 13.1-71.8 46.3 (12.7) L P < 0.05
tub 2 9 31.5-58.0 40.5 ( 8.1)
Diffuse type 29 5.8-60.9 36.2 (15.1)
por 27 153609  38.4 (13.3)} P <00l
sig 9 5.8- 8.8 7.3(2.2)

pap = papillary adenocarcinoma; tub 1 = well-differentiated tubular adenocarcin-
oma; tub 2 = moderately differentiated tubular adenocarcinoma; por = poorly differ-
entiated adenocarcinoma; sig = signet ring cell carcinoma.
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Fig. 4. Photograph of a diffuse-type carcinoma, stained with anti-

Poly-a antibody. The cancer cells proliferate in the lamina propria of

the mucuosa (m) and the submucosa (sm). The muscularis mucosae

(mm) is observed at the middle layer. Many cancer cells in the lamina

propria are positively stained, while only a few cancer cells in the

submucosa are positive. Inmunoperoxidase staining without counter-
stain. X 200.

subserosa, successively (Fig. 4). The mean values of %PPC in
each location of the gastric wall decreased in order from the
lamina propria to the subserosa (Table 2).

The mean %PPC of the 22 cases of small-sized carcinomas
smaller than 5 ¢m in largest diameter [44.3 (15.2)%] was slightly
higher than that of the 15 cases of large-sized carcinomas larger
than 10 cm in largest diameter [37.9 (11.0)]. The mean %PPC
of the 19 cases of patients over 70 years old [46.8 (13.7)%] was
also slightly higher than that of the 13 cases of patients under 50
years old [39.3 (14.5)%)]. However, no significant differences
were noted statistically between the smaller and larger carcinoma
groups, or between the younger and older patient groups. The
mean %PPC of the 43 male cases [42.0 (12.1)%] was similar in
value to that of the 22 female cases [40.0 (14.4)%]. The %PPC
of the 41 cases with lymph-node metastasis [40.1 (12.5)%] was
also similar in value to that of 24 cases without metastasis [44.7
(13.3)%]. Neither the sex of the patients nor the positivity or
negativity of lymph-node metastasis had any effect on the %PPC.

DISCUSSION

Pol-a-positive cells were found to be localised at the isthmus
of the normal foveolae, just above the pyloric gland at the
antrum and the fundic gland at the corpus. This finding was
consistent with those of the previous studies with [P H]TdR and
BrdU on human tissues [1-3] and experimental animals [17,
18]. Immature lymphocytes in the germinal centre of the lymph
follicles and in the stroma were also found to be positive. The
epithelial cells at the isthmus of the foveolae and the immature
lymphocytes at the germinal centre of the lymph follicle are
supposed to be proliferating cells, and the results of the present
study suggest that the anti-Pol-a antibody used was able to
detect selectively the proliferating cells in the gastric mucosa.
The %PPC values of the normal foveolar epithelium and the
carcinoma were higher than the labelling indices of the studies
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Table 2. The mean percentage of Pol-a-positive cells (%PPC) in
the gastric carcinoma at various depths of infiltration in the gastric

wall
Site No. of Rangeof = Mean value of
cases %PPC %PPC (§.D.)
Lamina propria 56 5.8-62.6 46.9 (12.7) } P < 0.01
Submucosa 43 12.6-56.2 38.0 (12.4) P< 0'01
Muscularis propria 21 7.9-349 27.6 (16. 3)} ’
Subserosa 10 8.8-39.5 25.6 (15.4)

using [*H]TdR and BrdU. [*H]TdR and BrdU are known to be
incorporated by cells in S-phase. On the other hand, cells in the
entire cell cycle, not only those in S-phase but also those in G1,
G2 and M-phases, are supposed to have Pol-a activity in the
nuclei or cytoplasms {8, 9]. Higher positivity in the present
study is attributable to the different targets between the two
different cell cycle markers, [*H]TdR or BrdU and the anti-Pol-
o antibody [10, 11].

The mean %PPC of the gastric carcinomas was significantly
higher than that of the normal foveolar epithelium, and many
cancer cells were found to be in the cell cycle. We counted
the %PPC of the normal foveolar epithelium to compare its
proliferative activity with that of the gastric carcinoma. This
is because the foveolar epithelium and carcinoma are rapid-
renewing cells, whereas the pyloric and fundic glandular cells
are slow-renewing cells [17, 18]. Therefore itis more appropriate
to compare the proliferative activity of the cancer cells with that
of the foveolar epithelium than that of the pyloric or the
fundic glandular cells. Although the mean %PPC of the gastric
carcinoma was high, individual gastric carcinoma cases showed
widely varying values of %PPC. These differences may be due
to various degrees of proliferative activity; however, analysis of
the clinical data suggesting how rapidly the carcinoma grew and
a long-term follow-up study to examine the survival curve for
the present cases would be necessary to test whether the %PPC
is correlated to proliferative activity of the carcinoma. The
prognosis of the cases examined using BrdU that showed higher
labelling indices was reported to be poorer because of a higher
frequency of lymph-node metastasis [4]. However, lymph-node
metastasis made no difference to the %PPC of the gastric
carcinoma in the present study.

Gastric carcinomas were classified into two groups by histological
types; intestinal and diffuse [13]. The mean %PPC of the intestinal-
type carcinoma cases was higher than that of the diffuse-type
carcinoma cases. This is consistent with the results obtained using
PH]TdR and BrdU [1-4]. The intestinal-type carcinoma was
further subclassified into pap, tub 1 and tub 2, based on the
degree of glandular formation. The diffuse-type carcinoma was
subclassified into por and sig according to the volume of intracyto-
plasmic mucus [14]. The pap and tub 1 cases showed a relatively
higher %PPC than the por cases in this study. The por cases
frequently contained some signet ring cells. Therefore the %PPC
of por was calculated without counting the signet ring cells. We
examined two cases that consisted exclusively of signet ring cells
to calculate %PPC of the sig. The present study revealed that the
%PPC was significantly lower in sig than in other subtypes. This
result was consistent with that of the previous report by Fujita
using [*H]TdR [1]. However, in spite of the lower proliferative
activity suggested in these studies, it is known that the biological
behaviour and prognosis of sig are rather worse than those of
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other subtypes [1, 19, 20]. The life span of cancer cells might
be another factor, besides the %PPC, which may determine the
growth rate of carcinomas [2, 21, 22].

It was interesting that the %PPC decreased with the depth of
infiltration of the cancer cells in the gastric wall. This result
suggests that the best environment for cancer cell proliferation
is the lamina propria of the mucosa, and that the proliferative
activity is hampered as cancer cells infiltrate deeper into the
muscularis propria. However, clinically, the growth rate of the
intramucosal early-phase carcinoma is low, and that of the
deeply infiltrating advanced phase carcinoma is high. This slow
growth of the early-phase carcinoma may be due to the loss of
many more cells in the mucosal surface, where the cancer cells
are injured by food, heat and gastric juice.

The present study showed that the %PPC of smaller-sized
carcinomas was slightly higher than that of larger-sized carci-
nomas, and that the %PPC of carcinomas was slightly higher in
older patients (over 70 years) than in younger patients (under
50 years). These results have no significant meaning, because
many cases of smaller-sized carcinomas were in early phase and
were located in the lamina propria and submucosa where the
%PPC was higher. Many of the carcinoma cases of older patients
were of the intestinal type, which showed a relatively higher
%PPC than the diffuse type.

This study demonstrated that proliferative cancer cells could
be detected more easily by using the monoclonal antibody
against Pol-« than by using [*’H]TdR or BrdU. The distribution
of the positive cancer cells was clearly shown in larger tissue
blocks by our method. The %PPC of the gastric carcinomas
could be compared between various histological subtypes, differ-
ent depths in the gastric wall, and other clinco-pathological
characteristics. As a possible next step, a biochemical technique
such as DNA polymerase assay (PDP-LI) would be effective for
a quantitative study of Pol-« in the individual cancer tissue [23].

The anti-Pol-a antibody seemed to detect the cells similar to
those detected by the anti-Ki-67 antibody [24, 25] and the anti-
PCNA/cyclin antibody [26, 27]. The Ki-67 nuclear antigen was
reported to appear in the proliferating cells and disappear when
the cells were induced to differentiate into resting cells. The
PCNA/cyclin was recently reported to be the auxiliary protein
of DNA polymerase & in the nuclei of proliferating cells [28].
All of the cells in cell cycle G1, S, G2 and M phases were
supposed to be positive for the anti-Ki-67 and anti-PCNA/cyclin
antibodies. However, the positive ratio of Ki-67 on the human
cancer cells reported was lower than the %PPC in the present
study [25]. It was also reported that the more abundant tumour
cells were positively stained with the anti-PCNA/cyclin antibody
[27]. It might be interesting to make a comparative analysis of
the different targets of these three antibodies to investigate the
differences in proliferative activities of the varied cancer cells.

1. Fujita A. Biology of early gastric carcinoma. Pathol Res Pract 1978,
163, 297-309.

2. Sasaki K, Takahashi M, Ogino T, Okuda S. An autoradiographic
study on the labeling index of biopsy specimens from gastric cancer.
Cancer 1984, 54, 1307-1309.

3. Hauori T, Hosokawa Y, Fukuda M, et al. Analysis of DNA
ploidy patterns of gastric carcinomas of Japanese. Cancer 1984, 54,
1591-1597.

4. Kamata T, Yonemura Y, Sugiyama K, et al. Proliferation activity
of early gastric cancer measured by in vitro bromodeoxyuridine
labeling. Cancer 1989, 64, 1665-1668.

S. Kozu T, Yagura T, Seno T. De nove DNA synthesis by a novel

K. Saitoh et al.

mouse DNA polymerase associated with primase activity. Nature
1982, 298, 180-182.

6. Shioda M, Nelson EM, Bayne ML, Benbow RM. DNA primase
activity associated with DNA polymerase o from Xenopus laevis
ovaries. Proc Natl Acad Sci USA 1982, 79, 7209-7213.

7. Tanaka S, Hu S-Z, Wang TS-Z, Korn D. Preparation and prelimi-
nary characterization of monoclonal antibodies against human DNA
polymerase . ¥ Biol Chem 1982, 257, 8391-8396.

8. Masaki S, Shiku H, Kaneda T, Koiwai O, Yoshida S. Production
and characterization of monoclonal antibodies against 10S DNA
polymerase o from calf thymus. Nucl Acid Res 1982, 10, 4703-4713.

9. Nakamura H, Morita T, Masaki S, Yoshida S. Intracellular localiz-
ation and metabolism of DNA polymerase o in human cells vis-
ualized with monoclonal antibodies. Exp Cell Res 1984, 151,
123-133.

10. DePhilip RM, Lynch WE, Lieberman I. Nuclear DNA polymerase
of human carcinomas. Cancer Res 1977, 37, 702-704.

11. Mushika M, Miwa T, Suzuoki Y, Hayashi K, Masaki S, Kaneda
T. Detection of proliferative cells in dysplasia, carcinoma in situ,
and invasive carcinoma of the uterine cervix by monoclonal antibody
against DNA polymerase a.. Cancer 1988, 61, 1182-1186.

12. TsutsumiY, Hori S, Onoda N. DNA polymerase a. An immunohis-
tochemical marker for proliferating cells in normal and neoplastic
human tissue. Am ¥ Clin Pathol 1990, 93, 643-650.

13. Lauren P. The two histological main types of gastric carcinoma:
diffuse and so-called intestinal-type carcinoma. An attempt at a
histo-clinical classification. Acta Pathol Microbiol Scand 1965, 64,
31-49.

14. Japanese Research Society for Gastric Cancer. The general rules for
the gastric cancer study in surgery and pathology. Fpn 7 Surg 1981,
11, 127-139.

15. Sternberger LA, Hardy PH, Cuculis JJ, Mayer HG. The unlabelled
antibody enzyme method of immunohistochemistry. ¥ Histochem
Cytochem 1970, 18, 315-333.

16. Hsu SH, Raine L, Fanger H. Use of avidine-biotin peroxidase
complex (ABC) in immunoperoxidase techniques: a comparison
between ABC and unlabelled antibody (PAP) procedure. ¥ Histo-
chem Cytochem 1981, 29, 577-580.

17. Lipkin M, Sherlock P, Bell B. Cell proliferation kinetics in the
gastrointestinal tract of man. II. Cell renewal in stomach, ileum,
colon and rectum. Gastroenterology 1963, 45, 721-729.

18. Hattori T, Fujita S. Tritiated thymidine autoradiographic study on
cellular migration in the gastric gland of the golden hamster. Cell
Tissue Res 1976, 172, 171-184.

19. Ming S-C. Tumors of the Oesophagus and Stomach. Washington DC,
Armed Force Institute of Pathology, 1971.

20. Stemmermann GN, Brown CA. Survival study of intestinal and
diffuse types of gastric carcinomas. Cancer 1974, 33, 1190-1195.

21. Steel G. Cell loss as a factor in the growth rate of human tumors.
Eur ¥ Cancer Clin Oncol 1967, 3, 381-387.

22. Frindel E, Malaise E, Tubiana M. Cell proliferation kinetics in fine
human solid tumor. Cancer 1968, 22, 611-620.

23. Conte PF, Alama A, Rubagotti A, et al. Cell kinetics in ovarian
cancer. Relationship to clinio-pathological features, responsiveness
to chemotherapy and survival. Cancer 1989, 64, 1188-1191.

24. Gerdes ], Lemke H, Baisch H, Wacker H-H, Schwab U, Stein H.
Cell cycle analysis of a cell proliferation-associated human nuclear
antigen defined by the monoclonal antibody Ki-67. ¥ Immunol 1984,
133, 1710-1715.

25. Yonemura Y, Ooyama S, Sugiyama K, et al. Growth fractions in
gastric carcinomas determined with monoclonal antibody Ki-67.
Cancer 1990, 65, 1130-1134.

26. Kurki P, Vanderlaan M, Dolbeare F, Gray J, Tan EM. Expression
of proliferating nuclear antigen (PCNA)/cyclin during the cell cycle.
Exp Cell Res 1986, 166, 209-219.

27. Garcia RL, Coltrera MD, Gown AM. Analysis of proliferating grade
using anti-PCNA/cyclin monoclonal antibodies in fixed, embedded
tissue. Comparison with flow cytometric analysis. Am ¥ Pathol
1989, 134, 733-739.

28. Bravo R, Frank R, Blundell PA, Macdonald-Bravo H.
Cyclin/PCNA is the auxiliary protein of DNA polymerase-8. Nature
1987, 326, 515-517.

Acknowledgements—The authors wish to thank the surgeons at Tsu-
kuba University Hospital for providing us with the cancer tissues. We
also thank Mr Stephen S. Wheeler and Ms Takako Urabe for revising
our English manuscript. This study was supported by Grants-in-Aid
for Scientific Research, Ministry of Education of Japan (61010035,
62570141).



