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Abstract We examined the existence and distribution of
apoptotic cells in human gastric mucosa, chronic gastri-
tis, adenomatous dysplasias and carcinomas in 15 surgi-
cally removed stomachs in which dysplasia and carcino-
ma were found simultaneously. Serial sections were cut
for immunohistochemistry for p53 oncoprotein and Ki-
67 antigen, and terminal deoxynucleotidyl transferase
(TdT)-mediated dUTP-biotin nick end labelling
(TUNEL). TUNEL signal-positive apoptotic cells were
rare in normal mucosa, while a few apoptotic cells were
noted in gastritic mucosa and intestinal metaplasia, inter-
mingled with Ki-67 antigen-positive cells forming a gen-
erative cell zone. This suggests the cell-cycle-dependent
apoptosis of gastric mucosa. The frequency of apoptotic
cells per crypt was higher in incomplete than in complete
metaplasia, implying greater underlying DNA damage in
the former. TUNEL indices (TI; percentage of TUNEL-
positive cells in tumour cells) were slightly higher in ad-
enomatous dysplasias (4.9+2.1) than in carcinoma
(3.9+1.1), but there was no no statistical difference. Ki-
67 indices (KI; percentage of Ki-67 antigen-positive
cells in tumour cells) were significantly (P<0.05) higher
in carcinomas than in dysplasias. Thus, gastric adenoma-
tous dysplasias were characterized by relatively higher
TI and lower KI, which might reflect a more static
growth potential. The expression of p53 oncoprotein in
cancer cells is thought to be an apoptosis-suppressing
event, although its precise role remains to be elucidated.
Overall, these results indicate that apoptosis plays a cru-
cial part in the morphogenesis of gastritic mucosa in-
cluding intestinal metaplasia, and that the process is cor-
related both with tumourigenesis and with proliferative
activity.
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Introduction

Apoptosis (programmed cell death) is a form of cell
death characterized by morphological, biological, and
molecular genetic changes [5, 11, 34]. The process is
now considered to occur physiologically for cell elimina-
tion, extensively in embryogenesis, haematogenesis,
clonal selection in the thymus and morphogenesis [19,
26, 33]. Moreover, apoptosis plays a crucial part in pro-
liferation and cell turnover in a variety of benign and
malignant tumours, and tumour progression may be con-
sidered in the context of both proliferation (mitosis) and
cell loss (apoptosis) [2]. For example, the slow-growing
basal cell carcinoma shows a high mitotic index but a
high rate of apoptosis [18]. Both apoptotic and prolifera-
tive indices have been demonstrated to be higher in high-
er grades of malignancy in non-Hodgkin’s lymphomas
and prostate carcinomas [1, 6, 23]. The apoptotic index
becomes higher with progression of colorectal cancers,
higher values being detected in metastatic foci [36].
Thus, apoptosis might be correlated with a higher prolif-
erative activity of various tumours, although it was ini-
tially considered to be a manifestation of programmed
cell death and, therefore, a good prognostic sign, in con-
trast to the number of mitoses [4].

Previously, we examined the occurrence of apoptosis
in gastric carcinomas, and our findings can be summa-
rized as follows; (1) a higher frequency of apoptosis in
well-differentiated (intestinal type) than in poorly differ-
entiated adenocarcinomas (diffuse type) [15], (2) a lower
frequency of apoptosis in Epstein-Barr virus-associated
gastric carcinomas with lymphoid stroma and also in car-
cinomas expressing p53 oncoprotein [30]. In these stud-
ies, we visualized apoptotic tumour cells by terminal de-
oxynucleotidyl transferase (TdT)-mediated dUTP-biotin
nick end labelling (TUNEL), which is based on the de-
tection of naturally occurring chromatin DNA strand
breaks, the most characteristic biochemical feature of the
process of apoptosis.

In this study, we examined the distribution of apoptot-
ic cells not only in gastric dysplasias and carcinomas, but
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also in the neighbouring gastric mucosa with chronic
gastritis and intestinal metaplasia.

Materials and methods

Specimens

The studies were conducted on 15 surgically removed stomachs in
which adenomatous dysplasia and carcinoma were present simul-
taneously. The histological type of gastric cancer in all cases was
tubular adenocarcinoma, corresponding to the intestinal type ac-
cording to Lauren’s classification [22]. Of the 15 gastric cancers, 5
were intramucosal, 2 had invaded the submucosa and 8 had invad-
ed into or beyond the muscularis propria. Adenomatous dysplasias
were classified into two categories: lesions with low-grade dyspla-
sia and those with high-grade dysplasia. The former category is
atypical but benign, while the latter is categorized as possible car-
cinoma as defined by the Pathology Panel of the International
Study Group on Gastric Cancer (ISGGC) in 1984 [28]. Histologi-
cal findings indicating definite carcinoma were severe cellular
atypia with prominent nucleoli and structural atypia, such as
gland-in-gland appearance or back-to-back arrangement, as de-
scribed previously [12].

We regarded gastric mucosa with no atrophy and only slightly
inflammatory cells in lamina propria as “normal” in this study.
The intestinal metaplasias were classified into two groups; com-
plete and incomplete [25]. The complete type is characterized by
the absence of sulfomucin-containing goblet cells and the pres-
ence of Paneth cells as in the mucosa of small intestine; the in-
complete type is categorized by the appearance of sulfomucin-
containing goblet cells and the absence of Paneth cells. The speci-
mens were fixed in 10% formalin solution and embedded in paraf-
fin wax. Serial sections 3 um thick were stained with haematoxy-
lin and eosin, and were analysed by immunohistochemistry and
TUNEL.

Immunohistochemistry

Dewaxed paraffin sections were immunostained by the streptavi-
din-biotin-peroxidase complex (SAB) method, with use of the fol-
lowing primary antibodies; monoclonal antibodies (mAbs) raised
against Ki-67 antigen (MIB1, diluted 1:75; Novocastra Laborato-
ries, Newcastle, UK) {38] and p53 (BP53-12, diluted 1:50; Novoc-
astra Laboratries). As pretreatment, microwave-based antigen re-
trieval was performed for both Ki-67 antigen and P53 immuno-
staining [10]. Trypsin pretreatment was performed before micro-
wave treatment only for the former. Sections were visualized with
diaminobenzidine (DAB) and counterstained with methyl green or
alcian green.

In situ nick end labelling

To detect DNA breaks in situ, TUNEL was performed according
to the method of Gavrieli et al. [7]. Briefly, paraffin sections were
dewaxed, rehydrated through a graded alcohol series, and washed
in distilled water (DW) three times. Subsequently, to strip proteins
from nuclei, sections were incubated in 20 pg/ml proteinase K
(Boehringer Mannheim, Germany/Yamanouchi, Tokyo, Japan) so-
lution for 10-20 min at room temperature (RT), and then washed
in running tapwater. This digestive process was important for en-
hancement of positive nuclear labelling in apoptotic cells. Endoge-
nous peroxidase was inactivated by incubating sections in 2%
H,0,/methyl alcohol solution for 20 min at RT, followed by wash-
ing with DW.

TdT buffer solution (100 mM potassium cacodylate, 2 mM co-
balt chloride, 0.2 mM dithiothreitol, pH 7.2) containing 0.3 U/ul
TdT (Gibco BRL, Life Technologies, Gaithersburg, Md) and
0.04 nmol/ul biotinylated dUTP (Boehringer Mannheim/Yam-

anouchi) was added and the sections covered with micro cover
slides or parafilm, followed by incubation in a humidified atmo-
sphere for 60-180 min at 37°C. To stop the synthesis reaction of
TAT, sections were incubated in TB buffer (300 mM sodium chlo-
ride, 30 mM sodium citrate) for 15 min at RT, and then washed
with phosphate-buffered saline (PBS). They were subsequently in-
cubated with peroxidase-labelled streptavidin for 30 min at RT,
and finally stained with DAB-H,0, solution. Sections were count-
erstained with methyl green or alcian green.

To confirm the staining specificity, TUNEL was modified as
follows: as positive controls, sections were treated with 0.7 pg/ml
DNase I (Stratagene, La Jolla, Calif.) in potassium cacodylate
buffer (pH 7.2) for 10 min before treatment with TdT. For negative
controls, TdT or biotinyated substrate was omitted from the buffer
solution.

Counting of TUNEL- and Ki-67 antigen-positive cells

In the 15 adenomatous dysplasias and carcinomas, the TUNEL in-
dex (TI) was defined as the percentage of TUNEL-positive cells
relative to counted tumour cells following cell counting in the
well-labelied areas, as determined by scanning at low magnifica-
tion. Actual counts were made at X200 magnification in 10 fields
until more than 10,000 different tumour cells were counted. In in-
testinal metaplasia, TUNEL-positive cells were quantified as the
number per metaplastic gland.

The number of TUNEL-positive cells was calculated by the
two authors independently (M.I. and Y.G.). When a different num-
ber was reported, the area was reexamined until the results coin-
cided.

Assessment of P53 immunostaining

Assessment of P53 staining was conducted on the same 15 gastric
adenomatous dysplasias and carcinomas. These were classified as
follows; (-): negative, no positive cells, (+): £5% positive cells,
one or a few scattered positive cells without any clustering, (++):
6-25% positive cells, (+++): 26-50% positive cells, (++++):
251% positive cells.

Results

The omission of either TdT or biotinylated substrate
gave completely negative results. TUNEL signals were
detectable in nuclei of all cells including stromal cells,
pretreated with DNase I for 10 min at RT.

Non-neoplastic mucosa

In normal gastric mucosa, TUNEL-positive cells were
rarely observed in the neck zone of gastric mucosa,
where Ki-67 antigen-positive cells were located. The
number of Ki-67 antigen-positive cells was higher than
that of TUNEL-positive cells. With increasing degree of
severity of atrophic gastritis, TUNEL-positive cells
moved downwards and were frequently detected in the
basal zone of the mucosa (Fig. 1), while Ki-67 antigen-
positive cells were observed more widely in the middle
and lower thirds. Apoptotic cells were noted even in HE-
stained sections (Fig. 1A). In intestinal metaplasia, apo-
ptotic cells were seen in the lower half of the glands,
mainly in basal portions where Ki-67 antigen-positive
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Fig. 1A, B Serial sections of chronic atrophic gastritis with re-
generative changes. Terminal deoxynucleotidyl transferase-medi-
ated dUTP-biotin nick end labelling (TUNEL)-positive cells were
noted in deeper portions of glands (arrowheads). A HE, x170; B
TUNEL, x170

cells were present (Fig. 2). A few apoptotic cells were,
however, seen in the Juminal portion. TUNEL-positive
cells were counted in 1,100 glands of incomplete type
and in 450 glands of complete type. Average number of
the cells per gland were 2.2 in the former and 1.0 in the
latter (Table 1).

Adenomatous dysplasias

Gross examination revealed 13 elevated, 1 flat, and 1 de-
pressed tumours. The greatest diameters of the adenoma-
tous dysplasias were 6.9x3.9 (3—15 mm) for low-grade
and 13.1+9.6 (3-33 mm) for high-grade tumours.
TUNEL-positive cells were noted to variable degrees
in the glands of adenomatous dysplasia, most frequently
in their upper third. They were present in the basal por-
tion adjacent to the basement membrane (Fig. 3B). His-
tologically, TUNEL-positive cells appeared as single
structures separated from the surrounding intact cells by
a clear halo (Fig. 3A). Occasionally, apoptotic bodies
were noted in the viable epithelial cells or those shed in-
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to the gland lumen. Although the mean TUNEL indices
were higher in high-grade than in low-grade dysplasias,
there was no statistically significant difference between
the two (Table 2). Ki-67 antigen-positive cells were dis-
tributed most frequently in the upper portions of dysplas-
tic glands.

Gastric carcinomas

TUNEL-positive carcinoma cells were observed diffuse-
ly with no predominant localization within tumour tis-
sues. Careful observation of HE-stained sections showed
tumour cells with apoptosis or apoptotic bodies, both of
which demonstrated TUNEL signals. Nuclear fragments
in cancerous gland luming also revealed TUNEL signals
(Fig. 4B). TI was 3.6x1.1, ranging from 2.1 to 5.6, in the
7 early carcinomas localized in the mucosa or submu-
cosa, and 4.1x1.2, ranging from 2.9 to 6.5, in the 8 ad-
vanced carcinomas. There was no significant difference
in TI between early and advanced carcinomas. Overall,
the TI of the 15 carcinomas was 3.9«+1.1, this value be-
ing lower than that for gastric dysplasias. There were,
however, no significant differences between groups.
Ki-67 antigen-positive cancers were observed diffuse-
ly throughout the tumours (Fig. 4C). KI was 45.1x13.4,
ranging from 28.7 to 63.9, in the 7 early carcinomas, and
53.6+13.4, ranging from 40.2 to 79.4, in the 8 advanced



Fig. 2A-C Serial sections of intestinal metaplasia (incomplete
type), deeper portion. A A few apoptotic cells are detected even at
this magnification. HE, x140. B Apoptotic cells indicated in A
show positive TUNEL signals. TUNEL-positive cells (arrow-
heads) are seen in the basal portion of the glands. TUNEL, x140.
C A large number of Ki-67-positive cells is present. Note the posi-
tive TUNEL signals and Ki-67 antigen immunoreactivity in differ-
ent metaplastic cells. x140

carcinamas. The overall KI of the 15 carcinomas was
49.6+13.7, this value being significantly (P<0.05) higher
than those for low- and high-grade gastric dysplasias
(Table 2). Thus, a nonsignificantly lower TI and a signif-
icantly higher KI in gastric carcinomas resulted in an
overall lower value of TI/KI in these lesions than in gas-
tric dysplasias.

P53 Immunohistochemical findings

Immunoreactivity for P53 was localized exclusively in
the nuclei of positive cells. No nuclear P53 staining was
observed in normal gastric mucosa. A few cells showing
nuclear P53 staining were noted scattered in the basal
portion of both chronic atrophic gastritis and intestinal
metaplasia. Cells were occasionally observed showing
nuclear staining for P53 in 8 (53%) of the 15 adenoma-
tous dysplasias. Nuclear P53 staining was observed in
variable numbers of tumour cells in 10 (67%) of 15 car-
cinomas. A number of P533-positive cells was noted in 9
carcinomas, the mean TI being 3.8+1.0. The mean TI of
the other 6 cases, classified as (-) or (++), was 4.0+1.4.
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Table 1 Frequency of apoptotic cells in intestinal metaplasia

Histological type Number Number of Average

of intestinal of glands glands with number of

metaplasia TUNEL-positive TUNEL-positive
cells cells per gland

Incomplete type 1100 539 (49%) 22

Complete type 450 167 (37%) 1.0

Table 2 Frequencies? of apoptotic cells in gastric adenomatous
dysplasias and gastric carcinomas

Histological type Num- TUNEL Ki-67 TUNEL

ber of index® indexc index versus

lesions Ki-67 index
Adenomatous dysplasia 15 49+2.1 29.5%9.2 0.18+0.88
Low grade 7 4.6x1.4 293x11.4 0.18+0.89
High grade 8 5.2+27 29.6+£7.7 0.18+0.93
Gastric carcinoma 15 39x1.1 49.6+13.7 0.09£0.04
Early 7 3.6x1.1 45.1+x13.4 0.09+0.05
Advanced 8 4.1+1.2 53.6x13.4 0.08+0.04

2 Values expressed as mean+=SD (%)

b No statistically significant difference in TUNEL index between

adenomatous dysplasia and gastric carcinoma

¢ Ki-67 index is significantly higher (P<0.05) in gastric carcinoma

than in adenomatous dysplasia
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Fig. 3A, B Semi-serial section of adenomatous dysplasia, low
grade. Dysplastic glands contain a few apoptotic cells or bodies
(A), which showed obvious positive TUNEL signals (B). A HE,
x340; B TUNEL, x340

Discussion

In the present study, we demonstrated the existence of
apoptotic cells in both gastric dysplasias and carcinomas,
and also in non-neoplastic mucosa, including chronic
gastritic and intestinalized mucosa. Apoptosis was ini-
tially defined by morphological observations recorded by
Kerr, who noticed a discrete drop-out of rat liver cells in
a model of ischaemia, which became manifest as a se-
quence of changes that were initially referred to as
shrinkage necrosis and later as apoptosis [19]. Apoptotic
cells and apoptotic bodies were noted even on routinely
HE-stained sections, in variable numbers. They were,
however, easy to overlook especially in non-neoplastic
mucosa, because of their relatively small number and
their resemblance to intraepithelial lymphocytes or mito-
ses. Careful observation of serial sections disclosed that
TUNEL signals were positive not only in apparently
apoptotic cells but also in normal-looking cells without
condensed chromatin, corresponding to apoptotic cells in
the initial stage of the process. We previously reported
positive TUNEL signals in normal-looking HL-60 cells
induced to undergo apoptosis by UV irradiation [16].
Thus, serial sections stained by TUNEL and by routine

staining might provide the most reliable information in
the semi-quantitative assessment of apoptotic cells.
TUNEL-positive apoptotic cells were rare in the glan-
dular neck region of normal gastric mucosa, where the
generative cell zone lies and Ki-67 antigen-positive cells
are present. With progression of atrophic gastritis, the
generative cell zone shifted downwards and a relatively
large number of apoptotic cells were seen in the areas in
which Ki-67 antigen-positive cells were distributed. This
is well exemplified by intestinalized glands, in which
both apoptotic cells and Ki-67 antigen-positive cells
were present in deeper portions of the glands corre-
sponding to the generative cell zone. This implies that
apoptosis in non-neoplastic mucosa occurs in a manner
that is at least partially cell cycle dependent. It is of in-
terest that apoptosis occurred more frequently in incom-
plete-type than in complete-type intestinal metaplasia. In
other words, DNA-damaged cells appear more frequent-
ly in the former (incomplete type) and are presumably
more frequently eliminated by apoptosis to avoid cell
transformation. This is consistent with the previous re-
port that incomplete type metaplasia has a closer rela-
tionship to gastric cancer than the complete type [25].
Thus, gastric carcinomas of the well-differentiated type
might develop on a basis of incomplete intestinal meta-
plasia, which could contain a few DNA-damaged cells,
some of which may escape the process of apoptosis. In
fact, some authors, including ourselves, have found P53-
positive cells and even p53 gene point mutations in in-



Fig. 4A-C Semi-serial section of gastric tubular adenocarcinoma.
A A few apoptotic cells can be noted. Fragmented nuclei are seen
in the lumen of cancer glands. HE, x170. B TUNEL discloses a
few apoptotic cells and even apoptotic bodies in the glandular lu-
men. TUNEL, x170. C Most cancer cells and a few stromal cells
show Ki-67 immunoreactivity in their nuclei. x170

complete, but not in complete-type, intestinal metaplasia
[9, 32, 35].

A higher frequency of apoptosis was noted in gastric
dysplasia than in the coexisting gastric carcinomas.
There was, however, no statistically significant differ-
ence in the average number of apoptotic cells between
the two categories of tumour. This was probably due to
the relative small number of cases examined in this
study. The Ki-67 index, however, was significantly high-
er in the gastric carcinomas than in the dysplasias. Thus,
gastric adenomatous dysplasias might be characterized
by higher TT and significantly lower KI than carcinoma.
This may explain the rather static nature of gastric dys-
plasias or adenomas, which has been demonstrated by
long-term endoscopic follow-up studies [14]. A higher
risk of cancer development was found in high-grade dys-
plasias [20, 29]. The number of apoptotic cells was high-
er in the high-grade than in the low-grade dysplasias. A
higher apoptotic index (Al) was also confirmed in colon-
ic adenomas with severe atypia than in those with mild
atypia [3]. The high-grade dysplasias might eliminate
DNA-damaged or unnecessary cells by apoptosis, thus
obtaining higher proliferative activity. Gastric cancer
may arise from dysplasia when the apoptotic process
fails, leading to increased survival of cells with DNA
damage.

As mentioned above, apoptosis occurs in either a cell-
cycle-dependent manner or independently of cell cycle.
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If the former applies, apoptosis occurs in late G1 or G2
[24, 37, 39]. Expression of p21 induced by wild-type p53
protein supresses the cell cycle in late G1 and conse-
quently induces apoptosis [8]. In fact, recent studies have
demonstrated that the stability of wild-type p53 protein
increases transiently in response to DNA damage by irra-
diation, mediating arrest of the cell cycle in G1 [17, 21].
Nevertheless, apoptosis is suppressed by mutant P53,
which can be demonstrated by immunohistochemistry, as
shown here. The greater number of cases with diffuse
nuclear P53-positive tumour cells might result in a lower
TI in gastric carcinomas than in gastric dysplasias. How-
ever, the small number of cases examined here did not
allow us to reach a definitive conclusion regarding the
role of p53 oncoprotein in the process of apoptosis.
There might be some forms of apoptosis induced by oth-
er pathways not involving wild-type p53 [13, 27, 31, 40].
Further studies will need to be done to clarify the roles
of apoptosis-related genes, including bcl-2, c-myc, and
ras, for example, in gastric tumourigenesis.

In summary, we examined apoptotic cells in normal
and gastritic mucosa, adenomatous dysplasias and carci-
nomas. Apoptosis plays a crucial part in the morphogen-
esis of gastritic mucosa, including intestinal metaplasia,
eliminating unnecessary or possibly DNA-damaged
cells. Frequent apoptosis in gastric dysplasia may reflect
the rather static nature of the lesion. In addition, apopto-
sis is correlated with proliferative activity and tumouri-
genesis of gastric carcinomas.
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