
&p.1:Abstract The frequency of apoptosis was determined in
102 cases of human colorectal cancer. The results were
correlated with the frequency of cell proliferation and
with clinicopathological characteristics such as degree of
differentiation, invasiveness and metastasis. As a marker
of apoptosis, intranuclear DNA strand breaks were local-
ized with in situ nick translation (ISNT). As a marker of
proliferation, proliferating cell nuclear antigen (PCNA)
was localized immunohistochemically. The numbers of
nuclei positive with ISNT and for PCNA per 1,000 nu-
clei on tissue sections were obtained. The labelling indi-
ces were compared with clinicopathological characteris-
tics for each tumour. The ISNT labelling index of well
differentiated colon carcinomas was higher than that of
poorly differentiated carcinomas. Among similarly diffe-
retiated cancers, ISNT L.I. of colon carcinomas classi-
fied as Dukes A was higher than Dukes B/C, and L.I. of
carcinomas which did not metastasize to lymph node or
liver was higher than that of carcinomas which metasta-
sized. The PCNA labelling index did not correlate with
any of the clinicopathological characteristics or with the
ISNT labelling index. The data suggest that apoptosis in-
dices severe as a marker of tumour progression.
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Introduction
Proliferative activity, invasiveness and metastasis are of-
ten used as indicators of tumour behaviour. Some solid
tumours, with high proliverative activitiy, such as gastric

[19, 32], breast [16, 26] and transitional cell bladder can-
cers [18], have been demonstrated to have malignant po-
tential. However, previous studies on colon cancers using
Ki-67 [15, 25] or proliferating cell nuclear antigen
(PCNA) [17] as markers of proliferative activity failed to
establish a clear correlation between this activity and tu-
mour stage, which embraces depth of invasion, lymph
node metastasis and liver metastasis.

In the regulation of tumour mass, a balance between
rates of cell proliferation and cell loss is crucial. Cell
loss by cell death from cancers has begun to receive at-
tention as a possible indicator of tumour growth [8, 14].
Among various malignant tissues examined, morphologi-
cal evidence of apoptosis was commonly found and ap-
optosis demonstrated in regressing tumours [11, 30, 31].
Moreover, it was reported that in vitro tumour cells can
gain a selective growth advantage by blocking the apo-
ptotic pathway [24]. These findings show that apoptosis
is a mode of cell death in cancers and its frequency may
severe as an useful variable to characterize the behaviour
of tumours.

In this study, we addressed the question as to whether
the frequency of apoptosis detected by ISNT [12, 30]
correlates with malignant characteristics, including depth
of invasion and metastasis, in 102 cases of human colo-
rectal cancer. It was found that the ISNT labelling indi-
ces were higher in colon carcinomas that were more
highly differentiated and did not invade or metastasize
than those that were poorly differentiated and invasive or
metastasizing. These data suggest that the apoptosis in-
dex serves as an indicator of tumour progression.

Materials and methods

Human primary colorectal cancer specimens were obtained from
patients who underwent colectomy in the Second Department of
Surgery, Nagasaki University Hospital, Nagasaki, Japan, from
1991 September to 1994 May. The excised colons were opened
and carcinomas were processed for histopathological examination.
In all cases, diagnosis was made by histopathological examination.
Carcinomas in situ and carcinomas less than 1 cm in maximum di-
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ameter were excluded from this study as they were too small to
obtain adequate labelling indices. Colorectal carcinomas and the
adjacent normal colon mucosa from 102 patients were used and
were classified according to the WHO classification. Thirteen car-
cinomas were classified as well differentiated, 84 as moderately
differentiated, and 5 as poorly differentiated. The poorly differen-
tiated lesions showed some, but highly irregular, gland formation.
There was no carcinoma classified as undifferentiated in this se-
ries. The depth of invasion was defined according to Dukes’ stag-
ing: carcinoma confined to the muscularis propria (Dukes’ A) and
carcinoma extending beyond the muscularis propria (Dukes’ B
and C).

Well, moderately and poorly differentiated colorectal cancers
demonstrated: lymph node metastasis in 4/13 (36.4%), 42/84
(50%) and 4/5 (80%); invasion through the muscularis propria in
9/13 (69.2%), 68/84 (81.0%) and 5/5 (100%); and liver metastasis
in 2/13 (15.4%), 12/84 (14.3%) and 0/5 (0%), respectively. Except
for liver metastasis, differentiation correlates inversely with the
rate of invasion and metastasis.

For the histochemical examination the specimens were fixed in
10% neutral buffered formalin and embedded in paraffin. Then 4-
µm-thick sections were cut and placed onto amino-propyl-
triethoxysilane-coated glass slides. The frequency of apoptotic
cells was assessed by detecting single- and double-stranded breaks
(DSB) using in situ nick translation (ISNT) and terminal deoxynu-
cleotidyl transferase using nick end labelling (TUNEL) [7] in nu-
clear DNA. The incorporated biotin-11 dUTP by ISNT and
TUNEL was detected immunohistochemically using HRP-labelled
goat anti-biotin. The proliferating cells were identified by localiz-
ing PCNA using mouse monoclonal antibody PC10 (DAKO, Santa
Barbara, Calif.) as the first antibody, and HRP-labeled sheep
F(ab′)2 anti-mouse IgG (Amersham) as the second. As a negative
control, an equivalent quantity of normal mouse IgG was used as
the first antibody. HRP was localized using 3,3′-diaminobenzidine
plus CoCl2, NiSO4(NH4)2SO4 and H2O2 as a chromogenic solution
[1].

Small pieces of tissue were dissected out from some carcino-
mas and fixed in 2% glutaraldehyde and processed for routine
electron microscopy.

The labelling index (L.I.) for ISNT was determined by count-
ing ISNT-positive nuclei among 1,000 nuclei of tumour cells on
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Fig. 1a, b Electron micro-
graphs of colorectal cancer.
Note the margination of chro-
matin to the nuclear membrane
(a) and focal aggregation of
chromatin (b), which indicate
an early stage of apoptosis.
a ×8,500, b ×7000&/fig.c:
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Fig. 2a, b Detection of nuclei with DSB by ISNT. a Some nuclei
of normal appearance and apoptotic bodies phagocytized by a
neighbouring cancer cell were stained. b Mitotic cells (M) were
not stained&/fig.c:



photographs by the method used by Mori et al. to determine the
PCNA L.I. in gastric cancer [21]. Sträter et al. [27] described two
types of apoptotic patterns in colonic mucosa and familial adeno-
matous polyposis lesions, the so-called engulfment and extrusion
pattern. In our study, the extrusion pattern was more frequent than
the engulfment pattern, but we did not differentiate between the
types as this was difficult in the distorted cancerous glands.

The L.I. for PCNA was determined by counting PCNA-posi-
tive nuclei among 1,000 nuclei of tumour cells on photographs by
the method used by Mori et al. [21].

Statistical analyses were performed using the Stat View II soft-
ware (Abacus Concept Inc., Ver. 4.0). The frequency table was
tested for association using Student’s t-test or ANOVA. The corre-
lations between the ISNT L.I. and PCNA L.I. were evaluated us-
ing a correlation coefficient.

For DNA size analysis a portions of some samples were quick-
ly frozen with OCT compound (Miles, USA) and stored at −80° C.
High molecular-weight DNA was extracted from the frozen tissues
as described elsewhere [13]. Aliquots (5µg/lane) of the DNA
were electrophoresed in 1.5% agarose gel and stained with ethid-
ium bromide.

Results

In various types of colorectal cancer the occurrence of ap-
optosis was confirmed by electron microscopy. Typical
features of apoptosis, such as the margination of chroma-
tin to nuclear periphery, fragmentation of nuclei and apo-
ptotic bodies were remarkable in cancer cells (Fig. 1a, b).

In non-neoplastic colon epithelium, DSB was ob-
served mainly in nuclei of cells facing the lumen (not il-
lustrated). The DSB was detected in the nuclei of cancer
cells with an intense signal (Fig. 2a, b). No staining was
observed in mitotic cells (Fig. 2b). Most of the label was
in nuclei that were normal in appearance, but some were
in pyknotic or in apoptotic bodies.

In serial sections of well-differentiated colon cancer,
the ISNT-positive nuclei (Fig. 3a) and apoptosis bodies
or marginated chromatin detected by H&E staining (Fig.
3b) were distributed in the same area. The sections incu-
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Fig. 3a ISNT and b HE stain-
ing of a colorectal cancer tissue
section. Nuclei labeled with
ISNT (a) and margination of
chromatin (b arrows) were dis-
tributed in the same area. c
ISNT and d PCNA immuno-
staining of colorectal cancer
tissue section. Nuclei labelled
with ISNT and those labelled
with PCNA were distinct&/fig.c:



bated with ISNT or TUNEL solutions minus enzymes or
dUTP labelled with biotin were not stained (data not
shown).

The PCNA-positive nuclei were negative for ISNT
and vice versa, and the distributions of nuclei stained for
PCNA and those labelled with ISNT were not the same
(Fig. 3c, d).

Although we have reported that ISNT was a more re-
liable and sensitive tool for detection of apoptosis in sec-
tions than TUNEL, TUNEL has been more widely used
as a histological marker of apoptosis than ISNT. For this
reason, the distribution of nuclei labelled by ISNT and
by TUNEL were compared in serial sections and in mir-

ror sections. Their distributions coincided precisely (Fig.
4a, b), and the same cells were stained (Fig. 4c, d); how-
ever, the staining intensity tended to vary with TUNEL.

Table 1 summarizes the relationship of ISNT L.I. and
PCNA L.I. to the clinicopathological characteristics in
102 colorectal cancers. The ISNT L.I. varied from 3 to
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Fig. 4a–d Serial sections la-
belled with ISNT and TUNEL.
The distributions of a ISNT-
and b TUNEL-positive nuclei
are the same in the cancer tu-
bules. c, d Mirror sections la-
belled with ISNT (c) and
TUNEL (d); same nuclei (num-
bered 1–8) are labelled with
both ISNT and TUNEL&/fig.c:

Fig. 5 Scattergrams showing the relation between ISNT labelling
index (L.I.) and PCNA L.I. of the tumour studied, classified ac-
cording to a histological grade [s moderately, × poorly, l well
differentiated) b depth of invasion (▼ Dukes’ B/C, s Dukes’ A),
c lymph node metastasis, (● node-positive, l node-negative), d
liver metastasis (▼ positive, t negative for liver metastasis)&/fig.c:

▲
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Table 1 Relationships between
ISNT and PCNA labelling indi-
ces (L.I.) and clinicopathologi-
cal characteristics in 102 pa-
tients with colorectal carcino-
ma (M means, NSnot signifi-
cant, diff. differentiated, Mod.
moderately, Poor.poorly)&/tbl.c:&tbl.b:

Variables No. of ISNT L.I. Significance PCNA L.I. Significance
patients M (SD) of ISNT L.I. M (SD) of PCNA L.I.

Age of patients
≤65 years 50 28.1 (18.9) 433 (149)
>65 years 52 32.4 (27.3) NS 413 (137) NS

Gender of patients
Male 61 28.8 (20.2) 422 (140)
Female 41 31.3 (25.7) NS 425 (149) NS

Tumour location
Right 23 33.9 (25.9) 455 (133)
Left 79 29.6 (22.6) NS 414 (145) NS

Tumour size
≤5 cm 48 30.6 (20.2) 427 (146)
>5 cm 54 30.0 (26.3) NS 419 (140) NS

Depth of invasion
Dukes’ A 22 46.2 (25.6) 449 (159)
Dukes’ B/C 80 25.9 (21.1) P<0.001 416 (140) NS

Lymph node metastasis
Negative 52 45.0 (21.3) 415 (134)
Positive 50 15.0 (14.3) P<0.001 432 (151) NS

Liver metastasis
Negative 88 33.0 (24.1) 428 (143)
Positive 14 13.2 (6.5) P<0.005 390 (140) NS

Histological differentiation
Well diff. 13 47.7 (30.7) 407 (134)
Mod. diff. 84 29.3 (21.1) 418 (141)
Poor. diff. 5 7.4 (6.7) P<0.005 551 (134) NS

&/tbl.b:

0
0

IS
N

T
 L

.I.

PCNA L.I.
a

20

40

60

80

100

120

100 200 300 400 500 600 700 800 0
0

IS
N

T
 L

.I.

PCNA L.I.
b

20

40

60

80

100

120

100 200 300 400 500 600 700 800

0
0

IS
N

T
 L

.I.

PCNA L.I.
c

20

40

60

80

100

120

100 200 300 400 500 600 700 800 0
0

IS
N

T
 L

.I.

PCNA L.I.
d

20

40

60

80

100

120

100 200 300 400 500 600 700 800

a b

c d



107 with a mean of 30.6, SD±23.3 (Table 1, Fig. 5a–d).
The ISNT L.I. of the carcinomas classified as Dukes’ A
was significantly higher than that of those classified as
B/C; those without lymph nodes and/or liver metastasis
had significantly higher L.Is than those with metastasis;
and well-differentiated carcinomas had signifiantly high-
er L.I.s than did poorly differentiated carcinomas.
Among cancers with similar levels of differentiation, the
ISNT L.I. was higher in colon carcinomas classified as
Dukes’ A than in Dukes’ B/C carcinomas, and those that
did not metastasize to lymph node or liver had higher
ISNT L.I.s than those that did (Table 2). No significant
variation of ISNT L.I. was found with age of patients
(more than 65 and less than 65), sex of patients, size of
carcinomas (more than 5 cm and less than 5 cm) or loca-
tion of carcinomas in the colon (proximal and distal to
the splenic flexure).

PCNA L.I. varied from 101 to 771 with a mean of
423.1 (SD±142.6). No significant PCNA L.I. difference
was found between those with and without lymph node
metastasis and/or liver metastasis, those with invasion of
sub-serosal areas and beyond and those with tumours
limited to the colorectal wall, or those with poorly differ-
entiated and well-differentiated carcinomas. Also, no dif-
ference in PCNA L.I. was found between patients in dif-
ferent age groups (more than 65 and less than 65), male
and female patients, carcinomas more than 5 cm and less
than 5 cm or different locations of carcinomas in the co-
lon (proximal and distal to the splenix flexure). There
was no correlation between ISNT L.I. and PCNA L.I.

The DNA extracted from cancer with a high ISNT
L.I. (>100) electrophoresed as a typical 180- to 200-bp
ladder with a high-molecular-weight band, whereas
DNA from cancer with a low ISNT L.I. (<30) electro-

phoresed as normal colon mucosa (Fig. 6). These results
confirm that the ISNT index reflected the incidence of
DNA breaks and vice versa.

Discussion

In this study, we demonstrated that apoptosis was more
frequent in human colorectal carcinomas that did not in-
vade through muscularis propria or metastasize than in
those that invaded or metastasized. Similarly, apoptosis
was more frequent in well- and moderately differentiated
carcinomas than in poorly differentiated carcinomas.

The ISNT L.I. had clear negative associations with
depth of invasion (Fig. 5a) and with occurrence of metas-
tasis (Fig. 5b, c) and a positive association with the de-
gree of differentiation (Fig. 5d). The PCNA L.I., on the
other hand, was almost independent of the behaviour of
colonic carcinoma with regard to invasiveness (Fig. 5a)
and occurrence of metastasis in lymph nodes (Fig. 5b) or
liver (Fig. 5c). There was no significant positive or nega-
tive correlation between the population of cells in S-
phase (PCNA L.I.) and that in the process of apoptosis
(ISNT L.I.). In this regard the report by Takano et al.
[29] is of interest. They found a positive correlation be-
tween the Ki-67 L.I. and TUNEL L.I. in “individual
cases” of colon carcinomas. Ki-67 is present throughout
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Table 2 Relationships between ISNT L.I. and depth of invasion,
lymph node metastasis or liver metastasis among similarly differ-
entiated colon carcinomas&/tbl.c:&tbl.b:

Variables No. of patients ISNT L.I. Signi-
ficance

Well-differentiated colorectal cancer (n=13)
Depth of invasion

Dukes’ A 4 74.1±34.4
Dukes’ B 9 36.1±21.9 P<0.05

Lymph node metastasis
Negative 9 59.4±28.9
Positive 4 21.6±15.6 P<0.05

Liver metastasis
Negative 11 53.7±29.7
Positive 2 15.5±10.6 NS

Moderately differentiated colorectal cancer (n=84)
Depth of invasion

Dukes’ A 16 38.2±19.7
Dukes’ B/C 68 27.2±20.9 P<0.05

Lymph node metastasis
Negative 42 42.8±17.8
Positive 42 15.8±14.5 P<0.001

Liver metastasis
Negative 72 31.8±21.6
Positive 12 14.0± 6.4 P<0.05

&/tbl.b:
Fig. 6 Gel electrophoresis of DNA extracted from colon mucosa
(Normal DNA extracted from normal colon mucosa, NT100.3
DNA extracted from mucosa of colon carcinoma with ISNT L.I. of
100.3, NT26.0DNA extracted from mucosa of colon carcinoma
with ISNT L.I. of 26.0, NT 10.8DNA extracted from mucosa of
colon carcinoma with ISNT L.I. of 10.8, M.M. molecular marker).
Bands of 600 bp and 200 bp were marked. DNA formed ladder
proportional to the ISNT L.I.



the cell cycle except for G0 [5] and is an indicator of
cells in cycle regardless of the length of G1, whereas
PCNA appears at the G1/S border [3] and is an indicator
of cells in division. These subtle differences in the nature
of the indices may contribute to the variance among the
correlations between PCNA and ISNT/TUNEL and be-
tween Ki-67 L.I. and TUNEL L.I. for “individual cases”
of colon carcinoma.

When the ratio between PCNA L.I. and ISNT L.I.
(PCNA/ISNT) was compared with the behaviour of the
tumours, there was also a negative correlation with the
behaviour of colonic carcinomas (PCNA/ISNT vs depth
of invasion, P<0.05; PCNA/ISNT vs lymph node metas-
tasis, P<0.05; PCNA/ISNT vs liver metastasis, P>0.05),
but the negative association between ISNT L.I. alone
with the behaviour of carcinomas was more clearly seen
(ISNT L.I. vs depth of invasion, P<0.001; ISNT L.I. vs
lymph node metastasis, P<0.001; ISNT L.I. vs liver me-
tastasis, P<0.005).

Our findings on proliferation are in agreement with
previous reports that markers of proliferative activity
such as Ki-67 L.I. [15, 25] or PCNA L.I. [17] did not
correlate with depth of invasion or lymph node and/or
liver metastasis. The high rate of apoptosis found in non-
invasive or non-metastasizing carcinomas is in agree-
ment with the conclusion drawn by Ikenaga et al. [9], al-
though they found no positive correlation with the degree
of tumour differentiation. This difference may have re-
sulted from the sizes of the tumours examined (all sizes
in their study and those more than 1 cm in largest diame-
ter in our study) and the unusually low apoptosis indices
obtained by them (e.g. 1.36 in well-differentiated tu-
mours in their study vs 4.77 in well-differentiated tu-
mours in ours.

The high frequency of apoptosis in well- to moderate-
ly differentiated carcinomas and the low frequency in
poorly differentiated carcinomas might have been antici-
pated, as most neoplastic cells retain various levels of
ability to differentiate along the path of normal cells
[22]. In normal colon, epithelial cells undergo apoptosis
at the luminal surface in the terminal phase of differenti-
ation [4, 6]. Hence, our results may be interpreted as
showing that the high frequency of apoptosis in well-dif-
ferentiated carcinomas is a representation of its normal
counterpart. Conversely, poorly differentiated carcino-
mas failed to reach the level of differentiation at which
cells undergo apoptosis, and the frequency of apoptosis
was consequently low.

Among similarly differentiated colon carcinomas, ap-
optosis was more frequent in colon carcinomas that had
not invaded or metastasized than in those that had (Table
2). The mechanism of apoptosis is not well understood,
and some workers suggest that a specific inducer for ap-
optosis and receptor for the inducer are required for the
cells to undergo apoptosis, such as Fas ligand/Fas system
[20]. Whether there is a positive or negative relationship
between the invasiveness of carcinomas and the onset of
apoptosis is not known, but this question merits further
investigation. In view of the finding by Bates et al. [2]

that when cell–cell adhesion was interrupted on colon
carcinoma cell lines in vitro the cells underwent apopto-
sis, it may be speculated that if the phenomenon holds
true in vivo, some of those cells that underwent apopto-
sis in colon carcinomas are the ones that have lost con-
tact with the tumour mass and those that have metasta-
sized as cell emboli [10, 23, 28].

Currently the determination of levels of histological
differentiation of colon carcinomas is based mainly on
their glandular morphology. When the occurrence and
frequency of ISNT-/TUNEL-positive nuclei are used as
an additional marker of glandular differentiation, the his-
tological differentiation and the behaviour of colon carci-
noma may be better delineated.

In summary, this study demonstrated that apoptosis
was more frequent in well- and moderately differentiated
colon carcinomas than in poorly differentiated types and
was more frequent in carcinomas that did not invade or
metastasize.
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