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Abstract The frequency of apoptosis was determined jh9, 32], breast [16, 26] and transitional cell bladder can-
102 cases of human colorectal cancer. The results weges [18], have been demonstrated to have malignant po-
correlated with the frequency of cell proliferation anténtial. However, previous studies on colon cancers using
with clinicopathological characteristics such as degreekif67 [15, 25] or proliferating cell nuclear antigen
differentiation, invasiveness and metastasis. As a mareCNA) [17] as markers of proliferative activity failed to
of apoptosis, intranuclear DNA strand breaks were locaktablish a clear correlation between this activity and tu-
ized with in situ nick translation (ISNT). As a marker ahour stage, which embraces depth of invasion, lymph
proliferation, proliferating cell nuclear antigen (PCNAhode metastasis and liver metastasis.

was localized immunohistochemically. The numbers of In the regulation of tumour mass, a balance between
nuclei positive with ISNT and for PCNA per 1,000 nuates of cell proliferation and cell loss is crucial. Cell
clei on tissue sections were obtained. The labelling inthss by cell death from cancers has begun to receive at-
ces were compared with clinicopathological charactertention as a possible indicator of tumour growth [8, 14].
tics for each tumour. The ISNT labelling index of welmong various malignant tissues examined, morphologi-
differentiated colon carcinomas was higher than that @l evidence of apoptosis was commonly found and ap-
poorly differentiated carcinomas. Among similarly diffeeptosis demonstrated in regressing tumours [11, 30, 31].
retiated cancers, ISNT L.I. of colon carcinomas classtoreover, it was reported that in vitro tumour cells can
fied as Dukes A was higher than Dukes B/C, and L.I. gain a selective growth advantage by blocking the apo-
carcinomas which did not metastasize to lymph nodepiotic pathway [24]. These findings show that apoptosis
liver was higher than that of carcinomas which metasta-a mode of cell death in cancers and its frequency may
sized. The PCNA labelling index did not correlate witbevere as an useful variable to characterize the behaviour
any of the clinicopathological characteristics or with thaf tumours.

ISNT labelling index. The data suggest that apoptosis in-In this study, we addressed the question as to whether
dices severe as a marker of tumour progression. 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
Introduction highly differentiated and did not invade or metastasize

Proliferative activity, invasiveness and metastasis are #fan those that were poorly differentiated and invasive or
ten used as indicators of tumour behaviour. Some sdligtastasizing. These data suggest that the apoptosis in-
tumours, with high proliverative activitiy, such as gastr@ex serves as an indicator of tumour progression.
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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 andy
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- | y piotic body
ing: carcinoma confined to the muscularis propria (Dukes’ A) and 7 o ‘w oL
carcinoma extending beyond the muscularis propria (Dukes' B ¢ g .tp agocytized)
and C). : 3 :

Well, moderately and poorly differentiated colorectal cancers ! 0
demonstrated: lymph node metastasis in 4/13 (36.4%), 42/84 N
(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 * . o) \
in 2/13 (15.4%), 12/84 (14.3%) and 0/5 (0%), respectively. Except & - -
for liver metastasis, differentiation correlates inversely with the I
rate of invasion and metastasis. y

For the histochemical examination the specimens were fixed in | .
10% neutral buffered formalin and embedded in paraffin. Then 4- :
um-thick sections were cut and placed onto amino-propyl- .« g, v
triethoxysilane-coated glass slides. The frequency of apoptotic :
cells was assessed by detecting single- and double-stranded break
(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 # Py Y -
Barbara, Calif.) as the first antibody, and HRP-labeled sheep | / : 9/ ;,‘s
F(ab)2 anti-mouse 1gG (Amersham) as the second. As a negative ¥ o » A B
control, an equivalent quantity of normal mouse IgG was used as
the first antibody. HRP was localized using’3j&minobenzidine Fi . - .

g. 2a, b Detection of nuclei with DSB by ISNB Some nuclei

plus CoC}, NISO,(NH,),SO, and HO, as a chromogenic SOIUtlonof normal appearance and apoptotic bodies phagocytized by a

Small pieces of tissue were dissected out from some carcifi ighbouring cancer cell were stainédMitotic cells (M) were

mas and fixed in 2% glutaraldehyde and processed for rout staine!
electron microscopy.

The labelling index (L.1.) for ISNT was determined by count-
ing ISNT-positive nuclei among 1,000 nuclei of tumour cells on

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 ), which indicate
an early stage of apoptosis.
a x8,500,b x700C
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photographs by the method used by Mori et al. to determine V\yggsults
PCNA L.I. in gastric cancer [21]. Strater et al. [27] described t

types of apoptotic patterns in colonic mucosa and familial ade @'various types of colorectal cancer the occurrence of ap-

matous polyposis lesions, the so-called engulfment and extru HH% . . : .
pattern. In our study, the extrusion pattern was more frequent t4HO0SIS was confirmed by electron microscopy. Typical

the engulfment pattern, but we did not differentiate between f@atures of apoptosis, such as the margination of chroma-
types as this was difficult in the distorted cancerous glands. tin to nuclear periphery, fragmentation of nuclei and apo-

The L.I. for PCNA was determined by counting PCNA-pOSiat~+: ; ; ;
tive nuclei among 1,000 nuclei of tumour cells on photographs B§P“C bodies were r_emarkable In cancer cells (Fig. 1a, b).
the method used by Mori et al. [21]. In non-neoplastic colon epithelium, DSB was ob-
Statistical analyses were performed using the Stat View Il soderved mainly in nuclei of cells facing the lumen (not il-
ware (Abacus Concept Inc., Ver. 4.0). The frequency table wastrated). The DSB was detected in the nuclei of cancer
tested for association using Studetitest or ANOVA. The corre- ~g||s with an intense signal (Fig. 2a, b). No staining was

lations between the ISNT L.I. and PCNA L.I. were evaluated u : P :
ing a correlation coefficient. Sbserved in mitotic cells (Fig. 2b). Most of the label was

For DNA size analysis a portions of some samples were quiéR-nuclei that were normal in appearance, but some were
ly frozen with OCT compound (Miles, USA) and stored-80° C. in pyknotic or in apoptotic bodies.
High molecular-weight DNA was extracted from the frozen tissues | serial sections of well-differentiated colon cancer,

as described elsewhere [13]. Aliquotsp@lane) of the DNA 3 - S . ;
were electrophoresed in 1.5% agarose gel and stained with et 'SNT-positive nuclei (Fig. 3a) and apoptosis bodies

ium bromide. or marginated chromatin detected by H&E staining (Fig.
3b) were distributed in the same area. The sections incu-

Fig. 3a ISNT andb 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.
ISNT andd PCNA immuno-
staining of colorectal cancer
tissue section. Nuclei labelled
with ISNT and those labelled
with PCNA were distinc:
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Fig. 4a—d Serial sections la-
belled with ISNT and TUNEL.
The distributions o1 ISNT-
andb TUNEL-positive nuclei
are the same in the cancer tu-
bules.c, d Mirror sections la-
belled with ISNT ¢) and
TUNEL (d); same nuclei (num-
bered 1-8) are labelled with
both ISNT and TUNE'.

bated with ISNT or TUNEL solutions minus enzymes @or sections. Their distributions coincided precisely (Fig.
dUTP labelled with biotin were not stained (data ndg, b), and the same cells were stained (Fig. 4c, d); how-
shown). ever, the staining intensity tended to vary with TUNEL.
The PCNA-positive nuclei were negative for ISNT Table 1 summarizes the relationship of ISNT L.I. and
and vice versa, and the distributions of nuclei stained RENA L.I. to the clinicopathological characteristics in
PCNA and those labelled with ISNT were not the sar®2 colorectal cancers. The ISNT L.I. varied from 3 to
(Fig. 3c, d).
Although we have reported that ISNT was a more re-
liable and sensitive tool for detection of apoptosis in sédg. 5 Scattergrams showing the relation between ISNT labelking
tions than TUNEL, TUNEL has been more widely usé@ﬂg?ng--ggaarﬂgtggg’\i'g l'—gr-a%fetbenig[j";l;;esl;ufegéoﬂsssuiﬂ ac-
as a histological marker of apoptosis than ISNT. For t h : - A -
reason, the distribution of nuclei labelled by ISNT ar}g@ﬁ erentiated)b depth of invasion ¥ Dukes' BIC, Dukes' 7).

i . _ ) cHllymph node metastasise (node-positive, node-negative)d
by TUNEL were compared in serial sections and in milser metastasis ¥ positive, negative for liver metastas's)
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ISNT and PCNA labelling indi- Variables No.of  ISNTL.IL Significance PCNAL.l.  Significance
ces (L.I.) and clinicopathologi- patients M (SD) of ISNT L.I. M (SD) of PCNA L.I.
cal characteristics in 102 pa- -
tients with colorectal carcino- Age of patients
cant,diff. differentiated Mod. >65 years 52 32.4(27.3) NS 413(137) NS
moderatelyPoor. poorly) 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
<5cm 48 30.6 (20.2) 427 (146)
>5cm 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
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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 carcinom:s

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

Well-differentiated colorectal cancer<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§4)

Depth of invasion 600~
Dukes’ A 16 38.2+19.7
Dukes’ B/C 68 27.2420.9 P<0.05

Lymph node metastasis 200~ .
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

Fig. 6 Gel electrophoresis of DNA extracted from colon mucosa
(Normal DNA extracted from normal colon mucosi;T100.3
. . DNA extracted from mucosa of colon carcinoma with ISNT L.I. of
107 with a mean of 30.6, SD+23.3 (Table 1, Fig. 5a—d)0.3, NT26.0DNA extracted from mucosa of colon carcinoma
The ISNT L.I. of the carcinomas classified as Dukes’ With ISNT L.I. of ZGhOEIS\IJTlg.F%;\IfOeﬁract;% lggmap%;$igrff
i ifi i ifi on carcinoma wit 1L La.M. .
B e et B o 55 2007 e mated WA fomed e
had significantly higher L.Is than those with metastasis; o
and well-differentiated carcinomas had signifiantly high-
er L.I.s than did poorly differentiated carcinomas.
Among cancers with similar levels of differentiation, thphoresed as normal colon mucosa (Fig. 6). These results
ISNT L.I. was higher in colon carcinomas classified asnfirm that the ISNT index reflected the incidence of
Dukes’ A than in Dukes’ B/C carcinomas, and those tHalNA breaks and vice versa.
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.Il. was found with age of patientDiscussion
(more than 65 and less than 65), sex of patients, size of
carcinomas (more than 5 cm and less than 5 cm) or lokrathis study, we demonstrated that apoptosis was more
tion of carcinomas in the colon (proximal and distal foequent in human colorectal carcinomas that did not in-
the splenic flexure). vade through muscularis propria or metastasize than in
PCNA L.I. varied from 101 to 771 with a mean othose that invaded or metastasized. Similarly, apoptosis
423.1 (SD+142.6). No significant PCNA L.l. differencavas more frequent in well- and moderately differentiated
was found between those with and without lymph nodarcinomas than in poorly differentiated carcinomas.
metastasis and/or liver metastasis, those with invasion offThe ISNT L.l. had clear negative associations with
sub-serosal areas and beyond and those with tumalegth of invasion (Fig. 5a) and with occurrence of metas-
limited to the colorectal wall, or those with poorly differtasis (Fig. 5b, ¢) and a positive association with the de-
entiated and well-differentiated carcinomas. Also, no difree of differentiation (Fig. 5d). The PCNA L.I., on the
ference in PCNA L.I. was found between patients in difther hand, was almost independent of the behaviour of
ferent age groups (more than 65 and less than 65), nwal®nic carcinoma with regard to invasiveness (Fig. 5a)
and female patients, carcinomas more than 5 cm and %8 occurrence of metastasis in lymph nodes (Fig. 5b) or
than 5 cm or different locations of carcinomas in the cliver (Fig. 5¢). There was no significant positive or nega-
lon (proximal and distal to the splenix flexure). Therive correlation between the population of cells in S-
was no correlation between ISNT L.I. and PCNA L.I. phase (PCNA L.I.) and that in the process of apoptosis
The DNA extracted from cancer with a high ISNTISNT L.L.). In this regard the report by Takano et al.
L.I. (>100) electrophoresed as a typical 180- to 200-f#9] is of interest. They found a positive correlation be-
ladder with a high-molecular-weight band, wheredaween the Ki-67 L.I. and TUNEL L.l. in “individual
DNA from cancer with a low ISNT L.I. (<30) electro-cases” of colon carcinomas. Ki-67 is present throughout
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the cell cycle except for GO [5] and is an indicator ¢iat when cell-cell adhesion was interrupted on colon
cells in cycle regardless of the length of G1, whereearcinoma cell lines in vitro the cells underwent apopto-
PCNA appears at the G1/S border [3] and is an indicasis, it may be speculated that if the phenomenon holds
of cells in division. These subtle differences in the naturee in vivo, some of those cells that underwent apopto-
of the indices may contribute to the variance among tis in colon carcinomas are the ones that have lost con-
correlations between PCNA and ISNT/TUNEL and bé¢act with the tumour mass and those that have metasta-
tween Ki-67 L.l. and TUNEL L.I. for “individual cases”sized as cell emboli [10, 23, 28].
of colon carcinoma. Currently the determination of levels of histological
When the ratio between PCNA L.I. and ISNT L.ldifferentiation of colon carcinomas is based mainly on
(PCNAJISNT) was compared with the behaviour of théeir glandular morphology. When the occurrence and
tumours, there was also a negative correlation with tihequency of ISNT-/TUNEL-positive nuclei are used as
behaviour of colonic carcinomas (PCNA/ISNT vs deptim additional marker of glandular differentiation, the his-
of invasion,P<0.05; PCNA/ISNT vs lymph node metastological differentiation and the behaviour of colon carci-
tasis,P<0.05; PCNA/ISNT vs liver metastasi8>0.05), noma may be better delineated.
but the negative association between ISNT L.I. aloneln summary, this study demonstrated that apoptosis
with the behaviour of carcinomas was more clearly se@as more frequent in well- and moderately differentiated
(ISNT L.I. vs depth of invasiorP<0.001; ISNT L.I. vs colon carcinomas than in poorly differentiated types and
lymph node metastasiP<0.001; ISNT L.I. vs liver me- was more frequent in carcinomas that did not invade or
tastasisP<0.005). metastasize.
Our findings on proliferation are in agreement with
previous reports that markers of proliferative activitfcknowledgements The authors are grateful to T. Terao, S. Fu-
such as Ki-67 L.I. [15, 25] or PCNA L.I. [17] did no[ﬁuda and T. Suematsu for excellent technical assistance.
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liver metastasis. The high rate of apoptosis found in nen
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obtained by them (e.g. 1.36 in well-differentiated tu- cell cycle. Association with DNA replication sites. J Cell Biol

mours in their study vs 4.77 in well-differentiated tu- 105:1549-1554
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poorly differentiated carcinomas might have been antici- mouse monoclonal antibody reactive with a human nuclear an-
pated, as most neoplastic cells retain various levels oftigen associated with cell proliferation. Int J Cancer 31:13-20
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