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Assessment of Tumor Cell Kinetics by Monoclonal Antibody
Ki-67
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Abstract. The expression of Ki-67 antigen in 71 patients with advanced gastric cancer was
studied by immunohistochemical technique. Immunohistochemical staining with Ki-67 pro-
duced clear labeling of a portion of tumor cell nuclei, and the nucleoli stained intensely. The
Ki-67 labeling rates of the 71 specimens ranged from 7.7 to 70.5% (mean: 29.2%; standard
deviation: 12.9%). There was no significant association between Ki-67 labeling rates and
macroscopic type, peritoneal metastasis, or serosal invasion. The tumors showing high Ki-67
labeling rates (> 25%) are more likely to have liver metastasis and lymph node involvement,
Larger tumors, with a diameter > 6 cm, more frequently showed high Ki-67 labeling rate
than those with a diameter <6 cm. When the Ki-67 labeling rate and 9 clinicopathologic
parameters, as conventional prognostic factors, were entered simultaneously into the regres-
sion model, nodal status and Ki-67 labeling rate emerged as independent prognostic factors.
These results indicate that the in situ determination of the growth fraction by Ki-67 antibody

may be a reliable prognostic marker of advanced gastric cancer. .

Introduction

Advanced gastric cancer continues to
carry a dismal prognosis despite great efforts
to improve the radical treatment of this dis-
ease, with 5 year survival rates ranging from
10 to 30% [1]. Many attempts to identify
factors predictive of survival among patients
with this type of neoplasia have been made
[2-5]. Numerous clinical and pathologic fea-
tures of gastric cancer are known to be asso-

ciated with prognosis [6-8]. Recently, mea-
surements of cell cycle kinetics have been
found to correlate with clinical course [9-
12]. We previously reported that patients
with gastric cancer with high bromodeoxy-
uridine labeling indices (BrdU LI) have
lower survival rates than patients with low
BrdU LI [13). However, BrdU labeling re-
quires in vitro incubation of viable tumor
tissues. Recently, extensive literature has de-
veloped on the prognostic efficacy of flow
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cytomelry in the cell kinetics of malignant
tumars [[0-12, 4], S-phase [ractions of
breast carcinomas determined by flow Cy-
tametry closely correlated with results ob-
tained by thymidine labeling [9, 15], and
many investigators have reporied the prog-

nostic value of S-phase {raciion by flow cy-

‘tometry. However, the S-phase fraction ob-

tained by flow cytometry reflects not only
the proliferative activity of tumor cells, but
also the proportion of nonproliferating stro-
mal cells in a tumor. In addition, the over-
lapping cell cycle distribution from DNA
aneuploid clones as well as from nuclear
debris may also interfere with the analysis of
S-phase fractions. Volm et al. [12] reported
that cell cycle analyses were possible in only
65% of cases by flow cytometry. More re-
cently, a mouse monoclonal antibody (Ki-
67) has become available defining a nuclear
antigen present in proliferating cells
throughout the cell cycle [16]. Ki-67 enables
the immunocytochemical detection of cy-
cling cells without the need of external ad-
ministration of BrdU or 3H-thymidine. The
antigen is present in the late Gy, S, G,, and
M phase [17]. The present study was aimed
at determining whether proliferative activity
determined by Ki-67 monoclonal antibody
was associated with histopathologic findings
and the clinical outcome of patients with
surgically resectable gastric cancer.

Materials and Methods

Tumors from 71 patients with advanced gastric
cancer were analyzed using the monoclonal antibody
Ki-67 (Dakopatts, Copenhagen, Denmark), and the
results compared with respect to Ki-67 labeling rates
and histopathologic features. Tissue samples were
frozen in liquid nitrogen and stored at -70 °C until
use. The frozen specimens were sectioned 6 pm thick,
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mounied on albumin-coated slides, and immediately
for 20 min, The
M Tris-bufTered
then incubated at

rnately with a 1:10

fixed with acetonfether (60%

sections were first washed in
lipe {1BS), pH 7.2 for 2 min an

room lemperaiure for 45 min

i

dilutien of Ki-67 antibody, biotinylzted goat anti-
se 1203 (Vector Laboratories, Burdi
USa) and avidin-biotinylated borseradish peroxidase
complex (ABC) (Vector Laboratories).

Between the incubations the slides were washed
with TBS. The tissue sections were then incubated
with 0.05% 3-3’-diaminobenzidine and H,0;. Final-
ly, the slides were lightly stained with hematoxylin.
All labeled nuclei, demonstrated by the use of Ki-67
antibody, were regarded as positive. Between 1,000
and 2,000 cells were counted in each of 10-15 micro-
scopic fields to determine the average Ki-67 labeling
rates. Ki-67 labeling rates were counted by two ob-
servers independently, and the areas of the sections
with the highest labeling rates were used for counting.
The mean of the two percentages of Ki-67-labeled
nuclei was calculated and used in the statistical anal-
yses described below.

The data are presénted as mean * standard devia-
tion of mean. Statistical analyses were performed by
%2 test. The outcome of different groups of patients
was compared by generalized Wilcoxon test. The Cox
proportional hazard model was used in the multivar-
iate regression analyses of survival data. Throughout
this report, information of a previous publication is
used for the description and classification of the vari-
ables [18]. The cut-off point for low or high fraction of
cell cycle was determined by a Cox proportional haz-
ard model [19]. This is an efficient graphic tool for
determining those levels of qyantitative prognostic
factors at which the most pronounced deterioration of
prognosis takes place.

ame, Calif

Results

Immunohistochemical staining with Ki-
67 produced clear labeling of a portion of
tumor cell nuclei in each section (fig. 1), and
the nucleoli stained intensely. The Ki-67 la-
beling rates of the 71 specimens ranged from
7.7 to 70.5% (mean: 29.2%; standard devia-
tion: 12.9%). The correlation between histo-
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Fig. 1. Photomicrograph of gas- I L 2
tric cancer stained with Ki-67 " -
=

monoclonal antthody

logic findings and Ki-67 labeling rates is
summarized in table 1. The tumors were di-
vided into two groups by the Ki-67 labeling
rates. The tumors named ‘high Ki-67 labe-
ing’ had Ki-67 labeling rates =25%, and
those with Ki-67 labeling rates <<25% were
named ‘low Ki-67 labeling’. The tumors
showing high Ki-67 labeling rates are more
likely to have liver metastasis and lymph
node involvement. Regarding the histologi-
cal type, 81% (21/26) of the well-differen-
tiated cancers showed Ki-67 labeling rates
>25%, whereas 52% of poorly differen-
tiated cancers revealed Ki-67 labeling rates
> 25%. Two mucinous cancers were classi-
fied as poorly differentiated carcinoma.
There was a significant difference between
these two groups. Larger tumors with a di-
ameter > 6 cm more frequently showed high
Ki-67 labeling rates than those with a diam-
eter < 6 cm. However, there was no correla-
tion between Ki-67 labeling rates and perito-
neal dissemination, serosal invasion, or mac-
roscopic type. Ki-67 labeling rates and prog-
nosis indicated that the patients whose tu-

Table 1. Correlation of Ki-67 labeling rate and
clinicopathologic findings :

Variables Ki-67 labeling rate  p

<25% =25%

Hepatic metastasis

Negative 27 38

Positive 0 6
Peritoneal metastasis

Negative 20 27

Positive 7 7 NS
Nodal status

Negative 9 6

Positive 18 38
Serosal invasion

Negative 11 14

Positive 16 30 NS
Histologic type

Differentiated 5 21

Poorly differentiated 22 23 <0.05
Macroscopic type

Localized 8 15 NS

Infiltrating 19 29
Tumor size

>6cm 16 13

=<6cm 11 31 <005




_ Fig. 2. Survival curves of pa-
tients with gastric cancer, subdi-
vided according to the Ki-67 label-
ing rate.

Table 2. Clinicopathologic findings and Ki-67 labeling rate as progoostic factors in 71 patients with

advanced gastric cancer

Variahle Cases  Univariate analysis Multivariate analysis
Zvalue: pvalue Fvalue  pvalue
Hepaticmetasbasi. - fogptive i 1421 01553 LI37 02906
positive f { i
Peritoneal metastasis  nepative 47 1902 0.0602 1701 0.0591
positive 24 E : :
Hodal statos Acgative L3 3408 0.0001 4831 0.0316
positive 56
Serosal invasion negative 25 2750 0.0060 3357 01346
positive 46 g ¢ 3
Histalogic type differentiated 26 5 - :
poarly differentiated 45 %49 WAl 0439 Q8431
Macrascopic type  lncalized . 2271 00231 1119 02942
infiltrating 48
Tumor size >Gem 4 253 00112 0.532  D.4686
=hem 42
Ki-67 Jeheling rate =25% 27 5 : 4.4 0.0393
358 44 2139 0.0325 A31 .0
Age = 60 vears old I5 ; : s 0659 0.4201
<80 vears ald 56 0182 0.8559 K X
Sex male i
: 0.142 08871 1.170 02836
female el
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mors had high Ki-67 labeling rates died sig-
nificantly carlier than those with lower pro-
the Ki-67

labeling rates and 9 clinicopathelogic param-

liferative activity {fig. 2}, When

eters, as conventional F-T;l;m'-.klfu; faclors,
were entered simultaneously into the regres-
sion model, nodal status and Ki-67 labeling
rate emerged as independent prognostic fac-
tors (table 2). However, serosal invasion, tu-
mor size, histologic type, age, sex and macro-
scopic type were of little independent prog-
nostic value.

Discussion

There have been no reports on the expres-
sion of Ki-67 antigen of gastric cancer by
immunohistochemistry. The antigen recog-
nized by Ki-67 monoclonal antibody is
known to be present in the G, S, Gy, and M
phase of tumor cells, and the Ki-67 labeling

rate substan;iallx Erovides an estimaig afihe
grgl;’!era;jvg activity of the 1oL, In gener-

al, high proliferative activity of tumors is
associated with poor prognosis and survival
[10-14]. In breast cancer, high numbers of
Ki-67-positive cells are found in tumors with
high mitotic rates, high nuclear grade, and
high histologic grade [20]. Carpin et al. {21]
described that Ki-67 immunostaining was
related to vascular invasion, and the pre-
sense of axillary lymph node metastases, and
that the Ki-67 immunocytochemical assay
provides relevant information on selecting
subgroups of patients at higher risk for re-
lapse. In our study, tumors showing high Ki-
67 labeling rates were more likely to have
liver metastasis and lymph node involve-
ment. In addition, tumors with low Ki-67
labeling rates were associated with favorable
prognosis, whereas those with high Ki-67

labeling rates were related to poor prognosis,
Patients with tumors showing high Ki-67
labeling tates had a fivelold higher relative
risk of death, as compared to those with
tumors showing low Ki-67 labeling rates. In
addition, the Cox hazard
madel revealed that the Ki-67 labeling rate 15
a powerful independent prognostic indicator
of gastric cancer. The high malignant poten-
tial of tumors with high Ki-67 labeling rates
may be related to the potential of hematoge-

nous and lymphatic metastases. These [g-

SW
of the Erowth fractign Dy Ki:67 antibody
may be a reliable prognostic marker of ad-
vanceq Eastnc cancer. Furthermore, the im-
munohistochemical assay of Ki-67 labeling
rates obtained by biopsied tissues may be
useful in designing the operative procedure
and multimodal therapy for the individual
patients with advanced gastric cancer pre-
operatively. We are now tging to measure

the proliferative activity of biopsied materi-
als using Ki-67 monoclonal antibody.

proporiional
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