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THYMIDINE LABELING INDEX AND Ki-67 STAINING IN
BREAST CANCER AND THEIR RELATIONSHIP TO
CLINICAL AND PATHOLOGICAL VARIABLES .

Meral- KOYUTURK¥, Biilent AHISHALI#**, Ekrem YAVUZ#** Ayhan BILIR**

SUMMARY

In this study, two proliferation markers; i.e. thymidine labeling index (TLI) and Ki-67 scores
of 32 breast cancer paticnts were evaluated by assessing the relationship with other prognostic
parameters including lymph node status, nuclear-histopathologic grades, tamor size, estrogen-
progesterone status and menopausal status, Both TLI values and Ki67 scores were correlated
with nuclear and histologic grades. While indices of both proliferation markers were signifi-
cantly lower in estrogen receptor positive patients than hormone negative patients, only TLI
values were found to be significantly lower in progesterone receptor positive patients. No oth-
er correlations or associations between variables reached statistical significance. In conclusion,
TLI and Ki-67 scorcs may be independent prognostic factors as nuclear grade and hormonal

stagus.
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INTRODUCTION

Cancer is characterized with proliferation,
invasion and metastasis. Various kinetic in-
dicators have been used to measure the cel-
lular proliferation of tumors for a long time
(1.2, A number of methods for detecting cel-
lular proliferation assess mitotic cell rates,
DNA content and the ratio of cells in certain
phases of cell cycle. Thymidine labeling in-
dex (TLI) is reported for many human neo-
plasms to be a popular prognostic marker, It
has been used to label the S phase fraction in
a tumor cell population using autoradiogra-
phy ), Ki-67 score assessment is another
method to measure cellular proliferation by
immunohistochemistry. Ki-67 antibody rec-
ognizes a nuclear antigen, which is ex-
pressed in all phases of the cell cycle, except
GO phase. 1t is used as a prognostic and his-
topathologic diagnostic marker in various
human neoplastic tissues 5,

Cellular kinetics of breast cancer has been
studied widely. The contradicting results ob-

tained in these studies concerning correla-
tions with other prognostic factors, stress the
need to design large scaled studies involving
various clinical and histopathologic prog-
nostic parameters &78), The aim of this
study was to investigate the relationship be-
tween proliferation indices including TLI
and Ki-67 scores and other prognostic pa-
rameters, namely lymph node status, nucle-
ar-histopathologic grades, tumor size, estro-
gen-progesterone content and menopausal
status in a population of Turkish breast can-
cer patients.

MATERIALS and METHODS

Histologic grading was done’ according (o
Fisher's system @ and nuclear grading was
done using Fisher's modification for Black's
nuclear grading 10,

FThymidine [abeling

The TLI was determined immediately after
the surgery on 32 tumor specimens from
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breast cancer operation. After removal of fat
and other contaminating tissues, tumors
were minced into 8-10 fragments of about
Imm3, and the fragments were placed in 2

ml of 199 medium [Gibco Laboratory (Cat

no: 1800-027)] with 20% fetal calf serum
[Biological Industries (Israe! Cat No: 04-
121-1A)], streptomycin 100pg/ml, penicillin
100U/ml, 6 pCi/ml 3H-Thymidine [Radio-
chemical Center (Amersham, United King-
dom TRA 120 specific activity 5Ci/mmotl}].
. They were incubated for 1 hour in agitation
at 37°C in shaker water bath. After the incu-
bation period, the tumor fragments were
briefly washed three times in phosphate buf-
fered solution and fixed in buffered 10% for-
malin solution, dehydrated in alcohol, and
embedded in paraffin. Paraffin sections were
cut at 5 micron. Slides were coated with
emulsion film (Ilford K2) in a dark room
and exposed at 4°C for 3-5 days. Autoradi-
ographies were then developed in D 19b 5
minutes at 18°C and fixed in a standard fix-
er. The slides were stained with hematoxylin
and eosin at 4°C.

Ki-67 staining

Same paraffin blocks of tumor specimens
that were prepared for TLI determination
were cut at 3 micron for Ki-67 staining. Sec-
tions were placed on poly-L. Lysine coated
glass slides. Sections were deparaffinized in
toluol and hydrated in cthanol series. For an-
tigen retrieval the slides were pressure-
cooked in 0.01M-citrate buffer (pH 6). En-
dogenous peroxidase activity was blocked
with 3% hydrogen peroxide in methanol.
Sections were covered with normal serum
for 20 min to block non-specific binding
sites. They were then incubated with an anti
Ki-67 antibody (7B11 monoclonal antibody,
Zymed Laboratories, USA) 1:50 dilution for
one hour. Slides were incubated for 20 min
with biotinylated secondary antibody, and
then incubated with the streptavidin-peroxi-
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dase conjugate for 20 min. The enzyme ac-
tivity was developed using aminoethylcarba-
zole (AEC) for 15 min. Negative control
sections were prepared by substituting the
Ki-67 antibody with phosphate buffer saline.

Estrogen and Progesterone Receptor '

Estrogen receptor (ER) and progesterone re-
ceptor (PR) status of patients reported as
positive or negative were obtained from the
archives of Pathology Department of Istan-
bul Medical Faculty.

Quantification Procedure

The TLI was determined by counting a total
of 1000-3000 cells for different specimens
of the same tumor under light microscopy
with X1000 magnification. When the speci-
mens were small enough to allow precursors
to penetrate the counting was done through
the entire section. In the other cases, the
counting was limited to the periphery of the
section. In all cases, 20 grains overlying the
nucleus was necessary for a positive count.
TLI is expressed as percentage epithelial
cells labeled with thymidine. The same ob-
server scored all microscopic slides.

Ki-67 scores were determined similarly by
counting the same number of cells with pos-
itively stained nuclei under light microscopy
with X400 magnification.

Statistics

Ki-67 score and TLI values were evaluated
by examining the reclationship with seven
clinical and pathological variables: meno-
pausal status (premenopaunsal women aged
younger than 50), nodal status, tumor size,
histologic grade, nuclear grade, and estrogen
and progesterone receptor status. Analysis
involving estrogen-progesterone receptors
and nodal status were repeated treating them
as dichotomous (positive-negative) vari-
ables.
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The statistical correlations among variables
were evaluated by Mann-Whitney U and
Spearman rank correlation tests using SPSS
9.0 packet program.

RESULTS

Typical illustrations of thymidine labeled
and Ki-67 stained sections are shown in Fig-
ures 1 and 2 respectively.

Figure 1. Comparison of TLI and Ki-67 scores of the pa-

tients according to histologic grades.
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Figure 2. Comparison of TLIs and Ki-67 scores of the pa-

tients according to nuclear grades
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TLI values showed a range of 3.04-25.46%
with a mean of 7.21% and standard devia-
tion of 4.77%, while Ki-67 scores ranged
between 3.50% and 32.00% with a mean of
12.48 % and standard deviation of 8.03%
(Table 1). There was also a significant asso-
ciation between both proliferation markers
and histologic gradés as shown in Figure II

(p<0.05). In evaluation of significance be-
tween proliferation markers and nuclear
grades, Ki-07 scores showed a stronger asso-
ciation than TLI values (p<0.001 and
p<0.05, respectively) as demonstrated in
Figure I11.,

Proliferation indices of both markers were
higher in hormone negative patients than es-
trogen and/or progesterone receptor positive
patients. While this difference reached sta-
tistical significance with both proliferation
markers for estrogen status [p<0.05], only
TLI values were found to be significantly
lower in progesterone receptor positive pa-
tients {p<0.05]. No significant relationship
was found between both proliferation indi-
ces and pre and postmenopausal status. Tu-
mor size and lymph node status was not as-
sociated with TLI and Ki-67 indices.

DISCUSSION

Loss of cell proliferation control is one of
the most fundamental issues in cancer biolo-
gy. Cellular proliferation is an important pa-
rameter along with other clinical and histo-
pathologic measures such as tumor size, hor-
monal and nodal status, and histopathologic
type in the assessment of correlation with tu-
mor behavior (10,

Among the cellular proliferation markers,
thymidine-labeling index is a widely pre-
ferred method as an S phase indicator since
1950. There are several reports that provide
information about TLI in non-Hodgkin's
lymphomas {12:13), TLI correlations were al-
so reported with several prognostic indica-
tors in breast cancer (14156, Although im-
munohistochemical markers of cellular pro-
liferation are still under development, Ki-67
antibody remains as a popular immunohisto-
chemical marker that provides immunoreac-

tions in all phases of cell cycle, except Gy
(17.18).
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Table 1. Clinical and histopathologic data of patient populations. HG: histologic grade, NG: nuclear gmdc, LNS:
lymph node status, ER: estrogen receptor, PR: progesterone receptor, HT: histologic type

C;‘ze Ki-67 | TLI | AGE | HG | NG LNS ER PR SIZE HT

1 21,2 | 16,19 53 3 3 Positive Negative Negative 22 H S

2 12,5 0,94 44 3 3 Posiiive Positive Positive 4 IDC

3 27 25,46 o4 3 3 Negative Negative Negative 1,1 IDC

4 32 18,37 49 3 3 | Positive Positive Positive 2 mc

5 12,5 548 37 3 3 Negative Positive Negative L5 IDCHILC

6 16,3 744 | 62 3 3 Posilive Positive Positive 3,5 IL

7 4,1 5,79 62 3 2 Negative Negative Negative i mC

8 4,5 3,87 05 3 2 Negative Negative Negative 1 IDC

9 12,4 10,9 36 3 3 Negative Negative Negative 4 DC

10 3,5 4,74 39 2 2 Positive Positive Positive 2 nC

11 39 32 61 2 2 Negative Positive Positive 2 IDC

12 4 37 46 2 2 Positive Positive Positive 4 iDC

13 6,8 4,74 65 2 2 Positive Positive Positive 1.5 IDC E

14 19,3 6,3 42 2 3 Negative Negative Negative 21 DC

15 20,5 6,27 28 2 3 Negative Positive Positive 8,5 IDC

16 23 5,62 66 2 3 Positive Negative Negative 3 IDC

17 84 7,11 46 2 2 Negative Positive Negative 2 IDCHILC !

18 | 791 9,2 63 2 2 | Positive Positive Negative 1,5 1DC

19 7.8 6,95 67 2 2 Positive Positive Negative 3 IDC+HILC

20 3.8 3,39 60 2 3 Positive Positive Positive 5 IDC

21 9,1 3,85 44 2 2 Negative Positive Negative 2 IDCHILC

22 8.4 6,4 32 2 2 Positive Positive Negative 1,7 IDC

23 6,8 474 |- 65 2 2 Positive Positive positive 1,5 IDC

24 9,1 74 50 2 2 Negative Negative Negative 3,5 DC

25 11 3,63 54 2 2 Negative Pasitive Positive 1,5 ILC

26 18,6 7,11 50 3 3 Positive Negative Negative 2 ibC

27 8.3 37 52 3 3 Positive Positive Positive 4.5 1IDC

28 16 5,68 63 2 3 Negative Positive Positive 1,3 IDC

29 7.8 3,04 68 2 2. |- Positive Positive Positive 2 IDCHILC

30 13 6,55 33 2 2 Negative Positive Negative 1.5 IDC

31 32 9,19 32 3 3 Negative Negative Negative 1.5 IDc

32 6,9 4.9 41 2 2 Negative Positive Negative 1,2 IDC
In this study we aimed to investigate the re- breast cancer {#20), Some authors reported a
lationship of these two methods with other correlation between proliferation index and
prognostic markers. Histologic and nuclear nuclear grade 122), Histologic grade is also
grading of tumor differentiation provides reported to be associated with proliferation

valuable information about the prognosis of rates in several studics @329, In our study, 95
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Figure 1. Photomicrograph of thymidine labeling in breast carcinoma,
counterstained with haematoxylin and eosin X 1000

Figure 2. Photomicrograph of immunchistochemical staining for Ki-67 in
breast carcinoma, counterstained with haematoxylin and cosin X 520

sides, similar correlation was
found in evaluations of relation-
ship between TLI and Ki-67
scores and nuclear grades, al-
though the correlation with the
latter proliferation marker was
stronger.

Hormone receptor status is also
considered to be an important
prognostic factor in breast can-
cer 2326 Inverse correlation
between Ki-67 index and estro-
gen-progesterone receptor status
was reported in other studies
(24,27.28), Tn our study, both pro-
liferation markers showed a ten-
dency to be higher in hormone
negative patients, but only the
relationship between Ki-67 indi-
ces and progesterone status
failed to reach statistical signifi-
cance. These findings may re-
sult from the differences in the
targeted phases of cell cycle of
the two methods. The thymidine
labeling method involves the in-
cubation of fresh tumor tissue
with trittum-labeled thymidine.,
It provides an estimate of the
fraction of tumor cells that are
in the S (DNA synthesis) phase
of the cell cycle. On the other
hand, Ki-67 antibody specifical-
ly recognizes a human nuclear
epitope present in cells in the S,
G2, M, and postmitotic G1
phases of the cell cycle. The
antigen is not expressed in the
resting GO cells.

Tumor size is also a well-known
prognostic factor in breast can-
cer U929 1In literature there are
various studies aimed at verify-

we found that histologic grades were asso- ing the relationship between cell prolifera-
96 ciated with both TLI and Ki-67 scores. Be- tion and tumor size 303D Although these re-




ports show association between large size
and increased proliferation indices, our re-
sults indicated that there is no link between
both proliferation markers and tumor size.

One of the most important independent
- prognostic factors in breast cancer is lymph
node status. In node negative breast cancer,
S-phase fraction and cell proliferation index
were reported as possible pfognostic indica-
tors (3233 Neither TLI indices nor Ki-67
scores showed association with node posi-
tive-negative status in our study. These find-
ings are consistent with previous studies that
reported no correlation between cell cycle
kinetics and overall extent of lymph node
metastases 47,

Breast carcinoma tends to have a poor prog-
nosis in young patients G4, In this study, Ki-
67 and TL indices were found slightly in-
creased at postmenopausal cases and notf
found significantly associated with meno-
pausal status. However, negative correlation
was reported between the age of the patient
and Ki-67 indices (", In node negative and
postmenopausal cases the life expectancies
of patients with fast-growing tumors were
reported to be very different from that of the
patients with slow-growing tumors %),

In conclusion, given that cell kinetics has an
impact on tumor behavior, Ki-67 scores may
provide substantial information on the prog-
nosis of cancer patients like TLI, which is a
well-established method of determination of
tumor prognosis. These parameters may pro-
vide valuable information on the prediction
of the outcome and hence management of
the disease.
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