
&p.1:Abstract The balance between proliferation and cell
death is the major determinant of tumour growth. We
analysed the proliferative and apoptotic indices (PI and
AI, respectively) of 33 children with retinoblastoma. PI
and AI were assessed by immunohistochemistry for Ki-
67 antigen and TUNEL staining, respectively. The mean
PI was 21.0±21.1%, and higher PI was associated with
more advanced tumour stage (P<0.0001) and poor clini-
cal outcome (P<0.05). Patients in whom amplified N-
myconcogene was found (n=6) determined by the multi-
plex polymerase chain reaction tended to have a higher
PI (37.6±27.2%) than those without amplified N-myc
(n=27; PI=17.3±18.1). A PI value of over 40% was clear-
ly associated with an unfavourable prognosis. The AI,
however, did not correlate with any of the other variables
analysed. The findings suggest that proliferation, but not
apoptosis, is of critical significance in retinoblastoma bi-
ology. PI, as determined by the Ki-67 antigen labelling
index, seems to be a relevant histopathological parameter
that can predict the clinical outcome of retinoblastoma.
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Introduction

Retinoblastoma is the most common ocular malignancy
occurring in childhood, and since loss of retinoblastoma

gene function is fundamental to tumour development,
studies of this tumour have yielded important basic infor-
mation on cancer genetics [4, 5, 11]. The tumour is be-
lieved to originate from cells that form the nucleated retina
and is characterized histologically by the proliferation of
small round cells with different spectra of differentiation
and frequent coagulation-type necrosis with cuffs of viable
cells [25]. Despite well-known clinicopathological charac-
teristics, however, the histopathological variables that pre-
dict the clinical outcome of individual tumours are limited.

The growth of an individual tumour depends on an
imbalance between proliferation and cell death; cell
numbers are determined by an intricate balance of cell
death and cell proliferation. The accumulation of cells
through suppression of death or increased proliferation
can contribute to both the development and progression
of cancer [3]. These two variables have been frequently
quoted as having prognostic significance in various hu-
man tumours [14, 23]. We evaluated the proliferative and
apoptotic indices of retinoblastomas with special refer-
ence to their relationship with stage, amplification of N-
myc, and clinical outcome. The proliferative index (PI),
measured by the Ki-67 antigen-positive fraction, was
significantly higher in advanced stage tumours, and pa-
tients with higher PI were characterized by poor clinical
outcome. The apoptotic index (AI), however, did not cor-
relate with all the factors analysed. This feature strongly
suggests that, in retinoblastoma, it is proliferation and
not apoptosis that is clinicopathologically significant,
and that PI is relevant as a prognostic marker.

Materials and methods

A total of 33 cases of retinoblastoma were selected from the files
of the Department of Pathology, Seoul National University Chil-
dren’s Hospital. All these patients had undergone enucleation, and
serial 5-µm-thick sections were obtained from representative par-
affin blocks. Clinical data were reviewed, and the patients were di-
vided into two groups according to clinical outcome; those with no
evidence of disease during follow-up were designated group I,
while those who did have recurrent disease or who died were des-
ignated as group II. There were 20 boys and 13 girls. Five patients
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had bilateral tumours; these were all familial cases. Their age at
diagnosis was 32.2±26.2 months, and the mean follow-up period
was 35.7±29.0 months.

Sections were deparaffinized and hydrated through xylene and
graded alcohol, and endogenous peroxidase was quenched with
3.0% hydrogen peroxide in methanol for 10 min. After PBS rins-
es, sections were incubated overnight at 4°C with 1:100 diluted
murine anti-human Ki-67 antigen monoclonal antibody (Immuno-
tech). For detection, a large volume Dako LSAB kit was used.
Linking agent (biotinylated anti-rabbit and anti-mouse immuno-
glubulins in PBS) and streptavidin conjugated to horseradish per-
oxidase in Tris-HCl buffer were sequentially applied for 30 min
each, with PBS rinses between the two steps. 3,3′-Diaminobenzi-
dine was used as chromogen, and Meyer’s haematoxylin for coun-
terstaining. In each case, a minimum of 500 cells were counted
and fraction (%) of the cells that showed positive nuclear staining
for Ki-67 antigen was considered to be the PI.

For specific labelling of DNA fragmentation, an ApopTag in
situ apoptosis detection kit was used (Oncor, Md.). The method
used involved a minor modification of that described by Gavrieli
et al. [6]. Deparaffinized sections were treated with proteinase K
(20 µg/ml) for 15 min at room temperature, and after three rinses
with PBS for 5 min each, 1× equilibration buffer was applied
briefly. The sections were subsequently incubated at 37°C with a
solution containing terminal deoxynucleotidyl transferase (TdT)
and digoxigenin-labelled dUTP and dATP; the reaction was
stopped by incubation for 30 min at 37°C in stop/wash buffer. Af-
ter meticulous rinsing with PBS, drops of anti-digoxigenin-fluo-
rescein were applied for 30 min at room temperature. Sections
were observed under an immunofluorescence microscope (Zeiss,
Germany); for positive controls sections were pretreated with
DNase I (Boehringer Mannheim, Germany), and for negative con-

trols TdT reaction solution was replaced by distilled water. In the
solid area devoid of necrosis, apoptosis was evaluated at a magni-
fication of ×250, and mean apoptotic counts were calculated from
ten consecutive fields. The counts showed a bimodal frequency
distribution of between 4 and 5/microscopic field; in cases with 5
or more apoptotic counts per field, AI was regarded as high; those
with fewer than 5 per field were regarded as having low AI.

For retrospective analysis of N-myc amplification, DNA was
extracted from 20-µm-thick serial sections using the conventional
phenol–chloroform–proteinase K method. The primers used were
5′-TCACTGGGAGAAGCGGCGTT-3′ (5093–5113) and 5′-GTG-
CATCCTCACTCTCCACGT-3′ (5287–5267) for N-myc, and 5′-T-
CTTTTCTTTCCCGATAGGT-3′ (4582–4601) and 5′-CTGGGA-
TGCTCTCTTCGACCTC-3′ (4731–4712) for γ-interferon. PCR
was performed in standard buffer containing 1.5 mM of MgCl2 in
a total volume of 25 µl containing 10–20 ng of genomic DNA,
0.1 mM of N-myc primers, 0.5 mM of γ-interferon primers,
200 mM dNTP, and 1 U of Taq polymerase. The reaction was
composed of 39 cycles of 1 min at 94°C, 1 min at 53°C, and 1 min
at 72°C following initial denaturation at 94°C for 5 min. The am-
plified products (N-myc: 194 bp, γ-interferon: 149 bp) were com-
pared on 2.5% agarose gel.

The relationship between PI, AI, N-myc amplification, stage,
and survival was analysed using Cox’s proportional hazards mod-
el. Cumulative survival was calculated using the Kaplan-Meier
method, and log-rank analysis was used to determine the relation-
ship between survival and PI. The relationship between N-myc
amplification and PI was analysed by a t-test, and that between N-
myc amplification and AI by a Chi-square test. The relationship
between stage and PI, and stage and AI, was analysed by linear re-
gression analysis and the Mantel-Haenszel Chi-square test, respec-
tively.
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Table 1 Profile of individual
cases (Agemonths at diagnosis,
Lat laterality, U unilateral, B
bilateral, PI proliferative index,
AI apoptotic index, L low, H
high, N-mycN-myc amplifica-
tion, StageReese-Ellsworth
staging classification of retino-
blastoma, F/U follow-up;
CVAMcyclophosphamide+vin-
cristine+doxorubicin+metho-
trexate, CV cyclophospha-
mide+vincristine, CVM cyclo-
phosphamide+vincris-
tine+methotrexate, IEV ifosf-
amide+etoposide+vincristine, 
* enucleation only, NED no 
evidence of disease, D died of
disease, R recurrence)&/tbl.c:&tbl.b:

Case Age/sex Lat PI/AI N-myc Stage F/U Treatment/
(months) clinical outcome

1 15/F B/F 0.98/L – 1 29 CVAM, RT/NED
2 5/M B/F 8.84/H – 1 5 CVAM/D
3 22/M B/F 4.38/L + 1 60 CV, RT/NED 
4 16/F B/F 1.87/L – 1 3 CVAM/D
5 37/F B/F 34.71/L – 1 66 CVAM/NED
6 21/F U/S 69.82/H – 4 10 IEV/R
7 68/F U/S 21.02/L – 4 17 CVAM, RT/D
8 18/F U/S 31.37/L – 3 19 CVAM/NED
9 25/M U/S 6.34/H – 2 6 CVAM/NED

10 30/M U/S 31.27/H – 2 49 CVAM, RT/R
11 46/F U/S 8.52/L – 4 93 CVAM/NED
12 7/M U/S 18.95/L – 3 92 CVAM/NED
13 12/F U/S 5.83/L – 2 7 CVAM/NED
14 10/F U/S 61.56/L + 4 20 CVAM, IEV/R
15 24/M U/S 70.16/H + 4 9 CVAM/NED
16 17/M U/S 52.18/L – 5 22 CVAM/D
17 79/M U/S 33.21/L + 4 57 CVAM/NED
18 23/M U/S 41.67/L – 3 23 CVAM/D
19 37/F U/S 8.37/H – 2 19 CVM/NED
20 99/F U/S 9.14/L – 2 66 CVAM/NED
21 41/M U/S 8.65/L + 1 17 */NED
22 5/M U/S 47.45/H + 1 11 */NED
23 81/M U/S 7.67/H – 1 12 */NED
24 23/M U/S 3.71/H – 2 89 */NED
25 90/M U/S 13.45/L – 1 7 */NED
26 15/F U/S 1.33/L – 1 11 */NED
27 7/M U/S 11.20/L – 2 40 */NED
28 24/M U/S 6.63/L – 1 51 */NED
29 26/M U/S 2.14/H – 1 54 */NED
30 26/M U/S 4.48/H – 1 11 */NED
31 76/M U/S 9.83/H – 1 88 */NED
32 10/M U/S 48.37/L – 1 35 */NED
33 26/F U/S 7.72/H – 1 71 */NED

&/tbl.b:
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Fig. 1 Labelling of Ki-67 antigen in A well-differentiated and B
poorly differentiated retinoblastoma cells. Ki-67 labelling disap-
pears as the cells undergo necrosis, and well-differentiated cells
also frequently express Ki-67 antigen. ×200&/fig.c:

Fig. 3 Cases with A high and B low apoptotic indices, as defined
by criteria of more or less than average of five apoptotic fig-
ures/microscopic field. Apoptotic cells show intense nuclear im-
munofluorescence after TUNEL staining using fluorescein-la-
belled anti-digoxigenin antibody. ×250&/fig.c:



Results

The clinicopathological profiles of individual cases are
summarized in Table 1. The fraction of the cells with pos-
itive nuclear staining for Ki-67 antigen was analysed, and
PI ranged from 0.93% to 70.16% (mean 21.0±21.1%).
The extent of Ki-67 antigen labelling was not related to
degree of differentiation, and positive labelling was fre-
quently observed even in cells comprising Flexner–Win-
tersteiner rosettes and those that were poorly differentiat-
ed (Fig. 1). Ki-67 antigen labelling was abruptly lost in
cells undergoing necrosis. As shown in Table 2, there was
a statistically significant difference in PI between group I
(16.6±18.1%) and group II (32.7±25.1%). PI values in
cases with and without N-myc amplification were
37.6±27.2% (n=6) and 17.3±18.1% (n=27), respectively;
PI thus tended to be higher in N-myc amplified cases
(P=0.03), although the number of cases is too small for
significance. When cases were dichotomized according to
PI, those with PI of more than 40% showed recurrence or
died after an average of 23 months, and those with PI of
less than 40% were disease free for an average of 76
months (Fig. 2). PI was also significantly associated with
advanced tumour stage (Pearson’s correlation coefficient
= 0.61; P<0.0001).

Apoptosis was clearly distinguished from background
by intense fluorescence, and the number of cases with
high and low AI were 13 (39.4%) and 20 (60.6%), re-
spectively (Fig. 3). Five cases in group I (n=24) and one
case in group II (n=9) had high AI, while in the remain-
ing cases, AI was low. Although the majority of the cells
undergoing characteristic geographic necrosis were la-
belled by TUNEL staining, demonstrating the occur-
rence of extensive apoptosis in the necrotic region, apop-
tosis per se was generally not prominent in solid, viable
areas of a tumour. Cases with high and low AI had mean
PI values of 21.4±25.1% and 20.8±18.8%, showing no
relationship between AI and PI. N-mycamplification, tu-
mour stage, and clinical outcome were not associated
with AI.

Discussion

Although the involvement of anatomical structures in-
cluding the choroid, sclera, ciliary body, iris, and anteri-
or chamber influences prognosis [18, 22], there is no sin-
gle histopathological prognostic variable that can be eas-
ily assessed during routine surgical diagnosis of retino-
blastoma. Because loss of rb gene function is a major ge-
netic factor in the development of retinoblastoma, and
substantial data suggest that retinoblastoma protein
(p105rb) is a major coordinator of both cell proliferation
and apoptosis [2, 15, 20], we postulated that both PI and
AI might have prognostic significance. In the present
study we evaluated the prognostic significance of PI and
AI to ascertain their importance as prognostic markers in
retinoblastoma. (These two parameters have frequently
been reported to have prognostic significance in various
human tumours.) We found that higher PI was associated
with advanced tumour stage and poor clinical outcome,
while AI was not a significant predictor of outcome.

In a given tumour, there are several markers that re-
flect the proliferative fraction: these include 3H-thymi-
dine uptake and bromodeoxyuridine labelling. Because
they are easily applicable to paraffin-embedded sections,
however, proliferating cell nuclear antigen (PCNA) and
the Ki-67 antigen labelling index have been widely used
in various tumours in the search for a prognostic indica-
tor [12, 13]. Because a PI of over 40% is associated with
poor clinical outcome, the evaluation of PI by the Ki-67
antigen labelling index will be helpful in identifying
cases of retinoblastoma with a poor prognosis.

A poorer outcome in cases with higher PI was also
observed in neuroblastoma, another major childhood tu-
mour of neuroectodermal origin and one in which there
is frequently amplification of N-myc in advanced stage
tumours. The higher labelling index of proliferating cell
nuclear antigen has been associated with N-mycamplifi-
cation and poorer survival in neuroblastoma [17], and N-
mycamplified primary neuroblastomas are characterized
by a higher mitosis-karyorrhexis index [21]. It is inter-
esting that N-myc amplification has a high prognostic
significance in neuroblastoma, while it is of uncertain
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Table 2 Comparison of clinicopathologic parameters between
group I and group II&/tbl.c:&tbl.b:

Group I Group II
(n=24) (n=9)

Proliferative index* 16.6±18.1% 32.7±25.1
Apoptotic index (high/low) 10/14 3/6
N-mycamplification 5 1
Stage I 14 (58.4%) 2 (22.2%)

II 5 (20.8%) 2 (22.2%)
III 2 (8.3%) 1 (11.1%)
IV 3 (12.5%) 3 (33.4%)
V 0 1 (11.1%)

* P<0.05, between group I and group II, by t-test
&/tbl.b:
&/fig.c:

Fig. 2 Kaplan–Meier survival analysis of the patients according
to proliferative index (PI). In cases with high PI (PI>40%), poor
clinical outcome is clearly indicated
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value in retinoblastoma [1, 10, 24]. The tendency for asso-
ciation of N-mycamplification with higher PI suggests a
possible relationship between N-mycand retinoblastoma
cell proliferation, though the number of N-myc-amplified
cases is limited in our study.

Apoptosis might not be so significant in determining
the clinical behaviour of retinoblastoma, although it has
been reported that increased apoptotic features defined a
group of neuroblastomas with favourable prognosis [7].
rb Knockout mice die during embryonic development,
and tissues which normally express high levels of rb, in-
cluding those of the central and peripheral nervous
system, show inappropriate cell proliferation and massive
apoptosis [8, 9]. However, other molecules, such as p53
and bcl-2, which play a crucial role in regulating apopto-
sis, are also expressed, and are believed to play some part
in the development of retinoblastomas. Therefore, expla-
nation of the oncological significance of rb as an inhibi-
tor of apoptosis in retinoblastomas – whether chiefly by
preventing entry of the S-phase or by direct suppression
of apoptosis – becomes fairly complicated [16, 19].

Extensive ischaemic cell death is found in virtually all
retinoblastomas and is subject to regional variation.
Thus, the extent and significance of apoptosis must be
interpreted with caution. Many of the cells affected were
labelled by TUNEL, so that semiquantitative analysis
was impossible; the evaluation of AI was therefore con-
fined to the solid, viable area of an individual tumour. It
is thus possible that the selection of an area of interest
might have been a source of significant bias, but we be-
lieve that rather than being a genuine property of the tu-
mour cells themselves, this type of extensive cell death is
largely dependent on the vascular supply. Because the
background was not amenable to evaluation, fluorescein
labelling of AI did not permit quantitative ascertainment,
but under a fluorescent microscope it was easy to distin-
guish between cases with high and low AI.

PI measured by immunohistochemical staining for
Ki-67 antigen is a simple and valuable prognostic marker
in retinoblastomas, and the relationship between N-myc
amplification and PI should be further investigated in a
large series of cases.
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