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Abstract The balance between proliferation and ceajjene function is fundamental to tumour development,
death is the major determinant of tumour growth. Végudies of this tumour have yielded important basic infor-
analysed the proliferative and apoptotic indices (Pl andhtion on cancer genetics [4, 5, 11]. The tumour is be-
Al, respectively) of 33 children with retinoblastoma. Rieved to originate from cells that form the nucleated retina
and Al were assessed by immunohistochemistry for Kind is characterized histologically by the proliferation of
67 antigen and TUNEL staining, respectively. The meamall round cells with different spectra of differentiation
Pl was 21.0+£21.1%, and higher Pl was associated waifid frequent coagulation-type necrosis with cuffs of viable
more advanced tumour stade<(Q.0001) and poor clini- cells [25]. Despite well-known clinicopathological charac-
cal outcome B<0.05). Patients in whom amplified- teristics, however, the histopathological variables that pre-
myconcogene was found£6) determined by the multi- dict the clinical outcome of individual tumours are limited.
plex polymerase chain reaction tended to have a highefThe growth of an individual tumour depends on an
Pl (37.6+27.2%) than those without amplifiétmyc imbalance between proliferation and cell death; cell
(n=27; PI=17.3£18.1). A PI value of over 40% was cleanrumbers are determined by an intricate balance of cell
ly associated with an unfavourable prognosis. The Aleath and cell proliferation. The accumulation of cells
however, did not correlate with any of the other variabldgough suppression of death or increased proliferation
analysed. The findings suggest that proliferation, but re@n contribute to both the development and progression
apoptosis, is of critical significance in retinoblastoma baf cancer [3]. These two variables have been frequently
ology. PI, as determined by the Ki-67 antigen labellirquoted as having prognostic significance in various hu-
index, seems to be a relevant histopathological parametan tumours [14, 23]. We evaluated the proliferative and
that can predict the clinical outcome of retinoblastoma.apoptotic indices of retinoblastomas with special refer-
ence to their relationship with stage, amplificatiorNef
my¢ 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 Pl were characterized by poor clinical
outcome. The apoptotic index (Al), however, did not cor-
relate with all the factors analysed. This feature strongly
Retinoblastoma is the most common ocular malignargyggests that, in retinoblastoma, it is proliferation and
occurring in childhood, and since loss of retinoblastomat apoptosis that is clinicopathologically significant,
and that PI is relevant as a prognostic marker.
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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-um-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 Il. There were 20 boys and 13 girls. Five patients
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Table 1 Profile of individual
cggees&\gergor?tﬁs atddi:;r?osis, Case  Agel/sex Lat PI/AI N-myc Stage F/U Treatment/

Lat laterality,U unilateral B (months) clinical outcome
bilateral,PI proliferative index,

high, N-mycN-myc amplifica- 2 5/M B/F 8.84/H - 1 5 CVAM/D
tion, StageReese-Ellsworth 3 22/M B/F 4.38/L + 1 60 CV, RT/NED
staging classification of retino- 4 16/F B/F 187l - 1 3 CVAM/D
blastomaF/U follow-up; 5 37/F B/F 34.71/L - 1 66 CVAM/NED
conckobitnere | S US aoh - & m o oA
trexate,CV cyclophospha- : -
mide+vincrisneCVMcyclo- 9 25/M UIS  634H - 2 6 CVAM/NED
phosphamide+vincris- 10 30/M u/s 31.27/H - 2 49 CVAM, RT/R
amide+etoposide+vincristine, 12 7IM u/s 18.95/L - 3 92 CVAM/NED
* enucleation onlyNED no 13 12/F u/s 583IL - 2 7 CVAM/NED
diseaseR recurrencev‘v 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/IM 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 *INED

22 5/M u/s 47.45/H + 1 11 *INED

23 81/M u/s 7.67/H - 1 12 *INED

24 23/M u/s 3.71/H - 2 89 *INED

25 90/M u/s 13.45/L - 1 7 *INED

26 15/F u/s 1.33/L - 1 11 *INED

27 7IM u/s 11.20/L - 2 40 *INED

28 24/M u/s 6.63/L - 1 51 *INED

29 26/M u/s 2.14/H - 1 54 *INED

30 26/M u/s 4.48/H - 1 11 *INED

31 76/M u/s 9.83/H - 1 88 *INED

32 10/M u/s 48.37/L - 1 35 *INED

33 26/F u/s 7.72/H - 1 71 *INED

had bilateral tumours; these were all familial cases. Their agdrats TdT reaction solution was replaced by distilled water. In the
diagnosis was 32.2+26.2 months, and the mean follow-up pergudid area devoid of necrosis, apoptosis was evaluated at a magni-
was 35.7+29.0 months. fication of x250, and mean apoptotic counts were calculated from

Sections were deparaffinized and hydrated through xylene dad consecutive fields. The counts showed a bimodal frequency
graded alcohol, and endogenous peroxidase was quenched digtribution of between 4 and 5/microscopic field; in cases with 5
3.0% hydrogen peroxide in methanol for 10 min. After PBS rins¥ more apoptotic counts per field, Al was regarded as high; those
es, sections were incubated overnight at 4°C with 1:100 dilutedh fewer than 5 per field were regarded as having low Al.
murine anti-human Ki-67 antigen monoclonal antibody (Immuno- For retrospective analysis &f-mycamplification, DNA was
tech). For detection, a large volume Dako LSAB kit was usezktracted from 20-um-thick serial sections using the conventional
Linking agent (biotinylated anti-rabbit and anti-mouse immunghenol—chloroform—proteinase K method. The primers used were
glubulins in PBS) and streptavidin conjugated to horseradish pgrTCACTGGGAGAAGCGGCGTT-3(5093-5113) and'85TG-
oxidase in Tris-HCI buffer were sequentially applied for 30 mi@ATCCTCACTCTCCACGT-3(5287-5267) foN-myg and 5-T-
each, with PBS rinses between the two steps:Cdd@ninobenzi- CTTTTCTTTCCCGATAGGT-3 (4582-4601) and 'BCTGGGA-
dine was used as chromogen, and Meyer’s haematoxylin for colGCTCTCTTCGACCTC-3 (4731-4712) fory-interferon. PCR
terstaining. In each case, a minimum of 500 cells were counteas performed in standard buffer containing 1.5 mM of Mdel
and fraction (%) of the cells that showed positive nuclear stainiagotal volume of 25 pl containing 10-20 ng of genomic DNA,
for Ki-67 antigen was considered to be the PI. 0.1 mM of N-myc primers, 0.5 mM ofy-interferon primers,

For specific labelling of DNA fragmentation, an ApopTag i200 mM dNTP, and 1 U of Taq polymerase. The reaction was
situ apoptosis detection kit was used (Oncor, Md.). The methmmmposed of 39 cycles of 1 min at 94°C, 1 min at 53°C, and 1 min
used involved a minor modification of that described by Gavrigt 72°C following initial denaturation at 94°C for 5 min. The am-
et al. [6]. Deparaffinized sections were treated with proteinasepkfied products N-myc 194 bp,y-interferon: 149 bp) were com-

(20 pg/ml) for 15 min at room temperature, and after three ringeged on 2.5% agarose gel.

with PBS for 5 min each, 1x equilibration buffer was applied The relationship between PI, AN-mycamplification, stage,
briefly. The sections were subsequently incubated at 37°C witlared survival was analysed using Cox’s proportional hazards mod-
solution containing terminal deoxynucleotidyl transferase (Td€). Cumulative survival was calculated using the Kaplan-Meier
and digoxigenin-labelled dUTP and dATP; the reaction wasethod, and log-rank analysis was used to determine the relation-
stopped by incubation for 30 min at 37°C in stop/wash buffer. Aghip between survival and PI. The relationship betwidemyc

ter meticulous rinsing with PBS, drops of anti-digoxigenin-flucamplification and Pl was analysed by-&st, and that betwee-
rescein were applied for 30 min at room temperature. Sectiongc amplification and Al by a Chi-square test. The relationship
were observed under an immunofluorescence microscope (Zdissween stage and PI, and stage and Al, was analysed by linear re-
Germany); for positive controls sections were pretreated wihession analysis and the Mantel-Haenszel Chi-square test, respec-
DNase | (Boehringer Mannheim, Germany), and for negative cdively.
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Fig. 1 Labelling of Ki-67 antigen imA well-differentiated andB Fig. 3 Cases withA high andB low apoptotic indices, as defined

poorly differentiated retinoblastoma cells. Ki-67 labelling disafpy criteria of more or less than average of five apoptotic fig-

pears as the cells undergo necrosis, and well-differentiated cefiss/microscopic field. Apoptotic cells show intense nuclear im-

also frequently express Ki-67 antigen. x200 munofluorescence after TUNEL staining using fluorescein-la-
belled anti-digoxigenin antibody. x2::0
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Apoptosis was clearly distinguished from background
by intense fluorescence, and the number of cases with
afdgh and low Al were 13 (39.4%) and 20 (60.6%), re-

summarized in Table 1. The fraction of the cells with posRectively (Fig. 3). Five cases in groumtp4) and one
itive nuclear staining for Ki-67 antigen was analysed, afgS€ In group 1I1=9) had high Al, while in the remain-
PI ranged from 0.93% to 70.16% (mean 21_0121_10?;3 cases, Al was low. Although the majority of the cells

Results

The clinicopathological profiles of individual cases

The extent of Ki-67 antigen labelling was not related f'dergoing characteristic geographic necrosis were la-

degree of differentiation, and positive labelling was fr@€/led by TUNEL staining, demonstrating the occur-

quently observed even in cells comprising Flexner—Wif£Nce Of extensive apoptosis in the necrotic region, apop-
tersteiner rosettes and those that were poorly differentfQSS Per sé was generally not prominent in solid, viable
reas of a tumour. Cases with high and low Al had mean

ed (Fig. 1). Ki-67 antigen labelling was abruptly lost i X
cells undergoing necrosis. As shown in Table 2, there v%FV@'UeS_Of 21.4%25.1% and 20.8+18.8%, showing no
ationship between Al and Rl-mycamplification, tu-

a statistically significant difference in PI between groud ¢ 1/ .
(16.6218.1%) and group Il (32.7+25.1%). PI values four stage, and clinical outcome were not associated
cases with and withoutN-myc amplification were With Al.

37.6£27.2% 1(=6) and 17.3+18.1%nE27), respectively;
Pl thus tended to be higher M-myc amplified cases — -
(P=0.03), although the number of cases is too small fscussion
significance. When cases were dichotomized accordinegA%jﬁ‘;lj

c

PI, those with Pl of more than 40% showed recurrence’biiough the involvement of anatomical structures in-

died after an average of 23 months, and those with PCB{ding the choroid, sclera, ciliary body, iris, and anteri-
less than 40% were disease free for an average of° hamber influences prognosis [18, 22], there is no sin-

months (Fig. 2). Pl was also significantly associated w histopathological prognostic variable that can be eas-

advanced tumour stage (Pearson’s correlation coefficib}itaSsessed during routine surgical diagnosis of retino-
= 0.61;P<0.0001). astoma. Because lossrbfgene function is a major ge-

netic factor in the development of retinoblastoma, and
substantial data suggest that retinoblastoma protein
Table 2 Comparison of clinicopathologic parameters betweép103P) is a major coordinator of both cell proliferation

group | and group and apoptosis [2, 15, 20], we postulated that both Pl and
Group | Group Il Al might have prognostic significance. In the present

(n=24) =9) study we evaluated the prognostic significance of Pl and

Al to ascertain their importance as prognostic markers in

Proliferative index* 16.6£18.1%  32.7+25.1 retinoblastoma. (These two parameters have frequently

Apoptotic index (high/low) 10/14 3/6 been reported to have prognostic significance in various

g't'amycamp"f'cat'on 5 . L o+~ human tumours.) We found that higher Pl was associated

ge | 14 (58.4%) 2 (22.2%) U
I 5 (20.8%) 2 (22.2%)  Wwith advanced tumour stage and poor clinical outcome,
I 2 (8.3%) 1(11.1%)  while Al was not a significant predictor of outcome.
v 3 (12.5%) 3 (33.4%) In a given tumour, there are several markers that re-
v 0 1(A1.1%)  fiect the proliferative fraction: these includgl-thymi-

* P<0.05, between group | and group II, taest dine uptake and bromodeoxyuridine labelling. Because
they are easily applicable to paraffin-embedded sections,
however, proliferating cell nuclear antigen (PCNA) and

3 the Ki-67 antigen labelling index have been widely used
N in various tumours in the search for a prognostic indica-
T =0 low PI group (PI < 40, N=26) tor [12, 13]. Because a Pl of over 40% is associated with

s b - . l | poor clinical outcome, the evaluation of Pl by the Ki-67

g ! antigen labelling index will be helpful in identifying

E | cases of retinoblastoma with a poor prognosis.

E | high PI group (P1 > 40, N=7) A poorer outcome in cases with higher Pl was also

° 4 *: observed in neuroblastoma, another major childhood tu-

! mour of neuroectodermal origin and one in which there
. is frequently amplification oN-mycin advanced stage
0. tumours. The higher labelling index of proliferating cell
0 1 2 % 40 % nuclear antigen has been associated Witmycamplifi-
Follow - up time (months) cation and poorer survival in neuroblastoma [17], Hnd
P =0.0175 by log-rank test mycamplified primary neuroblastomas are characterized

Fig. 2 Kaplan—Meier survival analysis of the patients accordi,@’ a higher mitosis-ka_ryorrhexis index _[21]. It is intgr—
to proliferative index ®l). In cases with high PI (PI>40%), pooesting thatN-myc amplification has a high prognostic
clinical outcome is clearly indicated significance in neuroblastoma, while it is of uncertain
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value in retinoblastoma [1, 10, 24]. The tendency for assé- Fung YK, Murphree AL, T'Ang A, Qian J, Hinrichs SH,
ciation of N-mycamplification with higher PI suggests a Benedict WF (1987) Structural evidence for the authenticity of

. : : . the human retinoblastoma gene. Science 236:1657-1661
possible relationship betwe@rmycand retinoblastoma 6. Gavrieli Y, Sherman Y, Ben-Sasson SA (1992) Identification

cell proliferation, though the number Nftmycamplified of programmed cell death in situ via specific labeling of nucle-
cases is limited in our study. ar DNA fragmentation. J Cell Biol 119:493-501
Apoptosis might not be so significant in determining’- Gestblom C, Hoehner JC, Pahiman S (1995) Proliferation and

i : ; ; apoptosis in neuroblastoma: subdividing the mitosis-karyor-
the clinical behaviour of retinoblastoma, although it has thexis index. Eur J Cancer [A] 31:458-463

been reported that increased apoptotic features defined &acks T, Fazeli A, Schmitt EM, Bronson RT, Goodell MA,
group of neuroblastomas with favourable prognosis [7]. Weinberg RA (1992) Effects of an rb mutation in the mouse.
rb Knockout mice die during embryonic development, Nature 359:295-300

; ; ; 9. Lee EY, Chang CY, Hu N, Wang YC, Lai CC, Herrup K, Lee
and .tlssues which normally express h'gh. levelsboin- WH, Bradley g (1992) Mice de%icient for Rb are ngnviable
cluding those of the central and peripheral nervous ;.q4'show defects in neurogenesis and haematopoiesis. Nature
system, show inappropriate cell proliferation and massive 359:288-294
apoptosis [8, 9], However, other molecules, suclpB& 10. Lee WH,.Murphree AL, Benediqt WF. (1984) Expression and
andbcl-2, which play a crucial role in regulating apopto- ampllflcatlop of theN-myc gene in primary retinoblastoma.
sis, are also expressed, and are believed to play somejrga ature 309:458-460

; . ee WH, Bookstein R, Hong F, Young LJ, Shew JY, Lee EY
in the development of retinoblastomas. Therefore, expla-(1987) Human retinoblastoma susceptibility gene: cloning,

nation of the oncological significance df as an inhibi- identification, and sequence. Science 235:1394-1399
tor of apoptosis in retinoblastomas — whether chiefly Bg- Llot\)/EfaS dB' Edg?ﬁ?“ Sle hl_or A':; E)1991t) Evaluation of !t“h"t'rt]'
H _ H : ro promoadeoxyuriaine labeling o reast carcinomas wi e
preventing entry of the S _phase or .by direct SUPPresSION, e of a commercial kit. Am J Clin Pathol 95:41-47
of apoptosis — becomes fairly complicated [16, 19]. 13 McCormick D, Chong H, Hobbs C, Datta C, Hall PA (1993)
Extensive ischaemic cell death is found in virtually all Detection of the Ki-67 antigen in fixed and wax-embedded
retinoblastomas and is subject to regional variation. th}élggssvggh the monoclonal antibody MIB1. Histopathology
_Thus, thedexf[ehnt an.d S'gl\r/}'f'can?eh()f aIIJIOpt?fSIS 'EUSt H?Mﬁlder AH, Van Hootegem JS, Sylvester R, ten Kate FJW,
Interpreted with caution. Many of the cells aitected Were" krth kH, Ooms EC, Van der Kwast TH (1992) Prognostic
labelled by TUNEL, so that semiquantitative analysis factors in bladder carcinoma: histologic parameters and ex-
was impossible; the evaluation of Al was therefore con- pression of a cell cycle-related nuclear antigen (Ki-67). J Pa-
fined to the solid, viable area of an individual tumour.rL;Ss thol 166:37-43

: : . . Nevins JR (1992) E2F: a link between the Rb tumour suppres-
is thus possible that the selection of an area of inte Sor protein and viral oncoproteins. Science 258:424—-429

might have been a source of signif_icant bias, but we h@- Nork TM, Poulsen GL, Millecchia LL, Jantz RG, Nicekells
lieve that rather than being a genuine property of the tu-RW (1997)p53 regulates apoptosis in human retinoblastoma.
mour cells themselves, this type of extensive cell death jsArch Opthalmol 115:213-219

Oue T, Fukuzawa M, Kamata S, Okada A (1995) Immunohis-
Lc)’:\rgEW de%endent (:n the Vglsc?lar Slllpptly. B?lcause . tochemical analysis of proliferating cell nuclear antigen ex-
ackground was not amenable 10 evaluation, TUOresceliNpression in human neuroblastoma. J Pediatr Surg 30:528-532

labelling of Al did not permit quantitative ascertainmentg. Redler LD, Ellsworth RM (1973) Prognostic importance of
but under a fluorescent microscope it was easy to distin-choroidal invasion in retinoblastoma. Arch Ophthalmol 90:

o]
i ; i 294-296
ngs,? between gageS_WIth hlgﬂ_atnd rI]OW AI'I taini f19. Schlamp CL, Poulsen GL, Nork TM, Nickells RW (1994) Nu-
measure y immunohistochemical staining 101" cjear exclusion of wild-type p53 in immortalized human reti-

Ki-67 antigen is a simple and valuable prognostic marker noblastoma cells. J Natl Cancer Inst 89:1530-1536
in retinoblastomas, and the relationship betwlemyc 20. Shan B, Lee WH (1994) Deregulated expression of E2F-1 in-
amplification and Pl should be further investigated in a duces S-phase entry and leads to apoptosis. Mol Cell Biol

. 14:8166-8173
large series of cases. 21. Shimada H, Stram DO, Chatten J, Joshi VV, Hachitanda Y,

Brodeur GM, Lukens JN, Matthay KK, Seeger RC (1995)

Identification of subsets of neuroblastomas by combined histo-
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