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Recurrent genetic alterations different from the alteration of the RBI gene on chromosome 13q14 have
been described in retinoblastoma, including structural alterations on the short arm of chromosome 1
and amplification of the N-MYC oncogene. These two genetic alterations are major prognostic factors
in neuroblastoma, another embryonic neuro-ectodermal tumour. In order to assess the frequency of
these alterations and their possible association with clinical parameters in retinoblastoma, we studied
a series of 46 retinoblastoma tumour samples. Ploidy was assessed by flow cytometry, N-MYC copy
number was evaluated by a spot-blot procedure using the pNb-1 probe and loss of heterozygosity was
investigated by PCR analysis at mini- and microsatellites located on the short arm of chromosome 1.
Most tumours were in the diploid or near diploid range; only one case exhibited tetraploidy. N-MYC
amplification was observed in only one of the 45 tumours. Loss of heterozygosity on the short arm of
chromosome 1 was observed in 9/43 tumours (21%); in particular, its incidence was higher in metastatic
than in localised disease (P < 0.05). We suggest that alterations of one or several genes on chromosome
1p might play a role in the oncogenesis or progression of retinoblastoma. Analysis of the long term
follow-up of these and additional patients should determine the prognostic value of this parameter.
Copyright © 1996 Elsevier Science Ltd
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INTRODUCTION
RETINOBLASTOMA IS 2 malignant ocular tumour which affects
approximately 1/20000 live births in developed countries.
Tumours limited to the retina usually carry a good prognosis
[1]. When enucleation is necessary, classical adverse prognos-
tic factors are extraretinal extension, such as choroid [2] or
optic nerve invasion [3, 4]. These histological criteria are well
established poor prognostic factors for the development of
extra-ocular dissemination (orbital and/or metastatic) [5].
However, new non-histological criteria might be helpful in
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therapeutic decisions regarding the need for adjuvant treat-
ment after enucleation, since rare relapses may occur even in
the absence of classical adverse prognostic criteria.

This tumour constitutes the prototype for the “two hit”
model defined by Knudson. Cloning of the RB1 gene [6] and
further analysis of its structure and expression in retinoblas-
toma [7] have confirmed its tumour suppressor activity. Since
the description of the constitutional and somatic deletion of
13q14 in retinoblastoma patients and tumours, most studies
have focused on the analysis of this chromosome region and
on the RBI gene. However, the RBI gene alteration might not
be the only event involved in retinoblastoma tumorigenesis.
Indeed, it has been shown that reintroduction of the RBI/
gene into WERI-27 retinoblastorma cells reduced but did not
completely suppress their tumorigenic potential [8]. Further-
more, recurrent cytogenetic abnormalities, different from the
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13q14 deletion, have been described in retinoblastoma. These
include additional copies of 1q, structural alterations on 1p,
iso-chromosome 6p, monosomy 16, homogenously staining
regions and double-minute chromosomes [9-11]. In some
cases, the latter abnormalities have been associated with
amplification of the N-MYC oncogene [12]. Interestingly,
alteration on 1p resulting in deletion of this chromosome
fragment and N-MYC amplification are frequently observed
in neuroblastoma [13], another embryonic neuro-ectodermal
tumour [14]. In this tumour, 1p deletion, N-MYC amplifi-
cation and DNA diploidy define a subset of particularly
aggressive disease [13, 15, 16]. We studied these genetic
parameters in a series of 46 retinoblastoma tumour samples
and analysed their prognostic significance.

PATIENTS AND METHODS

Patients

Forty-six tumour samples from 45 patients referred to our
institution were analysed between March 1988 and February
1993 (25 boys, 20 girls). Retinoblastoma was unilateral in 24
patients and bilateral in 21 patients. Median age at diagnosis
was 20 months (range: 1.5-70 months). Tumour samples
were studied at diagnosis in 30 patients: they included 27
specimens derived from ocular tumours, one from a metastatic
cervical lymph node, one from an initial orbital involvement
and one from a bone metastasis. Tumour samples were stud-
ied only at relapse in 15 patients: they included four specimens
derived from local ocular relapse (secondary enucleation after
conservative treatment with external beam radiotherapy), five
from orbital relapse and six from bone and/or bone marrow
metastases. Only 1 patient could be successively studied for
initial eye tumour and subsequent bone and bone marrow
relapse. In the 12 patients with extra-ocular relapse, the
median time interval between diagnosis and extra-ocular
relapse was 11.5 months (range: 2—-122 months). Differential
diagnosis between retinoblastoma and secondary sarcoma
could be ascertained in all cases, especially for late relapses
and when tumours occurred within or near an irradiation
field. Extra-ocular relapses have been treated according to
previously described protocols [5, 17].

Histopathology

Classical histological criteria of enucleated eyes were ana-
lysed looking for optic nerve, choroidal and scleral involve-
ment. For each enucleated eye, 15 paraffin embedded blocks
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were analysed after inclusion of the whole eye. The degree of
differentiation was studied: tumours were considered to be
“Immature” when no rosette was observed and “differen-
tiated” in all the other cases.

Determination of N-MYC amplification and loss of heterozygosity
on the short arm of chromosome 1 (LOH-1p)

Samples used for molecular analysis were obtained by fine
needle sampling. In each case, cytological examination ascer-
tained the massive contamination by tumour cells. DNA was
isolated from tumour specimens and nucleated blood cells
from the same patient using standard procedures [18].
N-MYC copy number was evaluated by a spot blot procedure
using the pNb-1 probe [19]. LLOH-1p was determined after
PCR amplification with specific sets of primers at two mini-
satellite (D1S80 and D1S76) and seven microsatellite loci
(D1S214, D1S228, D1S199, D1S233, D1S193, D1S200,
D1S203) using matched tumour and constitutional blood
DNA as templates. Experimental procedures have been pre-
viously described in detail [19, 20].

DNA flow cytometric analysis

DNA histograms were acquired from at least 10000 nuclei
analysed on a FACScan (Becton—Dickinson) equipped with a
doublet discrimination module as previously described [21].
S-phase fractions was computed using the Cellfit software
(Becton-Dickinson) with background subtraction. DNA his-
tograms with a coefficient of variation superior to 8% were
rejected and DNA ploidy was classified according to inter-
national recommendations in which DNA diploidy corres-
ponds to a DNA index between 0.9 and 1.1 [22]. S-phase
fraction was considered as low, intermediate or high when the
proportion of S-phase nuclei were less than 5%, between 5
and 10% or more than 10%, respectively. The corresponding
cytological smears were also inspected to establish the pro-
portion of viable tumour cells of each sample.

Statistical analysis

The Fisher’s exact test was used for statistical comparison
of the frequency of LOH-1p according to the extent of the dis-
ease.

RESULTS
N-MYC amplification (more than 10 copies) was observed
in only one of the 45 tumour specimens derived from the 45

Table 1. Loss of heterozygosity of chromosome 1p (LOH-1p) in 43 retinoblastoma tumour samples

At diagnosis [29]

cases with LOH-1p/cases studied

Tumour samples
At relapse [14]
cases with LOH-1p/cases studied

Localised disease

Eye 4*/271

Orbit 0
Metrastatic disease

LN 1/1

Bone, BM 0/1
Total 5/29

0/4
1/4

0
3/6
4/14

*N-MYC amplification was observed in 1 of these cases. TOne of these patients was studied for initial eye tumour and
subsequent bone metastasis: no LOH-1p was found in any of these samples.

LN, regional lymph node; BM, bone marrow.
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Table 2. Pattern of loss of heterozygosity of chromosome 1p and
N-MYC amplification (NMA) in 9/43 retinoblastoma tumour
samples.

Cases

1* 2 8 g 3 4 5 6 7

Telomere

Locus ip
D1S76

D1S80

D15S214
D1S5228
D1S199
D1S233
D1S193
D1S200 1,2 1
D1S203 - 1

2 1,2 1,2
2 1,2 1.2

1,2 -
1,2 1.2
1,2 [t

2

»

2
2
2
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Centromere

*N-MYC amplification was observed in this case.

patients: this was an intra-ocular tumour studied at diagnosis
and the patient subsequently died from meningeal relapse. All
other specimens demonstrated normal N-MYC copy number.

DNA ploidy could be evaluated in 30 tumours. A total of
25 tumours were DNA diploid, four were DNA near-diploid
(DNA index of 1.12 and 1.14). Only one sample demon-
strated a major abnormality of ploidy: it corresponded to a
bone relapse which exhibited tetraploidy (DNA index of 2.0).
This patient is currently alive with a follow-up of 2.5 years
after metastatic relapse. S-phase fraction was high in 14 cases,
intermediate in 13 cases and low in 3 cases.

The PCR technique was used to compare constitutional
and tumour DNA at nine informative loci dispersed along the
short arm of chromosome 1. Tumour samples from 43 pati~
ents could be analysed with this procedure. LOH-1p for at
least two informative loci was observed in 9 cases (Table 1).
The pattern of LOH-1p enabled the definition of two types of
deletion (Table 2 and Figure1). In 7 cases, LOH was
observed for distal loci but not for proximal loci suggesting
that a terminal deletion had occurred in these tumours. Con-
versely, in 2 cases (cases 8 and 9), heterozygosity was retained
at distal loci whereas LOH was observed at more proximal
loci. Together, these two types of LOH do not enable the
definition of a single overlapping region.

The incidence of 1p deletion was higher in metastatic
tumours (bone, bone marrow or lymph nodes) (4/8) than in

Table 3. Histological characteristics and LOH-1p analysis in ocu-
lar tumours studied at diagnosis

Tumour extension limited

to the retina Extraretinal extension

LOH-1p: 1/6 3/21
Immature* Differentiated*
LOH-1p: 1/8 3/19

*Tumours were considered as immature when no rosette was
observed and differentiated when rosettes were present.
LOH-1p, loss of heterozygosity of chromosome 1p.

647
Case Number
Locus 1 8 9 4
CT CT
— D1S76
—D15214
= D15199
— D15233
15200 e

Figure 1. LOH analysis of four retinoblastoma samples. From
top to bottom, the different loci are indicated from telomere to
centromere. C and T indicate constitutional and tumour DNA,
respectively. Case 1: a major allele disequilibrium is observed
for locus D1S76, strongly suggesting that one allele of this locus
is deleted in the tumour cells and that the sample is slightly
contaminated by non-tumour cells. Such a disequilibrium is
not observed for the D18214 and D1S199 loci supporting the
hypothesis that this tumour demonstrates a distal deletion on
1p. A more extensive distal deletion is observed for case 4,
which demonstrates LOH at the D1S76 and D1S199 loci, but
not at the more proximal loci. Case 8: LOH can be observed at
the proximal D18233 locus but not at the distal D1S76 locus.
Similarly, for case 9, heterozygosity is maintained at the D1S76
locus but lost at the other displayed loci. In these 2 cases, these
results provide evidence for the occurrence of an interstitial
deletion.

localised tumours (eye or orbit) (5/35) (P < 0.05) (Table 1).
Among the 27 ocular tumours studied at diagnosis, no corre-
lation could be found between LOH-1p and either extraretinal
extension or differentiation. LOH-1p analysis and its relation
to the histological characteristics of the tumours are summari-
sed in Table 3. Median follow-up for the 27 patients with
localised eye disease is 17 months (range: 0—37 months): 3
relapses were observed after enucleation in this patient group.
LOH-1p was observed in 1 of these 3 cases; interestingly, in
this case, it was associated with N-AM YC amplification. Finally,
both primary and subsequent metastatic sites could be studied
in 1 patient: neither of these sites demonstrated LOH-1p.

DISCUSSION
We systematically studied N-MYC amplification, DNA plo-
idy and LOH-1p analysis in retinoblastoma tumour samples.
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Surprisingly, N-MYC amplification, which is frequently
observed in neuroblastoma and which was found in 3/11
retinoblastoma tumour samples in a previous series [12], was
demonstrated in only 1/45 cases. This suggests that N-MYC
amplification does not have a primary role in retinoblastoma
tumorigenesis and that N-MYC might not be involved in most
of the homogeneously staining regions and double-minute
chromosome observed in almost 10% of retinoblastoma
tumour samples [11].

In this series, tumours were nearly always DNA diploid or
DNA near diploid. Only one DNA tetraploid tumour was
observed. These observataions are in agreement with previous
cytogenetic analysis which revealed a chromosome number in
the 4648 range in most successfully karyotyped retinoblas-
tomas [9, 11, 23-25].

Deletion of the short arm of chromosome 1 has been
observed in numerous cancers, including tumours of neuro-
ectodermal origin, such as neuroblastoma [13], oligodendrog-
lioma [26] and melanoma [27]. Although cytogenetic alter-
ations on 1p have been described in retinoblastoma tumour
samples [11, 23, 28], systematic screening of this chromosome
region for LOH has not been performed. In this series, LOH-
1p was observed in 9/43 retinoblastoma cases (21%).

None of the 4 cases with reported LOH-1p at relapse could
be studied in the primary tumour. Most of the deletions
involved the distal end of chromosome 1p. They encompassed
the 1p36.2 region which encodes a putative neuroblastoma
suppressor locus [16], suggesting that this gene might also play
a role in tumour progression of a subset of retinoblastomas.
Although less probable, we cannot rule out that LOH-1p
might be attributed to random loss of genetic material. Further
cloning of the neuroblastoma suppressor gene and analysis of
its expression in retinoblastoma should enable us to dis-
tinguish between these two hypotheses.

Although retinoblastoma usually has a good prognosis,
relapse may occur even in tumours limited to the retina
[5]. Non-histological criteria might therefore be helpful for
therapeutic decision after enucleation for retinoblastoma. N-
MYC amplification is a well-established prognostic factor in
neuroblastoma [15, 29] and DNA ploidy is also used as a
prognostic factor in numerous tumours including primitive
neuro-ectodermal tumours, such as neuroblastoma [15] or
medulloblastoma [30]. Although the only case of N-MYC
amplification was observed in an ocular tumour from a patient
who subsequently died from this disease and the only case of
DNA-tetraploidy was observed in a bone metastasis from a
currently surviving patient, N-MYC amplification and DNA
aneuploidy are such rare events in retinoblastoma that it would
be difficult to prove any prognostic value from these criteria.

LOH-1p has been associated with poor prognosis in neuro-
blastoma [16]. It is also suspected to be of prognostic signifi-
cance in Wilms’ tumour [31]. Interestingly, we observed that
1p deletions were more frequent in metastatic than in localised
disease, suggesting that this alteration might be linked to the
aggressiveness of the tumour. Confirmation of this correlation
and evaluation of the impact on patient outcome will need the
analysis of additional patients and longer follow-up.
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