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Genetic counselling in retinoblastoma: importance of
ocular fundus examination of first degree relatives
and linkage analysis

Z Onadim, P G Hykin, J L Hungerford, J K Cowell

Abstract
We report an unusual family pedigree seg-
regating the retinoblastoma predisposition
gene. Expression of the phenotype in different
individuals in this family ranges from asympto-
matic gene carriers, regressed tumours,
through unifocal to bilateral multifocal lesions.
Because of the unusual pattern of inheritance
in this family, initial genetic counselling at a
local hospital did not take into account the
possibility of incomplete penetrance of the
gene, and complete ophthalmological examin-
ation of unaffected family members was not
undertaken. We have used DNA probes from
within the retinoblastoma predisposition gene
for unequivocal identification of gene carriers.
The subsequent demonstration of regressed
tumours in founder members of the family
confirmed the diagnosis of a dominantly
inherited disease. The circumstances of the
management of this family emphasises the
need for specialist ophthalmic examination of
first degree relatives and detailed genetic
analysis of all such families with DNA probes.

ICRF Laboratory of
Molecular Genetics,
Department of
Haematology and
Oncology, Institute of
Child Health, 30
Guilford Street, London
WCIN 1EH
Z Onadim
J K Cowell

Department of
Ophthalmology, St
Bartholomew's Hospital,
West Smithfield, London
ECi
P G Hykin
J L Hungerford
Correspondence to:
Dr J K Cowell.
Accepted for publication
6 September 1990

Retinoblastoma (RB) is the commonest primary
malignant intraocular tumour in children and
has both hereditary and sporadic forms. In
familial cases the inheritance follows an auto-
somal dominant pattern, usually with high pene-
trance. Thus offspring of gene carriers have a
50% risk ofinheriting the mutant gene. Although
the retinoblastoma phenotype shows a dominant
mode of inheritance, it is clear that at the cellular
level additional mutations are required, since not
all retinal cells produce tumours, and in approxi-
mately 10% of gene carriers tumours do not
develop at all. This latter phenomenon is referred
to as incomplete penetrance. Knudson1 showed
in a statistical analysis of RB that a single
additional mutation was sufficient for tumori-
genesis. This second mutation occurs sporadi-
cally in the homologous normal RB gene in
retinal precursor cells.2 Hereditary cases are

usually affected bilaterally, and, since the prob-
ability of the second mutation occurring is
relatively high, the mean number of tumours in
each eye averages four to five.

Retinoblastoma can also regress spon-
taneously,3 leaving characteristic retinal scars

which often resemble successfully treated
tumours. These may be compatible with normal
visual acuity and remain undetected. The
presence of multiple regressed tumours in a

single individual or a single regressed tumour in
an individual with relatives with RB implies gene
carrier status for those individuals and puts their

children at approximately 50% risk of tumour
development. It is essential therefore, to examine
the retinae of parents of apparently sporadic
cases.
The gene for RB predisposition - RBl - was

mapped to chromosome region 13ql4 following
observations that, in a small percentage of
patients, predisposing constitutional chromo-
some deletions of this region were present.45
Genetic linkage analysis using the adjacent
esterase-D gene confirmed that the hereditary
non-deletion form of the disease was due to
mutations on the same locus."8 The RB1 gene
was isolated by several groups independently"'
and authenticated following the demonstration
of mutations in this gene in tumour cells and
predisposed persons.9 12-14 Individual unique
DNA probes from within the genomic sequence
of RB1, which recognised restriction fragment
length polymorphisms (RFLPs), were isolated
by Wiggs et all' which now form the basis of
linkage analysis in RB families.'"'7 So far no
cases have been reported of genetic recombi-
nation between these DNA probes and the
disease phenotype, and they have been used
successfully in prenatal and perinatal prediction
of carrier status. 7 18

Despite the now well characterised genetics of
retinoblastoma and the availability of genetic
probes for screening and counselling, advice to
some familities is still sometimes incomplete.
This is most often the case in families where the
phenotype segregates with unusual charac-
teristics. In this report we present the details of
one such family as an example of the difficulty in
making the correct prediction in the absence of
genetic linkage data and ophthalmic examination
of first degree relatives.

Materials and methods
DNA was prepared from white blood cells and
lymphoblastoid cell lines by standard methods.'9
All procedures forfthe analysis of DNA samples
were as described previously. 17

Results
The family pedigree is shown in Figure 1. The
parents (II.6 and II.7) of the affected twins are
first cousins and each has a sister affected by
unilateral retinoblastoma. These observations
are consistent with one or both of their parents
(I.2 and I.3) being unaffected gene carriers.
Family counselling was sought at a local hospital
by the mother (II.7). In 1984, prior to their
birth, a diagnosis of an autosomal recessive
disorder was given at the local hospital by virtue
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Figure) Family pedigree showing the segregation ofthe retinoblastoma phenotype. O=mai
O=female. *=affected bilaterally. O=affected unilaterally. -=regressed tumours.

of the fact that both parents had an affected sib,
and a risk ofhaving affected children of 1:32 was
given. The retinae of the parents, 1.2 and I.3,
were not examined at this time.

In February 1987 non-identical twins were
born, and in June of that year a diagnosis was
made ofbilateral retinoblastoma in both children
at the age of 4 months following their referral to
St Bartholomew's Hospital for treatment. Pro-
band 1 had a juxtapapillary RB in the right eye
and a posterior pole tumour in the left eye.
Proband 2 had an RB nasal to the optic disc in the
left eye and later developed a tumour temporal to
the posterior pole in the right eye. No evidence of
extraocular spread was discovered in either
proband.

In July 1987 both grandparents attended the
ophthalmology clinic at St Bartholomew's
Hospital, where I.3 was found to have a large,
grey translucent lesion at the posterior pole ofthe
left eye (Fig 2). I.2 was found to have a small
posterior pole lesion of the right eye which was
translucent with pigment epithelial disturbance
(Fig 3), and a small lesion nasal to the optic disc
in the left eye. These lesions were typical of
spontaneously regressed RB. Close examination
ofthe retinae ofI.6 and I.7 showed no evidence
ofretinal scarring. Esterase-D studies showed all
family members to be genotype 1-1. Chromo-
some analysis showed no deletions of the 13q14

Figure 2 Large spontaneously regressed retinoblastoma at
the posterior pole ofthe left eye ofI.2.

locus in any family member. At the time of the
initial consultation DNA-based analysis was not
generally available.

Since both parents are potentially unaffected
gene carriers, there is a possibility that their
children could be homozygous for the RB gene
mutation. To investigate this possibility we used
the intragenic RB DNA probe RS2.0,'5 which
recognises an 8 allele variable number tandem
repeat (VNTR). We were able to follow the
segregation of the chromosome 13 in this family,
the details of which are given in figures 4 and 5.
Not all family members were available for analy-
sis, and only the alleles for those from whom
blood samples were obtained are shown.

Analysis of patients 11.5 and II.8, the affected
cousins, shows that the common alleles are 1F9,
which must have been derived from gene carriers
I.2 and 1.3. Since both I.2 and I.3 showed
evidence of retinal scarring it must be assumed
that the 1-9 allele came from a common ancestor
carrying the predisposing gene. Both parents
I.6 and I.7 also carry the 1.9 allele. For I.6 this
allele was inherited from I.2 but 11.7 received the
1.5 allele from her father and the 1.9 allele from
the unrelated parent I.4. We would predict
therefore that 11.7 is not a gene carrier, thus
excluding the possibility that their children
could become homozygous for this mutation.
The twins have inherited the 1-9 allele from their
father, confirming the cosegregation of the RB
phenotype with this allele. Analysis of the other
members ofthe family shows that I.1 is definitely
not a gene carrier, since the 1-9 allele is missing,
but, being homozygous for 1-9, 11.2 must be an
asymptomatic gene carrier.
The affected patient 11.5 is now homozygous

for the 1.9 allele, which means that this probe
will not be useful for future prenatal screening.
In contrast I1.8 is heterozygous and could be
offered prenatal screening in the future. The so
far unaffected child in this family unit, III.4, is
also homozygous for the 1 9Kb allele, which
places him at high risk for tumour development.

Discussion
In this unusual pedigree segregating the retino-

Figure 3 Small regressed retinoblastoma at the posterior pole
ofthe right eye ofI.3.
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1.9/1.5 1.9/1.5 1.9/1.9 '
Figure 4 Segregation ofthe alleles identified by the RS2.0DNA probe. The mutant
retinoblastoma gene is segregating with the 1 9 allele. Asymptomatic gene carriers are indicated
by the arrows. Symbols as in Figure 1.

counselling. The segregation of the RB pheno-
type with the 1-9 kb allele in the core family
allowed us to identify an unaffected gene carrier
who has not yet begun her own family. Although
this individual is homozygous for the 1-9 kb
allele, and so would not qualify for prenatal
screening with this probe, new screening pro-
cedures are being introduced with other poly-
morphisms which could be used. For individual
II.8, who is heterozygous for the RS2-0 poly-
morphism, prenatal screening is available. The
same service can be offered to the twins. We have
also demonstrated that the parents of the twins
are not both gene carriers, which excludes the
possibility of their having children homozygous
for the mutation. Since such homozygous
individuals have not been reported, it is not clear

CO cX o 0 tir nCXas

2.00
1.90 U - --_~~~~~~
1.50

FigureS Southern blot analysis ofkey members offamily RB-29 using the intragenic VNTR DNA probe RS2-O. In this
familyfive different alleles 2-O kb, 1 95 kb, 1 90 kb, 1 85 kb, and 15kb are segregating. TheRB predispositiongene segregates
with the 1 9 kb allele.

blastoma predisposition gene there are both
asymptomatic gene carriers and individuals with
regressed tumours. In the second generation
only unilaterally affected individuals are seen,
which is unusual for predisposition gene carriers.'
We have observed several similar families in the
past where the mutation appears to predispose to
a 'milder' form of the disease, and there are other
examples in the literature.20 At the time of the
first counselling sessions, before the patients
were referred to St Bartholomew's Hospital,
linkage/deletion analysis using the esterase-D
polymorphism was in general use in the UK,8 21
though, being ofgenotype 1-1, this family would
not have been informative. Recombinant DNA
probes were not generally available until 1987.
Examinations ofapparently unaffected relatives,
however, would have altered the advice given,
and in our view this is an important first step in
counselling such families. Because of the
unusually low penetrance ofthe gene mutation in
some families, this should be extended as far
back in the pedigree as possible. Since the
ophthalmoscopic appearance of regressed
tumours may fall outside the experience of some
ophthalmological practices, families or individ-
uals should be referred to specialist centres for
examination.
The identification of spontaneously regressed

tumours in the grandparents in this case raised
the risk to the children to 1:2 compared with the
1:32 risk offered at the time of first consultation.
By establishing the phenotypes for the majority
of the members of this family it was possible to
perform linkage analysis with DNA probes. This
analysis established several important points for

what the expected phenotype might be, especially
in 'mildly affected' pedigrees.
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