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Misleading linkage results in an NF2
presymptomatic test owing to mosaicism
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Abstract
A two generation family with neurofi-
bromatosis type 2 (NF2) is presented in
which a family member requested pre-

symptomatic molecular diagnosis. Since
the consultand's mother had clinically
well defined NF2, he was quoted to be at
50% risk of carrying an NF2 mutation.
Mutation screening in the mother did not
show the causative mutation and, conse-

quently, presymptomatic testing was

based on linkage analysis. This showed
that the consultand carried the high risk
chromosome 22. Subsequent mutation
screening of his clinically affected sister
showed a nonsense mutation, R262X in
exon 8 of the NF2 gene. The mother
turned out to be a mosaic for R262X; the
son had not inherited the mutation.
Mosaicism may be a common mechanism
in NF2 and other autosomal dominant
diseases with a high new mutation rate.
This may be one explanation for a differ-
ence in expression in generations. Caution
has to be exercised when giving results
based on linkage tests which imply a very
high risk to people in the second genera-
tion.
(_JMed Genet 1997;34:934-936)
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Neurofibromatosis type 2 is an autosomal
dominant disorder typically characterised by
bilateral schwannomas of the vestibular nerves.

Furthermore, schwannomas can occur in the
central and peripheral nervous system and
50% of affected subjects will develop
meningiomas. 3

The NF2 gene has been localised to
chromosome 224 5and linkage analysis has
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Figure 1 Pedigree and haplotypes around the NF2 gene. IL 1 and IL 2 inherited the same

haplotype from L2 for all three loci.

been performed in suitable families to predict
the carrier status of at risk family members.6
Since the NF2 gene was characterised in
1993,78 it is possible to screen for mutations in
patients and offer presymptomatic testing to
those at risk when a causative mutation has
been found. However, detection rate for muta-
tions is at best 50%,9 and therefore in many
families predictive testing is still based on link-
age analysis.
Here we describe a family in which mosai-

cism was the cause of a misleading result in
NF2 presymptomatic testing by linkage analy-
sis. The proband (1.2) (fig 1) was a 46 year old
woman with seven healthy sibs; her father died
at the age of 47 from cardiac and hepatic
disease and her mother was well at the age of 68
years. She showed the first signs of NF2 at the
age of 23 when she developed grand mal
epileptic attacks and at the age of 25 she
presented with left sided hemiparesis and a

parasagittal meningioma was detected on CT
scan and surgically removed. She has since
developed classical NF2 with bilateral vestibu-
lar schwannoma, multiple meningiomas, and
spinal schwannomas.
Her son (II. 1) showed no clinical manifesta-

tions on physical and neurological examin-
ation. An MRI of the cranium and spine
showed no evidence for intracranial or spinal
tumours. Audiology and brain stem auditory
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Figure 2 RG-PCR confirmation of the R262X (nt
784C> T) mutation. NC=normal control. .2 has a faint
but discernible 45 bp band indicating the presence of
R262X.
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evoked reflexes (BAER) were both normal.
During follow up there was no change.
Her daughter (II.2) had very poor balance

and diminished corneal reflexes bilaterally on
physical and neurological examination. Audiol-
ogy showed bilateral sensorineural hearing
loss, more marked on the right. BAER results
were in accordance with retrocochlear pathol-
ogy. MRI showed bilateral vestibular schwan-
nomas as well as multiple small cranial
tumours (meningiomas and schwannomas)
and several small spinal schwannomas.

Initial mutation analysis in the mother using
a combined SSCP/heteroduplex analysis
approach" did not detect a mutation in the
NF2 gene. However, this was a two generation
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Figure 3 Dye primer sequencing of the R262X (nt 784C>T) mutation. NC=normal
control. II. 2 is clearly heterozygous whereas II. 1 is identical to the normal control. .2
clearly has 784T but the peak height is substantially lower than that in II. 2 whereas the
784C peak shows a reciprocal pattern.

family, so linkage analysis was potentially able
to provide presymptomatic testing. Subsequent
testing with microsatellite markers showed that
the family was informative with NF2CA3, a
polymorphic marker located within the NF2
gene," as well as with the flanking extragenic
markers D22S275" and D22S268.'4 There-
fore, it was decided to perform presymptomatic
testing in IL.1 based on linkage analysis. The
results for all three markers indicated that I1.1
had inherited the same maternal chromosome
22 as his sister, giving a risk of >99.9% that he
would be affected (fig 1). Consequently, he was
counselled as high risk and was monitored
accordingly.
Some doubt still existed over the result,

given the complete absence of tumours com-
pared to his sister, and therefore mutation
screening of the NF2 gene in I.1 was
undertaken. This identified an SSCP shift in
exon 8 of the NF2 gene which was subse-
quently sequenced as a nonsense mutation,
R262X (nt 784C>T) (data not shown). In
order to confirm the presence ofR262X in II.2,
and to facilitate screening of other members of
the same family, a restriction generating (RG)
primer was designed to engineer the creation of
a novel DdeI site in the presence of 784C>T.
The sequence of the R262X RG PCR primer
(R262X-RGR) was 5'-CCTTGTCACTGT
ACGAGATGTCTC-3' and this was used in
conjunction with the exon 8 forward primer
described by Merel et al,' (NF2-8F) 5'-
CCACAGAATAAAAAGGGCAC-3'. The pre-
dicted fragment sizes were 70 and 69 bp for the
normal allele and 70, 45, and 24 bp for
784C>T. In practice the 24 bp fragment could
not be seen since it was obscured by the
residual primers from the PCR reaction. II.2
showed the expected novel 45 bp fragment
using the RG-PCR assay, whereas these were
clearly not present in I.1 (fig 2). Interestingly
I.2 showed a faint 45 bp signal indicating that
the stoichiometry of the normal versus mutant
alleles was not the 1:1 ratio present in I.2.

Comparative dye primer cycle sequencing of
exon 8 of I.2, II.1, and II.2 was then
undertaken, to confirm the findings from the
RG-PCR test and provide an estimate of the
degree of mosaicism in 1.2 (fig 3). IL.1 showed
the same pattern at residue 784 as a normal
control, confirming that he had not inherited
R262X. II.2 was clearly heterozygous for
784C>T although the C and T peaks were not
of equal height. I.2 clearly showed the presence
of a T peak at 784 although its height was pat-
ently lower than that in I.2. To give a quanti-
tative estimate of the degree of mosaicism in
I.2, the heights of the C and T peaks at nt 784
were measured in the normal control and in
II.2. They were then normalised against the
height of the neighbouring C peak at nt 783.
These measurements set the 100% to 50% val-
ues for 784C and 0% to 50% values for 784T.
The peak heights of784C and 784T in I.2 were
then interpolated on a graph obtained by join-
ing the points derived from the normal control
and II.2. This gave an estimated contribution
of 81.3% for 784C and 18.7% for 784T equat-
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ing to I.2 carrying the 784C>T mutation in
37.4% of her lymphocytes.

Clearly mosaicism was the cause of the mis-
leading result in the presymptomatic test by
linkage analysis in this family. A similar family
study for retinoblastoma has recently been
reported by Thonney et al.' Linkage analysis in
this family indicated that the presumably
mutated intragenic haplotype found in the
affected child was shared by the two unaffected
sibs. Mutation identification showed that the
father of the children was mosaic for a
mutation in the RB gene, and that the two sibs
were homozygous for the wild type allele. In
this family germinal mosaicism was therefore
established.
These two cases illustrate that in some fami-

lies inheritance of an autosomal dominant dis-
ease cannot be established by linkage analysis
alone. In all de novo cases of an autosomal
dominant disease the possible existence of two
cell populations has to be taken into account.
Subjects who have the classical phenotype of
the disease are likely to have a mutation in all
their cells. However, subjects who are mildly
affected or appear to have segmental disease
may be mosaic for a mutation. Similar cases
may well occur in FAP (familial adenomatous
polyposis coli), von Hippel-Lindau disease,
and NFl and should always be suspected if the
parent of a classically affected subject has only
one or two manifestations. In NFl the skin
involvement may well be segmental."6 How-
ever, our case illustrates that even in classically,
bilaterally affected subjects mosaicism may
occur. It is possible that the neural crest had a
higher percentage involvement than other con-
stitutional tissues and this may have connota-
tions for embryological development.

In NF2, only one mosaic patient has
previously been reported (patient B in Bourn et
al9). He had late onset NF2 with a relatively
benign course. It was shown that he had
somatic mosaicism for a nonsense mutation in
exon 2 of the NF2 gene. Four of his five clini-
cally unaffected children were tested and none
of them had the mutation. Recently, the family
has been haplotyped. Two children have inher-
ited one paternal chromosome 22 and two have
inherited the other (G Evans, unpublished
results). Since there are no affected children, it
is uncertain whether patient B has germinal
mosaicism.
Mosaicism could be a common mechanism

in other autosomal dominant diseases with a
high mutation rate.' It could also be an expla-

nation for apparent anticipation effects and
variable expression between the first and
second generation.9 17 18 In this family, both
mother and daughter had their first signs in
their early twenties. At the age of 47 the mother
is doing surprisingly well, despite the burden of
tumours. It is too early to comment on the
course of the disease in her daughter.

In conclusion, caution has to be exercised
when giving results of linkage tests which imply
a very high risk to people in the second genera-
tion.
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