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sporadic and unilateral and present in the fourth and fifth
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Neurofibromatosis type 2 (NF2) must be suspected in patients presenting with a unilateral vestibular
schwannoma at a young age who are therefore at theoretical risk of developing bilateral disease. We
identified 45 patients aged 30 years or less at the onset of symptoms of a unilateral vestibular schwan-
noma. Molecular genetic analysis of the NF2 gene was completed on peripheral blood samples in all
45 and on 28 tumour samples. No pathogenic NF2 mutations were identified in any of the blood sam-
ples. NF2 point mutations were identified in 21/28 (75%) tumour samples and loss of heterozygosity
(LOH) in 21/28 (75%) tumour samples. Both mutational hits were identified in 18/28 (65%) tumour
samples. In one multilobular tumour, one (presumably first hit) mutation was confirmed which was com-
mon to different foci of the tumour, while the second mutational event differed between foci. The
molecular findings in this patient were consistent with somatic mosaicism for NF2 and the clinical diag-
nosis was confirmed with the presence of two meningiomas on a follow up MRI scan. A further patient
developed a contralateral vestibular schwannoma on a follow up MRI scan in whom neither of the trun-
cating mutations in the vestibular schwannoma were present in blood.

It is important when counselling patients with unilateral vestibular schwannomas to identify (1) those at
risk of bilateral disease, (2) those at risk of developing other tumours, and (3) other family members at
risk of developing NF2. Comparing tumour and blood DNA cannot exclude mosaicism in the index
case and cannot, therefore, be used to predict those at risk of developing further tumours. However,
identification of both mutations or one mutation plus LOH in the tumour and exclusion of those muta-
tions in the blood samples of the sibs or offspring of the affected case may be sufficient to render fur-
ther screening unnecessary in these relatives.

of NF2 cases present initially with a unilateral vestibular
schwannoma rather than with bilateral tumours. However,

The majority (>95%) of vestibular schwannomas are

decades.'* In these cases they have no broader clinical
implications for either patient or family. When bilateral, the
tumours®’ represent a manifestation of neurofibromatosis
type II (NF2), an autosomal dominant condition, which has a
population incidence of 1 in 33 000 to 1 in 40 000.* The
hallmark of NF2 is the development in the second and third
decades of bilateral vestibular schwannomas. NF2 is also
characterised by a predisposition to the development of other
tumours of the central and peripheral nervous system, includ-
ing meningiomas, gliomas, and spinal schwannomas/
neurofibromas.’ Diagnostic criteria for NF2 were agreed by the
National Institutes of Health Consensus Development Confer-
ence in 1987 (table 1A) and additional criteria described by
Evans et al’in 1992 (table 1B). There is evidence to suggest that
patients aged 30 years or less at the onset of symptoms of a
unilateral vestibular schwannoma are at high risk of being
affected with a variant form of NF2.”* Approximately 10-18%

this is usually accompanied or preceded by other features such
as meningiomas, skin tumours, symptomatic spinal tumours,
or a family history of NF2.°*"

Vestibular schwannomas arise from the inactivation of
merlin, the protein product of the NF2 tumour suppressor
gene, which regulates Schwann cell growth. Sporadic tumours
differ from inherited tumours in that the first mutational hit
is acquired and may be present in mosaic form. Subjects who
are mosaic for a NF2 mutation are at risk of transmitting the
mutation to their offspring if it is present in the gonads."

The NF2 gene was isolated in 1993," " after linkage studies
had assigned the gene to chromosome 22.” Germline
mutations have been reported by several workers in large
series of patients affected with NF2."" However, only about
40% of de novo cases of NF2 have an identifiable mutation in
lymphocyte DNA."” ** As patients who present with a unilateral

Table 1 Diagnostic criteria for NF2

A diagnosis of NF2 is made in a patient who has (NIH criteria, 1987):
Bilateral vestibular schwannomas
OR family history of NF2
PLUS unilateral vestibular schwannoma

A diagnosis of NF2 can also be made in a patient who has (Evans et af):
Unilateral vestibular schwannoma

OR multiple meningiomas (2 or more)
PLUS unilateral vestibular schwannoma
OR any two of: glioma, neurofibroma, schwannoma, cataract

OR any two of: meningioma, glioma, neurofibroma, schwannoma, posterior subcapsular lenticular opacities

PLUS any two of: meningioma, glioma, neurofibroma, schwannoma, posterior subcapsular lenticular opacities
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Table 2 Redesigned primers for amplification of NF2 exons

Name Forward primer (5' - 3') Reverse primer (5' - 3')
NF2 Ex 1 tggccctgaggectgtgcageaac gagaacctctcgagcttccac
NF2 Ex 2 tgtccttccccattggtitg cagtttcatcgagttctagee

NF2 Ex 3 gctictttgagggtageaca ggtcaactctgaggecaactcigea
NF2 Ex 6 - cccataaaggaatgtaaaccaac
NF2 Ex 8 gagcctcagetggegcttac -

vestibular schwannoma at a young age are at risk of develop-
ing bilateral disease, it would be valuable to identify those who
require further screening for NF2 tumours. There are also
implications for other family members who could require
tumour surveillance and genetic counselling.

We have previously proposed a strategy, based on the analy-
sis of tumour DNA, for distinguishing familial and sporadic
cases of tumours caused by the inactivation of a tumour sup-
pressor gene.” We have now applied this strategy by
completely analysing tumour material from 28 of 45 young
patients with an apparently isolated unilateral vestibular
schwannoma to establish whether the mutations present in
the tumour are the result of a germline mutation or are likely
to be the result of somatic events.

METHODS

Patients

Patients who presented with the onset of first symptoms of a
unilateral vestibular schwannoma when aged 30 years or less
were included in this study. All patients who had a family his-
tory of any neurogenic tumours were excluded from the study.
All patients who were included in this study were examined
clinically for any cutaneous features of NF2. Patients
underwent ophthalmological examination to look for juvenile
posterior subcapsular lenticular opacities and cortical opaci-
ties. A neuro-otological examination, which included pure
tone audiometry, stapedial reflex measurement, and auditory
brain stem response testing, was also performed. Magnetic
resonance imaging with gadolinium-DTPA enhancement was
used to assess all patients after 1990, so that a contralateral
vestibular schwannoma or any other cranial tumour could be
excluded.

A total of 689 patients who presented with a unilateral ves-
tibular schwannoma were seen at the neuro-otology clinic
between January 1978 and December 1998. In an earlier study
we selected 93 of 407 of these patients on geographical crite-
ria for a detailed study of patients and families with a unilat-
eral vestibular schwannoma.’ Six patients were recruited from
this retrospective series. The remainder of the series were
recruited from patients meeting the inclusion criteria. Thirty
patients who met these criteria from our hospital series were
studied by looking at both their clinical features and analysing
for NF2 mutations in both tumour and blood. The remaining
15 patients referred from other centres with an apparently
isolated unilateral vestibular were analysed on blood alone.

DNA extraction

DNA was extracted from blood and tumour (fresh and paraf-
fin fixed) specimens from 30 out of 45 cases. DNA was avail-
able only from blood in the remaining 15 samples. Genomic
DNA was extracted from peripheral blood lymphocytes using
standard procedures. DNA was prepared from fresh and
paraffin embedded tumour specimens according to the meth-
ods described by Wu et al.”! One tumour (case 10) appeared to
be multifocal at surgery and separate foci were biopsied and
processed separately.

Molecular genetic analysis
Genomic and tumour DNA samples were amplified for all 17
exons of the NF2 gene. The primers for the majority of exons
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used were those described by Merel ef al.'* However, the primer
pairs for exons 1, 2, and 3 along with the reverse exon 6 and
forward exon 8 primer were redesigned to include the whole
exon and splice donor/acceptor sites (table 2).

SSCP heteroduplex analysis

SSCP/heteroduplex analysis was carried out on 32 cm long 8%
(49:1 acrylamide:bis acrylamide ratio) native polyacrylamide
gels run at 360 V constant voltage for approximately 16 hours
at4°C. SSCP and heteroduplexes were then visualised by silver
staining.” Samples that gave rise to SSCP/heteroduplex shifts,
which were present at low levels on silver stained SSCP/HA
(minority alleles), were reamplified and a larger quantity of
the sample was loaded onto a second SSCP/HA gel. The gel
was subjected to silver staining as previously except that the
fourth solution was replaced with 50 mmol/l EDTA. The gel
slices were briefly rinsed in 50 pl sterile water and DNA was
eluted by crushing and soaking overnight in 50 pl of sterile
water. The minority alleles isolated from the gel were then
reamplified by PCR from the eluate.

DNA products purification and sequencing

The samples were purified before sequencing using Centricon
100 columns. A 40 pl PCR reaction was added to 2 ml of ster-
ile water on the columns according to the manufacturer’s
instructions. The purified DNA products were then visualised
on a 2.5% agarose gel to check for recovery. DNA sequencing
reactions were carried out in both forward and reverse orien-
tations for each sample using Big Dye Terminator v 20 ready
reaction kits. Electrophoresis and fluorescent detection of the
sequencing reactions was carried out on an Applied Biosys-
tems 377A sequencer with 48 cm well to read plates.

Loss of heterozyosity (LOH) studies

LOH was detected using a combination of four microsatellite
markers: D22S275,” NF2CA3,* D22S268,” and D225280.*
NF2CA3 is located within intron 1 of the NF2 gene whereas
D22S275, D22S268, and D22S280 are all tightly linked to the
NF2 gene.” For markers D22S275, NF2CA3, and D22S268.
LOH was determined using fluorescently labelled PCR
products, the lymphocyte and tumour DNA pairs being ampli-
fied and subjected to simultaneous electrophoretic analysis to
compare lymphocyte and tumour DNA using the Genescan
v2.1.1 fragment analysis program. A diminution in relative
allele signal strength between lymphocyte and tumour DNA
of more than 30% was taken as indicative of LOH. For the
marker D22S280, LOH was determined by comparison of
lymphocyte and tumour DNA. PCR amplifications were
electrophoresed on non-denaturing gels and visualised by sil-
ver staining.

RESULTS

The mean age of onset of symptoms in the 30 patients where
blood/ tumour analysis was carried out was 23.1 years. This
compared with 47.5 years for our hospital based series of 689
patients with unilateral VS. The average duration from age of
onset of the first symptoms to age at which the patients were
diagnosed as affected with a unilateral vestibular schwan-
noma was 3.7 years. There were 16 females and 14 males. The
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Table 3 Clinical features of 30 young patients diagnosed with a unilateral vestibular schwannoma
Family

Case Sex Age at first symptoms (y) Age at diagnosis (y) Other NF2 features history Conclusion after DNA studies
1 M 18 26 Nil Sporadic
2 F 19 23 Nil Sporadic
3 F 24 27 Nil Sporadic
4 F 19 22 CAL patches Nil Sporadic
5 M 17 37 Nil Sporadic
6 F 29 34 Nil Undetermined
7 F 29 39 Nil Sporadic
8 M 29 31 Nil Undetermined
9 M 25 29 One CAL: lump anterior thigh Nil Sporadic
10 F 25 29 *2 meningiomas Nil Mosaic
11 F 18 20 Nil Sporadic
12 M 25 26 Nil Sporadic
13 F 17 24 Nil Undetermined
14 M 24 27 One CAL patch Nil 16/17 exons analysed
15 F 20 21 Nil Sporadic
16 M 18 21 Nil Sporadic
17 M 30 31 Nil Undetermined
18 M 23 24 One CAL patch Nil 5/17 exons analysed
19 F 18 21 Nil Insufficient material for tumour

analysis
20 M 25 29 One SC lump Nil Sporadic
21 M 22 24 Nil Sporadic
22 F 21 25 Nil Sporadic
23 F 26 28 5 CAL patches Nil Sporadic
24 F 30 32 Nil Sporadic
25 F 23 24 Nil Sporadic
26 F 26 28 3 Cal patches and Nil Mosaic

contralateral VS*

27 F 26 29 Nil Sporadic
28 M 29 30 Nil Sporadic
29 M 24 26 Nil Sporadic
30 M 14 16 Nil Sporadic
CAL = café au lait. SC = subcutaneous.
*Only after initial assesment of MRI; sporadic status is assumed, although mosaicism cannot be excluded.

clinical details are summarised in table 3. None of the patients
had a family history of vestibular schwannoma or other
cranial tumours.

Café au lait patches were found on cutaneous examination
in six separate cases, with one case (case 23) having five café
au lait patches. Subcutaneous lumps were found in two cases
(cases 9 and 20), but neither had been biopsied as these were
not suspected clinically to be schwannoma. All the patients
selected for the study were followed up with regular clinical,
audiological and radiological examination. One patient (case
10) was subsequently also found to have two ipsilateral cranial
meningiomas on follow up MRI scan. A further patient (case
26) developed a contralateral vestibular schwannoma three
and a half years after undergoing surgery for a unilateral ves-
tibular schwannoma. Twenty-two out of 689 patients in the
hospital series had a unilateral vestibular schwannoma on
initial cranial scan, but had other NF2 features or had a
unilateral vestibular schwannoma and a family history; 13 of
these fulfilled NF2 criteria and seven presented at less than 30
years of age. All were excluded from the present study popu-
lation. All other 28 patients remain well with no cranial
tumours on follow up MRI scan three to 20 years after initial
diagnosis.

Molecular genetic analysis

Analysis of lymphocyte DNA

Forty-five patients were tested for germline mutations from
lymphocyte DNA and two of them were found to have
sequence changes. The mutations identified in the blood sam-
ples of these two patients (cases 2 and 9) were considered to
be non-pathogenic NF2 polymorphisms. An in frame deletion
332-4 was identified in blood from one patient (case 9), which
was subsequently found in his unaffected mother (fig 1A),
and was thought not to be pathogenic. Two pathogenic muta-
tional hits were identified in the tumour sample from the

patient. A truncating mutation was identified which was not
detectable in the lymphocyte DNA sample (fig 1B). The
tumour also showed clear evidence of LOH with markers
D22S275 and D22S268 (fig 1C). The allele lost in the tumour
is that containing the in frame 3 bp deletion since the signal
from this is diminished. As a consequence, the truncating
mutation is presumably on the other allele. The patient’s
mother has no clinical features of NF2, and MRI with
gadolinium-DTPA enhancement showed no evidence of
vestibular schwannomas or other cranial tumours. A synony-
mous codon substitution was also identified in one further
patient (case 2).

Analysis of tumour DNA

Tumours of 28 patients were analysed for point mutations
throughout the whole coding sequence of the NF2 gene. The
results of the analysis are shown in table 4.

Point mutations were identified in 21/28 tumour samples
(75%). Loss of heterozygosity (LOH) was present in 21/28
tumour samples (75%). Two mutational hits were identified in
18/28 tumours (65%) and a single mutational event estab-
lished in 7/28 (24%). In three out of 28 (11%) tumours, no
mutational event was found. In 21/28 tumour samples there
were truncating mutations, with frameshift deletions occur-
ring in 11 out of 21 (52%) and nonsense mutations in eight
out of 21 (38%). Two tumours had splice site mutations
(9.5%). Two patients (cases 10 and 26) have subsequently
developed second NF2 related tumours. Case 10, in whom a
clinical diagnosis of NF2 has since been confirmed by the
presence of cranial meningiomas, developed a unilateral mul-
tilobular vestibular schwannoma. A missense mutation
Val219>Met was confirmed to be common to two different
foci of the tumour. In the first focus, a second hit was not
identified. In the second focus, two further pathogenic muta-
tions were found as minority alleles (fig 2A-C). This same
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Figure 1

Molecular analysis of case 9. (A) SSCP/HA of exon 3. Lymphocyte DNA from both the patient and his parents are indicated by the

pedigree. Both the patient and his unaffected mother clearly have a SSCP and heteroduplex shift; on sequencing this was found to be an in
frame deletion of amino acid residue Glu112. The tumour sample from the patient (T) also clearly has Aglu112, although the NF2 allele
carrying Aglu112 shows diminution of signal indicating allele loss. (B) SSCP/HA analysis of exon 5. The tumour from case 9 has a SSCP and
heteroduplex shift that is not present within his lymphocyte DNA sample (L); on sequencing this shift was found to be a nonsense mutation
(Tyr153>Stop, nt 459>G). The shift originating from Tyr>Stop is at approximately the same level as the normal signal. (C) LOH analysis.
Comparison of lymphocyte and tumour DNA with the two closely linked microsatellite markers D225275 and D225268. An allele with both
markers can be seen at markedly reduced intensity indicating allele loss in the tumour tissue. This sample was not informative for the intragenic
marker NF2CA3. Mwt = molecular weight marker. NC = normal control.

biopsy specimen that showed three apparent mutations also
showed evidence of LOH (fig 2D). However, the missense
mutation was the predominant allele in this biopsy specimen.
In the absence of a mutation in lymphocyte DNA from this
patient, the findings were strongly suggestive of mosaicism.
The daughter of this patient, who was therefore defined as
being mosaic for NF2, has since been excluded as carrying the
primary mutation, as well as the secondary mutations that
were identified in her mother’s tumour; she has therefore been
excluded from tumour surveillance.

www.jmedgenet.com

Case 26 has gone on to develop a contralateral vestibular
schwannoma that was not detected on the original MRI scan.
This patient carried two truncating mutations in the same
exon in tumour DNA; the second splicing mutation (table 4)
was initially overlooked as a mutation had already been iden-
tified in that exon. No abnormality was detected in her
peripheral blood. She still has no other features of NF2
including a clear spinal MRI scan.

A further attempt to find a germline mutation was
undertaken in the 10 out of 28 patients in whom two
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Table 4 SSCP/HA analysis and LOH studies on lymphocyte and tumour samples from 30 young patients with a

unilateral vestibular schwannoma

SSCP/HA LOH analysis
Case Tissue Mutation Class D22S275 NF2CA3 D22S5268 D22S5280
1 L -ve -
T 1080AG F LOH LOH LOH -
2 L 465C>T SY
T A757-795 (Alys253>Ser265) IF - LOH - LOH
3 L -ve -
T 1443C>G (Tyr481>Stop) N LOH U LOH -
4 L -ve =
T 459C>A (Tyr153>Stop) N - LOH - N
5 L -ve -
T 448-1g>t SP - LOH - -
6 L -ve -
T 1228C>T (GIn433>Stop) N U U N -
7 L ve -
T 970C>T (GIn324>Stop) N LOH u LOH -
8 L -ve -
T ve - LOH U LOH -
9 L A332-334 (AGIu112) IF
T 459C>G (Tyr153>Stop) N LOH u LOH -
10 L -ve -
T1 169C>T (Arg57>Stop) N LOH U U -
655G>A (Val219>Met) M
1600AC F
T2 655G>A (Val219>Met) M N u U -
11 L -ve -
T 1514ATG F - LOH - -
12 L -ve -
T 4790G F LOH U LOH -
13 L -ve -
T A171-216 F NR N N -
14 L -ve -
T -ve for 16/17 exons* = = LOH = =
15 L -ve -
T 1513ACTGT F LOH U U -
16 L -ve -
T 169C>T (Arg57>Stop) N - LOH - -
17 L -ve -
T -ve - - LOH - -
18 L -ve -
T -ve for 5/17 exons* = = = = =
19 L ve -
T insufficient material = = = =
20 L -ve
T 1621AG - LOH - -
21 L -ve -
T nt 1366 C>T (Glyn 456>stop) - - LOH - -
22 L ve -
T 447 +2t>c SP N U U -
23 L -ve -
T 6530G F - LOH - -
24 L ve -
T 54insA F - LOH - -
25 L -ve -
T -ve - - LOH - -
26 L -ve -
T 7371C F - N - -
nt 810 g>a SP
27 L -ve -
T -ve - - N - -
28 L ve -
T -ve - - N - -
29 L -ve
T 265insG - LOH - -
30 L -ve -
T -ve - U U U -
Tissue: L = lymphocyte DNA, T = tumour DNA.
SSCP/HA: F = frameshift, SP = splice site, N = nonsense, M = missense, IF = in frame deletion, SY = synonymous codon substitution, — = no mutation, * =

insufficient material for complete analysis.

LOH analysis: LOH = loss of heterozygosity, U = uninformative, N = no loss of heterozygosity, NR = no result, — = not tested.

mutational hits were not established in the tumour. Blood
DNA was analysed by FISH analysis with probes LL96C10 and
LIL4D7 (courtesy of Jan Dumanski) and dosage PCR for exons
1,4, 8, and 15. No further mutations were identified. No chil-

dren of the unilateral vestibular schwannoma series has
developed NF2. The daughter of the mosaic patient (case 10)
has been excluded from carrying the mutations identified in
her mother’s tumour.
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Figure 2 Molecular analysis of case 10. (A) SSCP/HA analysis of exon 2. The first sample from the tumour (T1) has a weak SSCP and
heteroduplex shift that was sequenced as a nonsense mutation (Arg57>Stop, nt 169¢c>T). This shift is absent from the patient’s lymphocyte DNA
(L) and from the second tumour sample (T2). A mutation control has also been run from a patient who carries the same mutation in 50% of their
lymphocytes (MutC). (B) SSCP/HA analysis of exon 7. Both tumour samples from case 10 (T1 and T2) have the same shift which was
sequenced as a missense mutation (Val219>Met, nt 655G>A). The shift corresponding to Val219>Met is not present at detectable levels in the
patient’s lymphocyte DNA sample (L). The mutation appears to be present at a higher level in sample T1. (C) SSCP/HA analysis of exon 15. A
very weak heteroduplex shift was observed in the first tumour sample (T1) which was sequenced as 1600AC. This shift was not observed at
detectable levels in either the patient’s lymphocyte DNA (L) or the second tumour sample (T2). (D) LOH analysis. Comparison of lymphocyte
DNA and the two tumour DNA samples with the intragenic microsatellite marker NF2CA3. The first tumour sample shows significant but not
complete loss of one allele (arrowed). There was no detectable allele loss in the second tumour sample. NC = normal control.

DISCUSSION

Vestibular schwannomas arise from the inactivation of the
NF2 tumour suppressor gene, which regulates schwann cell
growth. Vestibular schwannomas originate in the distal neuri-
lemmal portion of the vestibular nerve at or close to the
neurilemmal-neuroglial junction.” They are benign neo-
plasms of the Schwann cell sheath.

This study has confirmed our recent work which shows that
only a very small number of subjects with an isolated unilat-
eral VS are likely to harbour a germline mutation in the NF2
gene or go on to develop bilateral disease." Out of the 45
young unilateral vestibular schwannoma patients thought to
be at high risk of developing NF2, only two had identifiable
sequence variations in blood samples (cases 2 and 9). Both
were considered to be non-pathogenic polymorphisms. One of
the two (case 9) had an identifiable sequence variation (loss of
a glutamine at position 112 in the N terminal region), which,
after further examination of the family and molecular analy-
sis of his tumour, was confirmed to represent a rare polymor-
phism. This amino acid change was on the same allele that
showed loss of heterozygosity and was present in the patient’s
mother, who had no evidence of cranial tumours on MRI aged
59 years.

One of these subjects, case 10, is mosaic for a valine to
methionine missense mutation at position 219, which is

www.jmedgenet.com

predicted to affect the normal conformation of the alpha heli-
cal domain. Given that this change was de novo (not present
in germline DNA) and was confirmed in two separate foci of
tumour, it is highly likely to be pathogenic. The results from
one biopsy from the multifocal tumour in this case appears to
show four separate hits, including LOH. It is likely that this
biopsy has taken material from three separate foci of tumour;
in this case the predominant allele contains the missense
mutation present in all three foci.

The presence of multifocal tumours in NF2 has previously
been described at the macroscopic level.””* Unlike truly
sporadic unilateral tumours, they often appear as a “bunch of
grapes” around the vestibular nerve and may account for some
of the poorer surgical and radiotherapy results in NF2." This is
the first time to our knowledge that the multifocality of a ves-
tibular schwannoma has been proven at the molecular level. A
further lesson is seen in case 26 where two mutations were
detected in the same exon to account for a SSCP shift, indicat-
ing that the entire sequence of the exon should be examined
in a tumour specimen where two hits are possible.

It is possible that a predisposing mutation could be present
in the 10 patients in whom two hits were not established.
Zucman-Rossi et al have described a mutation screening
strategy, which has raised the efficiency of mutation detection
in NF2 patients to 84% in their series. Our combined strategy
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of SSCB FISH, and dosage PCR is capable of detecting more
than 90 per cent of mutations in the NF2 families
(unpublished data in second generation). The standard muta-
tion detection techniques such as single strand conformation
polymorphism (SSCP) analysis or denaturing gradient gel
electrophoresis, however, do not detect mutations in every
classically affected patient. Also, the sensitivity of SSCP to
detect mutations has been reported in various series to vary
from 35-66%."7 '**'

In patients with unilateral tumours or without a family his-
tory, failure to detect a mutation in DNA from the patient’s
blood cannot be used as a means of analysing NF2; failure
could be either because of low levels of mosaicism or a muta-
tion undetected by our screening protocol. In 65% (18/28) of
these apparently high risk subjects, it has been possible to
exclude the presence of a pathogenic mutation in more than
10% of lymphocytes by identifying both hits in the tumour
with none being detectable in blood. Mosaicism in NF2 is now
a well described entity.” * Subjects who fulfil the modified
NF2 diagnostic criteria (table 1B), such as case 10, are just as
likely to have an identifiable NF2 mutation” as sporadic
patients who fulfil the classical criteria of bilateral vestibular
schwannomas. However, some patients like case 10 and a pre-
viously described case* have mosaicism, which appears to be
predominantly on one side. While it is, of course, possible that
case 10 may eventually develop bilateral disease, this may not
by any means be certain. This pattern may therefore be more
akin to previous reports of segmental disease in neurofi-
bromatosis type 1.”

The data presented here, in conjunction with those from a
retrospective analysis of over 300 NF2 patients," suggest that
while up to 18% of NF2 patients may present initially with a
unilateral vestibular schwannoma, the great majority of these
will have other features of NF2 at the time of diagnosis of their
eighth nerve tumour or have a positive family history of NF2.
Of the two subjects (cases 10 and 26) in this study who so far
have gone on to develop NF2, one (case 10) had predictable
features in her tumour, and while it is impossible to rule out
mosaicism in any of the other patients, it is unlikely that the
others will develop NF2. Indeed, only five patients of our pre-
vious series of over 300 NF2 patients presented with a sporadic
unilateral vestibular schwannoma.

Therefore in patients with an apparently sporadic unilateral
vestibular schwannoma, if there are no NF2 related diagnostic
clinical features and no family history of NF2 related
problems, it is highly unlikely that they will develop bilateral
disease or pass on a pathogenic NF2 mutation to their
offspring, even if they present at a very young age. In these
young patients, as mosaicism cannot be excluded, a follow up
MRI scan of the cranium is indicated at five and 10 years after
diagnosis.” Further mutational analysis of a blood-tumour
pair will reduce any further theoretical risk. Once completed,
offspring can be tested for NF2 mutations identified in the
parental tumour in order to account for the small residual risk
of germinal mosaicism.
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When HFE gene mutation doesn’t make sense

mutation, say Thorburn ef al from a study of Scottish patients. Chronic infection results in iron build up

|r0n accumulation and progress of liver disease in chronic hepatitis C infection are not due to HFE

in serum and the liver, with liver fibrosis. Iron overload in the liver and fibrosis are common to heredi-
tary haemochromatosis, which is mostly caused by having homozygous recessive missense mutations in
the HFE gene—either Cys282Tyr or His 63Asp. Some reports suggest that these mutations might under-

lie iron build up in chronic hepatitis C infection.

The present conclusion comes from a prospective study which screened 164 consecutive patients with

ity of liver disease, and viral genotype.

to remove effects of age and menstruation.

but, seemingly, they are not linked.
A Gut 2002;50:248-252.
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chronic hepatitis C infection for HFE mutations, markers of iron accumulation in serum and liver, sever-

Sixty seven patients were heterozygous for HFE mutations: 26 Cys282Tyr, 33 His 63Asp, and eight
Cys282Tyr/His 63Asp; seven were homozygous for either mutation and were excluded; and 90 had no
mutation. No association between HFE genotype and any of the markers examined could be found when
data for the 157 patients were analysed statistically. Thorburn et al were careful to test that 10
non-Caucasian patients in their sample did not skew the results, nor did previous treatment with inter-
feron, and they analysed the results for men and women separately in each of the four genotypic groups

Raised serum iron concentrations and HFE mutations may be evident in chronic hepatitis C infection,
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