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INTRODUCTION 
TEN NEW cases of vestibular schwannomas per million inhabi- 
tants are being diagnosed each year [ 1, 21. Because of its 
development in proximity of the cochlear branch of the eighth 
pair of cranial nerves, this ~turnour, which remains constantly 
benign, is a major cause of hearing loss. Close to 95% of 
patients with vestibular schwannomas will develop only a single 
schwannoma during their life time. However, for about 5% of 
affected patients, tumours will develop bilaterally. This bilateral 
development is the consequence of a genetic disease called 
neurofibromatosis type 2. Epidemiological studies stuggest that 
one person in 35 000 might be affected [3]. Here we summarise 
our present knowledge of this disease. 

CLINICAL MANIFESTATIONS 
The neurofibromatoses are autosomal dominant diseases, 

characterised by a predisposition to the development of nervous 
system tumours. They were long regarded as a single disease 
which could manifest with a large variety of symptoms. Cur- 
rently, however, two forms of neurofibromatoses have been 
established. Neurofibromatosis type 1 (NFI) occurs with an 
incidence of l/3000 and predisposes mainly to the development 
of peripheral neurofibromas, pheochromocytomas and optic 
nerve gliomas [4]. Alterations in a single gene localised on 
chromosome 17 have been shown to be causative in this disease 
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[5] and its genetics are reviewed by Colman and Wallace in this 
issue. Neurofibromatosis type 2 (NF2), previously called central 
neurofibromatosis or bilateral acoustic neurofibromatosis 
(BANF), is approximately 10 times less frequent [3], and its 
main manifestations are clearly distinct from those of NFl. 

Vestibular schwannoma is the major manifestation of the NF2 
disease, being found bilaterally in 85% of gene carriers at disease 
onset [3, 61. Most commonly it develops in close contact with 
the vestibular branch in proximity to the cochlear branch of the 
8th pair of cranial nerves. The danger of this tumour arises from 
its development in the intracanalicular space, and subsequently 
in the posterior fossa; volumes that are strictly con&red by 
bone structures. Therefore, increase in tumour volume causes 
progressive compression of the 8th pair of cranial nerves causing 
loss of hearing and tnmitus, and may later lead to compression 
of vital structures of the central nervous system. Less frequently, 
schwannomas develop in other locations, in particular in contact 
with the 9th cranial nerve or with spinal nerves. They may also 
develop from peripheral nerves and, when superficially located, 
can manifest as small, subcutaneous, well circumscribed 
tumours. The most frequent dermatological manifestations, 
however, are discrete hairy macules which are observed in 50%, 
of patients. Neurofibromas are also observed in a quarter of the 
patients. In contrast to NFl patients, NF2 patients do not 
develop plexiform neurofibromata. Other nervous system 
tumours predisposed by NF2 are meningiomas, which develop 
in half the patients and, less frequently, ependymomas. The only 
non-tumoural manifestations of the NF2 disease are restricted to 
the eye. Indeed, the presence of opacities located centrally in 
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close proximity to the posterior capsule of the lens has been 
found in 40% of the NF2 patients. They can be observed early 
in childhood. In contrast, in the general population, less than 5% 
would manifest these opacities after 60 years of age. Combined 
pigment and retinal hamartomas and the frequent occurrence of 
epiretinal membranes have also been described [7]. 

Variability in clinical manifestations is much less pronounced 
in NF2 compared to NFl patients [8]. Usually patients present 
with symptoms in their second and third decades [3, 91, 
although, on rare occasions, some gene carriers may be sympto- 
matic as early as 1 year of age [lo] or asymptomatic up to 70 
years of age (Rouleau, personal communication). However, 
manifestations of the disease will be almost systematically 
observed, when they are properly searched for, after 40 years of 
age. Currently, the best methods to detect vestibular schwan- 
nomas and monitor their growth is with gadolinium-enhanced 
MRI and auditory brain stem response (ABR) testing [ 111. 

responsible for a major proportion and perhaps for all NF2 
families [24]. In the course of these studies, the identification of 
rare meiotic recombinations localised the NF2 gene in the 
median portion of chromosome 22, first within a 13 CM region 
flanked by two probes D22S28 and D22Sl [25], then between 
two polymorphic loci D22S212 and D22S32 that were less than 
2 CM apart ([26], Rouleau and colleagues, unpublished data). 
The identification of several polymorphic loci in the close vicinity 
of the gene has provided the necessary tools to develop reliable 
presymptomatic tests based on segregation analysis [26]. It has 
also enabled the development of positional cloning strategies 
which led to the identification of the NF2 gene by two inde- 
pendent teams of investigators. Below, we will describe the 
approach that has been used by our group in collaboration with 
that of Rouleau . 

IDENTIFICATION OF THE NFZ GENE 

FAMILY HISTORY 
NF2 is a monogenic, autosomal dominantly inherited disease. 

There might be a small parental effect on severity since in two 
reports [3, 121 the mean age at onset ocurred at a younger age 
when the genetic defect was inherited from the mother rather 
than from the father. In the most recent study, the difference in 
average age of onset according to parental origin was 6.3 years 
(P = 0.026), and there was a general impression of poorer 
clinical course in maternal inherited cases [3]. 

The variability in severity of the disease phenotype is smaller 
among members of the same family than among genetically 
unrelated affected individuals. This observation had led to the 
proposed existence of two clinical subtypes. According to this 
classification, the severe type (Wishart type) has an early onset 
(typically before the age of 25 years), a rapid course and multiple 
tumours in addition to vestibular schwannomas; conversely, the 
mild type (Gardner type) has a late onset, a more benign course 
and is often restricted to bilateral vestibular schwannomas [3]. 

The high penetrance of the disease has allowed the docu- 
mentation of the occurrence of new mutations based on clinical 
examination of family members. Approximately half of the 
registered patients are thought to have new mutations since in 
these cases both parents (aged over 40 years) of a single affected 
child do not show any manifestations of NF2. The mutation rate 
is not known precisely and may be between lo-’ and lop6 per 
birth. In a study of 39 cases, for which the age of both parents at 
birth was known, the mean parental age was not significantly 
different from the expected age if the probability of mutation 
was hypothesised to be independent of parental age [3]. 

A mapping panel of somatic cell hybrids allowing the precise 
sublocalisation of chromosome 22 cloned loci was developed and 
used to sublocalise over 150 probes ([27], and Delattre and 
colleagues, unpublished). This panel was also used to develop 
techniques aiming at the retrieval of cosmids located in prede- 
fined subregions from chromosome 22 specific libraries [28, 291. 
This combined approach mapped 12 probes within the region 
bounded by D22Sl and D22S28, where the NF2 gene had been 
mapped initially [25]. These probes were used to progressively 
expand the corresponding loci by the recurrent isolation of 
overlapping cosmids until the one megabase region between 
D22S212 and D22S32 was almost entirely cloned [30]. A highly 
informative microsatellite locus, D22S268, was identified in a 
cosmid within the region D22S212/D22S32 [31]. This marker 
was shown to map in close proximity to the NF2 gene since 
cosegregation analyses in NF2 families failed to reveal recombi- 
nation (pairwise LOD score of 14.6). Furthermore, in one NF2 
family, identification of affected members that were obligate 
hemizygotes for this locus suggested that the NF2 disease could 
be associated with an interstitial germline deletion [32]. 

LOCALISATION OF THE GENETIC DEFECT LEADING 

Screening for rearrangements in the D22S212/D22S32 region 
using pulsed-field gel electrophoresis was performed for one 
patient of this family and for an additional 42 unrelated NF2 
propositi. Abnormal migrating bands were revealed for three 
individuals that were suggestive of constitutional deletions 
[30, 321. For these three patients, constitutional deletions were 
definitively proven by fluorescent hybridisation on interphase 
nuclei or metaphase chromosomes of lymphoblastoid cell lines. 
It could further be shown that the three deletions were nested 
within each other. The position of the smallest one strongly 
suggested that the NF2 gene was 300 Kb telomeric to a recurrent 
chromosome breakpoint observed in Ewing’s sarcoma that we 
had previously identified [33]. TO NF2 

Cytogenetic analysis and monitoring of allelic loss demonstrate A systematic analysis of over one hundred EcoRl fragments 
that the most consistent genetic abnormality observed in men- isolated from the cosmids located in the candidate region was 
ingiomas [ 13-191 and schwannomas [ 16, 20-221 is loss of chro- undertaken [30, 331. In particular, each EcoRl fragment was 
mosome 22. Application of the Knudson two-hit hypothesis to tested for its ability to hybridise to rodent DNA and, when 
the NF2 disease suggested that the genetic lesion causing phylogenetic conservation was found, to detect transcripts on 
NF2 was located on this chromosome. Because NF2 is a northern blots made with RNAs from a variety of different 
well characterised, monogenic disease with almost complete human cell lines. When the different data generated by this 
penetrance, it was possible to perform precise cosegregation analysis were amalgamated on the map, the position of four 
analysis of the disease phenotype with cloned polymorphic loci. genes became evident. The most centromeric gene was shown to 
This approach, applied to one large family, enabled Rouleau and be constantly rearranged in Ewing’s sarcoma and was termed 
associates [23] to localise the genetic defect on chromosome 22. EWS [34, 351. The closest identified gene on the telomeric side 
Subsequent analyses have up to now failed to reveal genetic of EWS is expressed as a 4-kb transcript. It has recently been 
heterogeneity suggesting that alteration in the same gene may be characterised [36]. It codes for a beta-adaptin and has been called 
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BAA422. The third gene has a neuronal pattern of expression 
and a transcript size identical to that of the neurolilament heavy 
chain gene, NEFH, a gene previously assigned to chromosome 
22. This identification wa:j confirmed. The fourth gene was 
detected by five different EcoRl fragments which hybridised to 
transcripts of identical sizes. It was the only gene which was 
altered by all three deletions [30]. This gene was called SCH 
because of its putative involvement in schwannomas, the most 
prominent tumour predisposed by NF2. A phylogenetically 
conserved sequence from the SCH locus was used to isolate a 
2.0-kb cDNA clone, N1.l, from a human fetal brain cDNA 
library [30]. The Nl. 1 cDNA was shown to be encoded by 16 
exons that are spread over a region of approximately 120 Kb 
[301. 

A similar positional cloning approach was undertaken by the 
group of Gusella except that an “exon trapping” strategy was 
used in order to identify putative transcribed sequences [37]. 

GERM-LINE :POINT MUTATIONS 
Demonstration that, on rare occasions, the SCH gene could 

be altered by large genomic deletions is not sufficient to conclude 
its causal involvement in the NF2 disease. In order to obtain 
further evidence of SCH alteration in NF2 patients, we chose to 
screen the coding sequence of the gene using denaturing gradient 
gel electrophoresis (DGGE). The efficiency of this method relies 
on its ability to discriminate between a perfectly matched double 
stranded DNA fragment and an almost identical fragment with 
one or several mismatched bases [38]. Since in a dominantly 
inherited disease only one of the alleles carries the causal 
mutation, a denaturation/n:naturation cycle at the end of the 
PCR procedure should generate heteroduplex molecules, pro- 
vided that this mutation is contained within the amplified 
product. Optimised experimental conditions can be determined 
using computer programmes which predict, as a function of the 
run time, the expected difference in the gradient level between a 
homoduplex wild-type DNA molecule and a related heterodu- 
plex with a single-base mismatch at each selected position along 
the sequence. These programmes have previously been validated 
in a model system [39]. They were exploited to search for optimal 
pairs of primers that would enable detection of a single-base pair 
substitution anywhere in the coding sequence of the SCH gene 
or in the adjacent splicing sites [30, 401. 

The screening of 91 unrelated NF2 patients revealed 32 
individuals for whom one of the 16 PCR-amplified products 
exhibited two to four bands on the DGGE profile [30, 401. Direct 
sequencing of these abnormally migrating products showed that 
nine of the 32 DNA variants altered either the first or the second 
intronic base of an intron’exon boundary. Such variation is 
predicted to interfere with the normal splicing process. Sequenc- 
ing of the 23 other variants showed a mutation within the coding 
sequence. Fourteen mutations were deletions or insertions, 
causing translational frame shifts. Eight mutations were single 
nucleotide substitutions which led to nonsense mutations. 
Finally, a single mutation was determined to be missense 
resulting in a leucine to proline substitution. 

Importantly, 8 patients carried a new mutation since, in each 
case, it was possible to show that both parents were clinically 
unaffected and, as shown by DGGE and sequencing, did not 
exhibit the mutation in thleir constitutional DNAs [30, 401. 
These observations provided the strongest evidence of a causal 
relationship between the oo;urrence of a new mutation and the 
development of the disease. Taken together, these data lead to 
the conclusion that the SCH gene is the NF2 gene. 

Identification of 23 germ-line NF2 mutations using the SSCP 
technique have currently been reported in the literature 
[37,41-47). With four exceptions which are missense 
mutations, they are all predicted to lead to large interstitial 
deletions of peptide sequences or to synthesis of truncated 
proteins with a deletion of the C-terminal end. Thus, summating 
mutations found by DGGE and SSCP, currently a total of 55 
germ-line mutations have been found, and only 5 (9%) might be 
n-&sense mutations, indicating that the most frequent type of 
mutation leading to the NF2 disease is associated with a major 
alteration of the peptide sequence. 

Because no genetic heterogeneity has been documented for 
NF2 [24], it is expected that most, if not all, mutations causing 
the disease should affect the chromosome 22 locus where the 
NF2 gene lies. Yet, although efficient methods have been used 
to screen for mutations in the coding sequence of the gene and 
in its intron/exon boundaries [40], mutations have been found 
in only a third of the patients. Therefore, it may be predicted 
that mutations affecting either the promoter or the intro& 
regions of the NF2 gene should occur frequently. In particular, 
large deletions such as those already observed in several patients 
[30, 321 may contribute to the high mutation rate observed at 
this locus. Interestingly, on one occasion, the NF2 gene might 
have been inactivated by a t(4;22)(q12;q12qq;2) chromosome 
translocation [48]. 

SOMATIC MUTATIONS 
The SSCP and DGGE strategies were also used to screen for 

somatic mutations in tumours known to exhibit allelic losses 
on chromosome 22 ([12, 14, 30, 44, 45, 47, 49, 501 Mere1 and 
associates, submitted). Frequent mutations were only found in 
schwannomas and meningiomas, the two tumours that are most 
prominently predisposed by NF2. Interestingly, most mutations 
were also predictive of the synthesis of an altered protein with 
reduced molecular weight. All meningiomas and approximately 
half the schwannomas carrying a NF2 mutation demonstrate 
losses of heterozygosity for chromosome 22 alleles, indicating 
that both copies of the NF2 gene are inactivated in these 
tumours. Therefore, functional inactivation of the NF2 gene by 
a two hit mechanism should operate in the tumorigenic process 
of both schwannomas and meningiomas. Interestingly, 40% of 
meningiomas did not demonstrate loss of chromsome 22 alleles 
nor mutation in the NF2 gene suggesting that, in this subgroup, 
another mechanism, not requiring alteration of the NF2 gene, 
might be triggered [14]. In this respect, it is notable that linkage 
studies in one family with a dominant susceptibility to the 
development of meningioma and ependymoma has excluded the 
genetic defect from a 15-CM region around the NF2 gene, 
indicating that a different locus was involved [S 11. 

In contrast screening for NF2 gene alterations in tumours 
other than meningiomas and schwannomas revealed mutations 
only on rare occasions [41, 52, 531, suggesting that somatic 
alteration in the NF2 gene might be mainly restricted to tumours 
predisposed by NF2. Surprisingly, in ependymoma, a tumour 
which has an increased incidence in NF2 patients and which 
demonstrates chromosome 22 allelic loss, the NF2 gene, appears 
to be seldom somatically altered ([53], Mtrel and associates, 
submitted). 

THE PRODUCT OF THE lVF2GENE 
Sequence analysis of the N 1.1 cDNA of the SCH/NFZ gene 

revealed an open reading frame encoding a putative 595 amino 
acids protein which was named schwannomin [30]. It is highly 
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conserved in the mouse [54-571. Sequence homology searches 
indicated it was a novel gene exhibiting significant amino acid 
homology with ezrin, radixin and moesin, collectively known as 
the ERM family [58]. Because of this homology, Trofatter and 
colleagues [37], who independently identified the same gene, 
named its product merlin (moesin-, ezrin-, radixin- like protein). 
The ERM family is included in the superfamily of the erythro- 
cytic band 4.1 protein which also contains talin, three protein 
tyrosine phosphatases (PTP-MEG, PTP Hl, PTPDl), a surface 
antigen of Echinococcus multilocularis and a protein 4.1 homol- 
ogue of Drosophila [ 59-6 13. 

Members of the ERM family are highly conserved among 
mammals (over 95% identity) [62] and several putative members 
have been found in Drosophila [63, 641. They share a number of 
common features. They are about the same size (577-586 amino 
acids), with the first 300 amino acids of their sequence being 
very similar (over 80% identity). With the exception of the 
24 antepenultimate amino acids which are identical, their C- 
terminal half is less homologous but is predicted to adopt in all 
cases an alpha helical conformation. Ezrin and moesin may form 
heterotypic and homotypic dimers in viva [65]. It has recently 
been shown [66] that all three proteins bind with high affinity to 
a 140-kD isoform of CD44, a membrane protein implicated in 
lymphocyte homing and possibly involved in the metastatic 
process [67-701. In model systems in Ctro, inhibition of the 
expression of all three members of the ERM family by antisense 
oligonucleotides is necessary to induce destruction of cell-cell 
and cell-substrate adhesion, as well as disappearance of 
microvilli [71]. In fact, all three proteins are thought to be 
involved in several dynamic structures allowing the association 
of actin filaments to plasmamembrane proteins [72, 731. Indirect 
evidence suggests interactions of ezrin, radixin and moesin with 
the actin cytoskeleton probably occurs [58, 74, 751. It has also 
been proposed that ezrin may interact with tubulin [76, 771. 
During cytokinesis, ezrin, radixin and moesin accumulate in the 
cleavage furrow [75, 731. 

In spite of these similarities, the members of the ERM family 
have distinctive features. Both ezrin and moesin have an almost 
exclusive tissue distribution, ezrin being present in simple or 
stratified epithelial cells and mesothelial cells while moesin is 
mostly detected in endothelial cells and in the liver cells [78]. 
The ERM proteins also have distinct receptor-specific patterns of 
phosphorylation [75, 79, 801. The physiological role of moesin 
appears to be slightly different from that of ezrin and radixin 
since, unlike cells suppressed for ezrin or radixin expression, 
cells suppressed for moesin expression were able to attach and 
spread on a substratum [71]. In the case of ezrin and radixin, the 
alpha-helical structure of the C-terminal domain is interrupted 
by a proline-rich stretch which may be an SH3-binding domain 
[8 1, 821. This stretch is not found in moesin [62]. 

The primary structure of the NF2 protein reveals several 
features resembling those of the ERM family. It has a comparable 
size (595 amino acids). Its N-terminal domain, bounded by 
residue 304, demonstrates approximately 60% identity with each 
of the three members. It is not yet known whether schwannomin 
binds to CD44. However, it was recently shown that a bacterial 
fusion protein consisting of glutathione S-transferase and 
schwannomin was able to bind five distinct proteins of apparent 
molecularmass 165,145,125,85 and 70 kD [83]. These proteins 
have not been characterised. In particular, their relationship to 
CD44 has not yet been elucidated. The C-terminal domain of 
schwannomin may adopt the secondary structure predicted for 
ezrin and radixin: two alpha-helical regions separated by a small 

proline rich peptide sequence. However, it does not contain at 
its C-terminal end the stretch of 24 identical amino acids found 
in ezrin, radixin and moesin. In fact, in contrast to the members 
of the ERM family, the NF2 gene transcript may undergo 
alternative splicing enabling the synthesis of two different C- 
terminal ends [41, 52, 56, 841. Thus, although schwannomin 
resembles members of the ERM family, it is not yet known 
whether it shares their common properties. Ezrin, radixin and 
moesin have not been implicated in tumour predisposition. 
Moreover, although these proteins have been shown to play a 
crucial role in cell-cell and cell-substrate adhesion, they have 
not been shown to possess tumour suppressor properties. Inter- 
estingly, however, ezrin is overexpressed and has an altered 
cellular localisation in methylcholanthrene-induced mouse sar- 
coma [79]. 

CONCLUDING REMARK!3 
Although the fist genetic alterations associated with tumour 

predispositions were identified in genes encoding transcription 
factors, it is now becoming increasingly evident that tumour 
susceptibility diseases may frequently be due to mutations 
altering components of the cytoskeleton and cell adhesion sys- 
tems. The first indications were obtained in Drosophila where 
mutated genes, such as lethal(l)gi larvae or discs-large, known 
to predispose to tumour formation in the heterozygous state, 
were shown to encode components homologous to mammalian 
cadherin [SS] and to ZO-1, a component of tight junctions [86], 
respectively. More recently, it was recognised that expanded 
codes for a putative member of the ERM family [63]. Null 
mutations in this gene affect cell differentiation and normal 
development. In particular, it causes an extra cell division in the 
wing primordia leading to wing overgrowth, suggesting that 
expanded could be a negative regulator of cell proliferation [63]. 

In humans, evidence that alteration in cell adhesion systems 
and signal transduction may also predispose to tumour develop- 
ment are also accumulating: an inherited disease, MENZ, known 
to predispose to tumours of the APUD system (in particular 
medullary thyroid carcinoma) has been shown to be caused by a 
mutation in the RET gene [87]. The product of the RET gene is 
a membrane tyrosine kinase that has an extra cellular domain 
with homology to cadherins. Von Hippel Lindau disease, a 
condition characterised by predisposition to the development 
of haemangioblastomas and renal tumours, is caused by the 
inactivation of a gene coding for a putative membrane protein 
which has been proposed to be involved in cell adhesion or signal 
transduction [88]. The colorectal cancer predisposition familial 
adenomatous polyposis (FAP) is due to the inactivation of a 
protein (APC) which has recently been shown to interact with 
beta-catenin [89, 901, a protein known to interact with E- 
cadherin a mediator of cell adhesion. It has also been proposed 
that APC interacts directly with microtubules [91, 921. Simi- 
larly, neurofibromatosis type 1 is due to mutations altering a 
microtubule binding protein, neurofibromin [93]. Furthermore, 
neurofibromin contains a GTPase-activating protein (GAP)- 
related domain and has been shown to participate in the regu- 
lation of the p21-ras pathway [94]. A similar situation might be 
observed for tuberous sclerosis, a syndrome characterised by the 
development of multiple hamartomatas in many tissues. It is 
caused by alteration of the TSC2 gene encoding tuber-in, a 
protein which has a region of homology with the GTPase 
activating protein GAP3 [95]. Thus, together with NF2, not less 
than six human tumour susceptibility diseases have putatively 
been associated with impairment of cell adhesion and signal 
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transduction. There is no doubt that this figure will increase in 
the coming years. 

Although these diseases are rare, identification of the respon- 
sible genes and of the pathways in which they are involved will 
have a wider relevance. It should increase our understanding of 
the tumorigenic mechanisms responsible for a large variety of 
tumour types, which in the vast majority of cases develop in 
the absence of a familial context. In particular, the signal 
transduction pathway in which schwannomin may be involved 
is currently entirely unknown. Its elucidation should allow us to 
document more precisely the mechanisms leading to schwan- 
noma and meningioma development, two tumours which, 
together, account for approximately 30% of all nervous system 
tumours [ 1, 2, 96, 971. 
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Von Hippel-Lindau Disease 
E.R. Maher 

INTIRODUCTION 
GERMIJNE MUTATIONS in the von Hippel-Lindau (VHL) tumour 
suppressor gene predispose to a variety of benign and malignant 
tumours which may develop during childhood or in adults. 
Recent advances in the molecular genetics of VHL disease 
culminated in the identification of the VHL gene which has 
enabled presymptomatic diagnosis by DNA analysis to be 
offered to VHL disease families and has provided opportunities 
to investigate the role of the VHL gene product in normal 
cellular growth and differentiation and the involvement of VHL 
gene mutations in human cancer. 

EPIDEMIOLOGY 
Although VHL disease has been considered to be rare, it is 

likely that diagnosis is underreported. The minimum birth 
incidence of VHL disease in eastern England is 1 per 36 000 [ 11, 
and the prevalence of VHL disease in southwestern Germany 
was estimated at 1 per 39 000 [2]. VHL disease is the commonest 
cause of familial renal cell carcinoma [3], and approximately 
3MO% of patients with cerebellar haemangioblastoma have 
VHL disease (more in early onset cases) [4]. Recently, Neum- 
ann and associates [5] reported that 19% of unselected patients 
with phaeochromocytoma had VHL disease. 

INHERITANCE AIND CLINICAL FEATURES 
VHL disease is inherited as a dominant trait with variable 

expression, and age- and tumour-dependent penetrance. The 
penetrance of VHL disease is almost complete by age 65 
years [l], but VHL disease may present in infancy or only be 
diagnosed in the seventh dlecade [6-l 11. Retinal and cerebellar 
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haemangioblastomas are the most common presenting features 
of VHL disease, but renal cell carcinoma and phaeochromocy- 
toma are the initial complications in 10 and 5% of patients, 
respectively (Table 1). The mean age at onset of renal cell 
carcinoma is later than for retinal or cerebellar haemangioblas- 
tomas, but the cumulative risks of a VHL disease patient 
developing a retinal angioma, cerebellar haemangioblastoma and 
renal cell carcinoma by age 60 years are in excess of 70% for each 
tumour [6]. Hence, the majority of patients with VHL disease 
will develop a renal cell carcinoma if they live long enough and 
renal cell carcinoma is the most common cause of death in 
VHL disease. Patients with VHL disease develop cerebellar 
haemangioblastomas and renal cancers at an earlier age than 
those who develop sporadic forms of these tumours (29 versus 
48 years and 45 versus 62 years, respectively) [4], and VHL 
disease tumours are frequently multiple or bilateral. The earliest 
age at onset of renal cell carcinoma is 16 years [ 121. 

Although phaeochromocytoma occurs in approximately 10% 
of patients overall [6, 111, in some families this is the most 
frequent complication and in others it is rare [6-S, 131. In most 
VHL families with phaeochromocytoma, the predisposition 
to renal cell carcinoma is similar to that in families without 
phaeochromocytoma, but in rare families with phaeochromocy- 
toma, renal cell carcinoma may be infrequent [ 131. Recently 
interfamilial differences in phaeochromocytoma incidence have 
been correlated with the type of VHL gene mutation (see below). 
Phaeochromocytoma in VHL disease cases occurs at an earlier 
age than in nonfamilial cases, and is frequently multifocal (55% 
of cases) [5]. 

Pancreatic tumours in VHL disease are usually islet cell 
adenomas or carcinomas, which are frequently asymptomatic 
and detected on routine radiographic screening [ 141. Although 
endocrine disturbances can occur, most are non-functional. 


