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Abstract

Von Hippel-Lindau (VHL) disease is an autosomal dominant-
ly inherited condition characterized by a predisposition to the
development of haemangioblastoma, renal cell carcinoma and
phaeochromocytoma. The gene which, when altered, causes
the disease was cloned in 1993, and maps within a series of
known polymorphic loci in the 3p25-p26 region. To optimize
a DNA-based presymptomatic diagnosis, we have selected six
highly informative microsatellite loci, closely linked to the
VHL gene. Genotyping using a multiplex-PCR approach was
performed in 26 affected families including 99 asymptomatic
relatives born from an affected parent. Ninety-six subjects
were informative with one or more markers, 76 being informa-
tive with markers on both sides of the gene. Combination of
age-related and DNA-based risk information improved the
accuracy of risk assessment for 90 at-risk patients (91%) and
allowed attribution of risk with a confidence limit higher than
0.98 in 79 cases (88%).

sscssccccce sscecee

frequent types being haemangioblastoma of
the central nervous system and retina, renal

Von Hippel-Lindau (VHL) disease isarare  cell carcinoma and phaeochromocytoma [1].
genetic disease with a dominant mode of The minimum birth incidence of VHL dis-
inheritance, that predisposes affected individ- ease is 1 in 36,000 [2], penetrance is almost
uals to a large variety of tumours, the most complete by 65 years of age, and median
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actuarial life expectancy is reduced to 49
years, with renal cell carcinoma being the
most common cause of death [3]. Because the
age of onset is variable and because early
tumour detection may reduce morbidity, in-
dividuals at risk are advised to enter an early
and long-term detection program.

The gene responsible for the VHL disease
has been localized on the short arm of chro-
mosome 3 by linkage analysis [4] and a partial
c¢cDNA has recently been cloned [5]. The
known portion of the gene, divided into three
exons, encodes a 284-amino-acid protein. The
VHL gene fulfills the characteristics of a tu-
mour suppressor gene: renal cell carcinomas
from VHL patients exhibit loss of the wild-
type allele inherited from the unaffected par-
ent, and somatic mutations are found in spo-
radic tumours [6]. Germline alteratioPCRive
been identified in VHL patients. They can
either be large deletions detected by Southern
analysis [7] or, more frequently, point muta-
tions found throughout the known coding se-
quence [8]. However, lacking a functional
test, the causal relationship of the detected
DNA variation with the VHL disease cannot
yet be systematically documented. Further-
more, these combined approaches are unable
to reveal DNA variation in approximately
25% of the cases. Thus cosegregation studies
should remain a valuable approach to pre-
symptomatic diagnosis in many families.

Several polymorphic markers have been
localized close to the VHL gene, and have
been ordered with respect to one another and
to the VHL gene [9-12]. We selected six high-
ly informative microsatellite polymorphisms
that could be genotyped using the PCR tech-
nique. Twenty-six families including 99
asymptomatic relatives at 50% prior risk of
being gene carriers have been genotyped for
these polymorphisms. We report here the re-
sult of this analysis. We show that this selec-
tion of loci enables a reliable presymptomatic

diagnosis of the VHL disease in most families.
This approach can be introduced into routine
clinical practice.

Material and Methods

Patients

Blood samples were obtained from a total of 268
individuals of 26 apparently unrelated VHL families.
The clinical data were collected by SR through patient
interviews, hospital notes and autopsy reports of all the
referred affected patients and for other family mem-
bers then identified. All patients satisfied the diagnos-
tic criteria for VHL disease first defined by Melmon
and Rosen [13]. In these families, 99 asymptomatic
members had an affected parent. Thus, these individu-
als had a 50% prior risk of being gene carriers.

Genotyping

DNA was extracted from 200 ul of peripheral
blood using the Instagene™ Purification Matrix (Bio-
Rad). The resulting amount of DNA is sufficient for
100 independent amplifications. Two amplifications
were performed by multiplexing (1) amplimers from
four loci (D3S1304, D3S1038, D3S1317, D3S1537)
and (2) amplimers from two loci (D38651, D3S656), in
final reaction volumes of 20 ul, using the following
conditions: initia] denaturation at 94°C for 5 min then
35 cycles of denaturation at 94°C (30 s), annealing at
55°C (30 s) and elongation at 72°C (90 s} (PCR9600
from Perkin Elmer). Amplified products (1 pl of each)
were electrophoresed in 6% polyacrylamide sequenc-
ing gels (7 M urea and 32% (vol/vol) formamide; acryl-
amide:bisacrylamide = 29:1), then briefly transferred
by capillary blotting on a nylon membrane. Co-hybrid-
ization with a 3‘-labelled (CA);, oligonucleotide, and
an oligonucleotide (5’CTATAAAATGGCTATACC-
CAG) specific for D3S1537 enables the simultaneous
detection of all alleles amplified from the 6 polymor-
phic loci (table 1).

Risk Analysis

All family members were initially classified as
affected, unknown or, when not at risk (spouses), as
unaffected. For each at-risk member, the probability of
being genetically affected was estimated using the
genotyping data and the MLink option of the LINK-
AGE package. Sex-average recombination fractions
between the VHL gene and polymorphic loci that were
used for risk estimation were derived from the pre-
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Table 1. Microsatellite polymorphisms used for the presymptomatic diagnosis of VHL

disease
Locus Primers Average  Hetero-
size, bp zygosity?

D3S651 5CCTGCTGCTCATTCGGTTCC 167 0.50
STTGCTACGCCTCAGCTGCAG

D3S656 STGCCAGTAAATAAGGAAGTGCTCA 96 0.79
5TGGTTCCTTTGACATACCCTGCTC

D3S1038 STCAGTAAGAGGCTTCTAG 115 0.80
5’AAAGGGGTTCAGGAAACTG

D3S1304 5STTCGCTCTTTGATAGGC 261 0.87
SATTTCATTTGTAATTTACTAGCAG

D3S1317 S'TACAAGTTCAGTGGAGAACC 165 0.77
5'CCTCCAGGCCATACACAGTCA

D3S1537 5'CTATAAAATGGCTATACCCAG 212 0.72

S'CTATTTTTGGACCCAGTAACC

3  Computed from the analysis of 103 unrelated individuals.

viously established maps [9-12]: telomere — D3S1537
-0.06 - D351304 - 0.02 - VHL - 0.005 - D3S1317 -
0.01 - D3S1038 - 0.05 - D3S651 - 0.01 - D38656 -
centromere (fig. 1a). When indicated, age-dependent
penetrance classes according to Maher et al. [14] were
used to derive by Bayesian calculation a final carrier
risk estimation combining the age-related and DNA-
based risks.

Results

In order to select from among the different
polymorphic loci that had been mapped in the
vicinity of the VHL gene those loci that would
be most useful in the presymptomatic diagno-
sis of the VHL disease, we applied the follow-
ing criteria. First, typing of the loci has to be
accessible to the PCR technology. Second,
they have to be highly informative, i.e. the fre-
quency of heterozygotes has to be 0.5 or high-
er. Finally, their position with respect to the
VHL gene has to be known with precision. Six

loci met these criteria. Five of them are asso-
ciated with a CA repeat of variable length,
and the polymorphism of the sixth locus
(D3S1537) is due to a variable number of a
tetranucleotide repeat. Previous cosegrega-
tion analyses have provided a reliable genetic
map of the VHL region which included the
four most distant loci (D3S1537, D3S1304,
D3S651, D3S656) [9, 10]. The positions of
the two remaining loci, D3S1317 and
D3S1038, relative to the VHL gene have been
determined by physical and genetic mapping.
They are located on either side of D3S601 and
are both centromeric to the currently known
portion of the VHL gene [11, 12]. The dis-
tance between D3S1317 and the 3’ end of the
gene is about 50 kb (fig. 1a). To have a reliable
risk evaluation, genetic distances of 0.5 and
1 cM between the VHL gene and the loci
D3S1317 and D3S1038, respectively, were
assumed.
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Genotypic data for these six selected loci
were collected on DNAs extracted from all
available blood samples of 26 VHL families.
In affected individuals, heterozygosity at each
locus was not significantly different from that
observed in unaffected members. The results
were entered into a pedigree datafile in a
LINKAGE format. The MLink option of the
LINKAGE program was run for each at-risk
individual and each typed locus. The genotyp-
ic data could not be used in risk estimation for
3 of the 99 at-risk individuals since, in these
cases, none of the loci were informative. In

Fig. 1. a Genetic map of 6 microsatellite polymor-
phisms localized in a 15-cM region surrounding the
VHL gene. A location map shows the order of selected
polymorphic loci with respect to one another and to
the VHL gene. Genetic distances were generated using
the multipoint linkage analyses in CEPH and VHL
families [9-11]. D3S1317 is centromeric to the VHL
gene and its distance to the VHL gene is about 50 kb
[12]. The corresponding genetic distance was assumed
to be 0.5 ¢M in order to obtain conservative risk esti-
mation. b Genotyping of the VHL region in one af-
fected nuclear family. Filled symbols and question
marks correspond to affected and at-risk family mem-
bers, respectively. Individual III-3 was aged 32 with a
completely normal clinical examination (abdominal
ultrasonography, ocular fundus examination with an-
giography, brain magnetic resonance imaging). Indi-
vidual II-2 had a single renal cyst detected by ultrason-
ography at age 54. Haplotypes for each of the 4 typed
family members have been reconstructed. Experimen-
tal data for the 4 flanking loci amplified using a multi-
plexing procedure are shown. The DNA-based proba-
bility of being a gene carrier for the at-risk patient I1I-3
could be evaluated to 0.0001 using the MLink option
of the LINKAGE computer program. Taking into
account his age-dependent penetrance (0.67), a com-
bined risk estimation for being a gene carrier was eval-
uated at 33 x 10-6. The DNA-based probability of
being a gene carrier for the at-risk patient 1I-2 could be
evaluated at 0.0008 using MLink. The detection of a
renal cyst in this patient prevented the use of the age-
dependent risk in the final risk evaluation.
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Table 2. Combined risk estimation for the 20 at-risk individuals with DNA-based risks
evaluated by cosegregation analysis of a single informative locus

Individual Age Informative DNA-based Age-dependent Combined
No. years locus risk penetrance? riskb
4666 11 D3S1304 0.02 0.08 0.018
2708 13 D3S1304 0.02 0.08 0.018
2084 15 D3S1537 0.08 0.19 0.066
1467 23 D3S656 0.075 0.37 0.049
413 24 D3S1537 0.08 0.37 0.052
2418 32 D3S1317 0.005 0.67 0.002
1491 34 D3S651 0.065 0.67 0.022
3205 35 D3S1304 0.02 0.78 0.004
943 58 D3S1304 0.02 0.96 0.001
4614 62 D3S656 0.075 0.98 0.002
4619 65 D3S656 0.075 0.98 0.002
3562 86 D3S656 0.075 0.98 0.002
4665 4 D3S1304 0.98 0.01 0.980
2103 8 D3S1304 0.98 0.08 0.978
3207 21 D3S1304 0.98 0.37 0.969
412 26 D3S1537 0.92 0.52 0.847
3206 27 D3S1304 0.98 0.52 0.959
2081 32 D3S651 0.935 0.67 0.826
2285 34 D3S1304 0.98 0.67 0.942
995 40 D3S1304 0.98 0.86 0.873

2 According to Maher et al. [14].

b Combined risk =

DNA based risk x (1 — age-dependent penetrance)

[DNA-based risk x (1 — age-dependent penetrance)] + (1 — DNA-based risk) .

contrast, 76 at-risk patients were informative
for at least two loci, localized on the centro-
meric and telomeric sides of the VHL gene.
Six of these 76 cases demonstrated a recom-
bination between the closest informative
flanking loci. Because it was not possible to
decide whether the recombination event oc-
curred centromeric or telomeric to the VHL
gene, it was not possible to determine precise-
ly the DNA-based risk of these 6 patients. In
the remaining 70 cases, the risk could be cal-
culated with a confidence limit higher than
200:1, solely from the genotyping data

(fig. 1b). Twenty cases were informative for a
single polymorphic locus or for loci located
on a single side of the gene. The lack of infor-
mation on the other side of the gene led, in
many cases, to a confidence limit in the risk
estimation that was too low to enable the esti-
mated risk to assist patient management (ta-
ble 2).

For all asymptomatic individuals born
from an affected parent, a combined DNA
and age-related risk could be evaluated by a
standard Bayesian method using the known
age-dependent penetrance classes for the
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VHL disease [14]. This approach confirmed
and increased the precision of the prediction
for those at-risk individuals who had a low
DNA-based risk (table2). In contrast, it
caused a decrease in the probability of being
affected for those asymptomatic individuals
with a high DNA-based risk. For this last
group, the combined risk of being a gene car-
rier was not lower than 0.82, indicating that a
stringent surveillance protocol should be
maintained for every individual belonging to
this group (table 2).

Discussion

A multiplex-PCR approach for typing a
group of selected polymorphic loci was de-
vised and applied to 99 asymptomatic indi-
viduals born from one affected parent. Three
individuals were informative for none of the 6
loci and 6 others demonstrated recombina-
tion between the two closest informative
flanking loci, so that this approach was not
useful in risk estimation for a total of 9 indi-
viduals (9%). For all other at-risk individuals,
a combination of age-related and DNA-based
risk information allowed attribution of a risk
estimate which effectively assisted decisions
concerning optimal patient management. A
total of 67 individuals were predicted to be at
low risk with a confidence limit higher than
0.98, and although the prediction for the 4
remaining low-risk individuals was less accu-
rate, it remained higher than 0.93 (table 2).
Among the asymptomatic individuals pre-
dicted as having inherited the genetic defect,
12 cases (63%) were diagnosed with a confi-
dence limit higher than .98. For the other 7,
this accuracy was not reached because the cor-
responding individuals were informative on a
single locus or on several loci located on a sin-
gle side of the VHL gene. For these patients,
the age-dependent penetrance alone would

have suggested that they had a high probabili-
ty of not having inherited the genetic defect.
However, the prediction when DNA-based
risk and age-dependent penetrance were com-
bined indicated that these 7 patients had
inherited the genetic defect with a confidence
limit which was always higher than 0.82. Tak-
en together, these data show that the presently
proposed approach improved the accuracy of
risk assessment in 90 of 99 cases (91%). This
efficiency compares favourably with previous
studies where 70% of cases could be evaluated
using a different set of polymorphic loci, none
of which was amplifiable using the PCR tech-
nique [15].

These results suggest that presymptomatic
diagnosis using the six loci selected in this
work can be proposed as a systematic ap-
proach in the management of families af-
fected with the VHL disease, thus extending
the screening program to those relatives who
are genetically affected. However, it would
be premature to recommend no further fol-
low-up for the relatives found to be at low
risk only on the basis of presymptomatic
diagnosis combining DNA-based and age-
related risks. More cautious guidelines rec-
ommending periodic clinical assessment of
all at-risk individuals [1] are indicated, be-
cause of the small but real error rate which is
inherent to this diagnostic approach [16].
This is also necessary because of the lack of a
definitive demonstration that the VHL dis-
ease is always associated with an alteration of
the VHL gene on chromosome 3p. Although
no genetic heterogeneity has yet been ob-
served for the VHL disease, the number and
size of the families presently studied remain
too small to allow the exlusion of other genet-
ic loci in the aetiology of the VHL disease.
However, the proposal can be made that low-
risk individuals enter a reduced screening
protocol [1].
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Identification of DNA variants in the VHL
gene provides an alternate method for pre-
symptomatic diagnosis. When the variation
can be convincingly proposed as responsible
for the disease, this approach enables a very
accurate diagnostic test. It furthermore ex-
tends the availability of presymptomatic diag-
nosis to families with a structure not suitable
for linkage-based risk prediction. Neverthe-
less, genetic diagnosis using flanking DNA
markers will continue to be useful in families
in which identification of the causal mutation
remains dubious or has not been possible. For
newly recorded individuals with a well-docu-
mented familial history of VHL disease, the
diagnostic approach described here takes ad-

vantage of effective genotyping methods
based on rapid DNA extraction from small
quantities of peripheral blood followed by a
single-step hybridization on mutiplex-PCR
products, thus enabling diagnostic conclu-
sions to be obtained in less than 2 days.
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