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ABSTRACT

VHL is a tumor suppressor gene localized on chromo-
some 3p25-26. Mutations of the VHL gene were
described at first in the heritable von Hippel-Lindau
disease and in the sporadic Renal Cell Carcinoma
(RCC). More recently, VHL has also been shown to
harbor mutations in mesothelioma and small cell lung
carcinoma. To date more than 500 mutations have been
identified. These mutations are mainly private with only
one hot spot at codon 167 associated with pheo-
chromocytoma. The germline mutations are essentially
missense while somatic mutations include deletions,
insertions and nonsense. To standardize the collection
of these informations, facilitate the mutational analysis
of the VHL gene and promote the genotype—phenotype
analysis, a software package along with a computerized
database have been created. The current database and

transcriptional elongation by elongation factor silj. (Pause and
colleagues showed that the trimeric pVHL-elongin B-C specifically
associates with the Hs-CUL-2, a member of the Cdc53 family of
proteins {). Tsuchiyaet al have shown that a novel protein, VBP1,
can form a complex with pVHIn vivo (8) but its role remains
unknown. Concurrently, investigations were performed on identified
mutations of this gene. Today, 314 mutations have been described
in VHL families (3,9-18), 143 reported in sporadic RCC
(17,19-24) and 49 in cell lines3(17,22,25). If most germline VHL
mutations are missense alterations, most of the sporadic mutations
result in truncated protein. The collection of a large number of
mutations is then necessary to understand this discrepancy, to
identify key residues in the biological function of the protein and to
establish correlations between the localization of the mutation and
specific phenotypes.

To handle the flow of all known VHL mutations and study
genotype/phenotype relations, we adapted the ‘universal mutation

. ; : ) database’ software to this gefas{28).
the analysis software are accessible via the internet and

world wide web interface at the URL:
http:/mww.umd.necker.fr DATABASE AND SOFTWARE

The database of VHL mutations was developed using the ‘Universal
Mutation Database’ tooPE-28). It contains all mutations localized

in the coding region of the VHL gene. In an attempt to standardize
The von Hippel-Lindau disease is a dominantly inherited familiahe numbering system used to describe VHL mutations, all
cancer syndrome, with an incidence of 1 in 36 000, predisposingrautations which have been previously reported using the numbering
the development of retinal, cerebellar and spinal haemangiseheme of Latifet al (3) have been renumbered. Amino acid
blastomas, pancreatic cysts and carcinoma and RZCRCC, the  positions are derived from the numbering system used in Kiemin
most frequent malignancy in the adult kidney, is usually sporada. (29) who identified the VHL gene promotor and defined the
and its phenotype is extremely heterogeneous. Both sporadic anitiation codon at position +71 from the original sequence described
familial RCC bear relation as clear cells subtype accounts for mdsf Latif et al (3). The current version of the database contains 507
tumors. It has been postulated that these tumors have a comneoiries. When the same mutation was reported in more than one
carcinogenic pathway and that at least one gene should be alteredriitle, only the first report was taken into account. For each
both forms. This hypothesis has been confirmed with the cloning ofutation, information is provided at several levels: at the gene level
the VHL gene and the identification of germline and somati¢exon and codon number, wild type and mutant codon, mutational
mutations of this gene in VHL patients and sporadic RCC. Thevent, mutation name), at the protein level (wild type and mutant
human VHL gene encodes a 213 amino acid (aa) protein expresseaino acid), at the clinical level (angioma, hemangioblastoma,
in all tissuesJ). To understand its functions, different groups havgheochromocytoma, RCC), at the molecular level (LOH of the
identified and characterized proteins which interacts with pVHLsecond allele) and at the histological level (Robson stage).

Three groups have shown that pVHL stably associates with the twoThe software package contains routines for the analysis of the
regulatory subunits B and C of the trafstion elongation factor, VHL database that were developed with thelénensiori (4D)
elongin ¢—6). Duan et al showed that pVHL can inhibit package from ACI. The use of the 4D SGDB gives access to
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Table 1.A section of the database in Excel spreadsheet format

A |BlC| D E F G Hl 1 J K| L M N [s] P Q R S TV
122 11{262] 88 |TGG| AGG T->A TviNo| Kind1255 | Trp| Arg VHL Germ line 3/3 313 0/3 2/3 6
123 [1]263]| 88 [TGG| TAG G->A Ts|Noj T193 |TrpiStop Clear Cell Carcinoma Tumor 1/2
124 {1/263| 88 |TGG| TCG G->C Tv|Nol CrgJap8 |Trp| Ser VHL Gem line 0/5 0/5 0/5 5/5 7
125 |1]263| 88 |TGG| TCG G->C Tv[No| Casen®2 {Trp| Ser: Tumor 11 14
126 |1]|263| 88 |TGG| TCG G>C Tv|No| Kind8YO |Trp| Ser VHL Germ line on 17
127 |1]|263] 88 |TGG| TTG G->T Tv|No 9 Trpl Leu Tumor 29
128 |1|266| 89 |CTC| CAC T->A Tv| No H28 Leu| His Mesothelioma Celtline 26
129°11)|266] 89 |CTC| CAC T->A Tv|/Nol UMRC3 |Leu| His - Celtline V|13
130 | 1)|266] 89 {CTC| CXC T->C Ts | No VHL3 Leu| Pro- VHL Gemm line 311 711 - 5/11 12
131 {1]/266| 898 (CTC| OOC T->C Ts [No| kind8ce |Leul Pro VHL Germ line 011 131
132 |1]|266| 89 |CTC| OXC T->C Ts Kind21CE |Leu) Pro VHL Germ line o1 17
133 |1)|266] 89 |CTC| OC T->C TviNo| Kind 59 |Leul Pro VHL Germ line o1 9
134 [11266] 89 |CTC| CCC T->G TviNo| SKRCOM |Leu! Arg Clear and Granular Cells Celiline : wvii3
135 [1/269) 80 |[AAC! ATC A->T Tv| No| UOK 135g | Asn| lie Ciear Cell Carcinoma Cell line Vit3
136 |1/268] 90 |AAC| TAC A->T TvlNo C3s Asn| Tyr Clear Cell Carcinoma Tumor | Yes 1)
137 [1]274] 92 [GAC| deltb [Stop at 158! Fr. T60 Asp| Fr. Clear Cell Carcinoma Tumor 112
138 |1]277| 93 |GEC! AGC G->A Ts | Yes! Kind4873 | Gly| Ser VHL Gemm line 11 31
139 |1]277] 93 |GXC| AGC G->A Ts | Yes| Kind62ce | Gly | Ser VHL Germ line 272 31
140 |11277| 93 |GEC| della iStop at 158! Fr. Kind16 | Gly| Fr VHL Germ line 29
141 |11278]| 93 |GXC| GAC G->A Ts | No| Kind2547 | Gly | Asp VHL Germ line 3/5 4/5 2/5 0/5 6
142 111280 94 |GAGi del11biStop at 127! Fr. 7225 Glul Fr. Clear Cell Carcinoma Tumor 112

Each line represents a single VHL mutation. The columns contain the following information and abbreviations:

Column A: file number.

Column B: exon number at which the mutation is located. Exons are numbered with respect to the translational initiatemnisjit&gzmin
et al (29).

Column C: nucleotide position at which the mutation is located, numbered as above.

Column D: codon number at which the mutation is located, numbered as above. If the mutation spans more than one cedois, & dg)dition
of several bases, only the first)(Bodon is entered.

Column E: normal base sequence of the codon in which the mutation occurred.

Column F: mutated base sequence of the codon in which the mutation occurred. If the mutation is a base pair deletmmthisnséntiicated
by ‘del’ or ‘ins’ followed by the number of bases deleted or inserted and the position of this deletion or insertion antte baat c). The nucleo-
tide position is the first that is deleted or the one following the insertions. For example, ‘del66b’ is a deletion ofi6élbdsesthe second base
of the codon; ‘ins4b’ is an insertion of 4 bases occurring between the first and the second base of the codon.

Column G: concerns base substitutions. It gives the base change, by convention, read from the coding strand. If theedliatat@oprpmature
protein-termination, the novel stop codon position is given, e.g., ‘Stop at 115'".

Column H: mutational event (transition/transversion or frameshift).

Column [: indicates if the mutation is a transition occurring at a CpG dinucleotide.

Column J: name of the tumor/patient/cell line as given by the authors.

Column K: wild type amino acid.

Column L: mutant amino acid. Deletion and insertion mutations which result in frameshift are designated by ‘Fr’.

Column M: cancer.

Column N: origin of the mutation (tumor, cell line, xenograft or germline).

Column O: LOH, if available. 2, two alleles remaining; 1, only one allele remaining; ?, no information available or nortirgforma
Columns P-S: clinical information if available. P, angioma; Q; hemangioblastoma; R, pheochromocytoma; S, RCC. For edokatimm;al
the number of affected patients/number of patients carrying the mutation is indicated.

Column T: tumor stage according to Robson staging system.

Column U: reference number indicating the publication in which the mutation is described. Full citations (authors, weduntidepages) are
provided with the database. If the same mutation has been reported for the same patient in different papers only orslentfyhis same
mutation has been reported for unrelated patients, a separate entry is made for each patient.

optimized multicriteria research and sorting tools to select recortiso graphics; (vi) ‘Stat exons’ studies the distribution of
from any field. Moreover, all routines already developed for othemutations in the different exons. It enables detection of a
databases were added to the VHL package: (i) ‘Position’ studies tbkatistically significant difference between observed and expected
distribution of mutations at the nucleotide level to identifymutations; (vii) ‘Insertions and deletions analysis’ searches for
preferential mutation sites; (ii) ‘Mutational events’ is comparable toepeated sequences surrounding the mutation and possibly
(i) but also indicates the type of mutational event. The result camvolved in the mutational mechanism.

either be displayed as a table or in a graphic representationSubsequently, the software will be expanded as the database
(iii) ‘Frequency of muttions’ allows one to study the relative grows and according to the requirements of its users. New
distribution of mutations at all sites and to sort them according fonctions could be implemented. Talilelescribes a section of
their frequency. A graphic representation is also available arile database.

displays a cumulative chart of mutation distributions;

(iv) ‘Frequency of events’ is similar to (jii) but also indicates if oA ABILITY

mutations are localized in a CpG dinucleotide; (v) ‘Distribution

of mutations’ and ‘Binary comparison’ are two graphical routineJhe current database and subsequent updated versions are (will
which allow one to compare the distribution of mutations in ugpe) available on request to C.B. on floppy disc either Apple or PC
to eight groups of records and display the result either in one farmatted. Notification of omissions and errors in the current
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version as well as specific phenotypic data would be grateful2 Crossey,P.A., Richards,F.M., Foster,K., Green,J.S., Proveteah(1994)
received by the corresponding author. If you use this database, Hum. Mol. Genet3, 1303-1308.

please cite the present article as reference. The software packilfbee

is available on a collaborative basis.

The current database and the analysis software will be
accessible via the internet and world wide web interface im5
January 1998 at the URL: http://www.umd.necker.fr
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