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ABSTRACT delayed onset of the cances).(Although all these correlations
, ) , . , are striking, more works are needed to strengthen them.

A database is described in which over 700 mutations Taken together, these observations strongly suggest a correla-

in the human APC gene of tumors (colon cancer tion between several phenotypes associated with the disease anc

predominantly) are compiled from the literature. It the location of the mutation. Therefore, we established a specific

includes both molecular informations about the muta- database devoted to APC mutation. The software package

tions and also clinical data about the patients. A contains routines for analysis of the APC database, developed

software have been designed in order to analyse all using the 4th dimensi6r{4D) package from ACI. Use of the 4D

these informations in the database. SGDB gives access to optimized multicriteria research and
sorting tools to select records from any field. Moreover, several

INTRODUCTION routines were specifically developed: (i) the routine entitled

. . . . ‘position’ examines the distribution of mutations at the nucleotide
Familial adenomatous polyposis (FAP) is an autosomal-dominggie| to identify preferential mutation sites; (i) ‘statistical

precancerous condition characterized by the appearance {Qhjyation of mutational events’ is comparable to ‘position’, but
hundreds to thousands of adenomatous polyps throughout He, indicates the type of mutational event. The result can either
entire colorectum1). The disease is caused by a germlingg gisplayed in tables or in a graphic representation (seelJable
mutation in the tumor suppressor gene APC localized of}j) frequency of mutations’ enables the study of the relative
chromosome 5q21-22. Furthermore, somatic mutation of thgsiribution of mutations at all sites, and sorts them according to
APC gene has been identified in sporadic colorectal cancer @3ir frequency. A graphic representation is available and displays
well as in some cancer of the stomach, pancreas, thyroid, ovangymulative chart of distribution of mutations (ig; (iv) ‘stat

and other primary siteX As shown below, >98% of APC ayong' studies the distribution of mutations in the different exons
mutations are either frameshift or nonsense mutations leading;gy enables detection of a statistically significant differences
the synthesis of a truncated protein. between observed and expected mutations. The software also

Some interesting features which were observed by analysisigt|,des the analysis of correlations between clinical data and
the APC mutation concern the possible relationship between §g5jization of the mutation.

localization of the mutation and specific phenotypes associated

with the disease. !\lagasteal have.shown a striking correlation MAJOR FINDINGS FOR APC MUTATION ANALYSIS

between the location of the mutation and the number of polypsin

FAP patients J). In profuse types of FAP patients, >5000More than 700 mutations have been reported thus far, and several
adenomatous polyps and mutations (frameshift mainly) ameteresting features are revealed by their analysis. As described in
concentrated between codon 1255 and 1467. In sparse typeJaifle 1, most of the mutations lead to truncation of the APC
FAP patients, the number of polyps is comprised between 10@6otein either by a nonsense mutation (30%) or by a frameshift
and 2000, and APC mutations, missense and frameshift mutautation (68%). This feature clearly indicates that each mutation
tions, are localized in other regions of the APC protein, mainly the truly deleterious for APC function. Most of the mutations

5 half of the protein. A retinal lesion, called congenital(germline or somatic) occurred in the first half of the coding
hypertrophy of the retinal pigment epithelium (CHRPE) igegion. Germline mutations are scattered throughout bafof
frequently associated with FAP. Recently, it has been reported thia¢ gene, whereas the somatic mutations (60%) are concentratec
the severity of CHRPE is dependent on the position of thiea a region called the mutation cluster region (MCR). In germline
mutation ). Retinal lesions were usually absent when mutationsiutation, two hot spot codons have been identified, one at
occurred from exon 1 to exon 9, and present when they occurneokition 1061 and the second at position 1309. In somatic
3 to it. Finally, it seems that the presence of germline mutatiomsutations, two hot spots seem to occur at position 1309 and 1450
in the extreme'®f the APC coding region (before codon 157) aréFig. 1). This concentration of mutations in thigart of the gene,
correlated with an attenuated phenotype (fewer polyps and tleading to the synthesis of truncated APC, is believed to be
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Table 1. Summary of germline and somatic mutations of the APC genein  Another unusual finding came about from the analysis of

FAP and non FAP patients transition at the CpG dinucleotide. This dinucleotide is known to
be frequently methylated in the vertebrate genome. Deamination
TOTAL | Germiine | Sematic of the 5-methylcytosine can generate -a Ttransition after
DNA replication. The symmetry of dinucleotide CpG suggests
Total 737 332 402 that the 5-methylcytosine residue on each strand of the DNA can
Frameshifts : _ be the target of deamination. If we consider this mutational event
I::::::z: 4?332 ((150%;";) 22‘1] Egg"’)"’) 25‘20 (1532:;” on a given strand of DNA (usually the coding strand), mutational
boint _mutation < = (13%) events can be depicted asaTor G—+A tr_ansitipn occurring at
missense| 16 (2%) 6 (2%) 12 (3%) an equal rate. In the p53 gene, three amino ac_|ds (Argl75, Arg248
nonsense| 216 (30%) | 85 (26%) | 128 (32%) and Arg273) account for 22% of all mutations. These three
codons (CGN) contain a CpG dinucleotide. For codons 248 and
G->A 7 5 2 273, two types of mutational event are equally represented, e.g.
G"‘:: at CpG 1 0 1 69 G—+A and 79 G+T for codon 248 and 73-GA and 63 G+T
T a: Tch ;i ;; :g for codon 273. In contrast, there is a striking imbalance for codon
AT 5 5 3 175, with 92 G+A (Arg—His) and only 2 & T (Arg—Cys).
A-»G 5 B 5 This low incidence of Cys175 mutant has been explained by the
A->C 0 0 0 observations that the biological function of p53 is not inactivated
T-=G 5 2 3 by this mutation&). Examination of the APC missense mutations
T->C 2 0 2 at CpG dinucleotides reveals a striking bias: 99% (94/95) are
T-24A S 2 ! C—T transitions, whereas only 1% (1/95) is /. This bias
g"é 19 3 19 can be explained by the fact that APC protein has to be truncated
-3 15 10 5 . : . "
GaT 28 3 >4 in order to be inactivated. Most of these transitions (92/93) occur
G--C 1 a 1 at CGA codons, as the transition leads to the nonsense mutation
TGA. This observation highlights the selection pressure on the
APC gene for making a truncated protein in order to play a role
in colon cancer. However, it also means that despite the high
OLCOMIRTATION e DASHD oM number of APC gene mutations available, such information is not
L i — e e— suitable for molecular epidemiology, as was the case for the p53
ARMATHLLE gene.
aa REFEATE
1308 GERMLINE MUTATIONES
. DESCRIPTION OF THE DATABASE AND FORMAT
As of August 1995, the data base contained 738 records of
an 1061 . . . . . .
mutations, either germline, somatic or from cell lines. Splice
7 mutations were omitted. When the same mutation was reported
in more than one article, only the first report was taken into
o e = account. Most of the mutations described in this database
originated either from FAP patients or from colorectal cancers.
sl For germline mutations in FAP patients, each record corre-
i sponded to only one patient in a given family. Relatives in the
.| 1309 1m0 family for whom the same mutation had been observed were not
- SOMATIC MUTATIONS recorded. For somatic mutations in colorectal cancer, several
MCh authors reported that different mutations could occur in different

carcinomas in a single patient (either in dysplasias, adenomas or
Figure 1. Distribution of germline and somatic mutations in the APC gene. Carcinomas). For each mutation, a single record was entered,
(Top) Linear diagram showing the relative positions of the various importantcorresponding to a single mutational event. More recently,
feature of the APC protein. somatic mutations in the APC gene have been described in other
neoplasms associated either with the gastric tract (pancreas,
stomach) or other sites such as thyroid or ovary. Such mutations
involved in a dominant effect of the N-terminus of the APCwere also included in the database, but their number is too low for
protein throughout the entire proteifi).( This APC region Stafistical analysis. More than 20 polymorphisms have been
contains a dimerization domain and it has been demonstrated tigntified in the APC gene, and have been compiled by Nagase
wild type and mutant APC are associatadvivo, thereby etal (9). They have not been taken into account in the database.
demonstrating a potential for dominant interference by th&able2 describes a section of the database in Excel spreadsheet
truncated mutant protein. Although the precise biological fundormat.
tion of APC is not known, it has been shown that APC protein
associates with catenins or with microtubules. Domains of the/a|LABILITY
APC protein involved in these interactions have been mapped in
the second half of the APC protein and are therefore missingime database can be obtained on floppy discs (two formatted
the mutant APCT for review). floppy discs are necessary) written in Microsoft Excel either on
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Table 2.Sample listing for APC mutation database: see footnote for explanation of the various column

A |B| C D E F ] H| | J K [N

89 [15]3925[1309[GAA| delba | DEL [Fr. th9 Glu | Fr.

80 [15]3926[1309[ GAA | dalba | "DEL [Fr. thi1 Glu | Fr.

91 [15]3925[1308[ GAA| delsa [ DEL  JFr, th41 Glu| Fr.

92 [15]31811061[ AAAT delSa| DEL _[Fr. G0-8 Lys [ Fr.

93 [15]3181[1061] ARA| delsa | DEL _JF.. GD-8 Lys | Fr.

94 [15]32021068] TCA[ delda DEL  |Fr. GD-4 Ser| Fr.

96 [15]3825[1309[GAA| del5a| DEL  JFr. GD-5 Glu | Fr

98 15138251309 GAA] del5a | "DEL  |Fr. Go-10 Glu [ Fr.

97 1513925 1309[GAA] delea | DFEL " [Fr. GD-7 Glu{ Fr.
100 [156]30261300|GAA] del5a | DEL . GD-6 Qlu | Fr.

95 [15]3925 1309 GAA| delba| DEL  1Fr. G0-3 Glu| Fr.

99 153925 1309/ GAA| del5al CEL  [F. GD-11 Glu [ Fr.
101 [16[31781050| ATA[ delbc | DEL  IF%. 1186 lle | Fr.
102 [15]3178 1060[ ATA] delse [ DEL 1Fr. 1062 e | .
103 [15[3178[10680] ATA] del5c DEL _[Fr. 1055 tle | Fr.
4816 | 646 | 216 [CGA] TGA C->T [Ts[Yes] ME2 Arg | Stop
482 |6 [ 654 [ 232 [CGA] TGA C->T  [Ts|Yes) MK Arg | Step
68 [15[4126]1376] TAT | del2a DEL [Fr. PLK1564-78 | Tyr [ Fr.
283 |9 [1207| 403 [GAA[ del1a | "DEL  [Fr. ad-2 Glu| Fr.
270 [13[1690| 564 |CGA| TGA | C=T [Ts[Yes) ca-1 Arg [ Stap
287 15[2008] 670 [AAA] TAA A>T [Tv[ Ne ca-21 Lys [ Stop
274 16[2272[ 758 [AAAl della] DEL |F. ca-B Lvs | Fr.
276 115[2401| 801 | TT11 | delfa| DEL [Fr. ca-8 Phe| Fr.
282 [15]2605( 868 | AAT ] delta| DEL [Fr| - ca-16 Asn| Fr.

A M N oOfFr Q R 5|7
B89 FAP patient Gern line | NA TVYes DP i2
50 FAP patient Germ ling | NA Yes D, DP iz
a1 FAP patient Germ ling | NA [Yes D, DP i2
92 FAP patient Germ ling | NA iYes E 13
93 FAP patient CGerm jine | NA [Yas | li{<1000) GP |13
g4 FAP patient Germline | NA {Yes | li(<1000) D, DP i3
96 FAP patient Germ line | NA [Yes [1{«2000) E 13
98 FAF patient Germ line | NA [Yas [1{<2000) i3
97 FAP patient Germ ling | NA [Yes | Tl{<1000) [4] i3
100 FAP patient Germ line | NA [Yas [1l{<2000) 13
95 FAF patient Germ line | NA [Yes [ HI{«2000) D i3
99 FAP patient Germ line | NA [Yes| W{>3000) 3] i3
101 FAP patient Germ line | NA [ 7 | [l{<1000} E 14
102 FAP patignt Germ line | NA [Yes]Ilb(>1000) DP i4
103 FAP patient Germ line | NA [ 7 [TIb(>1C00) DP, GF 14
481 FAP patient Garm ling 31
482 FAP patient Germ ling 31
568 | Coloractal Ad.-FAF | Tumour 1 31
283 Colorectal Ad. Tumeur 2 16
270 Colarectal Ca. Tumour 2 B [16
287 Colorectal Ca. Tumeur 2 B |16
274 Colorectal Ca. Tumour 2 B |18
275 Colorectal Ca. Tumour 2 B |16
282 Colorectal Ca. Tumour 2 D |18

ColumnA: Unique mutation identity.

ColumnB: Exon number.

ColumnC: Nucleotide position of the mutation (nucleotidd correspond to the A residue of the start ATG).

ColumnD: Codon number at which the mutation is located (1-393), numbered as above. If the mutation span more than one codon, e.g. there is a deletion of se
bases, only the first (bcodon is entered.

ColumnE: Normal base sequence of the codon in which the mutation occurred.

ColumnF: Mutated base sequence of the codon in which the mutation occurred. If the mutation is a base pair deletion or insertion this is indicated by ‘del’ or ‘i
followed by the number of bases deleted or inserted and the position of this deletion or insertion in the codon (a, b or c). The nucleotide position is the first
is deleted or the one following the insertions. For example, ‘del66b’ is a deletion of 66 bases including the second base of the codon; ‘ins4b’ is an insertion
bases occurring between the first and the second base of the codon.

ColumnG: Give the base change, read from the coding strand by convention, for base substitutions.

ColumnH: Mutational event (transition/transvertion or Frameshift).

Columnl: Indicate if the mutation is a transition occurring at a CpG dinucleotide.

ColumnJ: Name of the tumor/patient/cell line as given by the authors.

ColumnK: Wild type amino acid.

ColumnL: Mutant amino acid. Deletion and insertion mutations which result in frameshift are designated by ‘Fr’.

ColumnM: Cancer.

ColumnN: Origin of the mutation (tumor, cell line, xenograft or germline).

ColumnO: LOH, if available. 2, two alleles are remaining; 1, only one allele is remaining; ?, no information available or non informative.

Columns P to S correspond to clinical information if available:

ColumnP: CHRPE for FAP patients.

ColumnQ: Number of polyps for FAP patients.

ColumnR: Extracolonic lesions: O, osteoma; E, epidermoid cyst; D, desmoid; T, thyroid tumor; GP, gastric polyp; DP; duodenal polyp; DC, duodenal cance
ColumnsS: Stage of the tumor according to Dukes staging (A to D).

ColumnT: Reference number.

NA: Not applicable.
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an IBM or a Macintosh. Notification of omissions and errors in3 Nagase, H., Y. Miyoshi, A. Horii, T. Aoki, M. Ogawa, J. Utsunomaya, S.
Baba, T. Sasazuki and Y. Nakamura (1992hcer Res52, 4055-4057.
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