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In 1994 we described a list of 500 point mutations in a

the p53 gene of human tumors and cell lines which we £ 35007

had compiled from the published literature and made Q 3000

available electronically through the file server at the 2 2500

EMBL Data Library. This database, updated twice a :

year, now contains records on 4496 published muta- . 20007

tions (July 1995 release) and can be obtained from the S 1500 1

EMBL Outstation—the European Bioinformatics Insti- E 1000

tute (EBI) through the network or on CD-ROM. This 5

report describes the criteria for inclusion of data in this = 5007 -

database, a description of the current format and a 0 W s | : ;

brief discussion of the current relevance of p53 e - 8 8 33 9

mutation analysis to clinical and biological questions. o o @ = 2 O
T ®B T T T B
E E E E E E

INTRODUCTION Year

Thep53tumor suppressor gene encodes a phosphoprotein with o _ _

cancer inhibiting functions. Development of cancer in human&9ure 1. Human tumor mutations in tis3gene published since 1989.
typically involves loss of wild-type p53 activity and consequently

of the growth control it confers. Point mutation is a common rouig different tissues. Finallyp53 mutations have a potentially

to this loss of wild-type p53 function in tumors. Since thgmportant clinical role in diagnostic and therapeutic procedures.
discovery in 1989 by Vogelstein and colleagues of tumor-spe-

cific, missense mutations in ﬂpﬁ3 gene of two patients with SCOPE OF THE MUTATION COMPILATION AND
colorectal cancer there has been an exponential increase in élﬁlTERIA FOR INCLUSION OF DATA

number op53mutations identified in human tumors, which will
surpass the 5000 mark by the end of 1995 (BigSimple The purpose of our database is to retrieve and arrange data from
inspection of these data, such as analysis of the frequency, kthé accumulating literature @53 mutations in a standardized
and distribution of mutations along th&3gene, can be used to electronic format. This provides a powerful means for manipula-
make inferences about potentially important sources of mutatidion, comparison, search and retrieval of records describing the
in the human setting. The mutations are also informative withature ofp53 mutations in various cancers. Software which
regard to the biochemistry of interactions between the p53 proteinables more sophisticated mutation spectra analysis is also
and its macromolecular targets and the biological factowsvailable {). In the forthcoming year updates of our database
contributing to selection of mutant clones during tumorigenesimay also be available from EBI in Microsoft Acdés®rmat to

* To whom correspondence should be addressed



142 Nucleic Acids Research, 1996, \ol. 24, No. 1

facilitate a better interchangeability of data with other programsystem and with standard text editors. The data can be obtained
The database will be made searchable on-line at EBI through fihem the EBI network server by using one of the following
network by using the SRS indexing systé ( methods: (i) anonymous ftp to ftp.ebi.ac.uk, in the directory/pub/
This database resides in a spreadsheet containing publisidatbbases/p53; (i) World Wide Web access using the URL
data on human somatic point mutations in cell lines, primaryttp://www.ebi.ac.uk/, selecting ‘documentation and software’
tumors, neoplastic and pre-neoplastic tissues. The list is updated! going to the databases selection; (iii) using a gopher to the site
twice a year and the July 1995 release contained 4496 mutatgopher.ebi.ac.uk (port 70), selecting the option ‘access to various
records. Germ line mutations, including those identified imatabases’ and ‘p53’; (iv) sending an email message containing
families with Li—-Fraumeni syndrome and known polymorphismshe line ‘help p53’ to netserv@ebi.ac.uk.
of the humarp53 gene, are thus not included. Experimentally The p53 directory contains the original spreadsheet file as a
induced mutations in tumor cells or cell limesitro, unselected Macintosh binHex4.0 self-extracting archive. The release notes
mutations in histologically normal tissue (see for exai@yded are included in the file p53.doc and the references are in p53.ref.
p53mutations in animal tumors are also beyond the present scofdso included are the database in flatfile format (p53.dat) and the
of our task. data in tab-delimited (data.tab) and comma-delimited (data.com-
The p53 point mutations as selected from the literature ancha) formats for usage by other data management systems.
entered into the database have been identified by DNA sequenc-
ing of either PCR-amplified material or cloned PCR product$seScRIPTION OF SPREADSHEET FORMAT
Some investigators have included a preliminary mutation screen-
ing step, such as the SSCP or DGGE/CDGE techniques. Analysiach row (record) represents a single tumor mutation with an
is usually confined to exons 5-8, where most mutations clusterbitrarily assigned unique identity number. The spreadsheet
A bias against identification of DNA sequence alterations outsidwlumns contain the following information and abbreviations.
this region can thus be expected. Mutations identified bjNote: important additions or changes to the original fordjat (
digestion of DNA with restriction enzymes and demonstration aire written in italics.]
an RFLP are not entered, nor are mutations in tumors that were
screened in only part of the mutation cluster mid-region (exoSolumn A
5-8). If identical samples and mutations were published in more
than one article only one of the reports is referenced and the dfizique mutation identity numbeFhe prefix ‘ID’ next to this
are entered only once in the database. If the identical mutation visnber in the original format has now been removed, in order to
found in two separate samples from the same patient, for examf#igilitate sorting records by identity numb&ndem mutations
in the primary tumor and in the metastatic tissue or in the cell lif&vo adjacent base substitutions) are considered as one mutation
derived from the tumor or in two separate biopsies at the same §ient and are entered together, therefore tandem mutations have
and from the same patient, the mutation is presumed to be a sirjy one identity number and are a single record.
event and is entered only once.
Information that does not permit us to identify the nature oColumn B
location of the mutation has not been entered, such as band shift i o
by SSCP of a PCR product without subsequent DNA sequencirfg?don number at which the mutation is located (1-393). If a
Data on loss of heterozygosity at &8 locus, gene rearrange- tandem dinucleotide mutation spans two codons both codons are
ments and immunohistochemical analysis with anti-p53 antibodntered. If other mutations span more than one codon, e.g. there
are not part of this compilation. (Note that many papers initiallip @ deletion of several bases, only the fir§t¢gdon is entered
retrieved by standard bibliographic search systems using ‘p5§€€ note below regarding deletion, insertion and complex
and ‘mutation’ as keywords will thus not figure in the referencgw_tatlons). If.the mutation is located in intron sequences this is
list constituting the source of mutations in this databaselydicated by ‘intron” and the intron number.
Mutations identified in tumors are presumed to be somatic unless:
(i) analysis of normal tissue from the same patient demonstrat€dlumn C

that the mutation was constitutional in that individual; (ii) thi}l | and db £ th don in which th
mutation corresponded to one of the known constitutionayo'Mal and mutated base sequence of the codon in which the
mutation occurred. If the mutation is a base pair deletion or

polymorphisms of the humab3gene (at codons 21, 31, 47, 72. X R >«
and 213), as these are unlikely to be mutations that arose in {figertion this is indicated by ‘del” or ‘ins’.

tumors sequenced.
Column D

OBTAINING THE DATABASE Nucleotide position at which the mutation is located (1-1179),
numbered from the ATG codon to the termination codon. This

The data described are provided to the scientific community Iaformation is not entered in the present versions for deletion,

several formats. The database is available as an [Excelnsertion, intron and complex mutations (see note below).

spreadsheet, which requires use of the Microsoft Excel

program on either an MS-D@Ssystem or an Apple Macin- ~qumn E

toshd. The data has also been converted into a flatfile format

modeled after the standard used by the EMBL nucleotid@ase change, read from the coding strand by convention, for base

sequence database. In this format the data are stored in an ASDbstitutions. For deletions (indicated by ‘—) and insertions

text file with each column of the spreadsheet represented byiadicated by ‘+’) the number of bases deleted or inserted is given

special line type. The flatfile format can be used on any computierparentheses.
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A B c D E F G H [ J| K L M N

1 1 143|GTG 1o GCG | 428 Tt C Cx3 Colon 1 Val->Ala

2 2 175|CGC I CACT 524] Gro A Cxl Colon 1 yes Arg-»His

3 3 132jAAGw CAG| 39| AwC BT 20 Breast 2 iL Lys->Gln L
4 4 2491 A0G 10 AGC| 47| GioC BT 549 Breast 2 L Arg->Ser _
5 5 2801 AGA 10 AAA| 839 Gla A MDA23]  |Breast 2 L Arg->Lys .
6 6 285|GAG 10 AAG) 853 GroA BT 474 Breast 2 L Glu->Lys

7 7 I57IGTC10 TEC | 469 GroT 0Z1 HCC 3 Val->Phe

) 8 249/ AGG to AGT{ 47| G1oT 0z2 HCC 3 Arg->Ser ~ ~
9 9 491 AGG to AGT| 747 GIo T 0Z3 HCC 3 Arp-»Ser
10 10 249| AGG o AGT] 17| GtoT 0Z4 RCC t 3 . Arg->Ser

11 1t 286]del {-3) 0OZ5 HCC 3 frameshift | |~~~ =
12 12 152|1CCG1o CTG | 455| CroT Cad Esophagus 4| Barretts yesbeou-sPro | revised 1204

13 13 155|ACC16 GCC | 463] AlG Cal9  !Esophagus | 4[Bamewts | [ |Thr-»Ala

14 14 175|CGC 1o CAC | 524 Gto A Cas Esophagus 4|Barretts vesl Arg->His

Figure 2. Section of the database in Excel spreadsheet format showing record 1 as an example.
Column F subtypes or leukemia and lymphoma subclassifications, e.g. ATL

. (adult T cell leukemia), refer to the cited reference. Uniformity of
The name or number given by the authors to the tumor sampleiQgse abbreviations in the different reports has not been verified.
cell line is entered here. If the name is not distinctive, e.g. if the other abbreviations: UC, ulcerative colitis; FAP, familial
publication refers to samples as tumors 1, 2, 3, etc., then we ha\gnoma polyposis; XP, xeroderma pigmentosum; HPV+ or
arbitrarily assigned a name, usually the first letters of the firgipy/_ tumor harboring or lacking human papilloma virus DNA;

author’s name followed by the number in the series. Thus entireiyts qifferentiated tumor: undiff. undifferentiated tumor: CIS
different tumors may have, by chance, a similar or identical triviglsrcinoman sity premal, premalignant.

tumor sample name (see recommendations to authors below). IHther information 1. ‘metastasis’ specifies that the DNA

more than one mutation has been found in the same sample fa@yzed for the mutation was obtained from metastatic tissue
tumor name in column F is suffixed with an apostrophe. (the primary tumor location is in column G). 2. Examples of
exposure history: tobacco smoke; radon gas, etc.

Column G

. . . . .. ColumnJ
Anatomical site or type of tumor as described in the publication

cited. Abbreviations used in this column are: HCC, hepatocellul&n entry ‘L' indicates that the material examined was from a
carcinoma; Leuk/Lym, leukemias and lymphomas; cholangioctymor cell line. If there is no entry the material is from tumor
cholangiocarcinoma; choriocarc, choriocarcinoma; colorfjssue or biopsy (most instances), xenograft or unspecified.
cancers of the colon or rectum.

Column K

Column H Mutations that are single base transitions at CpG dinucleotides,
ée. CpG- TpG or CpG- CpA are designated by ‘yes'. If there

Reference number indicating the publication in which th ) . X
. incieating pubiication n_wh IS no entry the mutation does not fall into this category.

mutation is described. The full citation (authors, title, journal
pages, year) is given as a separate text file in the electronic version
of the database. If the same mutation in the same tumor samﬁl‘é'um” L

or cell line has been published in more than one article only 0@§,5in terminating mutations due to single base substitutions are
report is referenced and the data are entered only once in ignated by ‘(three letter amino acid abbreviaticsipp’.

database (see Notes to authors, below). Frame-shift mutations are designated by ‘frameshift’, whereas
in-frame deletions and insertions are designated ‘deletion’ or
Column | ‘insertion’. Mutations that do not result in an amino acid change

o . __are designated ‘silent’, while mutations that occurred in intron
This is a column with heterogeneous notes, usually containiRgquences are sometimes indicated by the term ‘splicing’, even
comments regarding the tumor or the patient, such as histologiggugh in most instances it was not determined whether splicing

type of tumor or exposure history or other information emphasizegrors did result from the mutation (some of these base changes
by authors reporting the mutations. The terminology used by thge likely to be phenotypically silent).

authors has been retained and no attempt has been made to complete
the data with unpublished information or to standardize the entriQ:s
o olumn M

Abbreviations of tumor subtype or cell type are as follows:
SCLC, small cell lung cancer; adenoca, adenocarcinoma; adendéthe information on the nature or location of the mutation in the
mixed adenosquamous carcinoma; medullobl, medulloblastormraference is ambiguous or contradictory the letter ‘e’ appears in
SCC, squamous cell carcinoma; TCC, transitional cell carcinomidais column. Where possible we have made a presumptive
NPC, nasopharyngeal carcinoma. For abbreviations of sarcow@rection of the published discrepancy in the database entry.
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Figure 3. Examples op53 mutation patterns by tumor site (July 1995 release).

Column N Column M  (Blank: no errors to the published information
have been found.)
When a record requires correction or information is added th€olumn N (Blank: no corrections or additions to the record

date of the revision will be noted in this coluiRacord revisions have been made since it was entered.)

are due to inherent inconsistencies or ambiguities in the published

report or omissions or errors during data entry. Comments regarding insertion, deletion and complex
mutations

Example Since precise information describing these kinds of mutations

) ) ) _ - requires a more expanded format than the current spreadsheet an
The information on the mutation identified as 1 on theequires conventions for presenting sequence changes that are

spreadsheet (Fig) is as follows. _ inherently ambiguous, e.g. base deletions in repetitive sequences,
Column A Unique mutation identity number is 1. our compilation presently gives minimal information on these
Column B Mutation is located in codon 143. mutations. A HUGO initiative is underway to standardize and
Column C  The wild-type codon sequence is GTG and thestablish conventions for specific locus mutation databases. We

mutated allele sequence is GCG. ~will attempt to follow the recommendations in revising our
Column D The nucleotide position of the base change is 42@rmat and in providing additional sequence information on this
Column E  The base change is T. class of mutation.

Column F  The tumor sample name is Cx3.
Column G The DNA harboring the mutation was obtaine(ik|0tes to authors
from a tumor of the colon or rectum.
Column H  The mutation is reported in reference 1 of th&/hen tumor sample mutations are described for the second time

database). in a new publication describing tp®3 mutations in another
Column | (Blank: no comments regarding histology orcontext we recommend this be stated in a footnote to the table

patient data were entered for this record.) where the mutations are re-listed, also indicating which tumor
Column J (Blank: the DNA analyzed was not obtained fronmutations were reported previously. Providing tumor samples

a cell line.) with unique case numbers would also help to avoid redundancies
Column K  (Blank: the mutation is not a base transitionn the database.

substitution at a CpG dinucleotide.) The inherent inconsistencies we have detedi2éb(of all

ColumnL  The amino acid change is from valine to alaninerecords) in reported mutations were usually traceable to typo-
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graphical errors in the publication (e.g. codon 223 instead of 232), FREQUENT MUTATIONS
to reading the genetic code from the wrong DNA strand or to (Thess mutations, together, conslitute 25 % of databese mutations)
misnumbering the codons in sequencing film illustrations. 0 7 DNA binding sites:
The electronic form of the database may be cited by referencingi
this Nucleic Acids Researdirticle. @ oo
£6 Othar Other
] L2 Loop
p53 MUTATIONS AND CANCER 25 . | —
,% Other
Mutation patterns by tumor site and patient risk group 2 4 - _ L3 Loop:
(reviewed in6,8,9) = ]
s ‘ Oihar [
Simple inspection of the mutation data in human tumors When.§ 3 -
only 5% of the current data were available had already shown thats Other
mutation patterns could be quite different from one tumor site to -2 EI
another 7). This is now indisputably clear (Fig), with certain o .
mutation pattern differences surpassing a statistical significance§ 1 - :
of P < 0.001 K2 statistic). Mutation profile differences between & ‘ '

histological subtypes of cancer are also emerging as more detailed ¢ -

clinical information on histopathological diagnosis of the tumor apots: 0N Codon  Codon  Codon Codon
samples sequenced isincludedin publlsheq reports. There.are.éﬁﬂ T op73e 248" 175° 249 345+
few instances where exposure to a specific carcinogenic risk Arg Arg Arg Arg Gly

factor can be linked to a distinctive mutation profile that«cpg sites

corresponds to the known mutagenic specificity of the agent. The

clearest examples remain: (i) aflatoxin-associated hepatocellular

carcinoma (usually in conjunction with HBV chronic infection) Figure 4.Frequent sites of human tumor mutations ip8&coding sequence.
and a G- T hot spot mutation @53codon 249; (ii) UV exposure

and tandem base substitutions at dipyrimidine sequences in skin

cancers; (iif) tobacco smoking and-G' transversions in lung  preferential repair of the transcribed strand by transcription-
tumors. It is not unexpected that examples of.assouat.loegumed repair processéslg); (iv) a slow rate of transcription-
between mutation pattern and risk factors are still few, SiNG®upled repair at some DNA sited900); (v) codons
exposures are typically complex or difficult to assess and becaygfresponding to biologically critical amino acids that have a
more subtle differences in mutation patterns are not seen urdicial role in maintaining the three-dimensional structure of the
large numbers of samples are examimp&® mutation studies 53 protein or that make direct contact with the DNA target
with exposure cohorts matched for various parameters that CO%@quence. Co-crystallization of the p53 core domain with target
influence mutation patterns (e.g. genetic background, age, o)A revealed that human tumor hot spot mutations correspond
exposures, etc.) are, by nature, long-term epidemiologic@y amino acid residues at the DNA—protein interface or that
studies. maintain the structural integrity of p53 necessary for its tumor
suppressor activity?2(—23).

Applications of p53 mutation analysis to biological
research Clinical applications (24-26 and references therein)

Tumor mutations in cancer genes are potentially sequensgnce tumor mutations are so heterogeneous, they can be used tc
changes that have provided a growth advantage and allowigdestigate the clonality of tumor cell foci in a patient. Finding
clonal outgrowth of mutant cells. Analysis pb3 tumor identical mutations would provide molecular evidence in favor of
mutations suggests that they are, indeed, for the most paKnality. Screening exfoliated cells fitf3mutation can be used
biologically selected sequence changes.{). The biological to test for relapse in former cancer patients with a previously
properties opS3mutants vary inherently and in different cellularidentified mutation in the primary tumor. Mutation analysis of
contexts §,12). lymph nodes and surgical margins can be used to assess tumol
Although >250 codons in thg53 gene are potential human spread. Since p53 antibodies are found in the serum of some
tumor mutation sites, mutations at only five of these comprisgancer patients with tumor mutations, this is being explored as a
25% of all mutations found thus far in human tumors @jg. diagnostic tool and to measure treatment response. The exact
Several superimposing factors are responsible for p8h nature of the mutation is an important determinant of humoral
mutation hot spots: (i) inherent vulnerability of a given DNAimmune response anp53 mutation studies in this context
sequence to base sequence charigssich as repetitive DNA  promise to bring insight in the field of cancer immunology.
sequences leading to base slippage and deletion or insertion
mutations {4,15), or CpG dinucleotides in codons of conserved
residues, prone to transition mutations following deamination &CKNOWLEDGEMENTS
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