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Diversity of Human p53 Mutants Revealed by
Complex Formation to SV40 T Antigen

J. Bartek, B. Vojtések and D.P. Lane

The products of the two major suppressor genes p53 and Rb interact with the oncogene products of the DNA
tumour viruses. These viral-host protein interactions mimic and interfere with the normal interactions of p53
and Rb with host proteins. The Rb gene product is frequently mutated in human cancers such that it no longer
binds to viral or host proteins. In contrast we find that this is not the case with p53 as some, but not all, mutant
p53 proteins still bind to the SV40 T antigen. In particular the hot spot mutation found in most Chinese and
African cases of hepatocellular carcinoma (HCC) retains T binding activity. The simple subdivision of different
P53 mutations revealed by this analysis may have diagnostic and prognostic consequences.
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INTRODUCTION
THE ONCOGENES of the DNA tumour viruses act at least in part
by physically complexing to the protein products of two tumour
suppressor genes, p53 and retinoblastoma (Rb). These interac-
tions are proposed to neutralise the growth regulatory activity
of the suppressor gene products by blocking their interactions
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with other host proteins [1, 2] or by leading to their rapid
degradation [3]. Strong support for these ideas has come from
the finding that the oncogenic activity of the DNA tumour
viruses is curtailed by mutations that destroy the p53 or Rb
binding activity of their oncoproteins [4~6]. Furthermore the
mutations of the Rb gene found in human cancer seem to be
specifically localised to the sites on the Rb protein required for
binding to papova virus T antigens and adenovirus Ela proteins
[7-9]. The capacity of p53 to bind to the SV40 T antigen is an
intrinsic property of the protein as the two purified proteins will
assemble n vitro (10]. This activity of p53 has been conserved
in evolution leading to the suggestion that the interaction mimics
a normal interaction of p53 with a host protein that is essential
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Table 1. Binding of human mutant pS3 proteins to SV40 T antigen

Cell line p53 mutation*
Tumour of origin Codon Aminoacid Conserved Binding to SV40T
No. change region antigen §
BT20 Breast carcinoma 132 Lys>Glu 11 -
HOS Osteosarcoma 156  Arg>Pro /I -
SK-UT-1 Leiomyosarcoma 175  Arg>His II+IV +
248 Arg>Gin
T47D Breast carcinoma 194 Leu>Phe IV ++
DLD-1 Colon carcinoma 241 Ser>Phe v +
SK-LMS-1 Leiomyosarcoma 245 Gly>Ser v -
Namalwa Burkitt’s lymphoma 248  Arg>Gln v ++
248 Arg>Trp
RD} Rhabdomyosarcoma 248 Arg>Trp v -
SW837+ Colon carcinoma 248  Arg>Trp v -
BT549% Breast carcinoma 249 Arg>Ser v ++
MDA468 Breast carcinoma 273 Arg>His \% -
Ad43}) Vulval carcinoma 273 Arg>His \Y% -
HT?29 Colon carcinoma 273 Arg>His \'% -
SWe620 Colon carcinoma 273 Arg>His \Y% -
MDA-MB-231 Breast carcinoma 280  Arg>Lys \Y -
BT474 Breast carcinoma 285  Glu>Lys \Y% -
SW480 Colon carcinoma 273  Arg>His \% -

309 Pro>Ser

* All the lines examined are homozygous for single p53 point mutations except SW480, SK-UT-1
and Namalwa. In the SW480 cell line both mutations are on the same allele [42] in the Namalwa
[43] and SK-UT-1 cell line [44] and *“(W. Warren, personal communication)” they are on
different alleles. References to homozygous mutants: BT-20, BT 549, MDA-MB-231 and BT474
[45], HOS [46], DLD-1, HT29 and SW620 [47], SK-L.MS-1 and RD [44], SW837, T47D and
MDA-468 [42] and A431 [48]. tRD and SW837 express p53 mutant at codon 248 Arg>Trp
which is precisely the germ line mutation detected in two of the six Li-Fraumeni families
examined [34, 35]. BT 549 express p53 mutant at codon 249 Arg>Ser which is the precise
mutation found as a hot spot (11/13) in HCC [32, 33]. §T antigen binding to p53 was summarised
taking into account all three assays. ++ = strong binding as found in the control SV40
transformed cell line. + = detectable binding but much weaker than control.— = background

or very weak binding.

for p53 function [11, 12]. This idea has been strengthened by
the recent discovery of host proteins that bind Rb in a “T antigen
like” manner [13-15] and the capacity of Ela to displace Rb
from a cellular transcription complex that contains the EZF
DNA binding factor and the cyclin A protein [16-20]. The
binding of p53 to T antigen has a profound effect on T antigen
function. The p53-T complex is defective in SV40 replication
activity reflected in a loss of DNA polymerase a {21, 22] binding
activity and a loss of DNA helicase activity [10, 23]. Point
mutations in the p53 gene are a frequent feature of human
cancer [24]. Because these mutations are so frequent their simple
occurrence may be of limited prognostic significance. Some
preliminary comparisons suggest that different mutations may
have different effects on the biological activity of pS3 in trans-
formation assays [25]. Although it has been sometimes assumed
that all mutations in p53 found in human tumours abolish T
antigen binding [24] we decided to re-examine this question as
a potential method for subclassifying the properties of p53
mutations in human cancer.

MATERIALS AND METHODS
Cell culture
The origin and names of the 17 human tumour-derived cell
lines used in the present study are listed in Table 1. The breast
cancer cell line BT-20 was cultured in Dulbecco’s Modified

Eagle’s Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS)and 10 ug/ml bovine insulin (Sigma). All remaining
cell lines were grown in DMEM with 10% FBS. For some
experiments, the exponentiaily growing cells were infected with
SV40 virus at 37°C and cultured for a further 60 h before
harvesting.

Antibodies

Polyclonal antisera to SV40 large T antigen and p53 protein
were prepared by immunising rabbits with pure T antigen
[26] and bacterially expressed full length human p53 [27],
respectively. Mouse monoclonal antibodies PAb42] and PAb419
[28] were originally provided by E. Harlow, the PAb 1005
antibody to human p53 [29] was obtained from A. Levine.

Immunoprecipitation and immunoblotting

Cells were lysed in 150 mmol/l NaCl, 50 mmol/l Tris pH 8.0,
5 mmol1 EDTA, 1% NP40, 1 mmol/l polymethanesulphonyl
fluoride for 30 min on ice. The cell extract was centrifuged at
15000 g for 30 min and the pellet discarded. The extract
was preabsorbed with Protein-G sepharose (Pharmacia), pure
monoclonal antibody was added and the mixture was left over-
night at 4°C on a rotating wheel. Protein G beads were added
and the incubation was continued for 1 h. The beads were then
washed four times in lysis buffer. Denaturing polyacrylamide
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gel electrophoresis and immunoblotting were performed as
described by Harlow and Lane [30]. Protein from 10 wl of beads
immunoprecipitated as above was loaded per track. Blots were
blocked in 0.1% Tween 20 in phosphate buffered saline (PBS),
probed overnight at 4°C with either rabbit anti-p53 or rabbit

ticar diluted 1:100 and washed in 0.1% Tween 20

1T o 1
anti-1 antserum auut

in PBS. The blots were then incubated for 2-3 h at room
temperature in Dako peroxidase-conjugated swine anti-rabbit
Ig diluted 1:100 and washed again in 0.1% Tween 20 in PBS.
The peroxidase activity was visualised with chloronaphthol

(Sigma).

Plate immunoassays

A sandwich immunoassay for quantitation of the binding of
mutant p53 proteins to SV40 T antigen was performed essentially
as described by Gannon et al. [31], using monoclonal anti-p53
antilhad. DALINNG en mmonqil wva tha lavale of n82 and n32.T
dilUUDUUY IAULIVUD (LU LICAdULL UiV dvvely Ul pr/2 adu porJta

complexes), monoclonal anti-T antibody PAb419 (for T antigen
levels) or a control annhndv as solid phase reagents and poly-
clonal rabbit antisera to exther pS3 or T to detect the captured
proteins. For the solid phase, affinity purified monoclonal
antibodies were used at a concentration of 20 pwg/ml to coat the
wells of 96 well microtitre plates. After coating overnight, plates
were blocked by 4 h incubation in a 5% solution of bovine serum
albumin (BSA) in PBS and rinsed in PBS, followed by sequential
incubations in the weils of seriaily diiuted cell extracts of known
protein concentration (overnight at 4°C), polyclonal rabbir anti-
T or anu- pJJ antisera (C‘uluted 1: 1000, 2hat4 C) and pt‘:i‘OXi-

dase-conjugated swine anti-rabbit immunoglobulin antisera
(Dako, diluted 1:1000, 2 h at 4°C). All washes between incu-

batrons used PBS with 0. 1% NP40. The enzymatic reaction was
visualised with tetramethylbenzidine and the results monitored
in a Flow enzyme linked immunosorbent assay (ELISA) reader.
Assay points were determined in duplicate. Independent infec-
tion, extraction and ELISA experiments were performed at least
twice with each line to verify reproducibility. For the in vitro
assoclation experiments, 1 pg of pure T antigen was mixed with
0.4 ml cell extract (protein concentration of 20 ug/ml) and

incubated on ice for 3 h before bcuauy uuuung the extract for

sandwich ELISA.

Immunocytochemistry

Monolayers of cells were fixed directly in tissue culture dishes
for S min in 50% acetone in methanol and air dried. Indirect
immunoperoxidase staining for p53 or SV40 T antigen was
performed as described in Harlow and Lane [30] using
hybridoma supernatants followed by peroxidase-conjugated rab-
bit anti-mouse immunoglobulin (Dako) and diaminobenzidine
as chromogen.

RESULTS

alex in SVAQ virus infected cells

s
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Formation of the T-pS3 ¢

To directly examine the effect of different mutations in pS53
on interaction with SV40 T antigen we infected a range of
different human tumour cell lines containing known p53
mutations with SV40 virus. At 60 h after infection we used an
immunoprecipitation and immunoblotting assay to examine the
expression of large T, pS3 and the p53-T complex in the infected
cells. Immunoprecipitation with the anti-T monoclonal antibody
PAb 419 followed by immunoblotting of the immunoprecipitates
showed that large T was expressed in ali the infected cell lines.
Control immunoprecipitations demonstrated the specificity of
the detec

tion svstem (Fio. 13). When the same immunonrecipit-
the detectio
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T complexes. (a) Immun
oprecipitation of T antigen with PAb 419 from cell extracts of: BT20
(lane 1), T47D (lane 2), Namalwa (lane 3), SW837 (lane 4), BT549
(iane 5), A431 (iane 6), MDA-MB-231 (ilane 7) and SVKi4 (a controi
SV40-transformed human cell line, lane 8). Lane 9, negative control
(immunoprecipitation with an anti-B galactosidase monoclonal anti-
body of SVK14 extract, probed with rabbit anti T serum). (b), As (a)
but probed with rabbit anti-p53 serum. (c) p53 was immunoprecipit-
ated from cell lines SK-IIT-1 (lanec 1, 2). RT549 (lanes 2, 4), RD
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(lanes 5, 6), SVK14 (positive control lanes 7, 8) and uninfected
human foreskin fibroblasts (negative control, lanes 9, 10) with the
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anti-p53 monocionai antibody PAb1605 (1HS) (lanes i-10) and the
blots probed with rabbit anti-p53 serum (lanes 1, 3, 5, 7, 9) or rabbit
anti-T serum (lanes 2, 4, 6, 8, 10).

ates were analysed on a separate gel by immunoblotting with
an anti-p53 antibody we detected dramatic differences in the
amount of p53 present in the anti-T immunoprecipitate. In
some cell lines a strong band of p53 was present indicating the
efficient formation of a p53-T complex by certain mutant pS3
proteins. In other cell lines no such complex was apparent (Fig.
1b). To extend this result and to determine if the absence of
complex was due to an absence of pS3 we reversed the procedure
and used an anti-pS3 antibody for the immunoprecipitation.
High levels of p53 were present in all the cell lines but again
very clear differences were apparent in their capacity to bind to
T antigen. For example in the RD cell line p53 was clearly
present in the immunoprecipitate butno T was present while in
WT<AG Hetpe

[HC D1Oo47 CCll llIlC [IIC pDD 1 LUIﬂplCX was rcauuy QCLCLLCU
The SK-UT-1 line showed an intermediate phenotype as only

small amounts of T were found in the complex (Fig. 1¢).
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Fig. 2. Quantitation of the binding of mutant p53 proteins to SV40 T antigen in SV40-infected tumour cell lines by two site immunoassay.
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Fig. 3. An example of a p53-T complex formation and p53 level in
extract of uninfected tumour cell line BT549 preincubated with pure
T antigen in vitro and estimated using a sandwich immunoassay.

ELISA analysis of the T-p53 complex

To extend and quantitate these results we used two site
sandwich ELISA assays. Microtitre plates were coated with anti-
T (PAb419) or anti-p53 (PAb1005) monoclonal antibodies and
bound proteins and complexes detected with polyclonal anti-T
or anti-p53 antibodies. These assays allowed us to measure p53
levels, T antigen levels, as well as the T-p53 complex level. The
assays were also run on uninfected cells. This confirmed the
specificity of the assay as no T or T-p53 complex was detected
in these control cells. The assays also confirmed the high levels
of p53 in these tumour cell lines. The results extended and
confirmed the immunoprecipitation assay. T-p53 complexes
were clearly present in the control SV40 transformed SVK14
cell line (Fig. 2) and in some of the infected cells, for example
T47D and BT549 but while T and p53 were clearly detected in
others no complex was present (for example RD and MDA-
MB-231 cells) (Fig. 2). The ELISA was easily able to detect
intermediate levels of complex formation (for example SK-UT-
1) and provides an easy and rapid method for comparing
different mutant proteins.

Formation of mutant p53-T antigen complexes in vitro

Because it may not always be possible or convenient to infect
tumour cells with $V40 we also developed an in vitro test in which
lysates of uninfected cells were mixed with known amounts of
pure T and the assembly of the p53-T complex was measured.
The results obtained from this approach were in all cases in
complete agreement with the results obtained with infected cells
(Figs 3 and 4). Furthermore this iz vitre approach allowed us to
analyse an extra four cell lines that were partially resistant to
infection (DLD-1, HT29, MDA 468 and SW620). It will also
allow the test to be carried out directly on human tumour cell
extracts. In total 17 different cell lines and 13 separate mutations
were examined (Table 1) representing mutations associated with
several different cancer types and including the hepatocellular
carcinoma (HCC) [32, 33] and Li~Fraumeni [34, 35] hot spots.
Every point mutation in conserved block five which includes
the somatic hot spot at aminoacid 273 reduced T antigen binding
to background or near background levels. The mutations in
block four, which include those germ line mutations associated
with the Li-Fraumeni syndrome and the HCC hot spot, showed
large variations. Thus the HCC hot spot mutant protein bound
T antigen very well while the protein containing one of the most
frequent germ line mutations (codon 248 Arg>Trp) found in
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Fig. 4. A summary graph of mutant p53 proteins in complex with

pure T antigen, expressed as a ratio of the p53-T complex (optical

density at 450 nm)/p53 level (o.d. at 450 nm) at a protein concen-
tration of 5 pg/ml and indicated as black bars in the graph.

the Li-Fraumeni syndrome did not. Mutations in conserved
block four at adjacent aminoacids gave completely different
results emphasising the importance of examining the effect
of individual mutations. Mutations in blocks two and three,
consistent with data from the murine system also inactivated T
antigen binding [36]. The interpretation of the results in the
heterozygous cell lines containing two different mutant p53
proteins is of course more complex. In the case of the Namalwa
cell line, since the Arg>Trp 248 mutation is known to be
inactive in the homozygous state (Table 1) it is reasonable to
assume that it is the Arg>Gln 248 mutant protein that binds to
T. This mutation is also present in the other heterozygous line
SK-UT-1. This line shows an intermediate level of T binding.
On the basis of this phenotype the Arg>His murtant at 175
almost certainly inactivates T binding. This is consistent with
data from other studies (A. Levine personal communication).

DISCUSSION

The Rb gene and the p53 gene are both frequent targets for
mutation in human cancer [1, 2, 24]. In transfection studies
both of these genes can act as suppressors of malignant growth.
Mutations of these genes abolish this activity. Since these
proteins are physically complexed by the products of three
diverse sets of tumour viruses the concept has arisen that binding
to the tumour virus oncogenes inhibits their suppressor function
[1, 2]. This idea is supported by the observation that the E6
protein targets pS3 for rapid degradation [3] and by the selective
binding of T to the supposed active, unphosphorylated, form of
Rb [37]. Consistent with the concept that the oncogene binding
blocks the effector function of Rb is the frequent loss of T
binding activity on mutation of Rb [7, 8]. We have now shown
that eight out of 13 point mutations in p53 found in tumour
cells abolish T antigen binding and that a further mutation
(Ser>Phe 241) greatly reduces the affinity of p53 for T antigen.
Among the mutations that inactivate T binding is one found as
a germ line mutation (Arg>Trp 248) in two Li-Fraumeni
families [34, 35]. Interestingly three mutations (Leu>>Phe 194,
Arg>GlIn 248, and Arg>>Ser 249) clearly did not inactivate the
T binding function of p53. Itis apparent from the codon 248/249
mutations that not only the precise position of the mutation but
also the precise substitution at a given codon can dramatically
affect T binding. The Arg>Ser 249 mutation which is in
conserved box IV, is of special interest because it is the same
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mutation as occurs with astonishing frequency in HCC [32,

33]. Our results strongly suggest that these proteins will have
different biological activities to the other mutant p53 proteins.
The HCC data imply that this particular type of mutation may
be important for the genesis of HCC. The results of this study
empbhasise that different point mutations have different effects
on p53 function. Differences have also been demonstrated for a
small sample of mutants in HSP70 binding and in transfection
assays that measure the suppressor activity and transforming
activity of human p53 [25, 38]. Recently differences have also
been found in the capacity of mutant pS3 proteins to act as
transcriptional transactivators when fused to the GAL4 protein
[39, 40]. We have found that expression of high levels of p53 is
associated with poor prognosis in certain tumours [41]. The
ability to subdivide the properties of mutant p53 proteins in
tumour cell extracts on the basis of T antigen binding activity
may provide important further diagnostic criteria.

10.

11.

12.

13.

14.

15.

16.

. Levine AJ, Momand J. Tumor suppressor genes: the p53 and

retinoblastoma sensitivity genes and gene products. Biochim Biophys
Acta 1990, 1032, 119--136.

. Lane DP, Benchimol S. p53: oncogene or anti-antioncogene? Genes

Dev 1990, 4, 1-8.

. Scheffner M, Werness BA, Hulbregtse JM, Levine AJ, Howley

PM. The E6 oncoprotein encoded by human papillomavirus types
16 and 18 promotes the degradation of p53. Cell 1990, 63,
1129-1136.

. Whyte P, Buchovich K, Horowitz J, et al. Association between an

oncogene and an anti-oncogene; the adenovirus Ela proteins bind
to the retinoblastoma gene product. Nature 1988, 334, 124-129.

. DeCaprio JA, Ludlow JW, Figge ], et al. SV40 large tumor antigen

forms a specific complex with the product of the retinoblastoma
susceptibility gene. Cell 1988, 54, 275-283,

. Peden KWC, Srinivasan A, Farber JM, Pipas JM. Mutants with

changes in or near a hydrophobic region of simian virus 40 large
tumor antigen are defective for binding cellular protein pS3. Virology
1989, 168, 13-21.

. Hu Q, Dyson N, Harlow E. The regions of the retinoblastoma

protein needed for binding to adenovirus Ela or SV40 large
T antigen are common sites for mutations. EMBO ¥ 1990, 9,
1147-1155.

. Huang H-JS, Wang N-P, Tseng BY, Lee W-H, Lee EY-HP. Two

distinct and frequently mutated regions of retinoblastoma protein
are required for binding to SV40 T antigen. EMBO ¥ 1990, 9,
1815-1822.

. Templeton DJ, Park SH, Lanier L, Weinberg RA. Nonfunctional

mutants of the retinoblastoma protein are characterized by defects
in phosphorylation, viral oncoprotein association, and nuclear teth-
ering. Proc Natl Acad Sci USA 1991, 88, 3033-3037.

Friedman PN, Kern SE, Vogelstein B, Prives C. Wild-type, but
not mutant, human p53 proteins inhibit the replication activities of
simian virus 40 large tumor antigen. Proc Nail Sci USA 1990, 87,
9275-9279.

Lane DP, Crawford LV. The complex between Simian Virus 40 T
antigen and a specific host protein. Proc Roy Soc B 1980, 210,
451-463.

Soussi T, Caron dFC, Sturzbecher HW, Ullrich S, Jenkins J, May
P. Evolutionary conservation of the biochemical properties of p53:
specific interaction of Xeropus laevis p33 with simian virus 40 large
T antigen and mammalian heat shock proteins 70. ¥ Virol 1989, 63,
3894-3901.

Huang S, Lee W-H, Lee EY-HP. A cellular protein that competes
with SV40 T antigen for binding to the retinoblastoma gene product.
Nature 1991, 350, 160-162.

Kaelin WG, Pallas DC, DeCaprio JA, Kaye FJ, Livingston DM.
Identification of cellular proteins that can interact specifically with
the T/Ela-binding region of the retinoblastoma gene product. Cell
1991, 64, 521-532.

Defeo-Jone D, Huang PS, Jones RE, ez al. Cloning of cDNAs for
cellular proteins that bind to the retinoblastoma gene product.
Nature 1991, 352, 251-254.

Bandara LR, Adamczewski JP, Hunt T, La Thangue NB. Cyclin

17.

18.

19.

20.

21.
22.
23.

24,
25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

3s.

36.

37.

38.

39.
40.

41.

42.

J. Bartek et al.

A and the retinoblastoma gene product complex with a common
transcription factor. Nature 1991, 352, 249-251.

Bandara LR, La Thangue NB. Adenovirus Ela prevents the
retinoblastoma gene product from complexing with a cellular tran-
scription factor. Nature 1991, 351, 494-497.

Chellappan SP, Hiebert S, Mudryj M, Horowitz JM, Nevins JR.
The E2F transcription factor is a cellular target for the RB protein.
Cell 1991, 65, 1053-1061.

Chittenden T, Livingston DM, Kaelin WG]. The T/Ela-binding
domain of the retinoblastoma product can interact selectively with a
sequence-specific DNA-binding protein. Cell 1991, 65, 1073-1082.
Bagchi S, Weinmann R, Raychaudhuri P. The retinoblastoma
protein copurifies with E2F-1, and Ela-regulated inhibitor of the
transcription factor E2F. Cell 1991, 65, 1063-1072.

Gannon JV, Lane DP. p53 and DNA polymerase o compete for
binding to SV40 T antigen. Nature 1987, 329, 456-458.

Gannon [V, Lane DP. Interactions between SV40 T antigen and
DNA polymerase. New Biol 1990, 2, 84-92.

Sturzbecher H-W, Brain R, Maimets T, Addison C, Rudge K,
Jenkins JR. Mouse p53 blocks SV40 DNA replication in vitro and
downregulates T antigen DNA helicase activity. Oncogene 1988, 3,
405-413.

Levine A], Momand ], Finlay CA. The p53 tumor suppressor gene.
Nature 1991, 351, 453-456.

Hinds PW, Finlay CA, Quartin RS, Baker SJ, Fearon ER, Vog-
elstein B, Levine AJ. Mutant p5S3 DNA clones from human colon
carcinomas cooperate with ras in transforming primary rat cells: A
comparison of the hot spot mutant phenotypes. Cell Growth Differen
1990, 1, 571-580.

Simanis V, Lane DP. An immunoaffinity purification procedure
for SV40 large T antigen. Virology 1985, 144, 88-100.

Midgley CA, Fisher C], Bartek J, Vojiesek B, Lane D, Barnes
DM. Analysis of p53 expression in human tumours: an antibody
raised against human p53 expressed in Escherichia coli. ¥ Cell Sci
1992, 101, 183-189.

Harlow E, Crawford LV, Pim DC, Williamson NM. Monoclonal
antibodies specific for simian virus 40 tumor antigens. ¥ Virol 1981,
39, 861-869.

Thomas R, Kaplan L, Reich N, Lane DP, Levine AJ. Characteriz-
ation of human p53 antigens employing primate specific monoclonal
antibodies. Virology 1983, 131, 502-517.

Harlow EE, Lane DP. Antibodies: A Laboratory Manual. New York,
Cold Spring Harbor Laboratory Press, 1988.

Gannon JV, Greaves R, Iggo R, Lane DP. Activating mutations
in p53 produce a common conformational effect. A monoclonal
antibody specific for the mutant form. EMBOJ 1990, 9, 1595-1602.
Hsu IC, Metcalf RA, Sun T, Welsh Ja, Wang NJ, Harris CC.
Mutational hotspot in the p53 gene in human hepatocellular carci-
nomas. Nature 1991, 350, 427-428.

Bressac B, Kew M, Wands [, Ozturk M. Selective G to T mutations
of p53 gene in hepatocellular carcinoma from southern Africa.
Nature 1991, 350, 429-431.

Malkin D, Li FP, Strong LC, et al. Germline p53 mutations in a
familial syndrome of breast cancer, sarcomas and other neoplasias.
Science 1990, 250, 1233-1238.

Srivastava S, Zou Z, Pirollo K, Blattner W, Chang EH. Germ-line
transmission of a mutated p33 gene in a cancer prone family with
Li-Fraumeni syndrome. Nature 1990, 348, 747-749.

Tan TH, Wallis J, Levine AJ. Identification of the p53 protein
domain involved in formation of the simian virus 40 large T antigen-
p53 protein complex. ¥ Virol 1986, 59, 574-583.

Ludlow JW, DeCaprio JA, Huang C-M, Lee W-H, Paucha E,
Livingston DM. SV40 large T antigen binds preferentially to an
underphosphorylated member of the retinoblastoma susceptibility
gene product family. Cell 1989, 56, 57-65.

Halevy O, Michalovitz D, Oren M. Different tumor-derived p53
mutants exhibit distinct biological activities. Science 1990, 250,
113-116.

Field S, Jang SJ. Presence of a potent transcription activating
sequence in the pS3 pratein. Science 1990, 249, 1046-1049.
Raycroft L, Wu HY, Lozano G. Transcriptional activation by wild
type but not transforming mutants of the p53 anti-oncogene. Science
1990, 249, 1049-1051.

Martin HM, Filipe MI, Morris RW, Lane DP, Silvestre F. p53
expression and prognosis in gastric carcinoma. Int ¥ Cancer 1992,
50, 859-862.

Nigro JM, Baker SJ, Preisinger AC, ez ai. Mutations in the p53



SV40 T Binding by a Subclass of p53 Mutants

gene occur in diverse human tumocur types. Nature 1989, 342
705-708.

43. Gaidano G, Ballerini P, Gong JZ, et al. p53 mutations in human
lymphoid malignancies: association with Burkitts lymphoma and
chronic lymphocytic leukemia. Proc Natl Acad Sci USA 1991, 88,
5413-5417.

44, Stratton MR, Moss S, Warren W, et al. Mutation of the p53 gene is
human soft tissue sarcomas: association with abnormalities of the
RB1 gene. Oncogene 1990, 5, 1297-1301.

45. Bartek J,IggoR, Gannon J, Lane DP. Genetic and immunochemical
analysis of mutant p53 in human breast cancer cell lines. Oncogene
1990, 5, 893-899.

Eur ¥ Cancer, Vol. 29A, No. 1, pp. 107111, 1993.
Printed in Great Britain

107

46. Romano JW, Ehrhart JC, Duthu A, Kim CM, Appella E, May P.
Identification and characterization of a p53 gene mutation in a
human osteosarcoma cell line. Oncogene 1989, 4, 1483-1488.

47. Rodrigues NR, Rowan A, Smith MEF, et al. p53 mutations in
colorectal cancer. Proc Natl Acad Sci USA 1990, 87, 7555-7559.

48. Harlow E, Williamson NM, Ralston R, Helfman DM, Adams TE.
Molecular cloning and in vitro expression of a cDNA clone for human
cellular tumor antigen p53. Mol Cell Biol 1985, 5, 1601-1610.

Acknowledgements—This research was supported by the Cancer
Research Campaign. B.V. was supported by an EMBO long-term
fellowship.

0964—1947/93 85.00 + 0.00
() 1992 Pergamon Press Lid

Trends in Mortality from Malignant Cutaneous
Melanoma in The Netherlands, 1950-1988

P.J. Nelemans, L.A.L.M. Kiemeney, F.H.]. Rampen, H. Straatman
and A.L.M. Verbeek

This paper presents an analysis of trends in mortality from malignant melanoma of the skin in The Netherlands,
1950-1988. Statistical analyses show that time period effects are needed to describe the mortality trends in The
Netherlands. Because this contrasts with reports from other countries, in which the trends were aseribed to a
cohort effect only, log-linear models including the three factors age, time period and birth cohort, were fitted to
the data. To be able to separate time period effects from birth cohort effects we assumed a mathematical function
for the mortality rates in relation to age. The results obtained in this way indicate that time period effects
increased up to 1970. An increase of birth cohort effects is seen for cohorts born between 1900 and 1955. For
cohorts born after 1955 the mortality from melanoma seems to decrease. The most plausible explanation for the

time period effect probably is improvement in death certification.

Eur ¥ Cancer, Vol. 29A, No. 1, pp. 107-111, 1993.

INTRODUCTION

A RAPID RISE of incidence and of mortality from cutaneous
malignant melanoma is reported from many countries in the
world [1]. A doubling of incidence every 10-14 years is observed
{2]. The increase in mortality is less than the rise in incidence.
Mortality rates from the United States, England and Wales, and
Canada studied by Lee, showed an annual increase of about 3%
{3

An international comparison of incidence rates (Fig. 1) shows
that the Dutch population is at intermediate risk of getting a
malignant melanoma of the skin [4]. Within the European
Community The Netherlands belong to the countries in which
the highest melanoma risk is seen [5]. Nationwide data about
Dutch incidence of cancer over a longer period of time are not
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available. However, mortality data were published from 1950
onwards and can be studied for trends.

Time trends can be produced by two mechanisms, a time
period effect and/or a birth cohort effect. In many countries a
so-called age-cohort pattern was observed in both sexes. This
means that starting with some specific birth cohort the mortality
is increasing for successive birth cohorts (with a similar age
profile) rather than for successive time periods. This observation
of a birth cohort effect supports the idea that the rise of mortality
and incidence of cutaneous malignant melanoma is real and not
the result of better registration techniques.

This paper presents an analysis of the trends in melanoma
mortality in The Netherlands, 1950-1988, using statistical
methods described later.

DATA AND METHODS
Mortality data
Numbers of persons with malignant melanoma of the skin as
underlying cause of death from 1950 through 1988 were derived
from annual publications of the Central Bureau of Statistics
(CBS) [6]. Population information was also available from this



