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Abstract

Mutations in tlir/n.t gene were identifÃ¬edin fÃ¬veof eight non-melanoma
skin tumors in the sun-exposed areas of xeroderma pigmentosum patients

by the polymerase chain reaction and single strand conformation poly
morphism analysis followed by sequencing of the DNA. All mutations
occurred at the dipyrimidine sites, indicating that they were caused by UV
irradiation. Two tumors had multiple mutations, and four tumors had
nonsense mutations. Since xeroderma pigmentosum patients are ex
tremely sensitive to L'V,the solar UV should have caused the mutations in

the /o.f gene and the mutations must have played a significant role in UV

tumorigenesis.

Introduction

Xeroderma pigmentosum is an autosomal recessively inherited dis
ease with clinical and cellular hypersensitivity to UV radiation result
ing ina high incidence of skin cancer ( 1). Cells from XP' patients are

defective in repair of DNA damages induced by UV (2). Mutations in
the p53 tumor suppressor gene were most frequently observed among
mutations induced in many types of human tumors. Brash et al. Ci)
showed that 14 of 24 human SCCs in the sun-exposed areas contain

mutations in the p53 gene. Involvement of UV light in these mutations
was indicated by the mutation spectrum in which all mutations were
at the dipyrimidine sites and were mostly C -Â»T transitions, including
CC â€”¿�Â»TT base substitutions, because this spectrum is similar to that
of the UV-induced mutations in the mutagenesis assays in vitro (4-6).

Rady et al. (7) reported that C Â»T transitions were detected in 7 of
14 (507r) human BCCs. In mouse skin tumors induced by UVB (8),
the mutation spectrum in the p53 gene was similar to that in human
skin tumors (3). In normal human individuals, skin tumors ordinarily
appear in people over 50 years old. mostly in the sun-exposed areas,

while in XP patients, development of skin tumors starts much earlier
and they are restricted to the sun-exposed areas (I). The UV in

sunlight should play a major role in the development of the skin
tumors and the decisive role particularly in XP patients. We used the
materials taken from the non-melanoma skin tumors developed at ages
9-28 years in XP patients, which were undoubtedly caused by UV in
sunlight, to confirm the UV-specific pattern of mutations in human

skin tumors.

Materials and Methods

Paraffin blocks of five SCCs and three BCCs from the sun-exposed skin

areas of Arabic XP patients in Tunisia were examined (Table 1. first 5 col
umns). The 5-fj.m paraffin sections were deparaffini/.ed by xylene. followed by
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an ethanol rinse. Genomic DNA was purified from the tissue pellets by diges
tion with proteinase K and RNase A and extracted with phenol/chloroform.
Primers for exon 4, 4U1: 5'-ATCTACAGTCCCCCTTGCCG and 4L1: 5'-

GCAACTGACCGTGCAAGTCA. for exon 5, 5U1: .V-TTCCTCTTCCTG-
CAGTACTC and 5P3: S'-GCCCCAGCTGCTCACCTACG, for exon 6, 6U2:

5'-CACTGATTGCTCTTAGGT and 6L1: 5'-AGTTGCAAACCAGACCT-
CAG, for exon 7. 7UI: 5'-GTGTTGTCTCCTAGGTTGGC and 7L1: 5'-

CAAGTGGCTCCTGACCTGGA. and for exon 8, 8U1: 5'-CCTATCCTGAG-
TAGTGGTAAA and 8LI: 5'-GCTTACCTCGCTTAGTGCTC were used.

PCR-SSCP analysis was carried out as described by Mashiyama et al. (9). The
primers were labeled at their 5'-ends with y-'2P and the target sequences were

amplified by PCR: 94Â°Cfor 1 min; 30 cycles of 94Â°C.60Â°C,72Â°Cfor 1 min
each; and 72Â°Cfor 4 min. The PCR mixture (10 Â¿il)contained 0.5 pmol each

of the labeled primers. 0.625 nmol each of the deoxynucleotides. genomic
DNA from one-half of a paraffin section, and 0.125 unit of Taq polymerase in

the buffer specified in the GeneAmp PCR Regent Kit (Perkin Elmer Cetus,
Norwalk. CT). The reaction product (2 /*!) was mixed with 10 (Â¿1
of formamide/EDTA/xylene cyanol PP/bromophenol blue gel-loading buffer,
heated at 90Â°Cfor 2 min. and applied to a 69J- nondenaturing polyacrylamide
gel [;V.iV'-meth\lenebisacrylamide:acr\lamide ratio. 1:99 in 90 msi Tris-borate

(pH 8.3). 2 rmi EDTA. and 3-5% glycerol] by 1 to 2 pii/lane. Electrophoresis
of the amplified DNA fragments was performed at 40 W at 14Â°C.The gel was
dried on filter paper and exposed to X-ray film at -80Â°C for 3-18 h. Fragments

which showed the mobility shifts in the SSCP analysis were cut out from the
gel. eluted. and amplified by the PCR [with the method recommended for the
GeneAmp PCR Regent Kit (Perkin Elmer Cetus)] and then subjected to direct
DNA sequencing using a TTH version 2.0 DNA sequencing kit (Toyobo.
Osaka. Japan). The PCR-SSCP and sequencing were carried out twice for each

tumor sample.

Results and Discussion

We examined the incidence, types, and sites of the mutations in the
p53 gene in eight skin tumors from six XP patients. The p53 coding
sequence has five (I-V) evolutionarily conserved regions (10). Since

exons 4 to 8 of the p53 gene encompass the conserved regions II to V
and most mutations of p53 gene in human tumors have been found in
these regions ( 10). we examined these exons in XP skin tumors using
the PCR-SSCP analysis.

Results of the SSCP analysis are shown in Fig. 1. PCR products
from five of eight tumors showed SSCP band shifts in exons 4. 5, and
6 of p53 gene. Base changes revealed by the sequencing analysis of
the mutated alÃelesare shown in Fig. 2 and compiled in the right half
of Table I. Mutations were detected in all 5 tumors which showed the
SSCP band shifts, with three SCCs with a single mutation and two
BCCs with two mutations that occurred at separate positions (multiple
mutations). All seven mutations took place at the dipyrimidine se
quences and two tumors had CC â€”¿�Â»TT tandem base substitutions,
which have never been reponed in the internal tumors (11-15),

strongly suggesting that these mutations were caused by UV irradia
tion. With the exception of one insertion, 8 base substitutions took
place at C in 5'CC and 5'TC sequences with C -Â»T or C -> A

changes. 91% (30 of 33) of the base substitutions in the p53 gene in
the non-XP human skin SCCs (3) and BCCs (4) and UVB-induced
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Exon 4 Exon 5 Exon 6

Fig. l. PCR-SSCP analysis of p53 mutations in
the skin tumors from XP patients. Tumor numbers
are given on the top of each lane. WT, wild type.
Arrows, bands showing mobility shifts.
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20 WT WT 1 18
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28

mouse skin SCCs (8) were these types of changes, while these
changes were found only in 31% (36 of 118) of the base substitutions
in the p53 gene in the internal tumors (11-15).

Our results agree with the mutation spectrum by UV in the supF
gene carried by a shuttle vector. Base substitutions in the sup F gene
in the shuttle vector pZ189 propagated in XP group A cells were
predominantly C -> T transitions (79%) (6), while 6 of 8 (75%) of the
base substitutions in the XP tumors were C â€”¿�Â»T. Both systems took

advantage of the repair defects in XP to guarantee that the effects were
caused by UV.

The p53 protein is a negative regulator of the cell growth (cell
cycle) in mammalian cells (16). Loss of the wild type function by a
deletion or a point mutation in one or both alÃelesof the p53 gene has
been implicated to lead to tumors, in accordance with the concept of
tumor suppressor genes (16). The SSCP analysis showed that the
nonsense mutation in tumor 1 was homozygous (Fig. 1), and this
mutation was not found in the normal tissue of this patient (data not
shown), indicating that the normal alÃeleof p53 in exon 6 was lost in
tumor 1. In other tumors, contamination of normal tissues might have
made it difficult to determine whether the normal alÃelewas lost or
not.

No.1 No.20
XÃ¯ A C T 'G A C T ' G A C T"G A C T'

'G A c r 'G A c T'

WT No.28

G A C TGACT

G/A

-+T

-A

No.21
G A C TlrG ACT

-G/T

Fig. 2. Identification of p53 mutations in the skin tumors from XP patients. Tumor
numbers are given on the lop. WT, wild type. Arrows, mutations. The sequences corre
spond to the 5' â€”¿�>3' direction in the transcribed strand for A, B, D, and F and in the

nontranscribed strand for C when read from bottom to top.

Tumor 20 had two missense mutations, Arg -Â»Cys at codon 158
and Met -> He at codon 160 (Fig. 2, Table 1). These codons are not

in the conserved, regions but these amino acids are conserved in
humans, monkeys, rats, and mice (10).

In four of five tumors, the mutations, which occurred outside the
conserved domains, led to the stop codons in exons 4 and 6 (Table 1).
A few nonsense mutations in the p53 gene have been reported, most
of which occurred outside the conserved domains. Multiple mutations
within small regions have scarcely been reported, but in two of five
XP tumors, the multiple mutations were detected (Table 1). These
results may represent unique UV-specific responses in the XP patients.

We assume that these reflect the consequences of the severe damage
yielding large skin tumors in the XP patients, since multiple mutations
and nonsense mutations may have a higher chance of leading to
malignancy than the single missense mutations. XP patients develop
many skin tumors and we selected large tumors for clear identification
of the tumor cells; this process could have selected the severe damages
in comparison with the materials used by Brash et ai.

In mouse skin SCCs induced by UVB, all dipyrimidine sites in
which mutations in the p53 gene took place were exclusively located
on the nontranscribed strand, suggesting a strand bias in the formation
or repair of UV photoproducts (8). In tumors 1 and 18 from XP
patients of complementation groups C and A, respectively, which
showed low unscheduled DNA synthesis (Table 1), the mutated dipy
rimidine sequences were on the nontranscribed strands, and in tumors
21 and 28 from XP patients of complementation group F and Variant,
respectively, which showed relatively high unscheduled DNA synthe
sis (Table 1), the mutated dipyrimidine sequences were on the tran
scribed strands.

It was reported that 2 of 8 SCCs (17) and a melanoma cell line (18)
from XP patients contained point mutations at codon 61 of the N-ras

oncogene. We tried to detect the ras gene mutations in 8 XP skin
tumor samples in Table 1 and 15 additional XP skin tumors but did not
find any of mutations in the codons 12, 13, and 61 of H-, K-, and
N-ras genes by PCR-SSCP analysis, using the primers described by

Suzuki et al. (19).
Mutations in the p53 gene have been found frequently in many

types of tumors and they are scattering in more than 100 sites (10) in
the coding regions. Mutations in the /;5_? gene have been reported
spontaneously and by various carcinogens in many types of tissues.
Recently, aflatoxin B,-specific mutations, G -> T trans versions at the

third base pair position of codon 249, were found in human liver
cancers in aflatoxin-contaminated areas in China and southern Africa

(20). These results, in addition to our findings of the UV specificity of
the p53 mutation, indicate that mutations in the p53 gene may reflect
the agent specificity of a significant process of in vivo tumorigenesis.

We demonstrated the high frequency and UV-specific pattern of

mutations in the p53 gene in skin tumors of XP patients. This pattern
was similar to that in non-XP skin SCCs and UVB-induced mouse
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Table I Mutations in p53 gene in .skin tumors from XP patients

Patient"XP5TUXP6TUXP7TUXP20TUXP47TUXP48TUTumor181721128192025HistologysecsecsecsecBCCBCCBCCsecAge'1(yr)212828928202021SiteFaceNoseNoseNoseForeheadNeckNeckFaceExon646655Codon'21351195-196207-208157-158160MutationSequence''ttCga--TttCaa-Â»AatCCgaâ€”

TTlCalc->tAa
liegtCCgc^TTgcCat-Â»TAmino

acidArgâ€”

Â»stopGlu-Â»

stopArg->stop+

1 basepairArg-Â«CysMel-

Ik-changeâ€”

stop

" Complementation groups and unscheduled DNA synthesis (<7r)of XP5TU. XP6TU. XP7TU. and XP20TU are: A, 6%: F, 32%: C. 9%; and variant. 42%. respectively.
ft Ages of onset of the skin tumors.
' Codons with mutations.
''The sequence is indicated 5' -Â»3' for the strand containing the pyrimidines.

SCCs, suggesting that the p53 gene mutation plays an important role
in sunlight-induced skin tumorigenesis.
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