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ABSTRACT

Xeroderma pigmentosum (XP) patients are clinically characterized by
a very high incidence of skin cancers on exposed skin, at an early age. XP
cells i/i vitro are strongly deficient in excision-repair and highly niu-

tagenized by UV light. We were, therefore, interested in measuring mu
tation frequency and in determining mutation spectra in patients' tumors

exposed to UV lesions. We chose to look at oncogene activation in skin
tumors with the idea that more mutations, particularly of the ras gene
family, would be found in XP tumors where lesions remain unrepaired
compared to normal individuals. Our results clearly show that more than
a 2-fold .significanti) higher mutation frequency (50%) of the ras genes

was found in XP in contrast to control tumors (22%).
The majority of the mutations were found at codon 12 of all three ras

genes with a preponderance for \-rÂ«.sin XP samples. The mutation spec
tra indicate that all mutations found were located opposite pyrimidine-
pyrimidine sequences which represent a hot spot for UV-induced DNA

lesions. Most of the mutations were of the type expected from studies
performed in vitro with model systems. This high mutation frequency in
XP was accompanied by a very high level of Ha-ras and c-myc gene

amplification and rearrangement. All these data are consistent with a
fundamental role of unrepaired UV-induced DNA lesions as an initiating

event in human skin tumors on exposed parts of the body.

INTRODUCTION

Our understanding of the molecular events leading to the develop
ment of cancer is progressing rapidly and it is well established that
genomic DNA is the target of repeated aggressions by exogenous
physical and chemical agents. These lesions can cause genetic changes
in essential genes which can result in the cascade of events leading to
the complex process of carcinogenesis. Numerous and diverse agents
have been implicated in the etiology of human malignancy (1), and
many are mutagens (2) but very few have really been shown to be
directly linked to the genetic damage found in particular human tu
mors. Mutagenesis in skin cells due to damage of cellular DNA by UV
light from sunlight is a crucial step in carcinogenesis and is one of the
few explicit causes directly linked with human cancers (3). Indeed,
skin cancers (basal cell and squamous cell carcinomas) are the most
frequent type of human cancer, often resulting from repeated exposure
of the skin to sunlight.

The cytotoxicity, mutagenicity, and carcinogenicity of UV irradia
tion has been recognized since the late 19th century, the UV-B (280-

320 nm) region of the solar spectrum being responsible for the induc
tion of skin cancer working in unison with UV-A (320-400 nm) or

another cocarcinogen (3, 4). The bulky, intrastrand lesions [mainly
pyrimidine dimers and (6-4) photoproducts] are formed by the ab

sorption of UV by pyrimidines causing a distortion of the DNA
structure which can block both replication and transcription and are
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potentially mutagenic or lethal if left uncorrected. In UV carcinogen
esis there is a long latent period between the first exposure and the
appearance of skin tumors, but the sequence of events during latency
and progression is not well known. Hence, it is particularly interesting
to study skin carcinomas in order to evaluate the contribution of UV
and the target of mutagenesis in the multistep process of tumor for
mation. Furthermore, there exist a number of gravely afflicting ge
netically inherited disorders, known to be defective in the repair of
these particular DNA lesions and the highly cancer-prone syndrome,

xeroderma pigmentosum. is a most pertinent example (5). In this rare,
autosomal recessive genetic disease, the extreme sensitivity of the
skin to UV irradiation leads to a high incidence (4000-fold more than
normal individuals) of skin tumors in sun-exposed areas of the body.

The defect in excision repair can vary from patient to patient, since
seven complementation groups have been found in classical XP,3 and

the severity of the disease is directly proportional to the amount of
repair deficiency. Most of the XP cells are unable to excise both
pyrimidine dimers and (6-4) photoproducts, as well as various UV-

mimetic carcinogenic lesions (5). Hence, this syndrome represents a
particularly interesting model for studying the relationship among
exposure to a DNA-damaging agent (UV), unrepaired lesions and skin

carcinogenesis.
The repair deficiency and elevated mutagenesis found in XP cells

strongly predict that oncogene activation by point mutations would
play an important role in cancer formation. Activated ras oncogenes
are expressed in a large number of human cancers and these trans
forming genes are considered to be highly tumorigenic although often
found associated with other activated oncogenes. We have shown
previously that one or more of the ras gene family modified in XP
tumors using the 3T3 transformation assay (6). In the present study we
have used PCR-mediated amplification of specific DNA sequences as

a means of analyzing ras mutations in basal and squamous cell car
cinomas obtained from both XP patients and normal individuals. The
difference in levels of oncogene modifications in XP compared to that
in normal individuals and the types of mutations on ras genes reflect
and confirm the role of UV light as a potent DNA-damaging and
carcinogenic agent.

MATERIALS AND METHODS

Tissue Samples. Fresh human skin tumors from normal individuals and
xeroderma pigmentosum patients were obtained at the time of surgical resec
tion, frozen immediately in liquid nitrogen, and stored at -70Â°C. When pos

sible, normal skin tissue from patients was also sampled from unexposed skin
by punch biopsy. Primary skin fibroblast cultures were established in F-10
medium (Gibco-BRL) supplemented with 15% fetal calf serum and 1% anti

biotics and antifungicides.
The majority of the biopsies were obtained from Institut Gustave Roussy

(Villejuif), HÃ´pital Saint-Louis (Paris), and HÃ´pital H. Mondor (CrÃ©teil),and

some were obtained directly from Algeria or Tunisia.
Unscheduled DNA Synthesis. All XP skin fibroblast cell cultures were

examined for DNA repair activities by means of unscheduled DNA synthesis
as described previously (6).

1The abbreviations used are: XP, xeroderma pigmentosum: PCR, polymerase chain

reaction.
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Nucleic Acid Preparations from Tumors and Cultured Cells. Cell cul
ture pellets or frozen tumor samples were ground to a fine powder and RNA
and DNA were extracted after lysis in guanidine thiocyanate using an adap
tation of the method described by Chirgwin et al. (7). Briefly, the method
consists of cell lysis in 6 Mguanidine thiocyanate. 0.5% Sarkosyl. 5 m.Msodium
citrate, and 0.1 imi 2-mercaptoethanol. Cell lysates were carefully pipeted (to

avoid DNA shearing) onto a 5.7 Mcesium chloride gradient and DNA and RNA
separated from cell debris by ultracentritugation in a swinging rotor. The band
of cellular DNA was located by its viscosity and the DNA purification was
completed by treatment with proteinase K and phenol-chloroform extractions.

The total cellular RNA was recovered as a pellet after centrifugation and
washed well with 709Ã•-alcohol before dissolving in 10 m.MTris (pH 8.0-1 min

EDTA-0.5% sodium dodecyl sulfate). The RNA was precipitated with 2 vol
umes of ethanol and slocked in solution in distilled water at -20Â°C.

DNA and RNA Hybridization Methods. Cellular DNA, after digestion
with restriction endonuclease. or total RNAs were separated on agarose gels
and transferred to nylon nitrocellulose filters (Gene Screen Plus; NEN-Du

Pont) as described before (6). Hybridization was carried out with a panel of
<:P-labeled oncogene probes as described previously (6).

Synthetic Oligonucleotide Primers and Probes. Specific primers com
plementary to sequences flanking one of the six target sequences (codons 12.
13, and 61 ) of the ras genes on both DNA strands and the probes used to detect
the point mutations were as described by Verlaan de Vries et al. (8). The
synthesis of the 20 residue oligonucleotides was performed in our laboratory
using an Applied Biosystems synthesizer.

PCR Amplification. DNAs from tumor samples or control fibroblast cells
were amplified at specific sequences around the codons 12. 13. and 61 of the
Ha-ra.s. Ki-ras, and N-ras genes as described by Saiki et al. (9). The reaction
mixture contained 0.5 ug of cellular DNA, 1 U.M3' and 5' primers. 200 UM

concentrations of each deoxynucleotide triphosphate. 1.5 imi MgCl2. 50 m\t
KG. 10 HIMTris-HCl (pH 8.3). and 0.5 unit of Taq polymerase (Perkin-Elmer

Cetus) in a final volume of 1(X)ul. The samples were overlaid with mineral oil
and PCR was carried out in a DNA thermal cycler (Perkin-Elmer Cetus) for
30-34 cycles. Each cycle consisted of denaturation at 90Â°Cfor 1 min. anneal
ing for 1 min at 48-56Â°C depending on the primer sequence, and extension at
72Â°Cfor I min. The extension time in the final cycle was allowed to continue

for 7 min to ensure that all elongations were complete. Controls were used in
all PCR reactions and care was taken to avoid PCR product contamination by
using positive displacement pipets and confined manipulation areas.

Differential Dot Blot Hybridization. Amplified DNA was spoiled on ny
lon fillers (Gene Screen Plus; NEN-Du Pont) and fixed by UV irradiation.

Separate filters were prepared for each of the large! sequences and differ
ential hybridization was carried out using full panels of oligonucleotide probes
for each of the possible point mutations in codons 12. 13. and 61 of the ra.s
genes.

The specific probes were end-labeled with (y-';P]ATP (NEN-Du Pont)
using the polynucleotide kinase. The filters were prehybridized at 56Â°Cfor 1

h in 3 ITÃŒMtetramethylammonium chloride solution (8) and the radioactively
labeled probe complementary to the ras sequence amplified in vitro was added.
Hybridization was allowed to proceed for 3 h at 56Â°C.Filters were washed at
room temperature for 10 min. followed by a 30-min wash at 56Â°Cin the

hybridization buffer. Mismatched probes were removed by careful washing at
the melting temperature less 1Â°Cin 0.15 MNaCl-10 m.MNaH:POj-H;O-l rmi

disodium EDTA, pH 8.0. Fillers were air dried briefly and autoradiographed.

RESULTS

The majority of our XP patients originated from North Africa where
intermarriage has resulted in a relatively high proportion of this syn
drome in the population. XP patients presented multiple skin cancers
at an early age and were highly repair deficient, showing only 5-20%

unscheduled DNA synthesis compared to normal individuals. A few of
them have been definitively assigned to complementation group C
which is the most prevalent one in our classical XP group. A few
patients [e.g., S. K. and L. K. (Table 1)] exhibited their first skin
tumors at about 20 years of age and their unscheduled DNA synthesis
was almost normal. These patients were assigned as XP variants by A.
R. Lehmann (Brighton, United Kingdom). Although XP patients are

Table I rax %ene inularitm* in XP skin tumtir*

The total number of tumors studied was 30.

XPpatients

|DNA repair
level<%)]"N-rasN.M.

(5)
B.C.' (5)

A.K. (10)
S.K.(V)M.M.''

(5)

F.H. (25)
B.B.(10)B.Y.'IS)B.Y/<5>Ki-rasO.D.

(5)A.B.
(ND)Tumor

locationNose

Forehead
FaceNoseScalp

Nose
ForeheadForeheadCheekLipFaceHistologyBCCsec

sec
secsec

sec
ssecsecBCCsecMutated

gene and
codonNI2

NI2
NI2NI2NI3

N13
NI3N6IN6IKI2

KI2Mutation'1GGT

-Â»GAT
GGT -Â»GAT
GGT -Â»GAT
GGT -Â»GATGGT

-> GAT
GGT -> GTT
GGT ->GCTCAA

-Â»CATCAA
-Â»CATGGT

-Â»CGT
GGT -> GTTAmino

acid
substitutionGly

-Â»Asp
Gly â€”¿�* Asp
Gly -Â»Asp
Gly -Â»AspGly

-Â»Asp
Gly -Â»ValGly

-Â»AlaGin

-Â»HisGin
->HisGly

â€”¿�Â»ArgGly
-Â»Val

M.M.''(5) Scalp SCC K6I CAA -Â»CAC Gin -Â»His

Ha- rasA.R.
(ND)

S.R. (5)
L.K.(V)ST.

(5)Lip

Face
CheekFaceSCC

SCC
BCCSCCHI2H12HI2H61GGC

GGC
GGCCAG->

GTC
->GTC
-Â»GTC-Â»CACGly

Gly
GlyGin-Â»Val

-Â»Val
->Val->

His

" V. XP variants with normal repair; BCC. basal cell carcinoma; SCC. squamous cell

carcinoma; S. sarcoma. ND. not done.
'' The indicated sequences correspond to the codons, boldface letters are those in

volved in the mutation.
' XP patient B. G. has been characterized as belonging to complementation group C.
'' Same XP patient with two different mutations in the same tumor.
'' Same XP patient with two different tumors.

very rare, we have been able to compare oncogene modifications in 30
skin tumors isolated from XP patients with 50 skin tumors obtained
from normal individuals. The histology of the majority of the tumors
was defined as consisting of either basal or squamous cell carcinomas.
The remaining samples consisted of three melanomas, two being from
non-XP patients, a lymph node metastasis of one of these melanomas,

and a sarcoma from a XP patient; for the remaining few we did not
have a precise histolÃ³gica! diagnosis. Nearly all the tumor samples
from XP patients were from sun-exposed areas of the body whereas

25% of the cutaneous tumors from normal individuals were not di
rectly associated with UV exposure.

Despite limiting quantities of tumor samples, sufficient DNA was
obtained to allow Southern blot analysis for some of the skin tumors
and all samples were PCR amplified for rax mutation analysis. South
ern blot hybridization was carried out using a wide panel of probes
representing oncogenes often found modified in human cancers. No
detectable modifications were found for the majority of oncogenes
analyzed in XP tumors with the exception of the Ha-ra.c and c-myc

genes. Indeed, using Southern blot analysis we found over 70% of the
XP tumors with Ha-ra.s amplification or rearrangement (Fig. 1)

whereas only 2 of 15 (13%) skin tumors from normal individuals
showed amplification but rearrangement was not detected. Using the
same method, c-myc amplification was never detected in the 50 skin
tumors from non-XP patients whereas about 13% (4 of 30) of the XP
skin tumors showed a statistically significant 3-10-fold amplification

of the gene (data not shown). Northern analysis of the total RNA from
the XP tumors containing the amplified genes revealed that these
genes were often overexpressed compared to other tumors and normal
XP fibroblast cells isolated from the same patients. The remarkable
modification seen in this study concerning skin tumors from normal
individuals was found in the two malignant melanomas we had avail
able for this study. This modification consisted of the coamplification
of the genes int-2 and list. It is interesting to note that this same

1626

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/7/1625/2453606/cr0530071625.pdf by guest on 19 M

ay 2023



raÃ GENE MUTATIONS IN XP SKIN TUMORS

1234 56789 10 H 121314

Fig. 1, Amplification and rearrangement of the Ha-ras gene in XP skin tumors. BamHI-
digested cellular DNA was analyzed by the Southern technique using a 32P-labeled Ha-ras

probe (pEJ). Lanes I and 2. control untranstormed XP fibroblasts which are either
homozygous or heterozygous for the polymorphic Ha-ras alÃeles;Lanes 3-14, typical

amplification and rearrangement patterns of several XP skin tumor DNA.

A.
123 4 56 7

ctmu~
B.

A
B
C
D

12 34 5 67

GGT -glycine

*r
G AT-asparagine

N - ras codon 12
Fig. 2. Example of a dot blot differential hybridization ot'PCR-amplified tumor cellular

DNAs and unexposed skin DNAs. '-P-labeled N-ras codon 12 wild type and mutant
oligodeoxynucleotide probes were hybridized as detailed in "Materials and Methods." All

DNA samples gave a positive signal with the wild type (GGT) probe as seen in A, whereas
only 5 tumor samples (A3, B3, B5, C3. and C4) hybridized with the mutant (GAT) probe
seen in ÃŸ,showing that a G to A substitution has occurred in the second position of codon
12 of the N-rai gene.

coamplification was also detected in the lymph node metastasis ob
tained from one of the patients who had a malignant melanoma.

As in our previous study (6) using the 3T3 cell assay, we had
already observed that some raÃoncogenes were activated in XP skin
tumors and because of the limiting quantities of tumor material avail
able, we decided to concentrate our comparative analysis of skin
tumors for the presence of point mutations in codons 12, 13, and 61
of the ras gene family. All PCR products were routinely checked on
1.5% agarose gels to confirm the presence of the expected band size
showing specific amplification and then subjected to differential hy
bridization, probing all samples with the wild type and specific ras
mutant oligonucleotide probes. Fig. 2 shows a typical autoradiograph
where duplicate filters were hybridized with the wild type and mutated
codon 12 probes of the N-rai gene. As can be seen in Fig. 2, all tumor
samples containing the mutated alÃelefor codon 12 of the N-rai gene

also carry the wild type sequence which was the case for all the other
ras mutations detected in skin tumors. It is expected that tumors
would be heterozygous for the ras mutations but the presence of
vascular tissue in tumors could also account for the presence of wild
type sequences.

Among the cutaneous XP tumors we tested, 16 of 30 (53%) con
tained ras mutations. These results are summarized in Table 1 where
details of tumor type, location, and the amino acid substitutions cor
responding to the specific mutations in the ras genes are given. In the
XP tumor samples tested, 3 of 10 basal cell carcinomas, 12 of 18
squamous cell carcinomas and the sarcoma from patient B. B. (Table
1) contained point mutations in the ras genes. The one malignant
melanoma from an XP patient was negative. When we analyzed skin
tumors from normal individuals we found only 11 of 50 (22%) with
modifications in the ras genes (Table 2). The tumors tested consisted

of 23 basal cell carcinomas (6 positive), 18 squamous cell carcinomas
(4 positive), 2 malignant melanomas ( 1 positive), 1 lymph node me
tastasis, and 6 tumors of undefined histology (all negative).

Our results clearly show a more than 2-fold higher frequency of raÃ

gene mutations in XP skin tumors compared to the same type of
tumors from a normal population. Although the size of the sample is
still not very large the mutation frequency on the N-rai gene is 5 times

higher for XP patients (30%) as compared to normal individuals (6%),
while for the Ki- or Ha-ras genes the frequencies are of the same order

of magnitude for the two groups of patients. The spectrum is large
covering all the codons of the ras genes with a statistical predomi
nance for codons 12 of the rai genes (56% for XP and 82% for
non-XP tumors). It should be noted that all detected mutations were
located opposite a pyrimidine-pyrimidine sequence (C-C; T-T; C-T)
and therefore could be due to unrepaired pyrimidine dimers or (6-4)

photoproducts induced by UV light (Fig. 3). These lesions are the
major ones produced by UV and XP cells are specifically deficient in
repair of this type of lesion (10). Most of the classes of mutations
T:Aâ€”>A:Tat TT sites or C:Gâ€”>T:Aat CC sites found on ras genes

were reported to occur in various mutation assays from bacteria to
mammalian cells after UV irradiation (see Ref. 11 for review). Indeed,
the C:Gâ€”>T:Atransition which is the most typical UV-induced muta

tion is increased from 18% in non-XP tumors to 32% in XP tumors.
The C:G to A:T transversion could be due to either an 8-oxo-deoxy-

guanine adduci which can also pair with A (12) or an unrepaired
apurinic site which can pair with A or T ( 13). The 8-oxo-deoxyguanine

is produced by oxidation and could be caused by the presence of
oxygen derivatives produced upon UV irradiation. Therefore, one can
conclude that most of the point mutations found on ras genes from
skin tumors are really due to the presence of unrepaired UV-induced

DNA lesions. Finally, it is worth noting that two skin tumors, one from
an XP patient [patient M. M. (Table 1)] and the other from a normal
individual [patient J. D. (Table 2)] both showed the presence of two
different raÃmodifications in the same tumor. XP patient M. M.
presented a glycine to asparagine amino acid substitution in codon 13
of the N-rai gene together with a second point mutation in the 61st
codon of the Ki-rai gene replacing the glutamine by a histidine. In the

normal individual J. D., the basal cell carcinoma of the chest con
tained an N-rai codon 12 mutation (GGTâ€”>GAT)as well as a Ha-rai

mutation in codon 12 resulting in a glycine to valine amino acid
substitution.

Table 2 ras gene mutations in human skin tumors from normal individuals

The total number of tumors studied was 50.

PatientsN-rasJ.

D.1

A. B.
J.T.Ki-rasM.

D.
X. H.
B. D.
A.L.Ha-rasG.

S.
A. P.
J. D.'

P. L.Tumor

locationChest

Finger
FaceHeel

Forehead
Ear
ShoulderForehead

Nose
Chest
NoseHistology"BCCMMsecsec

secBCC

BCCsecBCC

BCC
BCCMutated

gene and
codonN12

NI3
N61K12

K12
K12
K12H12

H12
H12
H12Mutation*GGT-Â»

GGT-Â»CAA
->GGT-Â»

GGT-Â»
GGT-Â»
GGT-Â»GGC-Â»GGC

-Â»
GGC-Â»
GGC->GAT

GAT
CATGTTGTT

GTT
GTTGTC

GTC
GTC
GTCAmino

acid
substitutionGly

Gly
GinGly

Gly
Gly
GlyGly

Gly
GlyGlyâ€”

Â»Asp
-> Asp
-Â»His->

Val
-Â»Val
-Â»Val
->Val-Â»

Val
-Â»Val
-Â»Val->

Val

" BCC, basai celi carcinoma; SCC. squamous celi carcinoma; MM, malignant mela

noma.
b The indicated sequences correspond to the codons; boldface letters are those in

volved in the mutation.
'' Same patient with two different mutations in the same tumor.
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NXP NXP NXP N XP N XP N XP

-G
_p

G-

B

i
NXP NXP NXP NXP NXP NXP

5'
-A
-T-

Af*\ -'G-

C-
Fig. 3. Mutation spectra in codons 12 and 13 of the 3 ras genes (A ) and in codons 61

of N-ra.v and Ki-rav (B} found in skin tumors from XP patients and normal individuals
(N). The 12th codon (GGX) codes for glycine and the 6lst codon (CAA) codes for
glutamine. The number of occurrences corresponds to the mutations from the upper DNA
sequence to the base indicated on the histogram. In B, the third base pair under the
histogram does not belong to the 61st codon but is the adjacent base. It has been indicated
to insist on the fact that the mutations we observed could be due to either a CT or TT
photoproduct.

DISCUSSION

In our previous studies (6), using the 3T3 transformation assay we
were able to establish a correlation between raj oncogene activation
and the persistence of unrepaired DNA lesions in skin tumors from XP
patients. Indeed, 3 of 15 XP tumor DNAs were able to induce foci in
3T3 cells due to the transforming activity of ras genes. Two squamous
cell carcinomas from the same patient [patient B. Y. (Table 1)] con
tained an activated N-ras gene and a third squamous cell carcinoma
[patient A. B. (Table 1)] contained an activated Ki-ras gene. However,

this transformation assay was found to be rather inefficient, requiring
large quantities of tumor DNA, and gave rise to foci only from 3
tumor DNAs of more than 15 tested.

Therefore in this study, we decided to take advantage of PCR-

mediated amplification to analyze for the presence of ras mutations
directly. This method was particularly appropriate to the study of
cutaneous tumor biopsies which were for the most part very small and
Southern or Northern analysis could not always be accomplished.
Furthermore, apart from our earlier work (6) little has been reported
concerning ras oncogene activation in XP tumors except for a recent
study by Ishizaki et al. (14) where only one ras mutation was detected
in tumor samples from 26 Japanese XP patients. The Japanese XP
patients usually belong to complementation group A while patients

obtained in our study belong essentially to groups C or D or are XP
variants, the difference being due to the racial groups involved. This
is important to note when comparing data, inasmuch as XP-C and XP
variants are able to repair actively transcribed genes while XP-A

cannot (15).
It is also clear from the studies carried out on skin tumors from

normal individuals (16, 17) in which ras genes were found to be
activated that oncogenes play an important role in the multistep pro
cess of skin carcinogenesis in normal individuals. Because we had
available a number of cutaneous tumors from normal individuals as
well as samples from XP patients, it was particularly interesting to
carry out a comprehensive, comparative analysis of these samples,
particularly for ras mutations. As is shown in Tables 1 and 2, point
mutations of the ras genes were found in over 50% of the XP tumors
tested, whereas only 22% of the cutaneous tumors from normal indi
viduals contained modified ras genes. Control fibroblasts from pa
tients never presented mutations in our study. It is interesting to note
that ras mutations were seen in 60% of the XP squamous cell carci
nomas which are more aggressive for the patient's life expectancy

than basal cell carcinomas. This is significantly higher than the levels
seen for the same type of tumors in normal individuals in this study
and in previous reports (16, 17). The level of ras mutations seen in
basal cell carcinomas is comparable for non-XP and XP patients.

The mutation spectra within the ras genes was large in both series
and no particular ras gene was targeted except for N-ras in XP tumors.
The main conclusion from these data is that involvement of Ha-ras

modification seems to be an early event as suggested by the data in the
two comparative studies where specific T:Aâ€”>A:Ttransversions in

codon 61 are found at a higher level in benign skin tumors than in
malignant ones (18, 19). Surprisingly, Pierceall et cil. (17) found an
almost unique G:C to T:A specific base change at codon 12 of Ha-ras

in 16 of 40 (40%) of their samples. In our samples we also find the
same point mutation but at a much lower frequency (10%) and Van der
Schroeff et al. (16) did not find this mutation in the 42 skin tumors
examined.

The results from the various laboratories and the data presented
here showing Ha-ras amplification and/or rearrangement together

with the presence of activated ras genes support the view that in
UV-induced carcinogenesis, some ras alterations occur as an early

event. The importance of unrepaired lesions in XP tumors is obvious
in that replication can be blocked by unrepaired lesions such as
pyrimidine dimers. Thus, the high level of amplification seen in these
tumors may be a consequence of DNA replication blockage followed
by reinitiation at these blocked sites (20) or may be due to some kind
of inducible factors produced in response to DNA damaging treatment
(21). An alternative mechanism involved in the phenomenon may be
the breakage and reunion model described by Stark et al. (22) in XP
cells. Finally as Â«(amplification of c-myc with Ha-ras is a frequent

event in XP tumors it is evident that when these type of genes, which
play a crucial role in cell proliferation undergo a modified expression,
they may severely destabilize cell growth regulation mechanisms.
Other alterations later in tumor progression, such as oncogene acti
vation and/or tumor suppressor gene mutations, would then allow the
same selectively proliferating cell to proceed to a fully transformed
phenotype.

Our comparative study of ras gene modifications has given further
proof of the fundamental role of UV light in inducing critical muta
tions which may play a role in modifying a number of genes, each
playing a part in a specific step of tumor development. The signifi
cantly high level of ras mutations seen in XP tumors is not unexpected
and the spectrum of mutations observed has been reported frequently
both in vivo and in vitro using irradiated probes such as animal viruses
or shuttle vectors (11, 23). Until now, all the experimental mutagen-
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esis studies using various probes have shown that UV-induced muta

tion frequency is much higher in XP cells than in normal human cells
( 10). This difference is nicely reflected by the higher in vivo mutation
frequency we found in XP patients harboring skin tumors. Indeed, all
the mutations we analyzed in XP and non-XP cutaneous tumors show
the widespread presence of UV-induced mutations opposite possible
pyrimidine-pyrimidine photolesions. emphasizing the significance of
sunlight-related events leading to the formation of these cancers.

Moreover, it has been shown in vitro that UV light can mutagenize the
N-/-Â«.?gene and render it transforming (24). Besides the C to T mu

tation and the A:T to T:A transversions which are typical of UV
irradiation, we also observed the presence of G to T transversions in
about 30% of positive XP tumors and 70% of positive non-XP skin

tumors (Fig. 3) which could have arisen either from misinsertion at
abasic sites produced at Gs ( 13) or at an 8-oxo-dG which can pair with

A ( 12). This latter lesion could be produced by endogenous or exog
enous (particularly, after UV-irradiation) aggressions. The very low

level of catalase activity found in XP cells could be responsible for the
high level of intracellular HiO2 and most probably of free radicals
which could be produced in higher quantity in UV-irradiated XP cells

(25, 26). This type of DNA damage can explain the type of mutation
spectra we have observed at Gs. The importance of these mutations is
reflected by the appearance of tumors at a very early age in these
patients compared to normal individuals in whom skin tumors gener
ally appear at much later ages.

Our understanding of the complex carcinogenesis process has been
strengthened by the finding of several oncogene modifications in the
same solid tumors. Unrepaired DNA lesions caused by UV correlated
with the high prevalence of skin tumors in DNA repair-deficient XP

patients must therefore have been necessary to initiate carcinogenesis.
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