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mental agent is responsible for p53 inactivation. Chromosome 9
instability has also been reported at high frequency (59%) in BCC (9,
10).LOHwasconfinedtoaregionthatoverlapswiththelocationof
the NBCCS locus (11). Whether progression of BCC requires both the
loss of chromosome 9 and inactivation ofp53 and which event occurs

first remains to be clarified.
Although BCC is a typical disease of elderly people, it may also

develop at a young age, possibly as a result of a predisposition to the
disease. In this regard, some hereditary diseases such as xeroderma
pigmentosum and NBCCS present frequent and early development of
this type of tumor. Moreover, young individuals with BCC seem to
repair UV photoproducts with lower efficiency when compared with
cancer-free controls (12), suggesting that an alteration in the genes
regulating DNA repair might be responsible for early BCC onset. The
potential role played by susceptibility genes in BCC risk is further
supported by the fact that these tumors are also found on areas of the
skin that are not chronically sun-exposed. The relationship between
sun exposure and neoplasia is therefore less direct for BCC than for

other NMSCs. Recent epidemiological studies also challenge the
simple association between cumulative sun exposure and BCC. Inter
estingly, risk of BCC was positively associated with recreational
childhood sun exposure in a study conducted in Alberta, Canada (13)
and with lifetime exposure on nonworking days in the Geraldton,
Australia skin cancer survey (14). Neither study reported an associa
tion between risk of BCC and total lifetime exposure.

To gain insight into the molecular pathogenesisof BCC, skin tumor
biopsies of 45 primary BCC patients, included in an ongoing case
control study of BCC risk factors, were screened for p53 gene muta
tion frequency and type, chromosome 9 LOH, and MI.

MATERIALS AND METHODS

BCC Cases.BCC patients were enrolled at the Istituto Dermopatico
dell'Immacolata, a large hospital for skin diseases in Rome which serves as a
major source of both outpatient and inpatient dermatological care for central
and southern Italy. A total of 45 patients diagnosed with primary BCC were
randomlyselectedfrom thepopulationof anongoingcase-controlstudyof risk
factors for BCC. Eachpatientwas interviewedat the hospitalby a trained
interviewer using a standardized questionnaire which included demographic
data and information on pigmentary and constitutional characteristics and
history of sunlight exposure.

p53 Mutation Analysis. BCC paraffin-embeddedbiopsies were obtained
from each patient. A stained biopsy section was viewed under the microscope
andonly the correspondingtumor tissuefrom an unstainedparaffin section
was microdissected. DNA was extracted by incubating individual l0-@m
histological sections in 0.5 ml ofbuffer containing 10 miviTris( pH 8.3), 50 nmi
KC1,1.5mMMgC12,100pg/mi BSA, 1%Tween20,and100pg/mi proteinase
K (15).Thesectionswereincubatedovernightat55Â°C,boiledfor5 mm,and
then cooled on ice. Aliquots of 5 @.dwere used in PCRs. Exons 5â€”8of the p53
genewereamplifiedby 30PCRcyclesat95Â°Cfor 2 mm,55Â°Cfor 2 mm,and
72Â°Cfor 3 mm.Theamplimersusedfor p53 geneamplificationwere:exon5,
5'-TGT TCA CU GTG CCC TGA CT-3' (sense) and 5'-CAG CCC TOT
CGT CTC TCC AG-3' (antisense);exon 6, 5'-GGC CTC TGA TFC CTC
ACT GAT T-3' (sense) and 5'-AGA GAC CCC AGT TGC AAA CC-3'
(antisense); exon 7, 5'-CAG GTC TCC CCA AGO CGC ACT GOC C-3'
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ABSTRACT

Tumor DNA from 45 primary basal cell carcinoma (BCC) biopsies was
screenedforp53 genemutations, chromosome9 allele loss,and microsat
effite rnstabUity.p53 mutation frequency increased significantly as a func
lion ofthe age at BCC onset ranging from 6% (1116)in early BCC (before
age 40 years) to 35% (10/29) in late BCC. All p5.3 mutations found
implicated sunlight as the mutagen. Chromosome 9 instabffity (allele loss
or microsateffite instabifity) was detected at high frequency (38%) mde
peadently of age at tumor onseL Allelic loss was confined to chromosome
9q, whereasmicrosateffite rnstabffity was observedprevalently on chro
mosome 9p often in association with a replication error (RER@) pheno
type. Most @iour late BCC patients reported occupationalsun exposure,
while early BCC patients recalled childhood (0-20 years) recreational sun
exposure. These data suggest that chronic exposure to sunlight is respon
sible for accumulation ofp53 mutations and thus for late BCC appear
ance, whereas acute UV exposure in childhood and adolescence leads to
early skin cancer development in genetically susceptible individuals via a
p53-independent pathway.

INTRODUCTION

NMSC,2includingBCCand squamouscell carcinoma,is the most
common neoplasia among the white population. Sunlight exposure is
accepted to be the most important environmental risk factor while
ethnic origin and pigmentary characteristics are considered the genetic
risk factors for this disease. Large case-control studies have been
conducted to evaluate the role played by environmental versus genetic
factors in skin cancer risk (reviewed in Ref. 1). Little information is
available on the populations of southern countries which, as compared
to the north, present a lower although relatively high incidence of skin
cancer. In these populations, skin cancer risk factors other than
pigmentary characteristics might exist.

Data from Italian cancer registries (2) indicate an incidence of
NMSCof 501100,000/yearfor malesand37/100,000/yearfor females
which is intermediate when compared with worldwide figures. This
rate should be regarded as an underestimate, given the inevitable high
proportion of cases which escape registration. Although the reported
frequency of distant metastases for NMSC is estimated to be only
0.1% of primary tumors, these are locally destructive and have a
tendency to recur. These features make this type of cancer an impor
tant public health issue.

Among NMSC, BCC is the most common skin cancer, usually
associated with old age. The accumulation of UV-induced mutations
in critical genes for skin cancer development is a plausible etiological
model for late BCC onset. In fact, a high prevalence (12â€”58%)of p53
mutations has been reported in BCC (3â€”8);the mutations observed
were those typical of UV light, strongly suggesting that this environ
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Table 1 Pigmentarv features and sun-related behavior of BCC cases bygegroupOverallAge

at BCC onsetx2

test21â€”40yr 41â€”60yr 6 1â€”80yrVariableNo.
(%)No. (%) No. (%) No. (%)(Pvalue)SexMale25

(55.5)7 (43.7) 8 (57.1) 10(66.7)Female20
(44.5)9 (56.3) 6 (42.9) 5(33.3)0.434Tumor

siteSun-exposed34
(75.5)10 (62.5) 12 (85.7) 12(80.0)Non-sun-exposed1

1 (24.5)6 (37.5) 2 (14.3) 3(20.0)0.298â€•Eye
colorBlue/green/gray16

(35.6)7 (43.7) 4 (28.6) 5(33.3)Other29
(64.4)9 (56.3) 10 (71.4) 10(66.7)0.671Hair

colorBlond/red5(11.1)3(18.7)
0(0)2(13.3)Brown/black40

(88.9)13 (81.3) 14 (100.0) 13(86.7)0.250Skin
typebType

Iâ€”I!20 (44.4)9 (56.2) 5 (35.7) 6(40.0)Type
IIIâ€”IV25 (55.5)7 (43.8) 9 (64.3) 9(60.0)0.483Outdoor
job(yr)528

(62.2)14 (87.5) 9 (64.3) 5(33.3)>517
(37.8)2 (12.5) 5 (35.7) 10(66.7)0.008Recreational

sunexposure
beforeage

20(wk/yr)428
(62.2)4 (25.0) 10 (71.4) 14(93.3)>417
(37.8)12 (75.0) 4 (28.6) 1(6.7)<0.001Recreational

sunexposure
afterage20

(wk/yr)433
(73.3)8 (50.0) 10 (71.4) 15(100.0)0.007â€•>412
(26.7)8 (50.0) 4 (28.6)0(0)a

Fisher's exact test.

MOLECULARMARKERSOF EARLYANDLATEBCC

(sense)and5-TOT GCA GGGTGGCAA GTGC-3' (antisense);andexon8,
5'TGC TFC TCT 1TF CCT ATC CTG A3' (sense)and 5'CGC TTC TFG
TCCTGCTTG CT3' (antisense).Theantisenseprimerwasbiotinylatedat the
5' end to allow the purification of single-stranded DNA for sequencing

analysis. The sequencing products were separated on a 6% urea/polyacryl
amide gel and exposed to film.

Analysis of LOH and MI. Matched lymphocyte and tumor DNA was
obtainedfrom 42 of 45 BCC patientsanalyzedfor p.53 mutations.Genomic
DNA was extracted from both isolated lymphocytes and BCC biopsies of the
same patient. DNA was prepared from lymphocytes by using standard methods

of phenol/chloroform extractions followed by ethanol precipitation. Four mi

crosatellite probes were selected for chromosome 9 analysis: D9S157, D9S171,
D9S169 (9p), and D9S]80 (9q). When LOH or MI were detected on chromo
some 9, the analysis was extended to three other loci on different chromosomes

by using the following microsatellite probes: D2S119, D2S123, and D10S186.
The sequences of all microsatellite probes have been reported previously (16).

Normal and tumor genomic DNA were subjected to 30 cycles of PCR ampli

fication (95Â°Cfor 30 s, 55Â°Cfor 30 s, and 70Â°Cfor 30 s). Productswere
separatedby electrophoresisin a6%acrylamidegelandtransferredto Hybond
N@ membranes (Amersham Italia, Milan, Italy). One of the PCR primer
oligonucleotidesradiolabeledwith cs-32Pby terminaldeoxynucleotidyltrans
ferase (Life Technologies Italia, Milan, Italy) was used as hybridization probe
to detecttheamplificationproducts.Hybridizationwasperformedovernightat
42Â°Cin 130 mM sodium phosphate (pH 7.0), 250 nm@NaC1, 10% polyethylene
glycol (Mr @Â°Â°Â°;Sigma Chemical Co., St. Louis, MO) and 7% SDS. Hybrid

ization products were detected by autoradiography. MI was scored as an
alteredbandpattern.A tumorwas definedas havinga RER(RER@)phenotype
when instability was observed at more than three loci on different chromo
somes. LOH was defined as a reductionof at least 50% of the signal of one
allele as compared with the corresponding normal allele.

RESULTS

Pigmentary Features and Sun-related Behavior of BCC Cases.
Table 1 shows the variables reflecting pigmentary and constitutional
traits and sun exposure behavior of the 45 BCC patients of this study.
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Age at first BCC onset (years)

Fig. 1. Number of BCCs with p53 mutations as a function of the age of patient at first
tumor onset. w.t., wild type; mut., mutant.

These data are displayed by age groups. The majority (43/45) of these
subjects resided in central Italy and were almost equally distributed
among three age groups: 21â€”40years, 16 subjects; 41â€”60years, 14
subjects; and 61â€”80years, 15 subjects. Males and females were also
equally represented.Subjects with the features usually associatedwith
an increased risk of BCC (e.g., light hair, eye, and skin color) were
evenly distributed among young and old BCC patients, with a slightly
larger number in the youngest age group. Preliminary data from the
ongoing case-control study (including 136 cases and 124 controls)
indicate a lack of association between pigmentary and constitutional
characteristics and risk of BCC in our population (data not shown),
thus supporting the hypothesis that the phenotypic traits are a poor
predictor of BCC risk.

Interestingly, the history of sun exposure highlighted different
sun-related behaviors of the subjects as a function of their age at BCC
onset. A significantly higher number of BCC caseswith a long history
of occupational sun exposure (>5 years) was observed in the eldest

age group (x2 test, one-tailed, P 0.008). Conversely, the prevalence
of subjects with acute recreational sun exposure (>4 weeks), partic

ularly in childhood and adolescence, was significantly higher in the
youngest age group (f test, one-tailed, P = 0.0003). The preliminary
analysis of our case-control study shows the same age-related pattern
of UV exposure for BCC cases but not for the controls (data not
shown), further supporting a role for sun exposure behavior in the risk
of early versus late BCC onset.

p53 Mutation Frequency and Type Paraffin sections of BCC
were surveyed for p53 gene mutations. The majority of the tumors
analyzed were from sun-exposed areas, mainly the head (75%), and
the remaining 25% (10/45) were localized on body sites only occa
sionally sun-exposed such as trunk, upper limbs, and legs. The nodu
loulcerative tumor type was the most common clinicopathological
form of BCC among our samples, whereas the superficial type rep
resented only 10% of the BCC analyzed. All tumors were first
occurrence BCC.

DNA sequencing of the conserved region (exons 5â€”8)of the p53
gene revealed that the frequency of p53 mutations changed signifi
candy as a function of the age at BCC onset. As shown in Fig. 1, only
one p53 mutation was detected among the 16 tumor biopsies (6%)
from the age group 21 to 40 years, whereas a p53 mutation frequency
of approximately 35% (10/29) was observed in the age group from 41
to 80 years (Fisher's exact test, one-tailed, P = 0.035). The type of

b Skin type assessed according to Fitzpatrick: type I, always burn, never tan; type II,

always burn, tan minimally and with difficulty; type III, burn minimally, tan gradually and
uniformly; type IV, burn minimally, alwaystan well.
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Table 2 p53 mutat,ons inBCCTumorAge

(yr)/sexSite histotypeExonCodonSequenceâ€•Base changeAmino acid changeStrandNTâ€•/T6299

6716
1705

10518
1289
5996
4102

6354
641 3
27 1
3422261M

41/F
47/M

Sl/M
56/M
58fF
62/M

64/M
66/F
7 l/M
801MHead,

noduloulcerative

Head, noduloulcerative
Head,noduloulcerative

Leg,NA.
Head, noduloulcerative
Head, noduloulcerative
Trunk, superficial

Head, noduloulcerative
Head, noduloulcerative
Head, noduloulcerative
Head, noduloulcerative8

7
7

8
8
8
7

8
6
8
8281â€”282

248
248
249
278
278
266
248
25 1
267
2 13
294
278gCCg

cCgg
cCgg
gCct
tCCt
cCtg
tcCc
cCgg
atCc
cCgt
tCga
gCtc
tcCtCC

> â€˜fT

C > T
C> T
C > G

CC > iT
C > T
C > T
C> A
C > A
C > G
C > T
C > A
C > TArgâ€”Trp

Asp-Asp
Argâ€”Trp
Argâ€”Trp
Argâ€”Ser
Pro-Phe
Proâ€”Leu
Glyâ€”Arg
Argâ€”Arg
lIeâ€”lIe
Argâ€”Pro
Argâ€”Stop
Gluâ€”Asp
Proâ€”LeuT

NT
NT
T
NT
NT
T

NT
NT
T

NT
T

NT

MOLECULAR MARKERS OF EARLY AND LATE BCC

a The sequence is written 5â€”3' for the strand containing the pyrimidine. The upper case letters indicate the mutated base.

b NT, nontranscribed DNA strand; T, transcribed DNA strand; M, male; F, female; NA., not analyzed.

p53 mutations detected were exclusively base substitutions located at
dipyrimidine sequences and the majority were C â€”Ã·T transitions
(46%; Table 2). Two mutations (tumors 6299 and 10518) were found
at adjacent pyrimidines (15%) and two tumors (tumors 1705 and
4102)harboreddoublenontandemmutations.All mutationswereat
template C and most were located at the 3'C in 5'(TIC)C3' or at the
central C of short pyrimidine runs. This mutational spectrum is
expected to occur if UV photoproducts are fixed into mutations. The
UV-induced premutagenic lesions were randomly distributed between
the transcribed and nontranscribed strand of the p53 gene. The in
crease in UV-specific p53 mutation frequency in BCC as a function of
age at onset might be due to the persistence in DNA of UV-induced
lesions due to age-related decreaseof DNA repair efficiency (12).

A11p53 mutated tumors apparently retained the wild-type p.53 allele
since both wild-type and mutant bands were observed in the sequenc
ing gels. Although we cannot completely exclude that this result is
affected by the contamination of the tumor samples with normal
DNA, two studies(5, 17) haveshownthatLOH of V/p is a rareevent
in BCC tumors. The mutated p53 codons of this study coincide with
the known cancer-related p53 mutation hot spots (18). The majority
lie within exons 7 and 8. As inferred from the crystal structure of the
p53 core domain-DNA complex (19), these mutated sites have a
crucial role in either contacting DNA (e.g., codons 248 and 278) or
stabilizing the protein-DNA interaction (e.g., codons 249 and 282).
Moreover, some of them suffer from slow repair (20) of UV-induced
damage (e.g., codons 248 and 286). Two tumors presented a known
p53 sequence polymorphism at codon 213 (21) which changed an A
into a G, leaving unmodified the coding sequencefor arginine.

Chromosome Instabffity. Several studies have shown that BCC
occurrence is associated with a typical pattern of chromosome loss. In
particular, a high frequency of chromosome 9q loss has been reported
(9, 10). The hypothesis has been made that the loss of 9q may be an
earlygeneticeventthatis followedby inactivationof a singlep53
allele (17). We decided to screen the same tumors analyzed for p53
mutations for chromosome 9 instability.

We obtained matched lymphocytes and tumor DNA from 42 of the

45 BCCpatientsanalyzedforp.53mutations.Pairedsamplesof
normal and tumor DNA were amplified by PCR for analysis of
polymorphic dinucleotide repeats. We used four microsatellite mark
era to test alleic loss on chromosome 9: D9S157, D9S171, and
D9S169 which map at 9p 22â€”21and D9S180 which is a marker for
9q22.2. As shown in Fig. 2, both LOH and amplification or deletion
of DNA with microsatellite elements were observed independently of
the age of BCC onset. LOH was almost exclusively detected on
chromosome 9q (25% of the informative cases). We cannot exclude
that this phenomenon has been underestimated in our study due to the
presence of normal tissue in the tumor biopsy. MI was prevalently

observed at 9p loci. When LOH or MI was detected on chromosome
9, the analysis was extended to three other loci on different chromo
somes (chromosomes 2 and 10) to ascertain whether the tumor had a
RER@phenotype (22). Extensive MI was detected in 6 of 16 tumor
samples analyzed. One example of a tumor with extensive alterations
at dinucleotide repeats is shown in Fig. 3. The observed band shifts
produced new fragments larger and smaller than the normal alleles.
BCC with MI at multiple loci were neitherclinically nor pathologi
cally distinguishable from other BCC. LOH was never associatedwith
MI. Although LOH was usually confined to chromosome 9q, patient
12566 showed a wider pattern of chromosomes loss at 9p as well as
2p and lOq markers. This allelotype is very uncommon for BCC (10).
Fig. 4 shows LOH for D2S123 and 9p markers detected in this tumor.
Interestingly, this nodular BCC belongs to a patient with relatives
(both parents and their respective sisters) affected by different types of

cancer. Among the tumors characterized by p53 mutation, three of
seven informative cases presented LOH of 9q (tumors 6299, 5996,
and 4102). In addition, tumor 5996 had a RER@ phenotype.

DISCUSSION

In human BCC we have found chromosome instability as well as
mutational changes in the tumor suppressor gene p53. Similarly, in the
well-defined multistage mouse skin carcinogenesis model, chromo
somal aberrations and mutations in oncogenes and tumor suppressor
genes are the hallmarks of tumor progression (reviewed in Ref. 23).
UV-specific mutations were identified within the conserved region of
the p53 gene. The spectrum of mutations found in this study and in
previously reported investigations is in agreement with UVC- and
UVB-induced mutational spectrum in both cell culture and mouse
systems (reviewed in Ref. 24). The targeting of mutations at pyrim
idine runs and the occurrence of tandem mutations at adjacent pyri
midines is the unmistakable â€œsignatureâ€•of UV mutagenesis. Another
peculiar feature of BCC p53 mutations is that only one allele seemsto
be inactivated. The maintenance of one Yip allele has been clearly
demonstrated in p53 mutated BCC (17). This genotype might be
responsible for the benign behavior of these tumors that rarely pro
gress and invade. These data along with other studies aimed to
characterize p53 mutations in BCC (reviewed in Ref. 25) strongly
support the hypothesis that UV light is the environmental agent
responsible for p53 inactivation.

The age-related increase in p53 mutation frequency observed here
suggests that the reduced DNA repair capacity associated with the
aging process causesan accumulation of DNA damage and therefore
an increase of the probability of mutation fixation in human genes,
including those critical for cancer development like the p53 gene. In
support of this hypothesis, a decline of the DNA repair capacity of
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Fig. 2. Frequencyof chromosome9 loss(LOH) andMI in primary BCC developedat differentages.0, no chromosomeinstability.NI, not informative;RER@,tumorswith MI
at more than three loci on different chromosomes.

not only to initiate the target cells by p53 mutation but, even more
importantly, to exert selective pressure on those cells with dysfunc
tional p53 [and then partially impaired in the production of apoptotic
sunburn cells (27)] that will form the tumor. p53 mutations are likely
to be induced also in skin cells of young BCC patients, but the pattern
of acute UV exposure might be insufficient for the promotion/pro
gression step. In this scenario, factors other than p53 inactivation, e.g.,

genetic susceptibility, might be responsible for skin cancer formation
at an early age.

Chromosome alterations were detected in our BCC samples inde
pendently of the age of tumor onset, indicating that this event is a
general hallmark of skin cancer progression. The pattern of genomic
instability in BCC development is characterized by LOH of 9q (25%
of the informative cases) and in some tumors by extensive instability
at dinucleotide repeats. LOH on several chromosome arms has been
described in atypical keratinocytes from AK (30) which is an early
stage in squamous cell carcinoma development, thus suggesting that
this phenomenon is an early event in skin cancer progression. AK
cells are also characterized by a high frequency ofp53 mutations and

NT

â€¢;

D2S123 D9S157

Fig. 4. Examplesof LOH at threeloci in a BCC patientpresentingextensivechromo
some loss. N, normal DNA; T, tumor DNA.
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Fig. 3. Microsatellite analysis at five loci of a 8CC with a RER@phenotype. The
microsatellitebandingpatternis differentatall loci in normal(N) ascomparedwith tumor
(7) DNA.

human lymphocytes with increasing age at an estimated rate of
0.61%/year has been reported (12) as well as an age-related increase
of mutation rate (1.3%/year) in the housekeeping hprt gene of human
lymphocytes (26).

Several studies suggest that p53 mutation occurs early in skin
cancer progression (27), even before the appearance of macroscopi
cally visible skin lesions (28, 29). However, BCC developed at a
young age rarely (6%) present p53 mutations. The studies conducted
in mice (29) indicate that the timing of p53 alterations is dependent on
the carcinogenic regimen (carcinogen and/or its application). For
example, p53 mutation is a late event in chemically induced skin
carcinogenesis (single application of the initiator 7,12-dimethylben
z(a)anthracene followed by chronic application of a tumor promoter;
reviewed in Ref. 23), whereas it is an early event following chronic
Uv exposure (29). This raises the interesting possibility that the sun
exposure behavior of young versus older BCC patients is responsible
for the differences observed in p53 mutation frequency. A relatively
highproportionofyoungBCCpatientsreportedacuterecreationalsun
exposure during childhood and adolescence,whereasmost older BCC
patients had a history of occupational exposure. It is possible that
chronic UV exposure (as that recorded in older subjects) is necessary
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MOLECULAR MARKERS OF EARLY AND LATE BCC

the base changes found implicated sunlight as the mutagen (27). The
9q marker that we have used maps to chromosome 9q22â€”31, which
is deleted in a high percentage of familial and sporadic BCC
(9â€”il, 31), further supporting the involvement oftumor suppressor
genes localized in this region in BCC development. The gene for
NBCCS that maps to the same region has been identified recently
(32, 33). This gene is a human homologue of the Drosophila
segment polarity gene, patched (ptc). Hereditary mutations in
NBCCSpatientsand somaticmutationsin sporadicBCC were
identified in the human ptc gene (32â€”34).These findings suggest
that this gene is a strong candidate as a tumor suppressor gene in
skin tumorigenesis. LOH at 9p was observed only in one tumor
which presented extensive genome instability. A putative tumor
suppressor gene, p16/MTSJ/CDKN2, which encodes a cell cycle
regulator protein, maps to the region of 9p2l (35, 36). Deletions
and mutations of this gene have been described at high frequency
in several human cancer cell lines, including melanoma, and more
rarely in primary tumors (35â€”38).Our data confirm that LOH of 9p
is very uncommon in BCC (31).

MI is associated with several types of hereditary and sporadic
tumors. The origin of this genetic event is the functional damage to
genes involved in mismatch DNA repair (reviewed in Ref. 39). In our
study, 6 of 16 tumors with chromosome 9 instability had a RER@
phenotype, indicating that malfunctioning of mismatch repair might
play a role in skin cancer development. Quinn et al. (40), in their study
on the involvement of RER in skin carcinogenesis, reported only 1
case of 47 BCCs analyzed with instability at two chromosome 9
microsatellite markers. However, in the same study, MI was detected
in AK from a patient with the Muir-Torre syndrome, indicating that
this marker might be useful in the identification of patients genetically
predisposed to cancer development due to mismatch repair defects.
Interestingly, in our study, five of six tumors with MI were obtained 16.
from patients with a family history of cancer in skin (one case) or in
other organs.

Whatis the cascadeof geneticeventsin BCCdevelopment?A
previous study (17) reported a close association of 9q loss with p53 18.
alterations. Eight of 11 tumors with 9q loss also had a p53 mutation.
It was thus suggested that BCC progresses by LOH of 9q and
inactivation of p53. In our study, only three of seven informative
samples showed both p53 mutations and LOH of 9q. Progression of
BCC might occur through loss of chromosome 9q and inactivation of
a single p53 allele, although one of these two genetic events seemsto
be sufficientper se to lead to BCC development.

BCC is a multifactorial disease in which environmental and host
genetic factors conspire to create the tumor pathology. Sunlight cx
posure is the most important environmental factor in BCC develop
ment as shown by the accumulation of typical UV-induced mutations
in the p53 gene of late onset tumors. Genetic factors in association
with sun exposure behavior in adolescence may play a major role in
early BCC onset.
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