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Abstract

Abnormalities in several genes are known to confer susceptibility to breast cancer. In the present study, we investigated the
incidence of allelic imbalance at the BRCA1, BRCA2 and TP53 loci, in 82 sporadic breast carcinomas using a bank of highly
polymorphic microsatellite markers located at the BRCAI, BRCA2 and TP53 regions. Genetic alterations were observed in 58/
82 (71%) cases in at least one microsatellite marker, at one of the three regions. Twenty-seven out of 82 (33%) cases exhibited
loss of heterozygosity (LOH) at BRCAI locus while in 20/82 (34%) cases LOH was observed for the BRCA2 region. Allelic
deletions were detected in 28/82 (34%) cases for the TP53 locus. Our results suggest that allelic deletion at the above genetic
loci play an important role to the development of sporadic breast tumours. © 2000 Elsevier Science Ireland Ltd. All rights

reserved.
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1. Introduction

Breast cancer is the most common cancer in women
in Europe, currently affecting one in 12 [1]. Since
family history remains the strongest single predictor
of breast cancer risk, attention has focused on the role
of highly penetrant, dominantly inherited genes in
cancer-prone kindreds. A major breast and ovarian
cancer susceptibility gene, BRCA I, is located on chro-
mosome 17g21 [2]. The frequent finding of putative
loss of function germline mutations in breast and ovar-
ian cancer families and the loss of the wild-type allele
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in corresponding tumours suggests that BRCAI is a
tumour-suppressor gene. A second hereditary breast
cancer gene, BRCA2, was subsequently isolated. It is
located on chromosome 13q12—q13, proximal to the
retinoblastoma (RB1) gene at 13q14 and is involved
in the development of familial breast and ovarian
tumours through germline mutations [3-5]. Loss of
heterozygosity (LOH) at the BRCA2 locus was also
observed in sporadic breast and ovarian tumours,
implying that BRCAZ2 acts as a tumour-suppressor
gene [6].

TP53 is considered to be a tumour suppressor gene
exerting growth-regulatory functions in response to
DNA damage by directly inhibiting DNA replication
[7] or inducing apoptosis [8]. Mutations in the TP53
locus are among the most common genetic alterations
detected in human tumours while they have also been
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reported in sporadic breast cancer and are generally
associated with adverse prognosis [9,10]. Further-
more, analysis of a small series of breast and ovarian
tumours arising in carriers of mutant BRCAI alleles
revealed a high incidence of p53 mutation [11].
Tumours with abnormal TP53 lose cell-cycle check-
points, resulting in neoplastic transformation.
However, the evidence linking the tumour-specific
targets of genomic alteration to TP53 allelic imbal-
ance is limited. Loss of heterozygosity analysis using
polymorphic microsatellite markers is a common
methodology employed for the localization of potent
onco-suppressor genes and important regulatory
genes in non-malignant syndromes [12]. In the present
study, we investigated the incidence of genomic
changes at the BRCAI, BRCA2 and TP53 regions
using microsatellite markers flanking the three loci,
in 82 sporadic breast carcinomas. We demonstrate
that genetic alterations are detectable events in these
tumours and are distributed equally at the three genes
providing implications for the understanding of both
BRCA-associated sporadic breast cancer and TP53
biology.

2. Materials and methods
2.1. Biological materials

The breast tumour specimens corresponding to
primary breast tumours were obtained from the
Elena Hospital, Athens. Clinical data (histological
type, stage, grade, lymph node metastasis, oestrogen
and progesterone receptors, age, family history) were
available. A matched normal DNA control from blood
was analysed.

2.2. DNA extraction, PCR amplification,
microsatellite analysis

DNA was extracted as previously described [13]
and stored at 4°C until polymerase chain reaction
(PCR) amplification. Specimens were investigated
for genetic alterations at the three different genetic
regions using 11 microsatellite markers for PCR
amplification. For the BRCA2 locus polymorphic
microsatellite markers used were D13S171,
D138217, D13S289 and D13S290. For analysis of
the BRCAI genetic locus the microsatellite markers

D178250, THRA1, D17S855 and D17S579 were
used. The corresponding markers for the TP53 locus
were D17S515, TP53 and D17S678 (Research Genet-
ics, Inc., USA).

Furthermore, we used markers D10S1768 and
D10S1555 located at 10pter-qter, a region with no
known tumour-suppressor gene, as a control.

PCR analysis was performed in a 50-pl reaction
volume containing 200 ng of genomic DNA, 1 pM
of each primer, 250 pM dNTPs, 5 pl of 10 X buffer
(670 mM Tris (pH 8.5); 166 mM ammonium sulphate;
67 mM magnesium chloride; 1.7 mg/ml BSA; 100
pM B-mercaptoethanol;1% (w/v) Triton X-100) and
1 unit of Tag DNA polymerase. The reactions were
denatured for 5 min at 95°C and the DNA was subse-
quently amplified for 30 cycles at 95, 55 and 72°C
each step. Gels were inspected visually by two inde-
pendent viewers, comparing the intensity of alleles
from normal and tumour DNA. Any absence or signif-
icant decrease (>>50%) of one tumour allele relative to
the other was considered loss of heterozygosity. The
analysis in the LOH positive cases was repeated at
least twice and the results were highly reproducible.

2.3. Statistical analysis

Package SPSS 6.0 (for Windows) was used for
statistical analysis of the results and significance
was set at P < 0.05.

3. Results

Eighty-two tumour specimens from patients with
breast carcinomas were assessed for microsatellite
alterations at the loci of BRCAI, BRCA2 and p53
genes. Representative examples of specimens with
LOH are shown in Fig. 1. As presented in Table 1,
loss of heterozygosity was observed in 58/82 cases,
(71%). LOH was detected in 27/82 specimens (33%)
at the BRCA 1 region while both BRCA2 and TP53 loci
exhibited the same proportion of LOH, 34% (28/82).

Markers D17S250, D175515, TP53 and D17S678
were most frequently altered (Table 1) with the high-
est incidence of LOH for the marker TP53. The inci-
dence of LOH for the marker D13S171 (BRCA2) was
reversely correlated to that of marker D17S8515
(TP53) (P =0.07). Furthermore, LOH for the
markers D13S217 and D13S289 (BRCA2) was rever-
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Fig. 1. Representative examples of specimens exhibiting LOH. N, normal DNA; T, tumour DNA. Arrows indicate the position of a deleted
allele. The faint bands in the position of the deleted alleles are interpreted as contamination from the adjacent normal tissue.

sely correlated with that of marker D17S855 (BRCA1)
(P = 0.08). Six specimens displayed only partial or
interstitial deletions at BRCAI, while the same
phenomena were observed in five and three samples
for the BRCA2 and TP53 loci, respectively. These
genetic deletions may be due to multiple mitotic
recombination events.

We also tested markers D10S1768 and D10S1555
which are located at chromosome 10, known not to
contain any tumour-suppressor gene involved in
breast cancer. The incidence of LOH for markers
D10S1768 and D10S1555 was limited to only 4 of
82 (5%) specimens tested. These data support our
suggestion for implication of TP53, BRCA! and
BRCA2 loci as tumour-specific targets for genomic
deletions in breast carcinomas.

The pattern of LOH using the various markers is
shown in Table 2. No statistically significant link of
allelic deletion was detected between the three loci
examined. Only 3/82 carcinomas (4%) exhibited
microsatellite instability in at least one marker and
no particular specimen exhibited high incidence of

microsatellite instability, indicating the absence of
the ‘mutator phenotype’, similar to that reported in
hereditary non-polyposis colon cancer [14].

No clinical correlation between genetic alterations
and any of the clinical parameters, such as histological

Table 1
Incidence of LOH at BRCAI, BRCA2 and TP53 loci in breast
tumours

Locus LOH (%) Marker NoLOH LOH (%)
BRCAL, 17q21 27/82 (33) DI1758250 10 14
THRAI 7 10
DI7S855 9 13
D178579 8 12
BRCA2, 13q12-q13 28/82 (34) DI38171 9 13
D13S217 8 12
D13S289 8 12
D13S290 7 10
TP53, 17p13 28/82 (34) DI178515 10 13
TP53 11 16
D17S678 11 15
Total 58/82 (71)




168 A. Katsama et al. / Cancer Letters 150 (2000) 165-170

Table 2

Pattern of LOH at BRCAI, BRCA2 and TP53 loci in breast carcinomas

No. of samples Markers

BRCA2 BRCA1 P53

DI3S171 DI13S271 DI13S289 D13S290 DI17S250 THRA1 DI17S855 D178579 D17S8515 TP53 D17S678
1 LOH LOH LOH
3 LOH
1 LOH LOH
2 LOH
4 LOH
1 LOH LOH LOH
1 LOH LOH
3 LOH
1 LOH LOH
1 LOH LOH LOH
1 LOH
1 LOH LOH LOH
1 LOH LOH
5 LOH
5 LOH
1 LOH LOH LOH
2 LOH LOH
2 LOH LOH
2 LOH LOH
1 LOH
1 LOH LOH
2 LOH LOH
1 LOH LOH
1 LOH LOH
2 LOH
1 LOH LOH
i LOH
1 LOH LOH
1 LOH LOH
1 LOH LOH LOH
2 LOH LOH
1 LOH LOH LOH
1 LOH LOH
1 LOH LOH
1 LOH LOH
1 LOH

type, stage, grade, lymph node metastasis, and estro-
gens and progesterone receptors was observed.

4. Discussion

Normal cells have the ability to maintain integrity
of the genome by regulating the cell replication cycle,

in response to DNA damage. This regulation takes
place during transition from G1 to S and G2 to M
phases of the cell cycle with the TP53 gene participat-
ing by controlling the first transition. On the contrary,
tumour cells with abnormal TP53 lose these essential
functions at the cell-cycle checkpoints and conse-
quently accumulate unrepaired damage, leading to
extensive genetic alterations. Previous studies in
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breast cancer genomic aberrations, such as gene
amplification, allelic loss and chromosome alterations
have been linked to TP53 abnormality [15].

The objective of this study was to investigate the
involvement of the BRCAI, BRCA2 and TP53 regions
in a set of sporadic breast tumours and to detect a
potential linkage between the tumour-specific targets
of genomic alteration to TP53 allelic imbalance. We
found 58 samples with genetic alterations in at least
one marker. A high incidence of LOH (34%) was
found for the TP53 locus, confirming that TP53
gene constitutes a possible target for allelic deletions
[16,17]. A similar proportion of LOH was detected for
both BRCAI and BRCA2 regions, suggesting that the
inactivation of these tumour-suppressor genes plays a
critical role in multistage carcinogenesis [18-21].

Since TP53 and BRCAI genes are located at the
same chromosome, we cannot exclude the possibility
of allelic deletions due to monosomy. Monosomy 17
has been described in other types of human cancers
such as acute myeloid leukaemia, myelodysplastic
syndrome and carcinomas in pleomorphic adenomas
[22,23].

Previous studies revealed a high frequency of geno-
mic alterations in breast tumours from both BRCAI
and BRCA2 mutation carriers [24]. Among different
genomic alterations, some are indirect events repre-
senting genomic instability generally acquired during
tumorigenesis. In contrast, those at critical loci are of
particular tumorigenic importance, which may imply
that cells carrying deletions at these three tumour
suppressor loci are more likely to acquire a growth
advantage. The latter is supported by the finding that
BRCAI has a growth inhibitory function [25] and that
decreased BRCAI expression levels may arrest the
cell cycle through activation of p53 checkpoint in
human sporadic breast tumours [26]. The fact that
no statistically significant correlation of TP53,
BRCAI and BRCA?2 deletion was observed may reflect
the importance of all these three genetic loci in regu-
lating the cell. Our results suggest that deletions in
each one of these loci are sufficient to give breast
cells an oncogenic potential; however, the role of
other modifying genes must also be taken into consid-
eration.

Microsatellite instability was not detected in high
incidence. The phenomenon was observed only in 4%
for the specimens examined, indicating the absence of

a true ‘mutator phenotype’ [27]. Furthermore, the lack
of detection of microsatellite instability in 7P53-
LOH-associated tumours suggests that TP53 allelic
imbalance is not the result of a mutator phenotype.
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