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Abstract

Breast cancer in young women is uncommon and often presents with unfavourable biopathological features. Although early age
at onset could suggest a genetic susceptibility to cancer, the appropriateness of BRCA1 testing for women with early-onset breast
cancer and modest family history (FH) is controversial. 40 Women diagnosed with breast cancer at the age of 35 years or less,
unselected for FH, were screened for germ line BRCA1 mutations by automated sequencing of exons 2, 5, 6, 11, 13 and 20. Overall,

deleterious mutations were evidenced in 6 (15%) patients. With regard to FH, mutations were detected in 14%, 11% and 29% of
women with none, weak and strong FH, respectively. Large tumour size, grade 3, lack of oestrogen receptors and high proliferation
rate were signi®cantly more common in mutation carriers (MC). Our data support both the appropriateness of testing young breast

cancer patients and the frequency of unfavourable features in BRCA1-related breast cancer. It is hypothesised that BRCA1 muta-
tions partially justify the high rate of aggressive breast cancer in young patients and that combining age and breast cancer pheno-
type could help to identify probable MC. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Breast cancer is the most common malignancy in
females, occurring in approximately 1 in 8 women in
Western countries. Although breast cancer is a typical
disease of middle-aged and older women, approximately
4±8% of total cases occur in patients aged less than 40
years. In our geographical area (Province of Modena,
Italy), out of 1835 incident cases in the period 1988±
1992, 83 (4.5%) were diagnosed before the age of 40
years, and 28 (1.5%) before 35 years of age [1].
Early age at onset is generally considered an indicator

of genetic susceptibility to cancer, as evidenced for
retinoblastoma, Wilms' tumour and familial colonic
polyposis [2±4]. Since early-onset breast cancer has also
been demonstrated to be associated with higher risk in
relatives [5±7], age at diagnosis has been suggested to be
a useful variable for identifying subgroups of breast

cancer patients in whom genetic factors could play a
signi®cant role [8]. The identi®cation and cloning of two
major breast cancer susceptibility genes, BRCA1 and
BRCA2 [9,10], o�er the opportunity to con®rm the
presence of germ line mutations in patients with high
prior probability of carrying an inherited predisposi-
tion. Nevertheless, previous studies on BRCA1 muta-
tions in early-onset breast cancer patients yielded
inconsistent results, raising controversy about the
opportunity of testing patients on the basis of age alone
[11±16]. Moreover, BRCA2 has been determined to
contribute to fewer cases of early-onset breast cancer
than BRCA1 [17].
Several studies have shown that early-onset breast

cancer displays histological features suggestive of an
aggressive cancer phenotype [18±20]. In addition, germ
line mutations in the BRCA1 gene have been related to
a similarly aggressive cancer phenotype [21±25]: it could
be hypothesised that the association of a signi®cant
proportion of early-onset breast cancer with BRCA1
mutations might be responsible for the high frequency
of histologically aggressive tumours in young women.
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Nevertheless, in spite of a higher prevalence of adverse
pathobiological features, most studies failed to demon-
strate a worse prognosis in breast cancer patients car-
rying BRCA1 mutations [26±28].
To help address both the questions of the proportion of

early-onset breast cancer associated with BRCA1 and of
the contribution of germ line mutations to the phenotype
of these tumours, we analysed a sample of young breast
cancer patients, who were not selected on the basis of
family history (FH), for BRCA1 mutations and clin-
icopathological features.

2. Patients and methods

2.1. Patients

Among breast cancer patients registered at the Divi-
sion of Medical Oncology of the University of Modena
and Reggio Emilia in the years 1988±1998, 56 were aged
35 years or less at disease onset. Among these, 46
patients remained alive and were proposed for genetic
analysis. After a pre-test counselling session in which
rationale, methods and implications of the molecular
analysis were explained, 40 patients gave their informed
consent and were enrolled in the study. The 6 women
refusing the test attributed their decision to major con-
cerns about themselves and/or their children. The study
was carried out with ethical committee approval.

2.2. Family history ascertainment

For every enrolled patient, extensive family informa-
tion was collected, and their pedigrees traced, in order
to assess the possible family history of breast cancer and
other malignancies. According to the criteria adopted
by our institution, and previously described in [29], the
case was de®ned as Hereditary Breast Cancer (HBC) or
Hereditary Breast-Ovarian Cancer (HBOC) if, in addi-
tion to the early-onset, the following family features
were satis®ed: (i) at least 3 relatives a�ected by breast
cancer (or 2 by breast cancer and 1 by OC in HBOC) in
two di�erent generations; (ii) ®rst-degree relationship
between at least 1 of the 3 breast cancer cases and the
other 2 (in cases of male interposition a relationship of
di�erent degree was allowed).
A patient who did not meet such criteria was classi®ed

on the basis of the occurrence of breast cancer in ®rst-,
second- or third-degree relatives or on the absence of
breast cancer in relatives.

2.3. Clinical and pathological data

The following data were obtained from medical and,
when available, from pathological records: birth and
diagnosis date, pathological stage, nodal involvement,

histological type and grade, hormone receptor status
and proliferation rate. According to the criteria adopted
by our institution, hormone receptor status was labelled
as `positive' when the fraction of cells stained by the
corresponding immunoreaction was higher than 10%,
proliferation rate was considered as `high' when 15% or
more cells were stained by Ki67 antibody.

2.4. Molecular analysis

Genomic DNA was isolated from peripheral blood
lymphocytes by standard procedures. Exons 2, 5, 6, 11,
13 and 20 of the BRCA1 gene were ampli®ed by the
polymerase chain reaction (PCR), using primer pairs
previously described by Friedman and colleagues [30].
After puri®cation with MicroSpin columns (Boehringer
Mannheim, Germany), PCR products (0.2 pmol per
sample) were directly sequenced in forward and reverse
directions using the AmpliTaq dye Deoxy Terminator
Cycle sequencing Kit (Applied Biosystems and Perkin
Elmer, USA) according to the manufacturer's instruc-
tions. The sequence reactions were run and analysed
using a 377 ABI PRISM sequencer (Applied Biosys-
tems, USA). Consensus sequences obtained with the
Autoassembler program (Perkin Elmer, USA) were
compared with the wild-type sequence using the DNA-
sis program (Pharmacia, USA).
When heterozygosity was suggested, but not de®nitely

identi®ed by DAS, the fragment containing the putative
mutation was subcloned into the pCR 3.1 vector (Invi-
trogen, USA). The fragment containing the putative
mutated region was ampli®ed as described above. The
ligation reaction was performed at 16�C overnight, using
40 ng of PCR product, 5U of T4 Ligasi and Ligation
Bu�er (Gibco, USA). Plasmid transformation was carried
out using XL1 BLUE MRF competent bacteria and
plating was performed as described by Hanahan [31].
Single colonies were recovered and incubated in 3 ml of
SOB medium (2% tryptone, 0.5% yeast extracts, 10 mM
NaCl, 2.5 mM KCl, H2O) containing 50 mg/ml of ampi-
cillin at 37�C. Plasmid DNA was extracted using the
High pureTM isolation kit (Boehringer Mannheim,
Germany), EcoRI digests were used (Boehringer Man-
nheim, Germany) to check subcloning, and recombinant
plasmids were sequenced using the T7 promoter primer.
Variants detected by the molecular analysis were

checked on the BIC database (http://www.nhgri.
nih.gov/Intramural_research/Lab_transfer/Bic/Member/
index.html), and classi®ed on this basis. In any case,
positive results were con®rmed by repeating every step
of the analysis from DNA extraction.

2.5. Statistical analysis

Comparison between BRCA1-related and BRCA1-
unrelated tumours was performed with the Chi-square
test. A P value of <0.05 was considered signi®cant.
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3. Results

All patients had breast cancer diagnosed between 22
and 35 years (mean age: 31.5). De®nite mutations of
BRCA1 were detected in 6 (15%) out of 40 tested
patients (Table 1). Frameshift mutations, causing pre-
mature termination of protein translation, were detected
in 4 women, 2 of whom carried the mutation 5382insC,
which is a very common alteration, being frequently
found in Ashkenazi Jewish individuals. In the other 2
cases, small deletions, located in exon 11 and previously
reported in individuals from Italy, were detected. The
missense mutation 300T!G, causing the amino acid
change Cys61Gly, was found in 2 patients. This mis-
sense mutation has already been reported in families
with hereditary breast and ovarian cancer, and is con-
sidered a deleterious mutation: its pathological role is
probably related to its position in the zinc-®nger
domain of the BRCA1 protein. Furthermore, variants
of unknown signi®cance were detected in 3 women: 2 of
them, unrelated, were carriers of the same missense

mutation 3238G!A (Table 1). Polymorphisms were
detected in 13 additional cases (data not shown).
As shown in Table 2, 2 out of 6 mutation carriers did

not report any family history of breast cancer, and
another 1 reported only a second-degree relative diag-
nosed with breast cancer; in the remaining 3 cases, ped-
igree was suggestive of increased genetic risk. Mutations
were detected in 14, 11 and 29% of women with none,
weak and strong FH, respectively. 2 carriers were in the

Table 1

BRCA1 mutations detected in women with early-onset breast cancer

Patient (n) Exon Nucleotide change Type E�ect

De®nite mutations

84 5 300T!G Missense Cys61Gly

37 5 300T!G Missense Cys61Gly

58 11 3596delAAAG Frameshift 1208ter

38 11 4034delTT Frameshift 1328ter

124 20 5382insC Frameshift 1829ter

86 20 5382insC Frameshift 1829ter

Unclassi®ed variants

104 11 2641 G!A Missense Arg840Gly

106 11 3238G!A Missense Ser1040Asn

95 11 3238G!A Missense Ser1040Asn

ter, termination.

Table 2

Distribution of BRCA1 mutation carriers by family history and age

Patients

(n)

Mutation-carriers

(n)

%

Family history

HBOC 2 1 50

HBC 5 1 20

First-degree 7 1 14

Second-degree 11 1 9

Third-degree 1 0 0

None 14 2 14

Total 40 6 15

Age (years)

<30 11 2 18

30±35 29 4 14

Total 40 6 15

HBOC, hereditary breast cancer ovarian cancer; HBC, hereditary

breast cancer.

Table 3

Clinical features of the breast cancer patients enrolled in the study

Patients (n)

Parameter BRCA1ÿ (34) BRCA1+ (6) All (40)

n (%) n (%) n (%)

Tumour stage

Tis 1 (3) 0 1 (3)

1 13 (38) 0 13 (33)

2 11 (32) 5 (83) 16 (40)

3 3 (9) 0 3 (8)

4 2 (6) 1 (17) 3 (8)

Unknown 4 (12) 0 4 (10)

Number of nodes involved

0 17 (50) 3 (50) 20 (50)

1±3 6 (18) 2 (33) 8 (20)

4±9 5 (15) 0 5 (13)

10+ 2 (6) 1 (17) 3 (8)

Unknown 4 (12) 0 4 (10)

Distant metastasis

Absent 30 (88) 6 (100) 36 (90)

Present 1 (3) 0 1 (3)

Unknown 3 (9) 0 3 (8)

Final TNM stage

0 1 (3) 0 1 (3)

I 8 (24) 0 8 (20)

II 17 (50) 5 (83) 22 (55)

III 4 (12) 1 (17) 5 (13)

IV 1 (3) 0 1 (3)

Unknown 3 (9) 0 3 (8)

BRCA1ÿ, patients in which no de®nite BRCA1 mutations were

detected; BRCA1+, carriers of deleterious BRCA1 mutations.
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age range 22±29 years, while the other 4 were 30 years
or older at diagnosis.
The clinical and pathological features of the tested

patients are reported in Tables 3±5. There were no sig-
ni®cant di�erences in the frequency of axillary nodal
involvement and distant metastasis between BRCA1
mutation carriers and non-carriers, but the tumours of
BRCA1 mutation carriers appeared signi®cantly less
likely to be of small dimensions (Tis or T1) than the
tumours of BRCA1 non-carriers (P=0.032). In®ltrating
ductal carcinoma was the predominant type in the
cohort, regardless of mutation status. A diagnosis of
medullary carcinoma was made in 1 of 6 women (17%)
with mutations, but in none of those without mutations.
Histological grade was reported for 26 tumours (65%),
in particular, histological grade III disease was noted in
4 (100%) of the 4 mutation carriers for whom the data
were available, compared with 10 (45%) of 22 non-
carriers for whom data were available (P=0.044).
Oestrogen receptor status was known for all the
BRCA1-related and for 25 BRCA1-unrelated tumours:
receptors were negative in 6 (100%) of 6 tumours of
the former group, compared with 13 (52%) of the lat-
ter (P=0.020). Progesterone receptors were negative in
5 (83%) of 6 mutation carriers and in 12 (50%) of the
24 non-carriers for whom the data were available

(P=0.141). Tumour proliferation rate was known for
30 patients: it was classi®ed as high in 6 (100%) of the
6 mutation carriers and in 11 (46%) of 24 non-carriers
(P=0.017).

4. Discussion

The indication for testing for BRCA1 mutations in
women with early-onset breast cancer and modest family
history pro®les is still a matter of debate. In fact, not all
the studies on BRCA1 mutations in young breast cancer
patients performed thus far have reported a mutation
frequency of at least 10%, which is the threshold gen-
erally adopted to select a population for mutation
screening [11±16]. In particular, in a recent study,
performed on 193 women diagnosed as having breast
cancer before the age of 35 years, an overall mutation
frequency of 6.2% was reported; the frequency
appeared even lower in the subgroup without a family
history of breast cancer [15]. A lower rate of mutation
carrier was also observed in a population-based study
performed in Britain by Peto and colleagues [16].
Notwithstanding the limitations related to the small

sample size, partially balanced by the high sensitivity of
the direct DNA sequencing technique, our results are in

Table 4

Pathological features of breast carcinomas occurring in the study population

Patients (n)

Parameter BRCA1ÿ (34) BRCA1+ (6) All (40)
n (%) n (%) n (%)

Histological type
IDC 26 (76) 5 (83) 31 (78)
Medullary 0 1 (17) 1 (3)
ILC 2 (6) 0 2 (5)
DCIS 1 (3) 0 1 (3)
Mucinous 2 (6) 0 2 (5)

Other/unknown 3 (9) 0 3 (8)

Histological grade
1 3 (9) 0 3 (8)
2 9 (26) 0 9 (23)
3 10 (29) 4 (67) 14 (35)
Unknown 12 (35) 2 (33) 14 (35)

Oestrogen receptor status
Positive 12 (35) 0 12 (30)
Negative 13 (38) 6 (100) 19 (48)
Unknown 9 (26) 0 9 (23)

Progesterone receptor status
Positive 12 (35) 1 (17) 13 (33)
Negative 12 (35) 5 (83) 17 (43)
Unknown 10 (29) 0 10 (25)

Proliferation rate
High 11 (32) 6 (100) 17 (43)
Low 13 (38) 0 13 (33)
Unknown 10 (29) 0 10 (25)

IDC, in®ltrating ductal carcinoma; ILC, in®ltrating lobular carcinoma; DCIS, ductal carcinoma in situ; BRCA1ÿ, patients in which no de®nite
BRCA1 mutations were detected; BRCA1+, carriers of deleterious BRCA1 mutations.
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contrast with such ®ndings. In fact, among 40 women
diagnosed with breast cancer at the age of 35 years or
less, we identi®ed 6 (15%) carriers of de®nite BRCA1
mutations. Frameshift mutations, causing truncated
protein products, were detected in 4 of those women,
while the other 2 carried the missense mutation
300T!G, causing the amino acid change Cys61Gly in
the zinc-®nger domain of BRCA1 protein. Moreover,
unclassi®ed variants were detected in 3 patients of the
cohort: if these alterations were demonstrated as pre-
disposing to breast cancer, mutation frequency should
be considered as high as 23%.
The higher mutation rate detected could be partially

explained by the method of molecular analysis adopted.
In fact, this is the only study on early-onset breast can-
cer to our knowledge, in which direct automated
sequencing is performed as an exclusive technique for
BRCA1 screening. Previously reported studies were
based on less sensitive methods such as the Protein
Truncation Test and Single Strand Conformation Poly-
morphism analysis. The choice of sequencing only exons
2, 5, 6, 11, 13 and 20 was supported by our previous
experience of sequencing all BRCA1 exons, which failed
to determine any mutations in exons other than these.
This choice could have resulted in an underestimate of
the real mutation frequency, that, however, does not
a�ect our conclusions.

Although in patients with a family history suggestive
of genetic predisposition (labelled as HBC or HBOC)
the mutation rate appeared higher, in the subgroup with
no family history of breast cancer, including 14 patients,
we found 2 (14%) mutation-carriers. Such frequency
would be su�cient to justify screening for BRCA1
mutations in women with breast cancer diagnosed at the
age of 35 years or less, regardless of family history. The
detection of cancer predisposing mutations in family
groups with one or few breast cancer cases is of parti-
cular relevance, since it can allow for the identi®cation
of healthy individuals with increased breast cancer risk
who, on the basis of pedigree, would not be considered
at risk. However, cancer risk associated with BRCA1
mutations in individuals with modest family history is
still uncertain [32,33].
The choice of age 35 years as the threshold for inclu-

sion in the study was arbitrary, representing a compro-
mise among age limits reported by other authors, but
our ®ndings have con®rmed it as useful for selecting a
group with increased probability of carrying BRCA1
mutations. However, since our data are consistent with
previous estimates and reports of an increase of muta-
tion frequency with decreasing age of diagnosis [16,34],
it is suggested that a lower threshold would select for a
group with a higher probability of mutation.
There is increasing evidence of biological and clinical

di�erences between BRCA1-associated and sporadic
tumours of the breast. In fact, cancers occurring in
women harbouring a mutation of BRCA1 are more
likely to be characterised by high histological grade,
lack of hormone receptors and high proliferation rate;
in addition, medullary carcinoma appears to be over-
represented in mutation carriers [21±24]. Our data are in
agreement with such evidence; in fact, high histological
grade, absence of oestrogen receptors and high pro-
liferation rate were reported in all the BRCA1-related
tumours for which these data were available, leading to
a statistically signi®cant di�erence if compared with
BRCA1-unrelated cancers. Noteworthy, the only
medullary carcinoma of the whole cohort was diag-
nosed in a woman carrying a deleterious mutation of
BRCA1. Breast carcinomas arising in women without a
de®nite mutation showed very heterogeneous pheno-
types. Unfortunately, a part of the pathological data
was missing, because the study was based on a review of
clinical ®les, and not of pathological specimens. This
situation, together with the low number of BRCA1-
related breast cancer, might a�ect the statistical power
and limit the reproducibility of our data. There is con-
solidated evidence that breast tumours occurring in
young women are more likely to be hormone receptor-
negative, rapidly growing and of high histological grade
[18,20]. One possible reason is that early-onset breast
cancer is more likely to be associated with BRCA1
mutations than late-onset. In our cohort, after elimination

Table 5

Comparison of clinical and pathological features between BRCA1

carriers and non-carriers

Parameter BRCA1ÿ BRCA1+ P value

n (%)a n (%)a

Tumour stage

Early (Tis+T1) 14 (47) 0 0.032

Advanced (T2±4) 16 (53) 6 (100)

Nodal involvement

Absent 17 (57) 3 (50) 0.764

Present 13 (43) 3 (50)

Distant metastasis

Absent 30 (97) 6 (100) 0.656

Present 1 (3) 0

Histological grade

Low (1ÿ2) 12 (55) 0 0.044

High (3) 10 (45) 4 (100)

Oestrogen receptor status

Positive 12 (48) 0 0.020

Negative 13 (52) 6 (100)

Progesterone receptor status

Positive 12 (50) 1 (17) 0.141

Negative 12 (50) 5 (83)

Proliferation rate

Low 13 (54) 0 0.017

High 11 (46) 6 (100)

a Percentages are calculated after exclusion of cases where data were

unknown.
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of BRCA1-associated tumours, the proportion of carci-
nomas with aggressive phenotype was 7±10% lower,
supporting such a hypothesis. In a previous report by
our group, out of 6 patients under the age of 35 years
without a family history of breast/ovarian cancer, who
had been diagnosed with breast cancer displaying high
histological grade, the absence of steroid receptors and
high proliferation rate, 3 (50%) were found to carry
deleterious BRCA1 mutations [25]. Although pre-
liminary, these data support the hypothesis that the
combination of age at onset and tumour phenotype
could provide an e�cient model for identifying indivi-
duals with an extremely high probability of carrying
BRCA1 mutations.
Based on these preliminary data, we are starting a

larger, population-based study of early-onset breast
cancer, with the aim of con®rming both the frequency
of BRCA1 mutations in young breast cancer patients
from our geographical area and the correlation between
mutations and tumour features. Moreover, when an
adequate follow-up is available, the prognosis of young
breast cancer patients carrying BRCA1 mutations will
be investigated.

Acknowledgements

This work was supported by grants from AIRC
(project: Italian Consortium for the Hereditary Breast
and Ovarian Cancer), from MURST (60%), from the
Angela Serra Association for Cancer Research and
from the Azienda Ospedaliera Policlinico di Modena.

References

1. Federico M, Mangone L, Silingardi V, Lauriola P. Cancer inci-

dence in the Province of Modena. In: Zanetti, Crosignani, Rossi,

Vigan, eds. Cancer in Italy, Vol. 2. Rome, Il Pensiero Scienti®co

Editore, 1997, 244±247.

2. Knudson AG Jr. Mutation and cancer: statistical study of reti-

noblastoma. Proc Natl Acad Sci USA 1971, 68, 820±823.

3. Haber DA, Housman DE. Rate-limiting steps: the genetics of

pediatric cancers. Cell 1991, 64, 5±8.

4. Cannon-Albright LA, Skolnick LH, Bishop DT, Lee RG, Burt

RW. Common inheritance of susceptibility to colonic adenoma-

tous polyps and associated colorectal cancers. N Engl J Med

1988, 319, 533±537.

5. Sattin RW, Rubin GL, Webster LA, et al. Family history and

risk of breast cancer. J Am Med Assoc 1985, 253, 1908±1913.

6. Schwartz AG, King MC, Belle SH, Satariano WA, Swanson

GM. Risk of breast cancer to relatives of young breast cancer

patients. J Natl Cancer Inst 1985, 75, 665±668.

7. Anderson DE. Genetic study of breast cancer: identi®cation of

high risk group. Cancer 1974, 34, 1090±1097.

8. Claus EB, Risch NJ, Thompson WD. Age at onset as an indi-

cator of familial risk of breast cancer. Am J Epidemiol 1990, 131,

961±972.

9. Miki Y, Swensen J, Shattuck-Eidens D, et al. A strong candidate

for the breast and ovarian cancer susceptibility gene BRCA1.

Science 1994, 266, 66±71.

10. Wooster R, Neuhausen S, Mangion J, et al. Localization of a

breast susceptibility gene, BRCA2, to chromosome 13q 12-13.

Science 1994, 265, 2088±2090.

11. Fitzgerald MG, MacDonald DJ, Krainer M, et al. Germ-line

BRCA1 mutations in Jewish and non-Jewish women with early-

onset breast cancer. N Engl J Med 1996, 334, 137±142.

12. Langston AA, Malone KE, Thompson JD, Daling JR, Ostrander

EA. BRCA1 mutations in a population-based sample of young

women with breast cancer. N Engl J Med 1996, 334, 137±142.

13. Ithier G, Girard M, Stoppa-Lyonnet D. Breast cancer and

BRCA1 mutations. N Engl J Med 1996, 334, 1198±1199.

14. Couch FJ, De Shano ML, Blackwood A, et al. BRCA1 mutations

in women attending clinics that evaluate the risk of breast cancer.

N Engl J Med 1997, 336, 1409±1415.

15. Malone KE, Daling JR, Thompson JD, et al. BRCA1 mutations

and breast cancer in the general population: analyses in women

before age 35 years and in women before age 45 years with ®rst-

degree family history. J Am Med Assoc 1998, 279, 922±929.

16. Peto J, Collins N, Barfoot R, et al. Prevalence of BRCA1 and

BRCA2 gene mutations in patients with early-onset breast cancer.

J Natl Cancer Inst 1999, 91, 943±949.

17. Krainer M, Silva-Arrieta S, Fitzgerald MG, et al. Di�erential

contributions of BRCA1 and BRCA2 to early-onset breast can-

cer. N Engl J Med 1997, 336, 1416±1421.

18. Rosen PP, LesserML, Kinne DW, Beattie EJ. Breast carcinoma in

women of 35 years of age or younger. Ann Surg 1984, 9, 191±199.

19. Sigurdsson H, Baldetorp B, Borg A, et al. Indicators of prognosis in

node-negative breast cancer. N Engl J Med 1990, 322, 1045±1053.

20. Albain KS, Allred DC, Clark GM. Breast cancer outcome and

predictors of outcome: are there age-di�erentials? J Natl Cancer

Inst Monogr 1994, 16, 37±42.

21. Marcus JN, Watson P, Page DL, et al. Hereditary breast cancer.

Pathobiology, prognosis, and BRCA1 and BRCA2 gene linkage.

Cancer 1996, 77, 697±709.

22. Breast Cancer Linkage Consortium. Pathology of familial breast

cancer: di�erences between breast cancers in carriers of BRCA1

and BRCA2 mutations and sporadic cases. Lancet 1997, 349,

1505±1510.

23. Armes JE, Egan AJM, Southey MC, et al. The histologic pheno-

types of breast carcinoma occurring before age 40 years in

women with and without BRCA1 or BRCA2 germline mutations.

Cancer 1998, 83, 2335±2345.

24. Robson M, Gilewski T, Haas B, et al. BRCA-associated breast

cancer in young women. J Clin Oncol 1998, 16, 1642±1649.

25. Cortesi L, Turchetti D, Bertoni C, et al. Comparison between

genotype and phenotype identi®es a high risk population carrying

BRCA1 mutations. Genes Chrom Cancer 2000, 27, 130±135.

26. Porter DE, Cohen BB, Wallace MR, et al. Breast cancer inci-

dence, penetrance and survival in probable carriers of BRCA1

gene mutation in families linked to BRCA1 on chromosome

17q12-21. Br J Surg 1994, 81, 1512±1515.

27. Verhoog LC, Brekelmans CT, Seynaeve C, et al. Survival and

tumor characteristics of breast-cancer patients with germline

mutations of BRCA1. Lancet 1998, 351, 316±321.

28. Lee JS, Wacholder S, Struewing JP, et al. Survival after breast

cancer in Ashkenazi Jewish BRCA1 and BRCA2 mutation car-

riers. J Natl Cancer Inst 1999, 91, 259±263.

29. Federico M, Maiorana A, Mangone L, et al. Identi®cation of

families with Hereditary Breast Cancer for clinico-mammo-

graphic surveillance. The Modena Study Group Proposal. Breast

Cancer Res Treat 1999, 55, 213±221.

30. Friedman LS, Ostermeyer EA, Szabo CI, et al. Con®rmation of

BRCA1 by analysis of germline mutations linked to breast and

ovarian cancer in ten families. Nature Genet 1994, 8, 399±404.

2088 D. Turchetti et al. / European Journal of Cancer 36 (2000) 2083±2089



31. Hanahan D. Studies on transformation of Escherichia coli with

plasmids. J Mol Biol 1983, 166, 557±580.

32. Struewing JP, Hartge P, Wacholder S, et al. The risk of cancer

associated with speci®c mutations of BRCA1 and BRCA2 among

Ashkenazi Jews. N Engl J Med 1997, 336, 1401±1408.

33. Fodor FH,WenstonA, Bleiweiss IJ, et al. Frequency and carrier risk

associated with common BRCA1 and BRCA2 mutations in Ashke-

nazi Jewish breast cancer patients.Am JHumGenet 1998, 63, 45±51.

34. Ford D, Easton DF, Peto J. Estimates of the gene frequency of

BRCA1 and its contribution to breast and ovarian cancer inci-

dence. Am J Hum Gen 1995, 57, 1457±1462.

D. Turchetti et al. / European Journal of Cancer 36 (2000) 2083±2089 2089


