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Abstract. Sister chromatid exchange (SCE) frequency is
widely used as an indicator of spontaneous chromosome
instability. We investigated SCE frequency in the peripheral
blood lymphocytes of familial and sporadic breast cancer (BC)
patients from the Apulian Caucasian Population. Eighty-one
patients were enrolled: 22 with familial history and 59 sporadic
patients. Eleven familial patients had an ‘increased risk’ of
BRCA gene mutation (BRCAPro ≥10%) and were candidates
for BRCA1 and BRCA2 mutation analysis. For these reasons,
we stratified the 22 familial BC patients in two group: ‘lowrisk’ (n=11) and ‘high-risk’ (n=11) patients for BRCA gene
mutations. Two of these 11 ‘high-risk’ patients (18%) had
pathogenic mutations in the BRCA2 gene. The subjects were
not cigarette smokers or alcohol or drug users, and had no
genetic disorders or chronic diseases affecting the family.
Our results showed a significant increase in SCE frequency
in the familial (5.305±1.088/metaphase) (P<0.0001) and the
sporadic patients (3.943±0.552) (P<0.0001) compared to the
controls (3.197±0.649). We found that the SCE frequency
was always significantly higher in familial than in sporadic
patients, regardless of their clinicopathological characteristics.
Moreover, we observed that the frequency of SCE in BRCA2
mutation carrier patients was higher compared to patients
without mutations in BRCA1/2 genes. These findings highlight
an intrinsic genomic instability in familial patients, and we
suggest that SCE frequency may be used as a biomarker to
better characterize familial BC.
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Introduction
Breast cancer (BC), the most frequent carcinoma in women, is
a multifactorial disease occurring as a result of environmental
and heritable factors. It is estimated that 5-10% of all breast
carcinomas are inherited, whereas the remaining 90-95%
are sporadic carcinomas. BRCA1 and BRCA2 genes are
responsible for 3-8% of all BCs and for 15-20% of familial
cases (1), and because these genes are involved in maintaining
genome integrity the complete loss of function of encoded
proteins leads to genomic instability (2,3). Increased genetic
susceptibility could be associated with genomic instability,
which could lead to chromosomal breakage. Sister chromatid
exchange (SCE) is an error-free recombination mechanism,
defined as a symmetrical exchange between portions of
apparently homologous sister chromatids (4). Although little
is known about its molecular basis, these exchanges presumably involve DNA breakage and subsequent reunion of newly
synthesized DNA chains during replication (5,6). An increase
in SCE frequency is found in patients with various types of
cancers, such as uterine cervix (7) ovary (8), prostate (9), nasopharynx (10) and BC (11). Regarding BC, Roy et al reported
increased spontaneity of SCE frequency in hereditary BC
patients compared to their healthy relatives (12). Conversely,
Cefle et al (13) found no difference in SCE frequency between
patients with BC and their first-degree relatives. Finally, in
an observational study, Aristei et al (14) showed an increase
in SCE frequency in early-stage BC patients compared to
controls, with no significant differences in SCE in patients with
or without a family history of cancer. In the present study, we
evaluated the SCE frequency in the peripheral blood lymphocytes of familial and sporadic BC patients from the Apulian
Caucasian population in order to verify whether a difference
exists among these groups. This is the first study to investigate
SCE frequency in this specific population.
Materials and methods
Patient characteristics. SCE frequency was investigated in
22 familial and 59 sporadic female patients with a first diagnosis of primary BC, and compared with 20 healthy control
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women with no history of any cancer for the last three generations. The study was approved by the Institutional Review
Board of our Institute. Before undergoing routine surgery,
all patients signed an informed consent form authorizing the
Institute to utilize their blood sample for research purposes
according to ethical standards.
All the subjects came from the Apulian Caucasian population, and none were cigarette smokers, or alcohol or drug
users. Furthermore, no subject had genetic disorders or chronic
diseases affecting the family. This information was controlled
by careful medical interviews. We stratified the 22 familial BC
patients in two group: ‘low-risk’ (n=11) and ‘high-risk’ (n=11)
patients for BRCA gene mutations. Eleven patients with a
familial history of BC and with a BRCAPro value ≥10% were
eligible for the genetic counseling program, and were screened
for mutations in the BRCA1 and BRCA2 genes as previously
described (1,15). Tumor characteristics including tumor size,
nodal status, tumor grade, estrogen receptor (ER), progesterone receptor (PR), proliferative activity (MIB1) and human
epidermal growth factor receptor 2 (HER2) were provided by
the Pathology Department of our Institute (Table I).
The cut-off value for ER and PR was 10%. Tumors with
ER or PR expression were scored as positive when nuclear
staining was present in >10% of tumor cells and scored negative when ≤10% of the tumor cells had nuclear staining. Cases
with an MIB1 index >20% were considered high proliferating
tumors. The MIB1 cut-off represents the median value of the
scores relative to all BC samples analyzed during the last five
years at our Institute.
HER2 was scored as 0, 1+, 2+ or 3+ using a monoclonal
antibody (MoAb clone CB11; Novocastra Laboratories, Ltd.,
Newcastle, UK), in accordance with the HercepΤest scoring
system (Food and Drug Administration accepted): 0, no
membranous immunoreactivity or <10% of cells reactive;
1+, incomplete membranous reactivity in >10% of cells;
2+, >10% of cells with weak to moderate complete membranous reactivity; and 3+, strong and complete membranous
reactivity in >10% of cells. Cytoplasmic immunoreactivity
was ignored. Cases scoring 0 and 1+ were classified as negative. HER2 was considered to be positive if immunostaining
was 3+ or if a 2+ result showed gene amplification by fluorescence in situ hybridization (FISH). In FISH analyses, each
copy of the HER2 gene and its centromere 17 (CEP17) reference were counted. The interpretation followed the criteria of
the ASCO/CAP guidelines for HER2 immunohistochemistry
interpretation for BC (16): positive if the HER2/CEP17 ratio
was >2.2.
SCE assay. Venous blood from 81 BC patients and 20 healthy
controls was preserved in heparinized tubes. For SCE
analyses, blood cultures were prepared from blood samples
in accordance with the standard protocol on peripheral blood
cultures. 5-Bromo-2'-deoxyuridine (BrdU; Sigma, St. Louis,
MO, USA) was added at a final concentration of 10 µg/ml at the
24th hour and incubated for 72 h (4). The slides were prepared
in accordance with standard methods and were stained with
the fluorescence-plus-Giemsa technique (17). The slides were
incubated for 15 min in a bisbenzimide Hoechst 33258 solution (5 µg/ml) (bisbenzimide; Histoline Laboratories S.R.L.,
Milan), and then washed with distilled water. The slides were
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Figure 1. Typical chromosomes in metaphase. The image shows sister chromatid exchange (SCE) in peripheral blood lymphocytes of the breast cancer
patients (marked by black arrows).

then incubated in fresh phosphate-buffered water under a UV
light source for 1 h. The slides were washed again, incubated
for 10 min in preheated 2X saline-sodium citrate solution at
56˚C in a water-bath, and, after further rinsing, stained with
10X phosphate-buffered Giemsa solution.
For each subject 50 metaphases were examined by two
observers, who had no knowledge of the patient information
(Fig. 1). Every metaphase was scored for SCEs, and the individual mean value ± standard deviation/cell was calculated.
SCE baseline values of the familial group were compared with
those of the sporadic patients and with those of the control
group.
Statistical analysis. The statistical association of mean
SCE frequency with clinicopathologic characteristics was
assessed using the Fisher's exact test and the Student's t-test.
The parametric one-way analysis of variance and the post
hoc Bonferroni's multiple comparison tests were carried out
to compare the mean frequency of SCEs per cell among the
familial, sporadic and control groups. All statistical differences were considered significant at the level of P<0.05.
Statistical analyses were performed using SPSS 14.0 statistical
software (SPSS, Inc., Chicago IL, USA).
Results
The mean value of the SCE frequency in familial and sporadic
patients was 5.305±1.088 and 3.943±0.552, respectively,
whereas it was 3.197±0.649 in the control group. Statistical
analysis demonstrated that the SCE frequency in the familial
patients was significantly higher than that in both sporadic
patients (P<0.0001) and healthy controls (P<0.0001). Moreover,
SCE frequency in the sporadic patients was significantly higher
compared to that in the control group (P<0.0001) (Fig. 2).
When comparing the mean SCE frequency value of
familial and sporadic patients with their clinicopathological
characteristics, we found that SCE frequency was always
higher in familial than in sporadic patients (Table I).
The mean ages of familial and sporadic patients and the
control group were 49, 57 and 37 years, respectively. No significant association between the mean value of SCE frequencies
and the age of all subjects analyzed was found.
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Table I. Clinicopathological characteristics and mean SCE in familial and sporadic breast cancer patients.

Characteristics
Age (years)
≤55
>55

Tumor size (cm)
≤2
>2
Nodal status
Negative
Positive

Tumor grade
1-2
3

ER
Negative (≤10%)
Positive (>10%)
PR
Negative (≤10%)
Positive (>10%)
MIB1
Negative (≤20%)
Positive (>20%)
HER2a
Negative (0, 1+)
Positive (3+)

Familial n=22
--------------------------------------------------------------------------------No. of patients (%)
Mean SCE

Sporadic n=59
----------------------------------------------------------------------------------No. of patients (%)
Mean SCE

17 (77)
5 (23)

5.5
4.8

27 (46)
32 (54)

4.0
3.9

12 (55)
10 (45)

5.2
5.4

27 (46)
32 (54)

4.0
3.4

17 (81)
4 (19)

5.4
5.3

32 (54)
27 (46)

3.9
3.9

15 (68)
7 (32)

5.4
5.1

30 (51)
29 (49)

3.9
3.9

6 (27)
16 (73)

5.1
5.4

15 (25)
44 (75)

4.0
3.9

12 (55)
10 (45)

5.3
5.3

19 (32)
40 (68)

4.0
3.9

16 (73)
6 (27)

5.3
5.0

38 (64)
21 (36)

3.9
4.1

14 (82)
3 (18)

5.4
4.8

37 (67)
18 (33)

3.9
3.9

Five familial patients out of 22 and 4 sporadic patients out of 59 had missing values for HER2. SCE, sister chromatid exchange; ER, estrogen
receptor; PR, progesterone receptor; MIB1, labeling index; HER2, human epidermal growth factor receptor 2.

a

patients was observed with respect to the BRCAPro value
(cut‑off ≥10%). Furthermore, we correlated SCE frequency
with the BRCA mutational status of two patients (18%) with
two pathogenic mutations in the BRCA2 gene: 2029delCTTAT
and 2049delTC. The SCE frequency was higher compared to
patients without BRCA2 mutations (data not shown).
Discussion

Figure 2. The sister chromatid exchange (SCE) frequency in breast cancer
patients and the control group. The frequency was significantly increased
in 22 familial patients (5.305±1.088) compared to 59 sporadic patients
(3.943±0.552) and 20 healthy subjects in the control group (3.197±0.649).
Data are expressed as mean ± standard deviation/metaphase; ***P<0.0001.

In accordance with the statistical analysis, no significant
difference in SCE frequency between low-risk and high-risk

The aim of this preliminary study was to investigate if a
difference in SCE frequency existed between familial and
sporadic Caucasian BC patients from the Apulia Region. We
used the SCE assay, a classic cytomolecular technique which
provides an easy and accurate index to monitor DNA damage
and DNA repair status. The use of lymphocytes is based on
the assumption of a hypothetical association between the
presence of chromosomal damage both in lymphocytes and in
tumor cells (18). Even though several studies have investigated
SCE frequency in BC patients (11-14), this is the first report
to analyze SCE in heredo-familial BC patients as compared
to sporadic patients in a Caucasian population from Southern
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Italy. None of the patients or healthy controls were cigarette
smokers nor alcohol or drug users, as several authors have
reported an increase in the mean value of SCE due to lifestyle
factors (19,20).
In the present study, a significant increase in the frequency
of SCE was observed in familial compared to sporadic
patients, hypothesizing an increased genome susceptibility
as previously reported (13). However, in our series of BC
patients, we found an SCE frequency lower than that of other
studies (13,21). We believe that the frequency of SCE of the
BC patients from the Apulia Caucasian population is different
than that in other populations. Further studies are needed to
confirm our hypothesis. Furthermore, our results showed that
clinicopathological characteristics of familial and sporadic
tumors did not correlate with SCE frequency (14). SCE was
always higher in the familial than that in the sporadic tumors
but the difference did not achieve statistical significance. Lack
of association could be due to the small number of patients
included in the analysis. This reflects the difficulty in enrolling
untreated non-smoking patients; this is necessary to avoid
confounding effects that could influence the sensitive parameters being investigated in this study.
Considering that SCE showed a higher value in familial
patients, we suggest that SCE could be a biomarker independent of the clinicopathological characteristics used in clinical
practice to characterize this type of BC phenotype.
Since age and genomic instability are associated with
failure of DNA repair and accumulation of DNA damage
in the genome, many authors have evaluated the association
between SCE frequency and age, but data in the literature are
controversial (4,14,19,22-24). In accordance with other studies,
we found no correlation between age and SCE frequency,
either in familial or in sporadic patients (4,14).
It is known that BRCA1 and BRCA2 are required for
the maintenance of genomic integrity and that BRCA gene
products are necessary for the control of faithful homologous
recombination between sister chromatids in response to DNA
damage (2). Our statistical analysis demonstrated no significant
difference in SCE frequency between ‘low-risk and high-risk’
patients. On the other hand, Trenz et al (25) found no significant difference between the SCE of patients carrying a BRCA1
mutation and healthy donors without a family history of cancer.
In the present study, we investigated the probable relationship between BRCA mutations and the corresponding values
of SCE. We found an increase in SCE frequency in patients
with heterozygous germline mutations in BRCA2. This finding
is in agreement with a study by Kim et al (26), which suggests
a role of the BRCA2 mutation in the increase of SCE, as if
the reduction in BRCA2 gene dosage decreases the ability of
cells to maintain chromosome stability compared to wild‑type
level. In fact, BRCA2 is involved in DNA repair, and the loss
of function of this protein leads to an increase in genomic
instability.
In conclusion, in Caucasian patients from the Apulia
Region of Southern Italy with a family history of BC, we
showed a significant increase in SCE frequency, in particular
in BRCA mutation carriers. We suggest that SCE frequency
may be used as a biomarker to better characterize familial BC,
and we hypothesize that the BRCA gene could be involved in
the molecular mechanism of SCE. Further investigation of
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the correlation between SCE and BRCA1/BRCA2 mutation
carriers and subsequent evaluation of SCE as a valuable marker
for cancer prediction in high-risk relatives are warranted.
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