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Abstract. The aim of the study was to correlate the DNA Index (DI) and S-phase fraction (SPF) values determined
by multiparametric flow cytometry in breast cancer (mainly T1 and T2 stages) with several clinico-pathologic variables
and other biological parameters. For this purpose, a total of 136 breast cancers were submitted to flow cytometry and
to several types of immunohistochemical analyses. Among clinico-pathologic data we considered pT, pN and grade and
among immunohistochemical markers, hormonal receptors, P53, c-erbB-2 and MIB-1. We found that DNA aneuploidy was
strongly correlated with high tumoral grade, absence of hormonal receptors, high proliferation, as shown by high MIB-1
(>36%) and SPF values (>13.3%), and P53 positivity. Grouping the tumours according to their DI values, we observed
a relative significantly higher correlation of the near-triploid range carcinomas (DI 1.40–1.60) with immunohistochemical
expression of P53 (p = 0.0001). Near-triploid DI was also associated with a high proliferative activity, expressed both by
SPF (p = 0.0001) and MIB-1 reactivity (p = 0.0001), high tumoral grade (p = 0.0001) and presence of axillary metastases
(p = 0.03). These data suggest that DNA near-triploid tumours in breast cancer may have a more aggressive behaviour in
comparison with other DI classes.
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1. Introduction

The clinical course of breast carcinoma is partially unpredictable despite enhanced improvements
in diagnoses and therapies. The outcome of neoplastic disease in terms of local recurrence, distant
metastases and progression was and is upto now the major goal of several studies aimed at identifying
reliable prognostic factors.

At present, prognosis is based on clinico-pathological parameters such as tumour size, nodal status,
histological type and nuclear grade. However, these parameters are influenced by the subjectivity of
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the pathologist and, therefore, limited in their predictive value [42]. It is therefore necessary to couple
the traditional morphological parameters, to a deeper understanding of the biological nature of the
neoplastic disease in order to select a subgroup of high risk patients for developing new therapeutic
protocols.

Several papers indicate that the most significant biological markers in breast cancer are immuno-
histochemical detection of steroid receptors, proliferating cell nuclear antigen MIB-1, c-erbB-2, P53.

The presence of estrogen and progesteron receptor proteins in neoplastic cells is well established as
a predictor of clinical response to endocrine therapy and it is as well related to a better ultrastructural,
nuclear and histological differentiation [12,13,26,40]. MIB-1 is an important factor related to the
proliferative rate of the tumour. Several papers have shown the prognostic value of the immuno-
histochemical expression of MIB-1 in breast cancer [2,11,15,21]. Neoplastic transformation related
proteins such as the product of oncogene overexpression c-erbB-2 and the product of mutant onco-
suppressor gene P53 seem to be involved in conferring a more aggressive biological behaviour to
the tumour [1,17,24,31,35,36,38,45]. Analytical cytology techniques, and particularly flow cytometry
for determination of DNA content abnormality and S-phase fraction represent rapid, automated and
sensitive tools to identify important characteristics predictive of tumour outcome [10]. These flow
cytometric variables have been previously discussed in several studies, but their predictive value is
conflicting [3,14,18,28].

Disagreement between different studies has been previously discussed, indicating in heterogeneity
among patients’ stage, type of material (paraffin vs. fresh), tissue processing procedures, admixture of
non-tumour cells and differences in cell cycle analysis methodology some of the possible explanations
[4,7,18].

The present prospective study is characterized by uniformity in the study population (mainly T1
and T2 stages) and in the material used (fresh tissue only).

The purpose of our study was to correlate flow cytometric data, including DNA indices and S-phase
fraction values, determined by multiparametric procedures, to several clinico-pathologic variables and
biological parameters. As a result of these analyses we have identified a DNA-phenotype characterized
by DNA near-triploid content (DI = 1.5 ± 0.1) that appears to have a more aggressive biological
behaviour.

2. Materials and methods

The study population consisted of 136 patients with histologically proven breast cancer, collected
prospectively in the Pathology Department at S. Chiara Hospital (Trento, Italy) between 1994 and
1996. They represented diagnostic samples of biopsies received fresh for pathologic evaluation.

2.1. Histopathologic evaluation

Breast cancer biopsies were diagnosed by a pathologist (P.D.P.), according to the WHO classification
and histopathologically graded following the Bloom and Richardson system [8]. Tumour stages were
assigned according to the TNM classification [37].

Clinical characteristics of the study population are summarized in Table 1.
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Table 1
Clinico-pathologic characteristics of the study populationa

Total number of patients 136

Clinico-pathologic stage
T1 79 (58%)
T2 50 (37%)
T3 2 (1%)
T4 5 (4%)

Grading
G1 25 (19%)
G2 56 (41%)
G3 55 (40%)

Nodal status
N0 69 (51%)
N+ 67 (49%)

aStage was assigned according to the TNM classification;
grading was assigned according to Bloom and Richardson;
N0, absence of axillary metastases; N+, presence of axil-
lary metastases.

2.2. Immunohistochemistry

Routinely processed, formalin fixed, paraffin embedded tissues were cut into sections 5 µm thick.
Antigen retrieval was performed using an 800 W microwave oven at full power in citrate buffer pH 6.0
for two cycles 10 min each [34]. Slides were incubated at 4◦C for 2 h with the following antibodies:
estrogen receptor (clone 1D5, DAKO, Glostrup, Denmark) dilution 1 : 150, progesteron receptor (clone
1A6, DAKO, Glostrup, Denmark) dilution 1 : 100 and MIB-1 (clone MIB-1, IMMUNOTECH S.A.,
Marseille Cedex, France) dilution 1 : 150.

P53 (clone DO7, DBA, Milano, Italy) dilution 1 : 1000 [5] and c-erbB-2 (clone CB11, NOVOCAS-
TRA, Newcastle upon Tine, UK) dilution 1 : 200 were applied overnight at 4◦C.

Biotinylated anti mouse IgG and streptavidin-biotin enhanced immunoperoxidase technique
(StrepABcomplex/HRP, duet, mouse/rabbit, DAKO, Glostrup, Denmark) were applied in sequence.
The immunostaining for estrogen and progesteron receptors was assessed by one observer (EL)
on the basis of the visually estimated percentage of neoplastic cells with positive nuclear staining
and on staining intensity. On the basis of the percentage of stained cells, the lesions were sub-
divided in four classes, i.e.: >10%; 10–25%; 25–50%; >50%. Staining intensity was graded as
low (+), moderate (++) and intense (+ + +). All cases with negative staining and those with
less than 10% stained cells were regarded as negative, and for the purpose of statistical analy-
sis, all cases with more than 10% stained cells, independent of intensity, were regarded as posi-
tive. MIB-1 immunoreactivity was scored counting at least 500 cells in more than 10 high power
(1000×) representative fields. In cases where intratumoral heterogeneity of staining was seen, the
fields included those with the highest and the lowest percentage of stained cells. Percentile expres-
sion of MIB-1 in neoplastic cells was divided in tertiles: low (620%), medium (21–35%), high
(>36%).

Quantification of nuclear P53 immunostaining was estimated analysing 10 consecutive 1000× mi-
croscopic fields (100× objective and 10× oculars) containing malignant cells (Fig. 1). All cases with
negative staining and those with less than 10% stained cells were regarded as negative, while cases
with more than 10% stained cells, independent of intensity, were regarded as positive. C-erbB-2
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Fig. 1. Poorly differentiated adenocarcinoma of the breast showing strong nuclear immunoreactivity for P53 in most of the
neoplastic cells (original magnification ×400).

overexpression was identified as positive only in cases exhibiting distinct membrane staining in all or
a majority of tumour cells (Fig. 2) [5]. Cases with only focal membrane staining and with distinct
cytoplasmic staining were considered negative.

2.3. Flow cytometry

Our methodological approach included two different procedures: a) monoparametric analysis for
quantification of DNA content; and b) biparametric analysis which couples the DNA measurement
to the detection of a cytoplasmic antigen for the identification of epithelial cells. This method,
widely documented in previous reports [22,41,43,46–50] allows to refine biologic relevance of flow
cytometric data. Biparametric analysis optimizes the definition of the DNA diploid peak, sensi-
tivity in the identification of aneuploid tumour cell population and assessment of S-phase frac-
tion.

All cases were submitted to both monoparametric and biparametric procedures.

a) Sample preparation
Surgical specimens were cut into pieces of 0.3–0.5 cm3 and immediately frozen at −80◦C. At

the time of analysis, specimens were treated with a procedure for flow cytometric analysis which
optimizes the discrimination of stemlines, achieving low CV values (medium CV: 2.4; range: 1.3–3.5;
Fig. 3). Samples were thawed rapidly at 37◦C, released from necrotic, haemorragic and fat areas
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Fig. 2. Immunoreactivity for c-erbB-2 in a ductal invasive carcinoma of the breast. It is evident a cell membrane staining
pattern (original magnification ×400).

Fig. 3. Detection of a DNA near-diploid peak with DI = 1.07 and a DNA near-triploid peak with DI = 1.56. CV of G0–G1
DNA diploid peak (left) was 1.91%.
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and disaggregated mechanically for 30 sec (Medimachine, ConsulTS, Rivalta di Torino, Italy) in PBS
pH 7.4 (Phosphate Buffered Saline Tablets, P-4417, SIGMA, St. Louis, MO, USA). Cell suspensions
were filtered through a 50 µm nylon mesh and placed for 15 min at 4◦C (sedimentation step).
Supernatants were successively centrifuged at 600 rpm, low power, for 10 min, and washed twice
in PBS. Pellets were incubated for 2 h at 4◦C in 1 ml PBS containing propidium iodide (50 µg/ml,
P-4170, SIGMA, St. Louis, MO, USA), RNase (1 mg/ml, R-4875, SIGMA, St. Louis, MO, USA)
and Nonidet P-40 (0.25 µl/ml, N-6507, SIGMA, St. Louis, MO, USA) [25]. In order to evaluate the
quality control of cytometric procedures an aliquot of cell suspension analysed by flow cytometry was
smeared and microscopically examined.

b) Sample preparation for biparametric analysis
Fresh surgical specimens were mechanically disaggregated with the above procedure. Pellets were

stored at −80◦C in a propylen tube containing a cryopreservative solution composed of fetal bovine
serum (cat. n◦ F-3018, SIGMA, St. Louis, MO, USA) 10% and dimethylsulfoxide (cat. n◦ D-5879,
SIGMA, St. Louis, MO, USA) 10% in RPMI 1640 Medium (R-8758, SIGMA, St. Louis, MO, USA).
At the time of analysis, tubes were rapidly thawed at 37◦C and divided into two separate aliquots.
Cell suspensions were centrifuged at 600 rpm for 10 min at low power. Pellets were fixed with cold
70% ethanol for 30 min. After centrifugation pellets were washed twice in a solution composed by
5% FBS, 0.1% Albumin Bovine (cat. n◦ A-2153, SIGMA, St. Louis, MO, USA) in PBS.

Finally, the pellet of the first aliquot was incubated 1 h at 4◦C with a monoclonal antibody against
cytokeratin 8/18 (CAM 5.2/FITC, cat. n◦ 34765, Becton Dickinson Immunocytometry Systems, San
Jose, CA, USA) diluted 1 : 20 in 250 µl of 50 gamma PI solution containing 0.1% RNase and 0.25%
NP-40. Pellet for the negative control was incubated for 1 h at 4◦C with a non-specific isotypic mouse
IgG1 (MOPC-21FITC conjugate, cat. n◦ F-6397, SIGMA) under the same experimental conditions as
the test sample. At the end of the incubation time, cell suspensions were washed in 1 ml of PI/RNase
solution [49] that had been added to each tube and mixed.

Tubes were immediately centrifuged at 600 rpm for 10 min. Cell pellets were resuspended in 500 µl
of PI solution and analysed after 2 h. In order to evaluate the presence of cytokeratin-positive cells,
an aliquot of cell suspension was smeared and examined by fluorescent microscope (Fig. 4).

c) FCM analysis
FCM analysis was performed on a FACScan flow cytometer (Becton Dickinson Immunocytometry

Systems, Mountain View, CA, USA), equipped with a 15 mW argon laser (488 nm) and doublet
discrimination module. A Cell FIT Software Package was used for instrument set-up, data acquisition
and histogram deconvolution. Instrument set-up and calibration were performed using a propidium
iodide stained diploid normal tissue. At least 20,000 events were recorded for each sample in list
mode data using 1024 channels.

d) Gating method
Populations with positive staining for cytokeratin were identified by comparing FL3-H and FL1-H

dot plots of the tested sample with the negative control. Samples were considered adequately labelled
only when a distinct visual separation in green fluorescence intensity (FL1-H histogram) was present
(Fig. 5).
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Fig. 4. Suspension of intact cells obtained from a breast carcinoma by mechanical disaggregation. Cells were labelled
with an antibody to cytokeratin 8 and 18 (CAM5.2-FITC, green fluorescence in the cytoplasm) and Propidium Iodide (red
fluorescence in the nucleus) (original magnification ×400).

e) Histogram interpretation
Cell cycle analysis was calculated by rectangular curve fitting (RFIT, Becton Dickinson, CellFIT

Software) for diploid tumour and by polynomial model (POLY Model) when the sample contained
two cell populations with different DNA contents. Histograms including a single G0/G1 peak were
considered DNA diploid (DI = 1.00). When more than one G0/G1 peak was present, histograms were
classified as follows: DNA hypodiploid (DI < 1.00), DNA near-diploid (1.00 < DI < 1.39), DNA
near-triploid (1.40 < DI < 1.60), DNA hypertriploid (1.61 < DI < 1.79), DNA near-tetraploid (1.80
< DI 6 2.10), DNA hypertetraploid (DI > 2.10), DNA multiploid when more than one aneuploid
population was found [44]. Tumours were classified as tetraploid only when a corresponding G2/M
peak was identifiable. Histograms were considered reliable when the C.V. of the G0/G1 diploid peak
was lower than 3.5%. SPF values obtained by biparametric procedure were divided in tertiles: low
(65.5%), medium (5.6–13.2), high (>13.3%).

f) Statistical analysis
In order to relate the variables, the Chi-square test was utilized. p values < 0.05 (confidence interval

= 95%) were considered to be statistically significant. The experimental data were analysed using the
software EPI Info (Version 6, USD Incorporated, Stone Mountain, GA, USA).
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(a) (b)

(c) (d)

Fig. 5. (a) Ungated DNA histogram of a breast carcinoma with two abnormal DNA stemlines (DIs = 1.25 and 1.70) and a
population of cells with a normal DNA content; (b) histogram of green fluorescence (FL1-H) of cytocheratin labelled cells
which shows two well separated peaks, relative to negative and positive immunolabelled cell populations; (c) dot plot with
red fluorescence on the X axis and green fluorescence on the Y axis for dual labelled samples. CK-labelled cells were gated
to generate a histogram (d) from the epithelial component only. Note the absence of a diploid peak, probably composed by
inflammatory and stromal cells.

3. Results

Out of 136 cases, immunohistochemical evaluation of hormonal status showed that 66 cases (49%)
positive for both ER and PgR, 37 cases (27%) positive for ER and negative for PgR, 33 cases (24%)
negative for both ER and PgR. P53 immunoreactivity was found in 41 cases (30%) and c-erbB-2
overexpression in 26 cases (19%).
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Fig. 6. Bar histogram showing DI distribution of the study population.

Fig. 7. Bar histogram showing the relation existing between DI classes and P53 immunohistochemical expression. Note the
increasing % of cases with high expression of P53 in the DNA near-triploid class (DI = 1.5± 0.1) in comparison with the
other DI classes.

41 cases (30%) were diploid and 95 (70%) aneuploid. Distribution of DIs is shown in Fig. 6.
SPF was evaluated by biparametric procedures on 106 cases (78%). In 30 cases (22%) SPF was not
determined because the mathematical model fitting did not conform to the experimental data in the
histograms.

We found strong correlations among DNA aneuploidy and high tumoral grade, absence of hormonal
receptors, high proliferation as shown by high MIB-1 (>36%) and SPF values (>13.3%), and P53
positivity. DNA aneuploidy did not show significant correlations with pT, nodal status and c-erbB-2
overexpression (Table 2).

Subdividing the cases in DNA diploid, DNA near-triploid and other DNA aneuploids, the DNA
near-triploid class showed significant correlations with presence of axillary metastases, high tumoral
grade, absence of hormonal receptors, high proliferative activity expressed by MIB-1 (>36%) and
SPF values (>13.3%), P53 positivity. DNA near-triploid aneuploidies did not correlate to the size of
neoplastic lesions or to c-erbB-2 overexpression (Table 3).
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Table 2
Correlation of DNA ploidy by biparametric DNA/cytokeratin flow cytometry versus clinico-morphologic and biologic
parametersa

Number DNA diploid DNA aneuploid
pT
pT1 79 23 (29%) 56 (71%)
pT2 50 16 (32%) 34 (68%)
pT3–pT4 7 2 (29%) 5 (71%) p = 0.94

pN
pN0 69 28 (41%) 41 (59%) p = 0.01(Yates)
pN+ 67 13 (19%) 54 (81%) p = 0.007(without)

Grade
G1 25 17 (68%) 8 (32%)
G2 56 19 (34%) 37 (66%)
G3 55 5 (9%) 50 (91%) p = 0.0001

Hormonal status
ER−\PgR− 33 2 (6%) 31 (94%)
ER+\PgR− 37 10 (27%) 27 (73%)
ER+\PgR+ 66 29 (44%) 37 (56%) p = 0.0005

MIB-1 (%)
620 51 28 (55%) 23 (45%)
21–35 50 10 (20%) 40 (80%)
>36 35 3 (9%) 32 (91%) p = 0.0001

S-phase fraction (%)b

65.5 33 26 (79%) 7 (21%)
5.6–13.2 32 12 (38%) 20 (62%)
>13.3 41 3 (7%) 38 (93%) p = 0.0001

P53
P53− 95 39 (41%) 56 (59%)
P53+ 41 2 (5%) 39 (95%) p = 0.0001

c-erbB-2
c-erbB-2− 110 36 (33%) 74 (67%)
c-erbB-2+ 26 5 (19%) 21 (81%) p = 0.177

apT: assigned according to the TNM classification; grade: histological differentiation according to Bloom and Richardson;
N0, N+: absence or presence of axillary metastases; ER PgR−−/+−/++: negativity and positivity for hormonal receptors
(cutoff for positivity >10% stained cells); MIB-1: percentile immunohistochemical expression of MIB-1 in neoplastic cells;
SPF: fraction of cells in S-phase evaluated by flow cytometry; P53 −/+ immunohistochemical reactivity for P53 (cutoff
for positivity >10% cells with nuclear staining); c-erbB-2 −/+: immunoreactivity for c-erbB-2 (positivity only when
membranous pattern was present).
bIt was not possible to determine S-phase values in 30 cases due to inadequate fitting of mathematical models.

Statistical significance for correlations with the above parameters was higher when subgrouping
tumours in DNA diploids, DNA near-triploids and other DNA aneuploids. Specifically, statistical
significance becomes markedly raised when DNA near-triploidy is related to P53 positivity (Fig. 7).

4. Discussion

In order to select patients with high risk of recurrence and neoplastic progression, many studies have
focused on the characterization of biological features of neoplastic cells associated with aggressive
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Table 3
Correlation of DI groups to clinico-morphologic and biologic parameters. Data merging subdividing classes in diploid,
triploid and other aneuploidsa

Number DNA diploid Other DIs 6= 1 DI = 1.5± 0.1
pT
pT1 79 23 (29%) 45 (57%) 11 (14%)
pT2 50 16 (32%) 24 (48%) 10 (20%)
pT3–pT4 7 2 (29%) 4 (57%) 1 (14%) p = 0.86

pN
pN0 69 28 (40%) 33 (48%) 8 (12%)
pN+ 67 13 (19%) 40 (60%) 14 (21%) p = 0.02

Grade
G1 25 17 (68%) 7 (28%) 1 (4%)
G2 56 19 (34%) 31 (55%) 6 (11%)
G3 55 5 (9%) 35 (64%) 15 (27%) p = 0.0001

Hormonal status
ER−\PgR− 33 2 (6%) 18 (55%) 13 (39%)
ER+\PgR− 37 10 (27%) 22 (59%) 5 (14%)
ER+\PgR+ 66 29 (44%) 33 (50%) 4 (6%) p = 0.0001

MIB-1 (%)
620 51 28 (55%) 19 (37%) 4 (8%)
21–35 50 10 (20%) 33 (66%) 7 (14%)
>36 35 3 (9%) 21 (60%) 11 (31%) p = 0.0001

S-phase fraction (%)b

65.5 33 26 (79%) 5 (15%) 2 (6%)
5.6–13.2 32 12 (37%) 15 (47%) 5 (16%)
>13.3 41 3 (8%) 26 (63%) 12 (29%) p = 0.0001

P53
P53− 95 39 (41%) 49 (52%) 7 (7%)
P53+ 41 2 (5%) 24 (58%) 15 (37%) p = 0.0001

c-erbB-2
c-erbB-2− 110 36 (33%) 57 (52%) 17 (15%)
c-erbB-2+ 26 5 (19%) 16 (62%) 5 (19%) p = 0.40

aDNA near-triploid: aneuploid tumours with DI 1.5± 0.1. See Table 2 for abbreviations.
bIt was not possible to determine S-phase values in 30 cases due to inadequate fitting of mathematical models.

growth, local and distant invasiveness and capability of spreading, surviving and flourishing at distant
sites.

Prognostic factors in breast carcinoma include conventional clinico-pathologic parameters [42] as
well as immunohistochemical evaluation of altered expression of tumour suppressor genes or onco-
genes (P53, c-erbB-2) [1,20,24,31,35,36,38,45] and proliferative activity [2,6,9,15]. These biological
markers have an important role as independent prognostic parameters in relation to conventional
clinico-pathologic characteristics (TNM, grade) which lead to the determination of tumour prognosis.
The potential role of DNA content obtained by flow cytometry as a complement to these parameters
in defining tumour prognosis has been discussed in several papers, but results are often conflicting.
Some authors support FCM analysis of DNA ploidy as a strong prognostic factor while others do not
find correlations to the above prognostic parameters [3,10,14,28]. The data from our study confirm
the existence of a strong correlation among the presence of DNA content aneuploidy in neoplastic
cells and other markers indicative of an unfavourable outcome, like poor differentiation (high tumoral
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Table 4
P53 immunoreactivity correlated to clinico-morphologic and biologic parametersa

Number P53− P53+

pT
pT1 79 55 (70%) 24 (30%)
pT2 50 38 (76%) 12 (24%)
pT3–pT4 7 2 (29%) 5 (71%) p = 0.04

pN
pN0 69 54 (78%) 15 (22%)
pN+ 67 41 (61%) 26 (39%) p = 0.03

Grade
G1 25 24 (96%) 1 (4%)
G2 56 45 (80%) 11 (20%)
G3 55 26 (47%) 29 (53%) p = 0.0001

Hormonal status
ER−\PgR− 33 15 (45%) 18 (55%)
ER+\PgR− 37 27 (73%) 10 (27%)
ER+\PgR+ 66 53 (80%) 13 (20%) p = 0.0002

MIB-1 (%)
620 51 44 (86%) 7 (14%)
21–35 50 38 (76%) 12 (24%)
>36 35 13 (37%) 22 (63%) p = 0.0001

S-phase fraction (%)b

65.5 33 30 (91%) 3 (9%)
5.6–13.2 32 27 (84%) 5 (16%)
>13.3 41 20 (49%) 21 (51%) p = 0.0001

c-erbB-2
c-erbB-2− 110 77 (70%) 33 (30%)
c-erbB-2+ 26 18 (69%) 8 (31%) p = 0.94

aDNA near-triploid: aneuploid tumours with DI 1.5± 0.1. See Table 2 for abbrevia-
tions.
bIt was not possible to determine S-phase values in 30 cases due to inadequate fitting
of mathematical models.

grade), high proliferative activity, absence of hormonal receptors and immunohistochemical reactivity
for P53. Accumulation of P53 tumour suppressor gene protein, as revealed by immunohistochemistry,
has been demonstrated to be an independent marker of poor prognosis in breast cancer [39], although
some authors disagree on this point [19,24]. P53 was found to be associated to DNA aneuploidy
[1,20,29–31].

Observing DNA ploidy classes related to clinico-morphological and biological parameters, we found
that tumours characterized by a near-triploid DI showed apparently more pronounced aggressive bi-
ological characteristics. In fact, this subgroup of neoplasms showed stronger statistical correlations
with unfavourable prognostic parameters when compared to tumours with other DIs. In particular,
statistical correlations with P53 were strongly enhanced.

A recent study on P53 immunoreactivity in colorectal cancer reported a strong association between
P53 expression and flow cytometric DNA ploidy pattern. The authors demonstrated that P53 im-
munohistochemical expression was related with a higher frequency of aneuploid carcinomas with a DI
> 1.20 [23]. Another paper describing colorectal tumour progression noted the existence of a DNA
aneuploid subclone with DNA Index = 1.50–1.80 associated with an increased detection of genetic
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alterations involving P53 tumour suppressor gene in comparison to aneuploid carcinomas with DI <
1.30 [16,27].

Identification of a higher frequency of P53 immunoreactivity in tumours with DI values in the range
of 1.40–1.60 may suggest the hypothesis that these cell subpopulations evolve in a distinct fashion in
comparison to the other ploidy classes.

A recent paper discussing the origin of aneuploidy in bladder cancer hypothesizes a sequence of
genetic changes leading to the creation of very aggressive aneuploid clones. Among these, triploid
clones seem to exhibit a higher malignant potential in terms of deep invasiveness and capability to
spread to distant sites [32].

Although these relations have been demonstrated in colorectal and bladder cancer, we can hypoth-
esize a similar model for breast cancer on account of our results.

Our study, based on the flow cytometric analysis of the selected epithelial component of the tumour
and on a rigorous application of the guidelines suggested by literature, makes an attempt to reach a
high uniformity in sample processing as well as in interpretation of the results. The findings presented
here may therefore be a starting-point for a better understanding of the complex biology and clinical
behaviour of breast cancer.
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