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Summary
Background. In the case of DNA-aneuploid tumors there are no clear guidelines as to which S-phase fraction is the
more relevant one: that corresponding to either the diploid or the aneuploid population, or rather an average of
both.
Materials and methods. We studied 280 breast cancer specimens from previously untreated patients. Histologically, 231 were ductal inﬁltrating carcinomas, 30 lobular inﬁltrating carcinomas and 19 corresponded to other, less
frequent varieties. Postsurgically, 164 cases (58.6%) were classiﬁed as T1, 87 (31.1%) as T2 and 7 as T3. The
remaining 22 cases were multifocal, diﬀuse tumors. Flow cytometry was performed on fresh tumor tissue, and
immunohistochemistry for hormone receptors, Ki67, c-erb-B2 and p53 on paraﬃn-embedded material.
Results. In diploid tumors, a high S-phase (above the 75th percentile) correlated signiﬁcantly with Ki67
expression ‡20% ( p<0.0001). In aneuploid tumors, however, this was only the case for the aneuploid fraction of
tumor cells ( p<0.0001). A high S-phase of diploid tumors correlated directly and signiﬁcantly with a high histologic
grade ( p=0.04), a high nuclear grade ( p=0.01), tumor size ( p=0.0008), and inversely with estrogen ( p<0.0001)
and progesterone ( p<0.0001) receptor expression. In aneuploid tumors, the aneuploid tumor fraction showed a
direct and signiﬁcant correlation with a high histologic grade ( p=0.005), a high nuclear grade ( p=0.001), mutant
p53 expression ( p=0.0009), and inversely with estrogen ( p<0.0001) and progesterone ( p=0.0001) receptor
expression. A high S-phase of the diploid cell fraction of aneuploid tumors, on the other hand, just showed an
inverse correlation with high nuclear grade of the tumors ( p=0.02), and none whatsoever with all other tested
parameters.

Introduction
Cellular proliferation is an important prognostic
parameter in breast cancer [1–6]. In fact, some authors
believe that it is one of the most relevant independent
predictors of survival in this kind of tumor [7]. Measurement of the dividing tumor cell fraction in S-phase
by means of ﬂow cytometry is an established method for
assessing the proliferative activity of breast cancer, and
has been shown by us in the past to be an independent
prognostic factor for DNA-diploid tumors [8]. In the
case of DNA-aneuploid tumors, however, the situation
is still controversial. In fact, there are no clear guidelines
as to which S-phase is the more relevant one, when both
types of cell populations are present: that corresponding
to either the diploid or the aneuploid population, or
rather an average of both. In an attempt to clarify this,
we have measured proliferation in a series of breast
cancers both by means of ﬂow cytometry and immunohistochemistry. The results have then been correlated
with all available clinical and biological parameters of

the tumors. Since a very large proportion of the latter
were early (pT1) carcinomas, with an excellent general
prognosis, we could not use survival as prognostic
endpoint, due to insuﬃcient follow-up. Instead, we used
axillary node invasion and tumor size as second-best
surrogates of ﬁnal outcome of the patients.

Materials and methods
We studied 280 breast cancer specimens from previously
untreated patients operated upon at Fundación Tejerina, Madrid, Spain, between January 2000 and December 2003. All patients gave written informed consent for
the research use of the aforementioned samples. Histologically, the vast majority corresponded to ductal
inﬁltrating carcinomas (231), followed by lobular inﬁltrating carcinomas (30) and other, less frequent varieties
(19). As has been mentioned earlier, a large proportion
(164 cases, 58.6%) were classiﬁed postsurgically as T1,
87 (31.1%) as T2 and 7 as T3. The remaining 22 cases
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corresponded to multifocal, diﬀuse tumors. Metastatic
axillary nodes were present in 99 instances.
Flow cytometry was invariably carried out on fresh
tumor tissue, whereas for the immunohistochemical
detection of hormone receptors, Ki67, c-erb-B2 and p53
we used paraﬃn-embedded material.
Immunohistochemistry
The immunohistochemical technique employed was the
standard one at our laboratory, and has also been
described elsewhere [9]. Brieﬂy, 5-lm paraﬃn sections
were mounted on poly-L-lysine coated slides for heatinduced epitope retrieval (‘HIER’ technique) in citrate
buﬀer. We used the same, commercially available
streptavidin–biotin-peroxidase
kit
(Histostain-SP,
Zymed, San Francisco, CA, U.S.A.) throughout the
whole procedure, to ensure uniformity of the results.
The antibodies employed were as follows: NCL-CB11
(c-erb-B2), NCL-ER-6F11 (estrogen receptor), NCLp53-D07 (p53), all from Novocastra Laboratories,
Newcastle, UK; prediluted MIB1 (Ki67) and PR-2C5
(progesterone receptor) from Zymed, San Francisco,
CA, USA. The incubation time was 1 h at room temperature in a humid chamber for all antibodies, which,
apart from the prediluted MIB1-Ki67 solution, which
was directly used as supplied, were employed at following dilutions: NCL-CB11 (c-erb-B2): 1:40; NCL-ER6F11 (ER): 1:100; NCL-p53-D07: 1:100. The evaluation
of nuclear staining patterns (ER, PR, Ki67 and p53) was
straightforward, since specimens positive for ER, PR or
p53 always showed speciﬁc staining in more than 20% of
tumor cells. The Ki67 labeling index was expressed as
the percentage of reactive tumor cells. The tumors were
considered c-erb-B2-positive when more than 10% of
cells showed speciﬁc membrane staining.
Flow-cytometry
The procedure was carried out always on fresh tumor
tissue, which was kept in phosphate-buﬀered saline
(PBS) at 4 C for less than 24 h. After having been

obtained, according to protocols previously described
by us [10]. It was ﬁrst ﬁnely minced with a scalpel blade,
mixed with 2 ml of DNA-prep Stain reactant and 100 ll
DNA-prep LPR reactant (both from Coulter Corporation, Miami, FL, USA), and incubated for 30 min at
37 C. The resulting mixture was then ﬁltered through a
50-lm pore ﬁlter and was ready for cytometric analysis
in a Coulter EPICS XL cytometer (Coulter Corporation, Miami, FL, USA).
The analysis of the obtained histograms was carried
out with the help of the MultiCycle DNA Cell Cycle
Analysis software package (Phoenix Flow Systems, San
Diego, CA, USA). Tumors were considered diploid
when the DNA-index obtained was 1.0, and aneuploid
for any diverging value, including tetraploid tumors,
with a DNA-index of 2.0.
Statistics
For comparative purposes with qualitative variables, the
S-phase value was divided into ‘high’ and ‘low’ values,
using the 75th percentile of either the diploid or aneuploid fraction as cutoﬀ. The statistical analysis was
performed using the GraphPad Prism biomedical statistical package (GraphPad Software, Inc., San Diego,
CA, USA). Values were considered signiﬁcant, when p
was <0.05.

Results
Out of the 280 analyzed tumors, the DNA-index could
be successfully evaluated in 275 (151 (54.9%) – diploid;
124 (45.1%) – aneuploid) and the S-phase fraction in
273. The Ki67 labeling index was evaluated in 277 cases
(Table 1). In aneuploid tumors we measured the S-phase
fraction corresponding to both the diploid and the
aneuploid cell population, calculating the corresponding
75th percentile. The 75th percentile of the S-phase
fraction was 7.2% for diploid tumors, whereas for
aneuploid tumors, it was 16.4% for the diploid population and 12.6% for the aneuploid cell cohort.

Table 1. Correlations between the diﬀerent S-phases of all cell subpopulations and the clinical and biological features of the tumors
Diploid tumors

Aneuploid tumors

Diploid S-phase

Diploid S-phase

r

p

Histologic grade

0.18

0.04

Nuclear grade

0.21

0.01

Axillary metastasis

0.02

0.79

r

Aneuploid S-phase
p

r

p

)0.007

0.93

0.26

0.005

)0.2

0.02

0.3

0.001

)0.08

0.32

)0.08

0.33

ER

)0.37

<0.0001

0.06

0.46

)0.48

<0.0001

PR

)0.35

<0.0001

0.11

0.22

)0.37

0.0001

0.03
0.04

0.67
0.66

0.17
0.3

0.053
0.0009

)0.002

0.98

0.1

0.29

c-erb-B2
p53

0.11
0.14

0.18
0.09

Tumor size

0.28

0.0008

The S-phase fraction in aneuploid breast cancers
DNA-aneuploidy of the tumors correlated directly
and signiﬁcantly with a high histologic grade ( p=0.01),
a high nuclear grade ( p<0.0001), axillary node invasion
( p=0.007), c-erb-B2 expression ( p=0.008), mutant p53
expression ( p=0.007), tumor size ( p=0.01), and inversely with estrogen ( p=0.006) and progesterone
( p=0.002) receptor expression.
In diploid tumors, a high S-phase (above the 75th
percentile) correlated signiﬁcantly with Ki67 expression
‡20% ( p<0.0001). In aneuploid tumors, however, this
was only the case for the aneuploid fraction of tumor
cells ( p<0.0001).
Moreover, a high S-phase of diploid tumors correlated directly and signiﬁcantly with a high histologic
grade ( p=0.04), a high nuclear grade ( p=0.01), tumor
size ( p=0.0008), and inversely with estrogen
( p<0.0001) and progesterone ( p<0.0001) receptor expression.
In aneuploid tumors, the aneuploid tumor fraction
showed a direct and signiﬁcant correlation with a high
histologic grade ( p=0.005), a high nuclear grade
( p=0.001), mutant p53 expression ( p=0.0009), and
inversely with estrogen ( p<0.0001) and progesterone
( p=0.0001) receptor expression. A high S-phase of the
diploid cell fraction of aneuploid tumors, on the other
hand, just showed an inverse correlation with high nuclear grade of the tumors ( p=0.02), and none whatsoever with all other tested parameters.
All results are summarized in Table 1.

Discussion
It is generally assumed that both S-phase and Ki67
expression measure the same parameter in tumors,
namely proliferation. Although this is true in a general
sense, they are not exactly superimposable, as we have
already shown in the past [10]. Vielh et al. [7] also
found that a high percentage of tumor cells expressing
the Ki67 antigen was signiﬁcantly associated with axillary metastasis, whereas a high S-phase was not, but
was inversely associated with estrogen receptor
expression, instead. We also found in the present study
the same inverse correlation between a high S-phase
and hormone receptor expression, but not the one
described by Vielh et al. with axillary node invasion.
The only cell-cycle parameter of our study associated
with axillary involvement was aneuploidy of the tumors. Gilchrist et al. [11] also observed a tight relationship between aneuploidy and axillary node
metastasis, as well as a signiﬁcant inverse correlation
with estrogen receptors, as we did. Similar results were
also reported by Pinto et al. [12] for locally advanced
breast cancers.
The most striking result of our study is the ﬁnding
that the relatively small subpopulation of aneuploid cells
present in aneuploid tumors seems to be responsible for
their ominous biological features. The diploid cell fraction, conversely, usually representing the majority of
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cells in an aneuploid tumor, seems not to contribute
signiﬁcantly to its biological aggressiveness, irrespectively of its proliferative capacity, represented by its Sphase. This is at ﬁrst sight surprising, considering the
relevance of S-phase in purely diploid tumors, as shown
by previous studies, where this parameter is a powerful
independent prognostic marker [8]. However, our ﬁnding is fully in agreement with the recommendations by
Kallioniemi et al. [13] who advise to study both cell
subpopulations in aneuploid tumors whenever the
quality of the histograms allows to do so, and to use
only the S-phase corresponding to the aneuploid one for
prognostic purposes. Our results also indirectly corroborate those of Chassevent et al. [2] who only studied
the S-phase of the aneuploid subpopulation in tumors
with a DNA-index diﬀerent from 1, and found this to
be associated with large tumor size, high histologic
grade, axillary node invasion and hormone receptor
negativity.
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