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Introduction

Breast cancer is the most frequently diagnosed cancer
and the second leading cause of cancer deaths among
women in Western societies. Prompt diagnosis and selec-
tion of appropriate treatment play an important role in
reducing mortality [1]. In order to plan specific therapies
several prognostic/predictive markers have been evaluat-
ed over the last years [2]. Although molecular profiling
has shown promise in refining treatment decision making,
to date, immunohistochemistry remains a validated and
less expensive method for the investigation of new prog-
nostic and predictive markers [3]. In view of this notion
the immunohistochemical expression of topoisomerase II
alpha (TOP2A), zeste homologue 2 (EZH2) and paxillin
has recently gained increasing attention. TOP2A IIa is a
key enzyme in DNA replication and the polycomb group
protein enhancer of EZH2 is a major component for the
maintenance of cell identity and cell cycle regulation [4,
5]. Both these factors have been proposed as potential
markers for targeted therapy [6, 7]. Paxillin is a focal
adhesion protein that regulates various biologic pathways
such as cell migration and proliferation [8]. Although pre-
vious studies have commented on the clinical usefulness

of these three markers, their role remains controversial. In
this prospective study we examine the association
between TOP2A, EZH2 and paxillin with other clinico-
histopathological parameters and discuss the clinical
implications of our findings. 

Materials and Methods

Imprint samples were obtained from 55 patients who under-
went surgery for breast cancer immediately after tumor removal
in the operating room. Mean age of the patients was 56.7 years
old at the time of diagnosis. Imprint smears were taken from dif-
ferent areas of macroscopically estimated breast carcinoma. We
prefer to use imprint smears instead of paraffin-embedded tissue
sections, as the latter present a lot of difficulties regarding
immunoreactivity. Depending on the thickness of the section,
there will always be a number of cells sliced or overlapped, thus
leading either to false low or false high immunoreactivity,
respectively [9-11]. Furthermore, tissue fixation and to a lesser
degree tissue processing are potential causes of variation in the
reproducibility of immunohistochemical staining [12]. Besides
that, in cytologic preparations, the cells are whole, a large surface
of the tumor is sampled and tissue is preserved for subsequent
pathologic and molecular analyses [11, 13]. Its now firmly estab-
lished that a wide variety of markers can be applied on cytologic
preparations and that immunocytochemistry correlates well with
immunohistochemistry [14-16]. After air drying, smears were
fixed in buffer formalin 5% for 20 min and stored at –70°C until
used for an immunocytochemical procedure. All histological
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negative PR expression (48.6% vs 8.3%, p < 0.05). High
intensity staining for EZH2 expression was associated
with higher histologic grade (88.9% vs 21.4%, p < 0.05),
negative ER and PR expression (55.6% vs 7.1% and
66.7% vs 7.1% respectively, p < 0.05) and positive Ki-67
expression (77.8% vs 7.1%, p < 0.05) (Table 2). The
expression of paxillin failed to correlate with
estrogen/progesterone and HER2 expression as well as
with tumor grade and stage.  

Discussion

This prospective study evaluated the role of the
immunocytochemical expression of three different novel
markers in invasive breast carcinomas.

TOP2A is a key enzyme in DNA replication which cat-
alyzes the unwinding of DNA by inducing single-strand-
ed breaks on both DNA strands [20]. Considering the piv-
otal role of this enzyme in the modification of DNA
topology it would appear logical to assume that TOP2A
overexpression should correlate with high cell prolifera-
tion rate. Although this study revealed a strong correlation
between TOP2A expression and tumor grade in several
countries, including ours, the mitotic count, a well estab-
lished proliferation index is incorporated into the tumor
grading systems [21] no correlation was found with Ki-67
expression. This discrepancy may be the result of the
small sample size of this study. Probably for the same rea-
son, although we showed a significant association with PR-

diagnoses were performed using sections from the samples that
were used  for the imprints. The tumors were classified according
to the histological typing of breast tumors by the WHO [17]  and
grade of tumors according to the Scourff Bloom Richardson clas-
sification  modified by Elston and Elis [18, 19]. 

Additional informational was recorded concerning the
patient’s ER/PR, HER-2 expression, EGFR status, p53 and ki-
67 as determined immunohistochemically. Immunostaining was
performed by the Avidin-Biotin Complex immunoperoxidase
method with the use of TopoIIa (Novocastra, clone 3F6) at a
dilution 1:50, EZH2 (Novocastra, clone 6A10) at a dilution 1:50
and paxillin (Novocastra, clone 5H11) at a dilution 1:30.

Smears were incubated for 45 min with a normal rabbit serum
diluted 1:40 in PBS. Then the smears were rinsed in three
changes of PBS for 5 min each and incubated overnight with
primary antibodies. After washing in PBS the smears were incu-
bated with rabbit anti mouse biotinylated  immunoglobulin
diluted 1:200 followed by the ABC/HPR. Visualization was
achieved by a final incubation in 3.3-diaminobenzide tetrahy-
drochloride. The smears were counterstained with Mayer’s
hematoxylin. Smears of known positive reactivity were includ-
ed as positive controls and negative controls were stained by
omitting the primary antibody incubation. Results were interpret-
ed by two independent cytologists. In cases where staining was
heterogeneous in the slide examined fields included those with
the highest and those with the lowest percentage of stained cells.
The immunostaining for each protein was determined as positive
or negative. Staining was interpreted as positive when  > 10% of
the tumor cells showed cytoplasmatic or nuclear staining. 

Statistical analysis

A standard statistical software package SPSS (SPSS Inc,
Chicago IL) was used in the analysis. Descriptive statistics were
calculated for all variables. The chi-square test or Fisher’s exact
test’ as appropriate, was used to examine the association
between TOP2A, paxillin and EZH2 expression and the steroid
hormone, c-erbB-2, EGFR, p53 and Ki-67 status, as well as the
correlation of the former markers with tumor type, grade and
stage. The one-sample Kolmogorov-Smirnov test was used to
test if a variable was normally distributed. All data were normal-
ly distributed, and the association between TOP2A, paxillin and
EZH2 expression and patient age and tumor size was analyzed
with the Student’s t-test and with the one-way ANOVA with
post-hoc LSD analysis; p values less than 0.05 were considered
statistically significant. 

Results

Mean age of  the patients  was  56.7 years old (SD ±
13.4 years) during the time of diagnosis. Tumor charac-
teristics are presented in Table 1. Immunocytochemical
analysis revealed that 32 (58.2%) patients were positive
for paxillin expression, 35 (74.5%) out of 47 tested
patients were positive for TOP2A expression and nine
(16.4%), 11 (20%) and 14 (25.5%) patients were catego-
rized as having high, moderate and weak staining, respec-
tively, for EZH2 expression.

Statistical analyses showed that TOP2A positive
tumors correlated with higher histological grade (57.1%
of the TOP2A positive tumors had grade 3 malignancies
compared to 41.7% of the TOP2A negative tumors, p <
0.05), higher tumor size (2.5 cm vs 1.6 cm, p < 0.05) and

Table 1. — Tumor characteristics

Tumor size (mean ± SD) 2.3 ± 1.4
Histological type I, number (%) 

Invasive 46 (83.6%)
Invasive/In situ 9 (16.4%)

Histological type II, number (%) 
Ductal 50 (90.9%) 
Lobular 5 (9.1%)

N stage, number (%) 
N0 30 (54.5%)
N1 14 (25.5%)
N2 6 (10.9%)
N3 5 (9.1%)

Tumor grade, number (%) 
1 3 (5.5%)
2 25 (45.5%)
3 27 (49.1%)

TNM stage, number (%) 
I 19 (34.5%)
IIA 19 (34.5%)
IIB 6 (10.9%)
IIIA 6 (10.9%)
IIIC 5 (9.1%)

Positive tumors for [number (%)] 
ER 43 (78.2%)
PR 37 (67.3%)
HER2 13 (23.6%)
EGFR 4 (7.3%)
p53 36 (65.5%)
Ki-67 23 (41.8%)
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Paxillin regulates various biological events such as cell
migration and proliferation. Despite the extensive
research to date, the precise function of paxillin remains
elusive [35]. Although many reports implicate paxillin as
a positive regulator of motility some investigators have
published opposite results suggesting that paxillin could
in fact inhibit cell motility [36, 37]. In the same manner
the role of paxillin in breast cancer remains controversial.
A study by Vadlamudi et al in human breast cancer cells
demonstrated an increase in paxillin expression with
HER2/HER3 pathway and grade 3 breast cancer tumors
[38]. Similarly in a recent report by Hicks et al. paxillin
expression correlated well with HER2 amplification, but
failed to show any association with tumor grade [39]. On
the other hand Madan et al., although also failing to show
any correlation between paxillin and tumor grade, found
no association between paxillin and HER2 expression
[40]. Interesting, however, the latter researchers demon-
strated that high paxillin expression was associated with
lymph node negative status and thus less aggressive forms
of breast cancer. In agreement with the previous studies
we failed to show any association between paxillin and
estrogen/progesterone expression as well as between pax-
illin and HER2 expression or tumor grade and stage. We
assume that the reasons for these discrepancies could be
the relatively small number of patients that were enrolled
in these studies and the analysis of a heterogeneous group
of breast neoplasms. 

In conclusion, we demonstrated a significant association
between EZH2 and TOP2A expression with unfavorable
prognostic markers such as higher tumor grade. These data
indirectly support the possible prognostic role of these two
markers. On the other hand this study failed to show any
correlation between paxillin and other clinicopathologic
factors. Further studies are needed to confirm our results
and help us better understand the biologic role and possible
clinical implications of these markers. 
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