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Introduction 

Breast cancer is the most commonly diagnosed cancer
in women in the US12 and is the leading cause of death in
the US and Europe among women aged between 40-59.15

HER-2 is the most important oncogene associated with
breast cancer. The HER-2 gene is located on chromosome
17q12-21 and codes for a 185-kD transmembrane protein
of the ERBB membrane tyrosine kinase receptor family.
The HER-2 gene is amplified in 15-30% of breast
tumors,18,33 and amplification has been associated with
adverse outcome.30 HER-2 amplification has been evalu-
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HER-2 amplification is a biomarker for identifying
patients who respond to trastuzumab and has been
evaluated as a factor predicting the response to
anthracyclines. The relationship between HER-2 and
response to anthracycline therapy may also be the
result of the close localization of TOP2A on 17q. It
has been a matter of debate whether these two genes,
HER-2 and TOP2A, behave separately on different
amplicons or act together thus making it possible to
predict the TOP2A status from the HER-2 status. In
this study TOP2A, HER-2 and chromosome 17 aneu-
somy were investigated by fluorescent in situ
hybridization (FISH) in 50 consecutive breast cancer
patients. HER-2 amplification was detected in 11
patients (22%) and TOP2A changes were seen in 6
patients (12%); two amplifications and two deletions
were observed in HER-2-amplified cases and two

deletions in HER-2-nonamplified cases. Three of the
TOP2A-deleted cases had polysomy 17. HER-2 copy
number was higher than the TOP2A copy number in
one patient with co-amplification. Polysomy was
observed in 9 cases (18%) and monosomy in 6 cases
(12%). Aneusomy was the sole anomaly in 11
patients (22%). We conclude that the TOP2A status
cannot be predicted from the HER-2 status and eval-
uation of the TOP2A status only in patients with
HER-2 overexpression may lead to missing cases
with TOP2A deletion with possible resistance to
therapy. Other factors modulating topo IIαα activity
may also affect the response to therapy. Studies eval-
uating different parameters that can modulate topo
IIαα activity and the response to the drugs targeting
the enzyme are necessary. (Pathology Oncology Rese-
arch Vol 13, No 3, 180–185)
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ated as a factor for predicting the response to different
forms of chemotherapy18 and has gained further impor-
tance as a biomarker for identifying patients who respond
to trastuzumab,33 a monoclonal antibody against the extra-
cellular portion of the protein.31 The most appealing rela-
tionship between HER-2 levels and chemotherapy has
been observed for anthracyclines.18 Studies have shown
that patients with a high HER-2 expression benefit more
from adjuvant therapy with anthracyclines.7,28,34 However,
subsequent studies conducted not only in the adjuvant but
also in neoadjuvant and metastatic settings have not con-
firmed this relationship.10,29,38 Therefore, it has been sug-
gested that other genes on the 17q12-21 locus modulating
the response to therapy could play a role in breast cancer.19

Among these, TOP2A, the gene encoding the a isozyme of
the human topoisomerase II received most attention.
Topoisomerases are ATP-dependent endonucleases and



ligases of vital importance to the cell and are responsible
for transcription, recombination, replication, chromosome
condensation and segregation during cell division and for
preservation of the chromosome structure.22 A class of can-
cer chemotherapeutics, the topoisomerase inhibitors stabi-
lize the cleavable complexes formed by topoisomerases to
cause DNA breaks and result in cell death.22 The sensitiv-
ity of tumor cell lines to topo IIα inhibitors is associated
with topo IIα expression.24 Correlation between TOP2A
amplification or deletion and response to anthracyclines
has also been shown.21 It has been proposed that the rela-
tionship between HER-2 and response to anthracycline
therapy may be a secondary event resulting from the close
localization of the two genes.7,18 It has been a matter of
debate whether HER-2 and TOP2A genes behave sepa-
rately in different amplicons or act together thus making it
possible to predict the TOP2A status from the HER-2 sta-
tus. Aneusomy of chromosome 17, harboring these two
genes, is an early and frequent event in breast cancer11 and
has been correlated with prognosis.37 It has been suggested
that this change may provide a marker when observed in
benign breast cancer tissue.11 This study was planned to
evaluate the HER-2 and TOP2A gene copy numbers and
aneusomy of chromosome 17 in breast cancer cases by flu-
orescent in situ hybridization.

Materials and methods 

Patients

Fifty consecutive patients between 27-80 years of age
(mean age 54±12.78 years) with primary breast cancer
operated at Istanbul University Istanbul Medical Faculty
and Vakif Gureba Hospital between January 2004 and 
February 2005, were included in the study. The study was
approved by the Istanbul Medical Faculty Ethics Commit-
tee and written informed consent was taken from the
patients. 

FISH

Tissues obtained were fixed in buffered formalin and
embedded in paraffin. Four-to-five-mm sections were cut
from the paraffin blocks. Invasive parts of the tumor tissue
were confirmed by a pathologist on a consecutive hema-
toxylin-eosin-stained section. Sections were placed on
poly-lysine-coated slides (Menzel-Glazer). FISH was per-
formed with the three-color LSI TOP2A spectrum orange,
LSI HER-2 spectrum green and Cep 17 spectrum aqua
probe set (Vysis, Inc., Downers Groove, IL) and deparaf-
finization was carried out using the Vysis paraffin pre-
treatment kit according to the manufacturer’s instructions.
The slides were heated at 56°C overnight and deparaf-
finized in xylene three times for ten min each. After
immersion in 100% ethanol twice for 5 min, sections were

dried on a 45°C hotplate and treated with 0.2 M HCl for 20
minutes, washed first in distilled water and then in wash
buffer (Vysis, Inc.) for 3 min each and incubated for 30
min at 80°C in the pretreatment buffer. Slides were then
washed for 5 min each as described above. Enzymatic
digestion was carried out in protease buffer (Vysis, Inc.)
for 10 min at 37°C. The slides were washed twice, dried on
a 45°C hotplate, fixed in 10% buffered formalin for 10 min
at room temperature, washed twice for 5 minutes each and
dried again on the 45°C hotplate. Formamide denaturation
was performed for 5 min in a 72°C water bath. Slides were
dehydrated in graded dilutions (70%, 85% and 100%) of
ethanol for one min each and were dried on the 45°C hot-
plate. 5-10 µl of the probe was applied to the slides
depending on the amount of tissue to be hybridized, cov-
ered and was sealed with rubber cement. Hybridization
was performed overnight in a humidified hybridization
chamber at 37°C. The rubber cement was removed and the
coverslip was let to float off in 2x SSC, 0.3% NP40 at
room temperature. Post-hybridization washing was done
using 2x SSC, 0.3% NP40 at 72°C for 2 min. Slides were
air-dried in an upright position in the dark, counterstained
with DAPI (Vysis, Inc.) and covered.

FISH was evaluated using the Olympus BX 51 epifluo-
rescence microscope equipped with a 100 arc mercury
lamp. 60x and 100x oil immersion objectives were used in
signal enumeration. FITC, spectrum orange and aqua and
DAPI single bypass filters were used to score the number
of signals. Images were captured with a CCD camera
(Zeiss Axiocam) and processed using the Metasystems Isis
software (Altlussheim, Germany). Signals from 60 non-
overlapping intact nuclei from at least three different
regions of the tumor were evaluated and the mean number
signal/cell ratio was determined. HER-2:Cep 17,
TOP2A:Cep17 and Cep 17:number of cells ratios were cal-
culated. HER-2 was considered amplified when the ratio
was ≥2, while TOP2A was considered amplified when it
was ≥1.59 and deleted when <0.8. Cep 17 levels between
1.35 and 1.85 were recorded as disomic, those <1.35 as
monosomic and >1.86 as polysomic.37

Results

HER-2 and TOP2A copy numbers were within the normal
ranges and chromosome 17 was disomic in 26 patients,
while 48% of the patient population had one or more abnor-
malities in terms of copy number for the three loci studied.
HER-2 amplification was detected in 11 patients (22%). Of
these, two had polysomy 17, but HER-2 was still found to
be amplified when HER-2 number was corrected for chro-
mosome 17 centromere number (Fig. 1a).

TOP2A changes were observed in 6 patients; two were
amplifications and four were deletions. Both amplifica-
tions were observed in cases with HER-2 amplification
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(Fig. 1b), HER-2 copy number being higher than the
TOP2A copy number in one patient. Two cases with
TOP2A deletion were also in the HER-2-amplified group
(Fig. 1c). In the other two patients with TOP2A deletion
HER-2 copy number was within the normal range.
Polysomy 17 was observed in three of the four TOP2A-
deleted cases (Fig. 2). TOP2A aberrations were found to
be associated with higher nuclear grade (p<0.01) and prog-
esterone receptor negativity (p=0.025) (data not shown).

Abnormalities in chromosome 17 copy number were
detected in 15 patients: polysomy in 9 (Fig. 2) and mono-
somy in 6 cases (Fig. 1d & Fig 3). In 11 of these patients
aneusomy 17 (5 polysomies and 6 monosomies) was the
sole anomaly. The results are summarized in Table 1.

Discussion

HER-2 amplification was observed in 11 patients (22%)
in our patient population  This is in accordance with the
reports in the literature.20,33 The remaining 39 patients had
normal copies of the gene. 

Of the 11 patients with HER-2 amplification 4 (36.4%)
had accompanying changes in the TOP2A locus; two
amplifications (18% of the HER-2-amplified cases) and
two deletions (18%). Deletions reported previously have
been in the range of 16-42% and amplifications in 25-50%
of HER-2-amplified tumors.14,16 The number of coamplifi-
cations observed in our study are lower than those report-

ed in the literature.7,20,21 However, the number of HER-2-
amplified cases are too low for conclusion. In our study
TOP2A gene copy number was evaluated in consecutive
breast cancer cases and not in specimens previously con-
firmed by IHC or FISH to be HER-2-overexpressing or -
amplified. The differences in the literature have also been
related to the differences in the study material and
probes.16

A higher HER-2 copy number than that of TOP2A was
observed in one of the HER-2/TOP2A co-amplified cases
in this study. This phenomenon has also been reported pre-
viously.14,16,20 No TOP2A amplifications were seen in
patients without HER-2 amplification. It has been suggest-
ed that TOP2A and HER-2 might act separately on differ-
ent amplicons and that deletion and amplification do not
need to be correlated.20 Subsequently, it has been shown
that TOP2A and HER-2 are located in the same amplicon
although they can be amplified at different levels.16

Although the number of patients was low in this study, the
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Figure 1. (a) Polysomic cell with three copies of TOP2A (red)
accompanied by polysomy (blue) and HER-2 amplification
(green). (b) HER-2 and TOP2A amplification. (c) Cell with
three copies of chromosome 17, HER-2 amplification and
TOP2A deletion. (d) Monosomy 17.

Figure 2. A case with polysomy 17 (blue) and TOP2A deletion
(red). HER-2 (green) number is increased accompanied by
polysomy 17, but not the green signals are in focus at the same
time.

Figure 3. A case with monosomy 17. Image taken with an
aqua single pass filter
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pattern of amplifications and deletions were in accordance
with the model proposed by Jacobson et al.16

Deletion of TOP2A was observed in two cases without
HER-2 amplification (5%). In HER-2-nonamplified cases
the number of TOP2A aberrations varies from no changes
to 8%.21,23 Because of the putative association between
TOP2A aberrations and HER-2 amplification, there is a
trend in recent studies to evaluate the TOP2A status in
tumors with HER-2 amplification or overexpression as
evaluated by IHC. Since this is likely to cause about 5-8%
of cases in the HER-2-nonamplified group to be missed, it
would be more appropriate to evaluate the TOP2A gene
copy number status in all cases.

It has been proposed that chromosome 17 aneusomy can
affect the expression level of HER-2 and thus may be used
in the clinical assessment of the HER-2 status.3,8,35,36 The
response of polysomic, HER-2-nonamplified but IHC-posi-
tive tumors to trastuzumab therapy needs further evaluation. 

Aneuploidy of chromosome 17, when detected in
peripheral blood or bone marrow epithelial cells, may also
provide a tool for the diagnosis and monitoring of
patients.11 In our study chromosome 17 aneuploidy was
observed in 15 patients (30%). The range reported in the
literature is wide and varies from 20% and to 93%.11,27,35 Of
the 15 aneusomic cases 9 (60%) were polysomic and 6
(40%) monosomic. The distribution in the literature varies
from equal distribution27 to 86% polysomic.37 Different
cut-off values, different sample types and study groups
have been suggested to explain these variations. The fre-
quency of the polysomic and monosomic cases was 18%
and 12%, respectively. Again, values reported in the liter-
ature vary from 13% polysomy and 2% monosomy32 to
only 5% polysomy.36 22% of the patients had aneusomy as
the sole anomaly. This is consistent with a previous
study.37

In our study HER-2 amplification was present in only
two of the 9 cases with polysomy 17. It has been proposed
that the mechanism of HER-2 amplification is independent

of that of polysomy. Polysomy 17 is observed more often
in cases without HER-2 amplification.32,37 Interestingly,
three of the four cases found to be TOP2A deleted in this
study were also polysomic for chromosome 17, which
seems to be in accordance with the hypothesis that TOP2A
deletion occurs before polysomy.20

Topo IIα is thought to be responsible for the response to
anthracyclines, and many studies have attempted to evalu-
ate the correlation between its gene/protein levels and
anthracycline response. It has been shown previously that
in vitro sensitivity of cancer cells to topo II inhibitors is
related to the expression level of topo IIα, cells with low
topo IIα levels being less sensitive.18 Relationship between
response to therapy and TOP2A levels or topo IIα expres-
sion has been reported in different studies conducted in
adjuvant, neoadjuvant or metastatic settings5-7,23,25 but not
in others.17,29 Surprisingly, even a positive correlation
between TOP2A deletion and anthracycline response,
although statistically not significant, has been reported.23

One of the reasons that can possibly explain these different
results may be the discrepancy between the TOP2A gene
copy number changes and the corresponding enzyme lev-
els. In contrast to the correlation between HER-2 amplifi-
cation and overexpression, TOP2A amplification is not
always accompanied by protein overexpression as mea-
sured by IHC.1,9,26 Another possible reason may be the
relation between topo IIα expression levels and the prolif-
erative state of the tumor. Levels may be low in cells
which are not undergoing mitosis.5 The efficacy of topo
IIα inhibitors depends on the number of cleavable com-
plexes and is correlated with the expression and activity of
topo IIα.22 Therefore, it is conceivable that other means of
regulation such as phosphorylation, interactions with other
proteins and proteasome-mediated degradation may affect
the response to therapy.22 HER-2 activation can increase
the topo IIα enzyme activity directly, leading to an
increase in the sensitivity to topo IIα inhibitors.13 Drug
resistance mechanisms can also affect the response to topo
II-targeted therapy.22 Anthracycline therapy may cause
selective proliferation of TOP2A-deleted cells and produce
resistant clones in tumors with intratumoral heterogeneity
at the TOP2A locus.18,25 In humans, a small part of the topo
IIα pool exists as α/β heterodimers.2,4 It has been proposed
that the β isoform may exert a rescue effect in proliferating
cells when topo IIα concentrations are low, it is mutated or
pharmacologically inhibited,22 indicating the possibility
that TOP2A deletion may not cause the absolute loss of
topo IIα activity. It is evident that there are many unknown
factors affecting topo IIα function in cancer cells in vivo.
Therefore, more studies are needed to reveal the relation-
ship between TOP2A amplification, enzyme activity and
response to anthracycline-based therapy. 

In conclusion, our study, although conducted in a limit-
ed number of patients, shows that TOP2A status cannot be

Table 1. HER-2, TOP2A and chromosome 17 copy num-
ber changes 

HER-2 TOP2A Monosomy Polysomy Disomy
17 17 

Amplified Amplified – – 2
Deleted – 1 1
No change in – 1 6

copy number 

Normal Amplified  – – –
Deleted  – 2 –
No change in 

copy number 6 5 26
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predicted from the HER-2 status. Not all HER-2-amplified
cells are TOP2A-amplified and some cells without HER-2
amplification can have TOP2A deletion. Therefore, evalu-
ation of the TOP2A status in clinical trials comprising only
patients with HER-2 overexpression may lead to missing
TOP2A-deleted cases with possible resistance to therapy.
Furthermore, various factors discussed above may also
contribute to the conflicting results obtained during the
clinical trials. Studies evaluating different parameters that
can modulate topo IIα activity and the response to the
drugs targeting the enzyme are still needed. 
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