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Abstract The aim of this study was to analyze the occur-
rence of TOP2A gene amplification and chromosome 17
polysomy in patients with early breast cancer and to corre-
late the status of these alterations with the prognostic sig-
nificance expressed as patients’ clinical features and
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survival. Such concurrent analyses of TOP2A gene status
and chromosome 17 polysomy have not been performed
before. Study group included 149 consecutive stage I-III
patients administered standard multimodality treatment.
TOP2A abnormalities were examined by standard fluores-
cence in situ hybridization (FISH) and developed by our
group quantitative real-time PCR (qPCR). TOP24 amplifi-
cation and deletion assessed by FISH were found in 23%
and 7% of the tumours, respectively, and by qPCR in
31% and 11% of the tumours, respectively. Chromosome
17 polysomy was detected in 40% of the cases. TOP2A4
amplification (by qPCR) correlated with shorter disease-
free survival (»p=0.03) and overall survival (p=0.047),
and the prognostic value of TOP2A was confirmed in
the multivariate analysis (HR=3.22, 95% CI 1.09-9.56,
p=0.03). TOP24 gene amplification, but not chromo-
some 17 polysomy, carries negative prognostic informa-
tion in early breast cancer. Given the aforementioned
results, qPCR might serve as a prognostic tool in deter-
mining the patient’s prognosis.

Keywords Breast cancer- Chromosome 17 polysomy -
TOP24 amplification - qPCR - FISH - Prognostic factor

Introduction

Topoisomerase Iloc is an enzyme encoded by TOP2A gene
localized on chromosome 17g21 in close proximity to HER2
gene. In HER2-amplified/overexpressing tumours, the rate
of TOP2A aberrations (amplifications and deletions) is in
the range of 27-90% [1-4]. TOP2A overexpression [5] and
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amplification [3, 6, 7] were shown to correlate with better
anthracycline response. Furthermore, 7TOP24 aberrations,
when combined with HER2 positive status, were found to
correlate with shorter recurrence-free survival [8]. Cases
with deletion were characterised by the worst prognosis in
comparison with amplification and normal status, the latter
being the most favourable condition [8, 9]. The study of
Park et al., however, did not find any correlation between
TOP2A status and clinical outcome [10].

Cytogenetic techniques, such as fluorescence in situ hy-
bridization (FISH) or comparative genomic hybridization
(CGH), have been used to show common chromosome 17
abnormalities including gene and chromosome copy number
changes together with losses of alleles or structural rear-
rangements [11, 12]. Genes involved in breast cancer devel-
opment including HER2, TOP2A, P53 and BRCAI are
localised on chromosome 17. Therefore, the clinical signif-
icance of chromosome 17 polysomy has been a subject of
extensive investigations and its reported incidence ranges
between 8 and 68%, depending on criteria used for defini-
tion of polysomy [13—15]. Polysomy of chromosome 17 is
widely discussed in the context of HER2 status [16—19].
There is growing evidence that chromosome 17 polys-
omy with or without HER2 gene amplification is asso-
ciated with poor prognosis breast cancer [15-17].
However, the biological and clinical relevance of chro-
mosome 17 polysomy remains to be elucidated. There is
also a paucity of data on the correlation of chromosome
17 aneusomy with TOP2A status and with clinicopath-
ological characteristics of breast cancer patients. The
main aim of this study was to determine the correlation
between TOP2A4 gene amplification and chromosome 17
polysomy in patients with early breast cancer and cor-
relate the status of these biomarkers with patients’ clin-
ical features and survival. We have also investigated
whether TOP2A gene status measured by qPCR might serve
as a prognostic tool.

Patients and Methods
Patients

Study group included 149 consecutive breast cancer patients
treated between 2001 and 2008 at two Polish centres.
Inclusion criteria were stage I-I1I breast cancer and signed
informed consent. The majority of patients (62%) under-
went primary surgery followed by systemic treatment, ra-
diotherapy or both. Twenty-six percent of patients were
administered induction chemotherapy. Tumour samples
were collected by surgical excision or excisional biopsy
prior to any systemic treatment, immediately frozen in liquid
nitrogen and stored at —80°C for further analysis.
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The mean age of the patients was 57.3 (range 27—
86 years). Thirty percent of the patients were pre-
menopausal and seventy percent post-menopausal
(Table 1). HER2 protein expression was determined by
immunohistochemistry using HercepTest (DAKO,
Denmark) in accordance with the manufacturer’s guidelines.
Positive result was considered as 3+ score, negative as 0 and
1+. 2+ score was not verified by fluorescence in situ hy-
bridization (FISH), it was treated as equivocal and excluded
from the statistical analysis. Survival analysis was per-
formed for all patients. After a median follow-up of 2.7 years

Table 1 Patient charac-

teristics (N=149) Variable Number of

cases (%)

Menopausal status

premenopausal 44 (30)
postmenopausal 105 (70)
T stage

T1 50 (34)
T2 81 (54)
T3 8 (5)
T4 9 (6)

Missing data 1(1)

N stage

NO 68 (46)
N1 50 (34)
N2 22 (15)
N3 64

Missing data 3(2)

Grade

Gl 41 (27)
G2 68 (46)
G3 40 (27)
Histological type

Ductal 120 (81)
Lobular 17 (11)
Other 12 (8)

ER

Negative 70 (47)
Positive 77 (52)
Missing data 2(1)

PgR

Negative 61 (41)
Positive 86 (58)
Missing data 2 (1)

HER?2 protein status

Negative (0, 1+) 81 (54)
Weakly positive (2+) 25 (17)
Strongly positive (3+) 22 (15)
Missing data 21 (14)
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(range 0.13-8.6 years), 14 patients (9%) experienced recur-
rence of the disease and 8§ died (5%).

Patients were examined every six months after the inclu-
sion into the study, with the last follow-up in May 2010. The
study was accepted by the Ethics Committee of the Medical
University of Gdansk.

Controls

Pooled leukocyte DNA isolated from fresh or frozen blood
samples of five healthy donors was used for qPCR assay
optimization and as a calibrator. The donors signed in-
formed consents. DNA isolated from SKBR3 breast cancer
cell line served as a positive control as it exhibits TOP24
amplification [20].

DNA Isolation

DNA from peripheral blood (0.2 ml per sample) and from
breast cancer samples (20 mg per sample) was isolated with
QIAamp DNA Mini Kit (Qiagen, Germany) using blood or
tissue protocol, in accordance with the manufacturer’s
instructions. After the isolation, DNA concentration and
purity were determined by Spectrophotometer ND-1000
(NanoDrop, USA). Good quality DNA was defined as
As60nm/280nm ratio between 1.70 and 1.90.

Real Time PCR (qPCR)

TOP2A4 gene copy number was determined by qPCR with
hydrolysis probes [21]. Briefly, TOP2A4 copy number was
calculated using Pfaffl quantification method, which relates
the gene dosages of TOP24 and a reference gene (amyloid
precursor protein gene—APP) in the tumour tissue and a
calibrator (leukocyte DNA). In these experiments, thermo-
cycler CEX96™ (Bio-Rad, USA) equipped with appropri-
ate filters was used. Reactions were performed in duplicates
on 96 well plates; on each plate two negative controls for
each gene and two calibrators were included.

We used experimentally determined cut-off values calcu-
lated using critical difference parameter, as described previ-
ously [21]. Amplification was classified as TOP2A4 gene
dosage higher than 1.15 and deletion as values lower than
0.85.

Fluorescence In Situ Hybridization (FISH) on Tissue
Microarrays (TMA)

TMAs were constructed from formalin-fixed, paraffin-
embedded surgical resection tumour specimens. Briefly,
two 1.5 mm-diameter cores from each tumour were obtained
from the most representative areas using tissue-arraying
instrument (MTA-I, Beecher Instruments, USA), and then

reembedded in microarray blocks. Punches of normal breast
tissue samples were added to the “tumour array”, to intro-
duce built-in internal controls to the system. TMAs of 41
cases per block were made. Consecutive 4 um-thick TMA
sections were cut and placed on charged polylysine-coated
slides (Superfrost Plus, BDH, Germany) for subsequent
FISH analysis.

To determine TOP2A gene dosages, Food and Drug
Administration approved TOP2A FISH pharmDxt Kit
(DAKO, Denmark) was applied on the TMA specimens in
accordance with the manufacturer’s protocol with some
minor modifications (10 min. pepsin digestion).

FISH slides were evaluated using a Zeiss Axioscope
epifluorescence microscope (Carl Zeiss, Inc, Thornwood,
NY). Signals were counted using a DAPI, Texas Red and
FITC filter set to visualize nuclei, SpectrumRed TOP2A,
and SpectrumGreen CEN-17, respectively. In each TMA
tissue, core signals for each probe were counted in 30—60
individual intact cell nuclei with malignant morphology.

Experimentally determined cut-off values were used to
assess TOP2A gene status. Amplification of TOP24 was
defined as TOP2A/CENI7 ratio higher than 1.25 or when
a large gene copy cluster was seen in over 30% of the nuclei
in the cancer cells. Deletion was defined as TOP2A/CEN17
ratio lower than 0.7. Chromosome 17 polysomy was defined
as at least three CEN17 copies per nucleus in more than 30%
of the evaluated tumour cells [15].

Statistical Analysis

All statistical analyses were performed using the
STATISTICA software, version 9. In order to compare
FISH and qPCR methods Spearman’s Rank Correlation
Coefficient was used. TOP2A gene aberrations and chromo-
some 17 polysomy, according to clinicopathological param-
eters, were assessed by Crosstabs statistics with Pearson’s
chi-square test. The endpoints for the study were discase-
free survival (DFS) and overall survival (OS). DFS was
defined as the time from tumour sample collection to an
event or censoring. An event was defined as relapse (local or
distant), second malignancy or death, whichever came first.
A censoring was defined as loss of follow-up or alive
without relapse at the end of follow-up. OS was defined as
the time from sample collection to death or censoring. DFS
and OS Kaplan-Meier curves for subgroups of patients were
compared using the log-rank test. Cox proportional hazards
regression analysis was used to identify the independent
predictors of DFS. Univariate predictors significant with a
value of p <0.10 were entered into a step-wise multivariate
model to identify those with independent prognostic infor-
mation. Statistical significance was assumed when p<0.05.
The study was performed in accordance with the REMARK
criteria [22].
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Results
TOP2A Gene Dosage Assessed by FISH

The average TOP2A/CENI7 ratio in the tumour samples
was 1.17 (range 0.41 to 3, median 1.03). Amplification
and deletion of TOP2A4 was found in 23% and 7% of
tumours, respectively (Table 2). The rate of TOP2A4 dele-
tions and amplifications in HER2-positive subgroup (3+ by
HercepTest) was 14% and 41%, respectively, and in HER2-
negative subgroup 5% and 20%, respectively (p=0.0025).

TOP2A Gene Dosage Assessed by qPCR

TOP24 gene dosage in clinical samples ranged from 0.2 to
3.25, with an average of 1.16 and a median of 1.05. TOP24
gene amplifications and deletions were detected in 31% and
11% of the patients, respectively (Table 2). The rate of dele-
tions and amplifications in HER2-positive subgroup (3+ by
HercepTest) was 5% and 36%, respectively, and in HER2-
negative 15% and 25%, respectively (p=0.31).

Correlation Between qPCR and FISH

The results obtained by qPCR and FISH correlated, al-
though the concordance was relatively weak (53%, *=
0.27, p<0.01). Average gene dosage of TOP2A4 determined
by qPCR was 0.97+0.19 (average = SD) for TOP24 dele-
tion determined by FISH; 1.07+0.35 for normal gene status
and 1.34+0.6 for amplification.

Chromosome 17 Polysomy

Chromosome 17 polysomy, measured by FISH, was
detected in 59 patients (40%), 35 of whom (59%) had
polysomy without TOP2A4 abnormalities (Table 2). The
occurrence of chromosome 17 polysomy correlated with
TOP24 status assessed by FISH (p=0.009) and qPCR (p=

0.04). TOP24 amplifications together with polysomy were
found in 16 cases (47%). The majority of deletions (8/10,
80%) occurred in tumours with polysomy.

Correlation of Examined Biomarkers with Clinical
and Pathological Data

TOP24 status determined by FISH correlated with tumour
grade, estrogen receptor status and HER2 expression
(Table 3). Deletions were found in 17.5% (7/40) of the G3
tumours and in 2.7% (3/109) of the G1-2 tumours (p=
0.004). TOP2A4 amplifications were more frequent in ER-
negative cases (28.6%, 20/70) compared to ER-positive
cases (16.8%, 13/77; p=0.03). TOP24 amplifications oc-
curred two times more frequently in HER2-positive than in
HER2-negative tumours (41%, 9/22 vs. 20%, 16/81; p=
0.025). Similarly, chromosome 17 polysomy occurred more
frequently in HER2-positive (55%, 12/22) than in HER2-
negative tumours (30%, 24/81, p=0.03).

Survival Analysis

In the univariate analysis, TOP24 amplification assessed by
gqPCR correlated with shorter DFS (p=0.03; Fig.1a) and OS
(p=0.047; Fig. 1b). Recurrence occurred in 8 out of 46
(17.4%) patients with TOP24 amplification and in 4 out of
87 (4.6%) patients with normal TOP24 level. In the multi-
variate regression analysis including menopausal status, T
stage, lymph node involvement, grade, histological type, ER
and PgR status, TOP2A amplification (by qPCR and FISH),
and chromosome 17 polysomy (Table 4), only TOP24 am-
plification (by qPCR) and T stage were independent prog-
nostic factors for DFS (HR=3.22, 95% CI 1.09-9.56, p=
0.03 and HR=7.08, 95% CI 2.42-20.7, p=0.0003, respec-
tively). Multivariate analysis could not be performed for OS
due to insufficient number of events. No correlation with
DFS and OS was observed for TOP24 status determined by
FISH and for chromosome 17 polysomy.

Table 2 TOP2A gene copy
number, as measured by FISH
and qPCR, according to chro-
mosome 17 polysomy status

(N—number of patients)

*p value expresses the correla-
tion between the occurrence
of chromosome 17 polysomy
and TOP24 status, assessed by

Chromosome 17 Polysomy TOP24 status by gPCR P by FISH p
N % N %
Absent (N=90) Deletion 2 2 12 13
Normal 70 78 57 63
Amplification 18 20 21 23
Present (N=59) Deletion 8 14 4 7
Normal 35 59 0.04* 30 51 0.009%*
Amplification 16 27 25 42
Total (N=149) Deletion 16 11 10 7
Normal 87 58 105 70
Amplification 46 31 34 23

FISH and qPCR
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Discussion

In the current study, we analyzed the occurrence of TOP24
gene amplification and chromosome 17 polysomy in
patients with early breast cancer and correlated the status
of these alterations with patients’ clinical features and sur-
vival. To our knowledge, this is the first joint analysis of
chromosome 17 polysomy and TOP24 status determined by
qPCR in breast cancer.

In our study, TOP2A aberrations were evaluated in con-
secutive breast cancer patients, including HER2-positive
and HER2-negative tumours. It has been shown that mea-
sured occurrence of TOP2A alterations depends not only on
the analysis technique and chosen cut-off level but also on
the intrinsic molecular subtypes of the tumour, with the
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lowest alteration levels in basal-like and normal-like [23].
TOP24 amplification prevalence of 36% in HER2-positive
tumours in this series is comparable with the previously
published results ranging from 30% to 50% [3, 24, 25]. In
this subset of patients, the proportion of samples showing
deletion was also comparable to that reported by O’Malley
et al. [6]. Interestingly, as opposed to the majority of other
studies [10, 26, 27], in our series TOP2A4 amplifications
were also found in HER2-negative cases. The highest pre-
viously reported rate of TOP2A4 amplifications in the HER2-
negative population was 6.4% [6], compared to 26% in our
study. This difference might have resulted from higher sen-
sitivity of qPCR to detect local gene rearrangements in
comparison to FISH used by others [21]. Our results might
suggest that evaluating TOP2A status only in HER2-positive
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Table 4 Univariate analysis for

disease free survival of patients Variable N Hazard ratio (95% confidence interval) p

with early breast cancer
Menopausal status (post vs. pre) 149 2.6 (0.58-11.73) 0.2
Tumor size (T3-4 vs. T1-2) 148 1.09 (1.04-1.14) 0.0004
Lymph nodes (positive vs. negative) 147 3.15 (0.87-11.45) 0.08
ER (negative vs. positive) 147 0.83 (0.28-2.48) 0.74
PgR (negative vs. positive) 147 0.93 (0.31-2.77) 0.89
Histological type (ductal vs. lobular) 143 0.64 (0.14-2.98) 0.57
Grade (G3 vs. G1-2) 149 0.6 (0.16-2.12) 0.42
TOP2A by qPCR (amplified vs. normal) 149 3.08 (1.05-9.02) 0.04
TOP2A by FISH (amplified vs. normal) 149 1.23 (0.34-4.46) 0.75
Chromosome 17 polysomy (yes vs. no) 149 1.94 (0.67-5.62) 0.22

patients may miss 7OP24 abnormalities in a proportion of
HER2-negative tumours. Aberrant TOP2A4 status, indepen-
dently of HER2, could indicate patients with higher proba-
bility of benefit from anthracycline-containing regimens.
Our study detected chromosome 17 polysomy in 40% of
cases. This number is within the wide range of 5-68%
reported by other authors [17, 28-36]. Such a wide range
of chromosome 17 polysomy may result from various scor-
ing criteria [15]. Analysis of 11,000 breast tumours revealed
the best discriminatory ability for defining chromosome 17
polysomy when at least 30% of nuclei had 3 or more
centromere 17 signals [15]. This level for polysomy classi-
fication was therefore used in our study. Another reason for
diverse results of polysomy in particular studies [37] may be
the complexity of chromosome 17. The centromere itself
does not necessarily need to be representative for the entire
chromosome, which results in TOP2A/CEP17 ratio bias [13,
14]. It was even postulated that chromosome 17 polysomy is
likely to be a rare event in breast cancer and that CEPI7
copy number greater than 3.0 in FISH analysis is frequently
related to the gain or amplification of the centromeric re-
gion, but not to the higher chromosome 17 number [38].
In this study, the occurrence of polysomy correlated with
TOP24 gene copy number determined by both qPCR and
FISH. Chromosome 17 polysomy was accompanied by
TOP2A amplification determined by qPCR and FISH in
54% and 27% of cases, respectively. In the series of Beser
et al. [39] including 50 patients, in no case was TOP24
amplification accompanied by polysomy, but this might
have been due to the low number of patients examined.
Other reports suggested that chromosome 17 polysomy
was usually more frequent in HER2-amplified (10—88%)
than in HER2-nonamplified tumours (6—55%) [15].
Likewise, in our study, polysomy occurred significantly
more frequently in HER2-positive than in HER2-negative
tumours. Similarly to the findings of Beser et al. [39], in this
series TOP24 deletions (determined by FISH) were fre-
quently accompanied by polysomy. Hence, the coexistence
of TOP2A4 deletions and chromosome 17 polysomy may

confirm the hypothesis that TOP24 deletions occur imme-
diately before genome polyploidisation [15, 39, 40].

Chromosome 17 abnormalities can result in disruption of
key genes involved in cancer development, such as P53,
HER?2, BRCAI and TOP24. In consequence, the impact of
TOP2A4 amplification and chromosome 17 polysomy on the
tumour behaviour and prognosis has been extensively in-
vestigated in breast cancer [26, 41—43]. In concordance with
the results obtained by other groups, in this study TOP2A4
amplifications determined by FISH correlated with ER-
negativity and HER2 overexpression [6, 7]. This relation
indicates that tumours carrying amplification of TOP24 are
intrinsically more aggressive [10]. Indeed, in our series
TOP2A amplification assessed by qPCR correlated with
shorter DFS and OS. These results confirm our previous
preliminary findings showing for the first time prognostic
value of TOP24 determined by qPCR [21]. Similarly to
other groups [10, 42, 44] we did not find adverse effect of
TOP24 amplification determined by FISH, although other
reports demonstrated such correlation [8, 9]. Our results
show that TOP2A amplification or deletion determined by
gPCR and FISH do not completely overlap, and that the
rearrangements of 7TOP2A4 measured by qPCR may better
predict survival.

TOP24 deletions remain one of the most intriguing ge-
netic events occurring in the 17q21 amplicon [2]. They were
reported to determine adverse prognosis [9, 12, 42, 45],
even stronger than TOP2A amplifications [9]. In our study,
TOP24 deletions occurred more frequently in less differen-
tiated tumours, which might suggest that, like TOP24
amplifications, they are associated with more aggressive
tumour behaviour. We were unable to examine prognostic
role of TOP2A deletions since their number was not suffi-
cient for survival analysis. The impact of TOP2A4 deletions
on prognosis reported in other studies may be related to
bystander effect. Indeed, TOP2A4 gene is located on chro-
mosome 17 close to many important genes including HER2,
Gene Rich Region (17q21 GRR) and BRCAI locus. Of
these, especially BRCA1 loss seems to be associated with
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stem-like phenotype of cancer cells and their dedifferentia-
tion [46]. If deletion of TOP2A covers a larger segment of
17q21, the observed clinical correlations might be rather due
to the loss of BRCAI and not TOP2A, which could change
tumour aggressiveness and alter the response to different
therapeutic agents.

Polysomy 17 may reflect increased chromosomal insta-
bility and was found to correlate with adverse prognostic
tumour features, such as high grade, high Nottingham
Prognostic Index (NPI), ER negativity [17] and lymph node
status [47]. In our work, polysomy 17 occurred more fre-
quently in HER2-positive tumours (p=0.03), but similarly
to the results of Vanden Bempt [18] it did not carry adverse
prognosis. Those authors concluded that clinicopathologic
impact of polysomy 17 is not as strong as that of HER2 gene
amplification in breast cancer and that the behaviour of
tumours showing polysomy 17 in the absence of HER2 gene
amplification is similar to that of HER2—negative rather than
to HER2—positive tumours [18]. This can explain the lack of
correlation of polysomy 17 with reduced survival in our
study and in other series [17, 18] and indicates that this
abnormality cannot be considered a prognostic marker in
early breast cancer.

In summary, our study suggests that TOP24 gene ampli-
fication, but not chromosome 17 polysomy, carries negative
prognostic information in early breast cancer. Thus, qPCR
might serve as a prognostic tool in determining the patient’s
prognosis. A translational study with patients treated with
anthracyclines might provide further evidence on the clini-
cal applications of TOP24 status determined by qPCR.

Acknowledgments This research was supported by grants from
Ministry of Science and Higher Education: N N401 2334 33 and
IP2010 050370.

Conflict of Interest The authors declare that they have no conflict of
interest.

References

1. Lehmann U, Glockner S, Kleeberger W, Feist H, Rv W, Kreipe H
(2000) Detection of gene amplification in archival breast cancer
specimens by laser-assisted microdissection and quantitative real-
time polymerase chain reaction. Am J Pathol 156(6):1855-1864

2. Mano MS, Rosa DD, Azambuja ED, Ismael GFV, Durbecq V
(2007) The 17q12-q21 amplicon: Her2 and topoisomerase-Ila
and their importance to the biology of solid tumours. Cancer
Treat Rev 33:64-77

3. Park K, Kim J, Lim S, Han S (2003) Topoisomerase II-alpha
(topoll) and HER2 amplification in breast cancers and response
to preoperative doxorubicin chemotherapy. Eur J Cancer 39
(5):631-634. doi:S0959804902007451

4. Jarvinen TAH, Liu ET (2003) HER-2/neu and topoisomerase I1x
in breast cancer. Breast Cancer Res Treat 78:299-311

5. Durbecq V, Paecsmans M, Cardoso F, Desmedt C, Di Leo A, Chan
S, Friedrichs K, Pinter T, Van Belle S, Murray E, Bodrogi I,

@ Springer

10.

11.

12.

13.

14.

15.

16.

18.

Walpole E, Lesperance B, Korec S, Crown J, Simmonds P,
Perren TJ, Leroy JY, Rouas G, Sotiriou C, Piccart M, Larsimont
D (2004) Topoisomerase-II alpha expression as a predictive marker
in a population of advanced breast cancer patients randomly treated
either with single-agent doxorubicin or single-agent docetaxel. Mol
Cancer Ther 3(10):1207-1214. doi:3/10/1207

. O’Malley FP, Chia S, Tu D, Shepherd LE, Levine MN, Bramwell

VH, Andrulis IL, Pritchard KI (2009) Topoisomerase II alpha and
responsiveness of breast cancer to adjuvant chemotherapy. J Natl
Cancer Inst 101(9):644—650. doi:djp067

. Arriola E, Maria S, Rodriguez-Pinilla LMBK, Jones RL, James M,

Savage K, Smith IE, Dowsett M, Reis-Filho JS (2007)
Topoisomerase II alpha amplification may predict benefit from
adjuvant anthracyclines in HER2 positive early breast cancer.
Breast Cancer Res Treat 106:181-189

. Knoop AS, Knudsen H, Balslev E, Rasmussen BB, Overgaard J,

Nielsen KV, Schonau A, Gunnarsdottir K, Olsen KE, Mouridsen H,
Ejlertsen B (2005) Retrospective analysis of Topoisomerase Ila
amplifications and deletions as predictive markers in primary breast
cancer patients randomly assigned to Cyclophosphamide,
Methotrexate, and Fluorouracil or Cyclophosphamide, Epirubicin,
and Fluorouracil: Danish Breast Cancer Cooperative Group. J Clin
Oncol 23(20):7483-7490

. Nielsen KV, Ejlertsen B, Moller S, Jorgensen JT, Knoop A,

Knudsen H, Mouridsen HT (2008) The value of TOP2A gene
copy number variation as a biomarker in breast cancer: update of
DBCG trial 89D. Acta Oncol 47(4):725-734. doi:791851530
Park K, Han S, Gwak GH, Kim HJ, Kim J, Kim KM (2006)
Topoisomerase II-alpha gene deletion is not frequent as its ampli-
fication in breast cancer. Breast Cancer Res Treat 98(3):337-342.
doi:10.1007/s10549-006-9170-7

Shackney SE, Singh SG, Yakulis R, Smith CA, Pollice AA,
Petruolo S, Waggoner A, Hartsock RJ (1995) Aneuploidy in breast
cancer: a fluorescence in situ hybridization study. Cytometry 22
(4):282-291. doi:10.1002/cyt0.990220404

Staaf J, Jonsson G, Ringner M, Vallon-Christersson J, Grabau D,
Arason A, Gunnarsson H, Agnarsson BA, Malmstrom PO,
Johannsson OT, Loman N, Barkardottir RB, Borg A (2010) High-
resolution genomic and expression analyses of copy number alter-
ations in HER2-amplified breast cancer. Breast Cancer Res 12(3):
R25. doi:ber2568

Gunn S, Yeh IT, Lytvak I, Tirtorahardjo B, Dzidic N, Zadeh S, Kim
J, McCaskill C, Lim L, Gorre M, Mohammed M (2010) Clinical
array-based karyotyping of breast cancer with equivocal HER2
status resolves gene copy number and reveals chromosome 17
complexity. BMC Cancer 10:396. doi:1471-2407-10-396
Moelans CB, de Weger RA, van Diest PJ (2009) Absence of
chromosome 17 polysomy in breast cancer: analysis by CEP17
chromogenic in situ hybridization and multiplex ligation-
dependent probe amplification. Breast Cancer Res Treat 120
(1):1-7. doi:10.1007/s10549-009-0539-2

Reinholz MM, Bruzek AK, Visscher DW, Lingle WL, Schroeder
M, Perez EA, Jenkins RB (2009) Breast cancer and aneusomy 17:
implications for carcinogenesis and therapeutic response. Lancet
Oncol 10(3):267-277. doi:S1470-2045(09)70063-4

Krishnamurti U, Hammers JL, Atem FD, Storto PD, Silverman JF
(2009) Poor prognostic significance of unamplified chromosome
17 polysomy in invasive breast carcinoma. Mod Pathol 22
(8):1044-1048. doi:modpathol200961

. Watters AD, Going JJ, Cooke TG, Bartlett JM (2003)

Chromosome 17 aneusomy is associated with poor prognostic
factors in invasive breast carcinoma. Breast Cancer Res Treat 77
(2):109-114

Vanden Bempt I, Van Loo P, Drijkoningen M, Neven P, Smeets A,
Christiaens MR, Paridaens R, De Wolf-Peeters C (2008) Polysomy
17 in breast cancer: clinicopathologic significance and impact on


http://dx.doi.org/S0959804902007451
http://dx.doi.org/3/10/1207
http://dx.doi.org/djp067
http://dx.doi.org/791851530
http://dx.doi.org/10.1007/s10549-006-9170-7
http://dx.doi.org/10.1002/cyto.990220404
http://dx.doi.org/bcr2568
http://dx.doi.org/1471-2407-10-396
http://dx.doi.org/10.1007/s10549-009-0539-2
http://dx.doi.org/S1470-2045(09)70063-4
http://dx.doi.org/modpathol200961

TOP24 Amplification and Polysomy 17 in Breast Cancer

893

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

HER-2 testing. J Clin Oncol 26(30):4869-4874. doi:
JC0.2007.13.4296

Torrisi R, Rotmensz N, Bagnardi V, Viale G, Curto BD, Dell’orto
P, Veronesi P, Luini A, D’Alessandro C, Cardillo A, Goldhirsch A,
Colleoni M (2007) HER?2 status in early breast cancer: relevance of
cell staining patterns, gene amplification and polysomy 17. Eur J
Cancer 43(16):2339-2344. doi:S0959-8049(07)00560-6

Jirvinen T, Tanner M, Rantanen V, Birlund M, Borg A, Grénman
S (2000) Amplification and deletion of topoisomerase Ila associate
with ErbB-2 amplification and affect sensitivity to topoisomerase
II Inhibitor doxorubicin in breast cancer. Am J Pathol 156:839—
847

Zaczek A, Markiewicz A, Jaskiewicz J, Pienkowski T, Rhone P,
Jassem J, Welnicka-Jaskiewicz M (2010) Clinical evaluation of
developed PCR-based method with hydrolysis probes for TOP2A
copy number evaluation in breast cancer samples. Clin Biochem
43(10-11):891-898. doi:S0009-9120(10)00193-1

McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark
GM (2005) REporting recommendations for tumour MARKer
prognostic studies (REMARK). Br J Cancer 93(4):387-391.
doi:6602678

Romero A, Martin M, Cheang MC, Lépez Garcia-Asenjo JA,
Oliva B, He X, de la Hoya M, Garcia Saenz J, Arroyo Fernandez
M, Diaz Rubio E, Perou CM, Llopis TC (2011) Assessment of
Topoisomerase II « status in breast cancer by quantitative PCR,
gene expression microarrays, immunohistochemistry, and fluores-
cence in situ hybridization. Am J Pathol 178(4):1453—1460. doi:
S0002-9440(11)00042-3

Hicks DG, Yoder BJ, Pettay J, Swain E, Tarr S, Hartke M, Skacel
M, Crowe JP, Budd T, Tubbs RR (2004) The incidence of top-
oisomerase [I-alpha genomic alterations in adenocarcinoma of the
breast and their relationship to human epidermal growth factor
receptor-2 gene amplification: A fluorescence in situ hybridization
study. Hum Pathol 36(4):348-356

Di Leo A, Gancberg D, Larsimont D, Tanner M, Jarvinen T, Rouas
G, Dolci S, Leroy JY, Paesmans M, Isola J, Piccart MJ (2002)
HER-2 amplification and topoisomerase Ilalpha gene aberrations
as predictive markers in node-positive breast cancer patients ran-
domly treated either with an anthracycline-based therapy or with
cyclophosphamide, methotrexate, and 5-fluorouracil. Clin Cancer
Res 8(5):1107-1116

Konecny GE, Pauletti G, Untch M, Wang HJ, Mobus V, Kuhn W,
Thomssen C, Harbeck N, Wang L, Apple S, Janicke F, Slamon DJ
(2010) Association between HER2, TOP2A, and response to
anthracycline-based preoperative chemotherapy in high-risk pri-
mary breast cancer. Breast Cancer Res Treat 120(2):481-489.
doi:10.1007/510549-010-0744-z

Slamon DJ, Press MF (2009) Alterations in the TOP2A and HER2
genes: association with adjuvant anthracycline sensitivity in human
breast cancers. J Natl Cancer Inst 101(9):615-618. doi:djp092
Herrington CS, Leek RD, McGee JO (1995) Correlation of numer-
ical chromosome 11 and 17 imbalance with metastasis of primary
breast cancer to lymph nodes. J Pathol 176(4):353-359.
doi:10.1002/path.1711760406

Ichikawa D, Hashimoto N, Hoshima M, Yamaguchi T, Sawai K,
Nakamura Y, Takahashi T, Abe T, Inazawa J (1996) Analysis of
numerical aberrations of specific chromosomes by fluorescent in
situ hybridization as a diagnostic tool in breast cancer. Cancer 77
(10):2064-2069. doi:10.1002/(SICI)1097-0142(19960515)
77:10<2064::AID-CNCR15>3.0.CO;2-T

McManus DT, Patterson AH, Maxwell P, Hamilton PW, Anderson
NH, Caughley LM, Toner PG (1999) Interphase cytogenetics of
chromosomes 11 and 17 in fine needle aspirates of breast cancer.
Hum Pathol 30(2):137-144

Tsukamoto F, Miyoshi Y, Egawa C, Kasugai T, Takami S, Inazawa
J, Noguchi S (2001) Clinicopathologic analysis of breast

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

carcinoma with chromosomal aneusomy detected by fluorescence
in situ hybridization. Cancer 93(2):165-170

Fehm T, Morrison L, Saboorian H, Hynan L, Tucker T, Uhr J
(2002) Patterns of aneusomy for three chromosomes in individual
cells from breast cancer tumors. Breast Cancer Res Treat 75
(3):227-239

Nakopoulou L, Giannopoulou I, Trafalis D, Gakiopoulou H,
Keramopoulos A, Davaris P (2002) Evaluation of numeric alter-
ations of chromosomes 1 and 17 by in situ hybridization in
invasive breast carcinoma with clinicopathologic parameters.
Appl Immunohistochem Mol Morphol 10(1):20-28

Wang S, Hossein Saboorian M, Frenkel EP, Haley BB, Siddiqui
MT, Gokaslan S, Hynan L, Ashfaq R (2002) Aneusomy 17 in
breast cancer: its role in HER-2/neu protein expression and impli-
cation for clinical assessment of HER-2/neu status. Mod Pathol 15
(2):137-145. doi:10.1038/modpathol.3880505

Ma Y, Lespagnard L, Durbecq V, Pacsmans M, Desmedt C,
Gomez-Galdon M, Veys I, Cardoso F, Sotiriou C, Di Leo A,
Piccart MJ, Larsimont D (2005) Polysomy 17 in HER-2/neu status
elaboration in breast cancer: effect on daily practice. Clin Cancer
Res 11(12):4393-4399. doi:11/12/4393

Merola R, Mottolese M, Orlandi G, Vico E, Cognetti F, Sperduti I,
Fabi A, Vitelli G, Cianciulli AM (2006) Analysis of aneusomy
level and HER-2 gene copy number and their effect on amplifica-
tion rate in breast cancer specimens read as 2+ in immunohisto-
chemical analysis. Eur J Cancer 42(10):1501-1506. doi:S0959-
8049(06)00319-4

Dowsett M, Hanna WM, Kockx M, Penault-Llorca F, Ruschoff J,
Gutjahr T, Habben K, van de Vijver MJ (2007) Standardization of
HER?2 testing: results of an international proficiency-testing ring
study. Mod Pathol 20(5):584-591. doi:3800774

Marchio C, Lambros MB, Gugliotta P, Di Cantogno LV, Botta C,
Pasini B, Tan DS, Mackay A, Fenwick K, Tamber N, Bussolati G,
Ashworth A, Reis-Filho JS, Sapino A (2009) Does chromosome
17 centromere copy number predict polysomy in breast cancer? A
fluorescence in situ hybridization and microarray-based CGH anal-
ysis. J Pathol 219(1):16-24. doi:10.1002/path.2574

Beser AR, Tuzlali S, Guzey D, Dolek Guler S, Hacihanefioglu S,
Dalay N (2007) HER-2, TOP2A and chromosome 17 alterations in
breast cancer. Pathol Oncol Res 13(3):180-185. doi:
PAOR.2007.13.3.0180

Jarvinen TA, Tanner M, Bérlund M, Borg A, Isola J (1999)
Characterization of topoisomerase Il alpha gene amplification
and deletion in breast cancer. Genes Chromosomes Cancer 26
(2):142-150. doi:10.1002/(SICI)1098-2264(199910)26:2<142::
AID-GCC6>3.0.CO;2-B

. Brase JC, Schmidt M, Fischbach T, Sultmann H, Bojar H, Koelbl

H, Hellwig B, Rahnenfuhrer J, Hengstler JG, Gehrmann MC
(2010) ERBB2 and TOP2A in breast cancer: a comprehensive
analysis of gene amplification, RNA levels, and protein expression
and their influence on prognosis and prediction. Clin Cancer Res
16(8):2391-2401. doi:1078-0432.CCR-09-2471

Bartlett JM, Munro AF, Dunn JA, McConkey C, Jordan S,
Twelves CJ, Cameron DA, Thomas J, Campbell FM, Rea DW,
Provenzano E, Caldas C, Pharoah P, Hiller L, Earl H, Poole CJ
(2010) Predictive markers of anthracycline benefit: a prospectively
planned analysis of the UK National Epirubicin Adjuvant Trial
(NEAT/BR9601). Lancet Oncol 11(3):266-274. doi:S1470-2045
(10)70006-1

Downey L, Livingston RB, Koehler M, Arbushites M, Williams L,
Santiago A, Guzman R, Villalobos I, Di Leo A, Press MF (2010)
Chromosome 17 polysomy without human epidermal growth
factor receptor 2 amplification does not predict response to
lapatinib plus paclitaxel compared with paclitaxel in metastatic
breast cancer. Clin Cancer Res 16(4):1281-1288. doi:1078-
0432.CCR-09-1643

@ Springer


http://dx.doi.org/JCO.2007.13.4296
http://dx.doi.org/S0959-8049(07)00560-6
http://dx.doi.org/S0009-9120(10)00193-1
http://dx.doi.org/6602678
http://dx.doi.org/S0002-9440(11)00042-3
http://dx.doi.org/10.1007/s10549-010-0744-z
http://dx.doi.org/djp092
http://dx.doi.org/10.1002/path.1711760406
http://dx.doi.org/10.1038/modpathol.3880505
http://dx.doi.org/11/12/4393
http://dx.doi.org/S0959-8049(06)00319-4
http://dx.doi.org/S0959-8049(06)00319-4
http://dx.doi.org/3800774
http://dx.doi.org/10.1002/path.2574
http://dx.doi.org/PAOR.2007.13.3.0180
http://dx.doi.org/1078-0432.CCR-09-2471
http://dx.doi.org/S1470-2045(10)70006-1
http://dx.doi.org/S1470-2045(10)70006-1
http://dx.doi.org/1078-0432.CCR-09-1643
http://dx.doi.org/1078-0432.CCR-09-1643

894

A. Zaczek et al.

44,

45.

46.

Bartlett JMS, Munro A, Cameron DA, Thomas J, Prescott R,
Twelves CJ (2008) Type 1 receptor tyrosine kinase profiles identify
patients with enhanced benefit from anthracyclines in the BR9601
adjuvant breast cancer chemotherapy trial. J Clin Oncol 28(31)
Glynn RW, Miller N, Whelan MC, Kerin MJ (2010)
Topoisomerase 2 alpha and the case for individualized breast
cancer therapy. Ann Surg Oncol 17(5):1392-1397. doi:10.1245/
$10434-009-0855-0

Bednarz N, Eltze E, Semjonow A, Rink M, Andreas A, Mulder L,
Hannemann J, Fisch M, Pantel K, Weier HU, Bielawski KP, Brandt

@ Springer

47.

B (2010) BRCALI loss preexisting in small subpopulations of
prostate cancer is associated with advanced disease and metastatic
spread to lymph nodes and peripheral blood. Clin Cancer Res 16
(13):3340-3348. doi:1078-0432.CCR-10-0150

Salido M, Tusquets I, Corominas JM, Suarez M, Espinet B, Corzo
C, Bellet M, Fabregat X, Serrano S, Sole F (2005) Polysomy of
chromosome 17 in breast cancer tumors showing an overexpres-
sion of ERBB2: a study of 175 cases using fluorescence in situ
hybridization and immunohistochemistry. Breast Cancer Res 7(2):
R267-273. doi:bcr996


http://dx.doi.org/10.1245/s10434-009-0855-0
http://dx.doi.org/10.1245/s10434-009-0855-0
http://dx.doi.org/1078-0432.CCR-10-0150
http://dx.doi.org/bcr996

	Prognostic Value of TOP2A Gene Amplification and Chromosome 17 Polysomy in Early Breast Cancer
	Abstract
	Introduction
	Patients and Methods
	Patients
	Controls
	DNA Isolation
	Real Time PCR (qPCR)
	Fluorescence In Situ Hybridization (FISH) on Tissue Microarrays (TMA)
	Statistical Analysis

	Results
	TOP2A Gene Dosage Assessed by FISH
	TOP2A Gene Dosage Assessed by qPCR
	Correlation Between qPCR and FISH
	Chromosome 17 Polysomy
	Correlation of Examined Biomarkers with Clinical and Pathological Data
	Survival Analysis

	Discussion
	References


