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Abstract The aim of our study was to investigate HER-2 and
TOP24 gene status and their correlation with Bcl-2, p53,
Ki67, ssDNA, and clinicopathological parameters in four
molecular subtypes of breast cancer. Seventy-four paraffin-
embedded samples are immunohistochemically studied for
the expression of estrogen receptor (ER), progesterone recep-
tor (PR), HER-2, p53, Bel-2, ssDNA, and Ki67, while HER -2
and TOP2A gene status by fluorescence in situ hybridization
was investigated in 60 samples. Luminal A and B subtypes
were characterized with small tumor size, intermediate histo-
logical grade, negative lymph node, and metastatic status,
while triple negative and HER-2 positive subtypes were asso-
ciated with larger tumor size, poorly differentiated tumors, and
positive lymph node status. p53, Ki67, and ssDNA expression
was higher in triple negative and HER-2 positive than in
luminal subtypes, while ER, PR, and Bcl-2 dominated in
luminal subtypes. HER-2 gene status was higher in luminal
B and HER-2 positive than in luminal A and triple negative
subtypes, while TOP2A gene status was similar. HER-2 gene
status positively correlated with TOP2A4 gene status, HER-2
receptor, and histological grade, while negative correlation
characterized relationship between HER-2 gene status and
ER, PR, and Bcl-2. The shortened overall survival period
characterized patients from triple negative breast cancer
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subtype (18.7 months). HER-2 and TOP2A4 gene amplifica-
tion showed a tendency to be associated with larger tumor
size, positive lymph node status, high level of apoptotic and
proliferative indexes, and low level of p53 and Bcl-2 expres-
sion, which all together indicate group of patients with similar
outcome during the progression of the disease.
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Introduction

According to immunohistochemical expression for estrogen
receptor (ER), progesterone receptor (PR) and HER-2, it has
been identified four different molecular subtypes of breast
cancer: luminal A (ER" and/or PR*, HER-2"), luminal B
(ER" and/or PR", HER-2"), HER-2 positive (ER™ and/or
PR, HER-2"), and triple negative (ER™ and/or PR™, HER-
27) breast cancer [1].

Some of the most important biological markers associated
with prediction and prognosis of breast cancer therapy are
HER-2 and TOP2A4 gene amplification and protein expression
[2, 3]. HER-2 gene amplification and protein overexpression
are observed in 20-30 % of metastatic breast tumors [4].

HER-2 and TOP24 are the most frequent amplified onco-
genes in breast cancer. Co-amplification of HER-2 and
TOP2A has been seen in approximately 12-38 % of patients
with breast cancers [5, 6]. Gene amplification and protein
overexpression of the HER-2 and TOP2A have been reported
to be linked to the sensitivity to Herceptin and anthracycline-
based therapy as well as prognosis for breast cancer [7-9]. A
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few retrospective studies have reported that TOP24 gene
amplification occurs almost exclusively in conjunction with
HER-2 gene amplification [10, 11].

The interaction between gene amplification and protein
expression for HER-2 and TOP24 is very complex and
demands further investigation by the fact that the protein
overexpression is not always a consequence of gene amplifi-
cation especially for TOP2A4 [10]. In addition, proliferative
index (Ki67) and its prognostic significance in breast cancers
are very controversial. Few earlier studies have reported that
Ki67 is absent in ER-positive cells of normal breast tissue,
while human mammary tumors have a high proliferation of
ER-positive cells [12]. Proliferative and apoptotic indexes are
positively correlated in breast cancer tissue [13]. In high grade
tumor, increased apoptotic index is positively correlated with
proliferative index and poorer survival, as an independent
prognostic factor in breast cancer. Previous study showed that
large tumors in diameter have significantly higher apoptotic
index than small tumors, and also positively correlated with
lymph node infiltration [14]. Also, it has been shown that
tumor suppressor protein p53 induces apoptosis, while p53
expression may occur early in breast cancer development and
increases during progression [15]. In contrast, Bcl-2 sup-
presses apoptosis and gradually decreases during the develop-
ment of breast cancer [15]. This antiapoptotic protein Bcl-2 is
inversely correlated with apoptotic and proliferative indexes
[15]. Bcl-2 protein expression in all types of early breast
cancer is an independent indicator of favorable prognosis [16].

Clinically, breast cancer is categorized into three therapeutic
groups according to level of expression of steroid receptors and
HER-2 receptor. The most numerous therapeutic groups in ER-
positive group were patients receiving endocrine therapy [17,
18]. Herceptin with chemotherapy has a great clinical success
in HER-2-amplified therapy group, while patients in triple
negative breast cancer receive only chemotherapy [19, 20].

According to our knowledge, little is known about TOP24
gene amplification and deletion and HER-2 gene amplifica-
tions and their association with apoptotic and proliferative
indexes, antiapoptotic protein Bcl-2, and their correlation with
therapy effects in four molecular subtypes of breast cancer.
This information may be important in therapy prediction, as
TOP2A4 and HER-2 gene status has been associated with
dose-dependent sensitivity to anthracycline and Herceptin
therapy. So, besides TOP24 and HER-2 gene statuses and
protein expression studied by fluorescence in situ hybridiza-
tion (FISH) and immunohistochemistry (IHC) methods, we
perform analysis of p53, Bcl-2, proliferative (Ki67), and apo-
ptotic (ssDNA) indexes and their correlation with clinicopath-
ological parameters and overall survival in four molecular
subtypes of breast cancer.

According to our results, HER-2 and TOP2A4 gene ampli-
fied tumors were associated with low differentiated tumors,
large tumor size in diameter, positive lymph node status, no
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distant metastases, prolonged overall survival, low level of
p53 and Bcl-2 protein expression, HER-2 overexpression, and
high level of apoptotic and proliferative indexes. Anti-
apoptotic Bcl-2 protein expression is almost completely ab-
sent in HER-2-positive breast cancer subtype where HER-2
and TOP24 genes were amplified in the most of cases, and
largely increased in luminal A and luminal B subtypes of
breast cancer. Proliferative index (Ki67) and tumor suppressor
protein p53 had similar pattern of expression in triple negative
and HER-2-positive subtypes of breast cancer.

Patients and methods
Patients

The study was performed according to the regulations of the
local ethics committee. We included 74 patients with breast
cancer immunohistochemically classified into four molecular
subtypes: luminal A (24 cases, 32.4 %), luminal B (26 cases,
35.1 %), HER-2 positive (9 cases, 12.2 %), and triple negative
(15 cases, 20.3 %).

Immunohistochemistry

The tumor tissues were fixed in 10 % buffered formalin
solution and embedded in paraffin. The tissue sections were
cut at 5 um, heated at 56 °C for 60 min, then deparaffinized
and rehydrated through a series of xylenes and alcohols
followed by an epitope retrieval step. Tissue sections were
treated with 3 % H,O, solution in PBS to block endogenous
peroxidase activity. The next step was incubation with the
primary antibody (Table 1) in a humidity chamber for
60 min at room temperature. Immunostaining was performed
using the streptavidin—biotin technique (LSAB'/HRP Kit,
DAKO). Immunoreactivity complex was visualized with
DAKO Liquid DAB" Substrate/Chromogen System (code
no. K3468), counterstained with Mayer's hematoxylin
(Merck, Whitehouse Station, NJ), and evaluated under a light
microscope.

Scoring system

The results of the HER-2 THC tests were counted using the
HercepTest scoring system (0-3"). The tumor samples were
immunohistochemically scored as 3" (strong complete mem-
brane staining is observed in >30 % of tumor cells), 2" (weak
to moderate complete membrane staining in >30 % of tumor
cells), 1" (weak, incomplete membrane staining in >30 % of
tumor cells), and 0 (no staining) for HER-2. Tissue samples
for estrogen and progesterone receptors were scored on a scale
representing the estimated proportion and intensity of
positive-staining tumor cells (range, 0 to 8). The score was
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Table 1 List of antibodies

Antibody Mo/Po Manufactured code no. Dilution Detection system
Antigen unmasking technique

Mo mouse anti-hu Mo Novocastra Lab., UK 1:100 LSAB+/HRP
Estrogen receptor Pressure cooker, 2 min (NCL-L-ER-6 F11)
Clone 6F11 0.01 M citrate retrieval solution pH 6.0
Mo Mo Novocastra Lab., UK 1:100 LSAB+/HRP
Progesterone receptor Pressure cooker, 2 min NCL-L- PGR-312
Clone 16 0.01 M citrate retrieval solution pH 6.0
Po rabbit anti-hu Po DAKO Cytomation 1:350 LSAB+/HRP
HER-2 Water bath, 40 min, Denmark
(c-erbB-2 oncoprotein) 0.01 M citrate retrieval solution pH 6.0 or DAKO A0485

cytomation target retrieval solution No. S1700
Mo mouse anti-hu Mo DAKO Cytomation 1:200 LSAB+/HRP
p53 clone DO-7 Microwave, 20 min, Denmark

0.01 M citrate retrieval solution pH 6.0 or DAKO Cat# M7001

cytomation target retrieval solution No. S1700
Mo mouse anti-hu Mo DAKO Cytomation 1:100 LSAB+/HRP
Bcl-2 Microwave, 20 min, Denmark
Clone 124 0.01 M citrate retrieval solution pH 6.0 or DAKO Cat# M 0887

cytomation target retrieval solution No. S1700
Mo mouse anti-hu Mo DAKO Cytomation 1:50 LSAB+/HRP
Ki67 Microwave, 20 min, Denmark
Clone MM 1 0.01 M citrate retrieval solution pH 6.0 or DAKO Cat#M7187

cytomation target retrieval solution No. S1700
Mo mouse anti-hu Mo Abcam plc 332, UK ab79439 1:100 LSAB-+/HRP

ssDNA
Clone F7-26

Microwave, 20 min,
0.01 M citrate retrieval solution pH 6.0 or DAKO
cytomation target retrieval solution No. S1700

Mo monoclonal antibody, Po polyclonal antibody

determined by adding intensity for immunoreactivity staining
of nucleus in tumor cells (0, none; 1, weak; 2, intermediate;
and 3, strong) and the average number of staining nucleus.
The tumor samples were immunohistochemically scored as 3"
(strong), 2" (moderate), 1" (weak), and 0 (not stained) for p53
and Bcl-2. The intensity of the cytoplasmic Bel-2 and nucleus
p53 immunostaining was evaluated by dividing the cytoplas-
mic and nucleus staining reactions in three score groups: 1—
weak cytoplasmic/nucleus staining intensity in 1 to 25 % of
tumor cells; 2—moderate cytoplasmic/nucleus staining inten-
sity in 25-70 % of tumor cells; 3—strong cytoplasmic/nucleus
staining intensity in >70 % of tumor cells. Ki67 score was
counted in 1,000 malignant cells in five high powered fields in
every tissue section. The apoptotic index was defined as the
average number of apoptotic cells counted in 3,000 malignant
cells selected in high power fields (x40 objective) in a single
histological tumor section from each patient. Negative control
staining was conducted by omission of the primary antibody.
Paraffin slides of invasive breast carcinoma were used as a
positive control.

Fluorescence in situ hybridization assay

HER-2 and TOP24 gene copy number were analyzed in 60
breast tumor samples by HER-2 FISH pharmDxTM kit and

TOP2A4 FISH pharmDx TM kit (DakoCytomation), respec-
tively. The probe mix consisted of a mixture of Texas Red-
labeled DNA cosmid clones, covering either the HER-2 (ap-
proximately 220 kb) or the TOP2A (approximately 230 kb)
amplicon, and fluorescein-labeled peptide nucleic acid (PNA)
probes for the chromosome 17 centromeric region (CEN-17).
After deparaffinization and rehydration, specimens were heat-
ed in pretreatment solution at 95 °C for 10 min. The next step
involved a proteolytic digestion using pepsin incubated
10 min at 37 °C. It was followed with FISH probe mix
incubation combining PNA and DNA technologies. The de-
naturation of probe and target DNA was performed on a
heating block at 82 °C for 5 min and incubated overnight in
a humidified hybridization chamber at 45 °C. After removal of
the coverslips, the slides were washed in a stringent wash
buffer at 65 °C for 10 min followed by buffer washes and
dehydration. Fluorescence mounting media, including DAPI,
was applied and the coverslipped specimens.

The results were analyzed using a 100-W fluorescence
microscope with a Texas Red and fluorescein isothiocyanate
double filter to locate the invasive tumor areas at low magni-
fication and read the high magnification signals with x/60 oil
immersion objective. Then, the HER-2/CEN-17 and TOP24/
CEN-17 ratio was calculated. For each sample, gene copy
level was assessed in four areas of 60 non-overlapping tumor
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cell nuclei. The 60 nuclei were evaluated in each area, the
CEN-17 copy numbers was counted for each cell, and the ratio
of HER-2 and TOP2A signals to CEN-17 signals was calcu-
lated. HER-2 and TOP24 to CEN-17 ratios were defined as
normal at less than 1.5, as low at ratio 1.5-2.0, and as high
level of gene amplification at ratio greater than 2.0. Normal
cells in the analyzed tissue section served as an internal
positive control of pretreatment and hybridization efficiency.

Statistical analysis

Descriptive data were defined as frequencies+SD. The corre-
lation between HER-2 and TOP2A4 gene status defined by
FISH methods and other biological markers (ER, PR, HER-2,
p53, Ki67, Bel-2 protein, and ssDNA) were done using the
Pearson's correlation test and independent-samples ¢ test. A p
value of <0.05 were considered to be a statistically significant.

Results

Clinicopathological parameters and correlation
with biological markers

The ages of patients ranged from 38 to 89 years (mean=SD,
65.59+10.17 years). The tumor size ranged between 0.4 and
5.5 cm, and the histological grades were GI, GII, and GIIT in 6
(8.2 %), 28 (37.8 %), and 28 (37.8 %) patients, respectively,
while for 12 patients we did not have information about
histological grade (12/74, 16.2 %). In 30 patients (40.5 %),
lymph node status was negative, while positive lymph node
status was detected in 30 patients (40.5 %). In two patients,
regional lymph nodes cannot be assessed (2/74, 2.8 %), while
for 12 patients we did not have information about lymph node
status (12/74, 16.2 %). Distant metastasis characterized 9
(12.2 %) patients and in 50 (67.6 %) patients we did not find
a distant metastasis (Table 2). Significant differences in tumor
size was found between luminal A and triple negative breast
cancer subtype (1=-2.515, p<0.01), while histological grade
was statistically different between luminal A and triple nega-
tive (t=—3.374, p<0.01), luminal B and triple negative (=
—3.380, p <0.01), and HER-2 positive and triple negative (=
3.350, p<0.01) breast cancer subtypes (Table 2).

ER, PR, and HER-2 receptor expression

ER, PR, and HER-2 receptor expression were used for the
division of breast cancer on four different molecular subtypes.
According to our results, positive expression for ER and PR
was detected in patients from luminal A and B subtypes, while
negative expression characterized patients from HER-2 posi-
tive and triple negative breast cancer subtypes. Overexpres-
sion of HER-2 protein was detected in 35 patients (35/74,
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47.3 %) from luminal B and HER-2 positive breast cancer
subtypes (Table 3). Significant differences in ER expression
was found between luminal A and triple negative subtype (1=
42.813, p<0.01), luminal A and HER-2 positive (¢=32.887,
»<0.01), luminal B and HER-2 positive (=12.249, p <0.01),
and luminal B and triple negative (#=16.070, p <0.01) molec-
ular subtypes of breast cancer (Fig. 1). PR expression was
significantly different between luminal A and triple negative
subtype (1=8.914, p<0.01), luminal A and HER-2 positive
(t=8.074, p<0.01), luminal B and HER-2 positive (=5.537,
»<0.01), and luminal B and triple negative (=6.196, p <
0.01) molecular subtypes of breast cancer (Fig. 1). In contrast
to ER and PR, significant differences in HER-2 expression
was found between luminal A and luminal B (#=—12.439, p <
0.01), luminal A and triple negative subtype (=3.696, p <
0.01), luminal A and HER-2 positive (1=—12.048, p<0.01),
triple negative and HER-2 positive (t=—13.185, p <0.01), and
luminal B and triple negative (z=13.635, p <0.01) molecular
subtypes of breast cancer (Fig. 1).

Bcl-2, p53, Ki67, and ssDNA immuneexpression

Positive p53 protein expression was detected in 58 patients
(78.4 %) while positive expression for Bcl-2 oncoprotein was
detected in 52 patients (52/74, 70.3 %) (Table 3). In our study
group, low level (54/74, 72.9 %) of proliferative index domi-
nated (Table 3). High (36/74, 48.6 %) and low (38/74, 51.4 %)
level of apoptotic index was detected in similar number of
patients (Table 3). Significant differences in Bcl-2 expression
was found between luminal A and triple negative (1=4.048, p <
0.01), luminal A and HER-2 positive (=7.141, p <0.01), lumi-
nal B and HER-2 positive (t=4.565, p <0.01), HER-2 positive
and triple negative (¢=2.314, p <0.05), and luminal B and triple
negative (£ =2.231, p <0.05) molecular subtypes of breast cancer
(Fig. 2). In triple negative (¢=-6.679, p<0.01) and HER-2
positive (¢=-2.024, p <0.05) breast cancer subtypes, prolifera-
tive index was significantly higher than in patients from luminal
A subtype (Fig. 2). Also, significant differences in proliferative
index was detected between luminal B and HER-2-positive
subtype (t=—3.104, p <0.01), triple negative and HER-2 posi-
tive (f=—3.104, p <0.01), and luminal B and triple negative (=
—9.997, p<0.01) breast cancer subtypes (Fig. 2). Apoptotic
index was significantly higher in triple negative than in HER-
2-positive (¢=2.285, p<0.05) and luminal A (r=—1.976, p<
0.05) breast cancer subtypes (Fig. 2 and Fig. 3).

HER-2 and TOP2A gene status in four molecular subtypes
of breast cancer

HER-2 gene amplification was detected in 17 patients (17/60,
28.3 %) (Fig. 3), while TOP24 gene was amplified in 24
patients (24/60, 40 %) (Fig. 4) and TOP2A gene deletion was
detected in 5 patients (5/60, 8.4 %). HER-2 and TOP2A4 gene
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Table 2 Clinicopathological pa-

rameters and therapy Clinicopathological Luminal A Luminal B Triple HER-2 >
parameters subtype subtype negative positive
Age
45 t0 50 3(12.5 %) 4(154%) 320 %) 1(112%) 11149 %)
>50 21 (87.5 %)  21(80.8 %)  12(80 %) 8(889%)  62(83.8%)
Not available 0 1(3.8 %) 0 0 1(1.3 %)
Tumor size
pTx 0 2 (7.7 %) 0 0 2 (2.7 %)
pTO 1 (42 %) 1(3.8 %) 0 0 2 (2.7 %)
pTl 9(37.5 %) 8(30.8 %) 5(33.3 %) 3(33.3 %) 25(33.8 %)
pT2 5(20.8 %) 2(7.7 %) 5(33.3 %) 2(223%) 14(18.9 %)
pT3 283 %) 4(154%) 0 1AL1%)  7(9.5 %)
pT4a 0 0 0 1 (11.1 %) 1(1.3 %)
pT4b 1 (42 %) 2(7.7 %) 4(26.7 %) 1(1L1%)  8(10.8 %)
pT4c 0 2(7.7 %) 1(6.7 %) 0 3(4.1 %)
Not available 6 (25 %) 5(92%) 0 1AL1 %) 12(162 %)
Histological grade

. GI 3(12.5 %) 3(11.5 %) 0 0 6 (8.2 %)

pTx primary tumor cannotbe Gy 9 (37.5 %) 11423%) 167 %) 7(777%) 28 (37.8%)

assessed, p70 no evidence of pri- b e o b d o/ud .

mary tumor, pTI tumor 2.0 cmor  G1IT 6 (25 %) 6(23.1%)°  14(93.3 %) 2(223%)° 28 (37.8 %)

less in greatest dimension, p72 Not assessable 6 (25 %) 6 (23.1 %) 0 12 (16.2 %)

tumor more than 24.0 cm but n(?t Lymph node status

more .than 5.0 cm in greatest di- Nx 0 2(7.7 %) 0 0 2 (2.7 %)

mension, p73 tumor more than

5.0 cm in greatest dimension, pT4 NO 12 (50 %) 10 (38.6 %) 5(33.3 %) 3(33.3 %) 30 (40.6 %)

tumor of any size with direct ex- N1 4(16.7 %) 3(11.5%) 4267 %) 3(333%)  14(18.9 %)

“f:}su)néot(;l)(c)he;;]vlvall or ((‘1’) N2 2(8.3 %) 5(192%) 5333 %) 2(223%) 14 (189 %)

skin or both (c), ow grade

(well-differentiated), GIT inter- N3 0 138 %) 1(6.7 %) 0 227 %)

mediate grade (moderately differ- Not available 6 (25 %) 5(19.2 %) 0 1 (11.1 %) 12 (16.2 %)

entiated), GIII high grade (poorly Distant metastasis

differentiated), Ny regional MO 17(708 %) 16(615%) 12 (80 %) 5(556%) 50 (67.6 %)

lymph nodes cannot be assessed o o o o 0

(previously removed), N0 nore- M1 1(42 %) 4(154%)  3(20%) 2(222%)  10(13.5 %)

gional lymph node metastasis, N/ Not available 6 (25 %) 6 (23.1 %) 0 2(22.2 %) 14 (18.9 %)

mc?ﬁistaslis to hmovgble i;}s’izlateral Chemotherapy

axillary lymph node(s), N2 me- Yes 17708 %) 18(692 %)  5(33.3 %) 9(100 %) 49 (66.2 %)

tastasis to ipsilateral axillary

lymph node(s) fixed to each other, No 4 (16.7 %) 4(15.4 %) 10 (66.7 %) 0 18 (24.3 %)

N3 metastasis to ipsilateral inter- Missing 3 (12.5 %) 4 (154 %) 0 0 7 (9.5 %)

nal mammary lymph node(s), M0

' / Tamoxifen (Nolvadex)
no distant metastases, M1/ distant

metastases Yes 20 (83.4 %) 19(73.1 %) 13 (86.7 %) 1(11.1 %) 53 (71.6 %)

*Luminal A and triple negative ~ NO 1(42 %) 3(11.5 %) 2(13.3 %) 8 (88.9 %) 14 (18.9 %)

subtype—tumor size (t=—2.515,  Missing 3 (125 %) 4(15.4 %) 0 0 795 %)

p<0.01) Radiotherapy

® Luminal A and triple negative  Yes 5(20.8 %) 3(11.5 %) 9 (60 %) 1 (11.1 %) 18 (24.3 %)

igbg;f‘e*i’:;g’llg’glcal grade (1= 16667 %)  19(73.1%) 6 (40 %) 8(889 %) 49 (66.2 %)

o nPm . . Missing 3(12.5 %) 4(15.4 %) 0 0 7(9.5 %)
Luminal B and triple negative ]

subtype—histological grade (t= Herceptin/Transtuzumab

—3.380, p<0.01) Yes 0 6 (23.1 %) 2(13.3 %) 3(33.3 %) 11 (149 %)

dHER—Z—positive and triple nega- No 21 (87.5 %) 16 (61.5 %) 13 (86.7 %) 6 (66.7 %) 56 (75.6 %)

tive subtype—histological grade  Missing 3(12.5 %) 4 (154 %) 0 0 7(9.5 %)

(t=3.350, p<0.01)

amplification was dominated in patients from luminal B HER-2-positive breast cancer subtypes (HER-2, 5/6, 83.4 %
(HER-2, 11/26, 42.3 % and TOP24, 11/26, 42.3 %) and  and TOP24, 4/6, 66.7 %) (Table 4).

@ Springer



372

Targ Oncol (2014) 9:367-379

Table 3 Expression of ER, PR, HER-2, p53, Bcl-2, Ki67, and ssDNA in four molecular subtypes of breast cancer

Level of expression Luminal A subtype Luminal B subtype Triple negative HER-2 positive >

P53 tumor suppressor protein

0 5(20.8 %) 5(19.2 %) 3 (20 %) 3(33.3 %) 16 (21.6 %)
1 6 (25 %) 3 (11.6 %) 1 (6.7 %) 0 10 (13.5 %)
2 12 (50 %) 13 (50 %) 5(33.3 %) 2 (22.2 %) 32(43.3 %)
3 142 %) 5(19.2 %) 6 (40 %) 4 (44.5 %) 16 (21.6 %)
Bcl-2 oncoprotein

0 2 (8.3 %) 5(19.2 %) 8(53.3 %) 7(77.8 %) 22 (29.7 %)
1 2 (8.3 %) 4(15.4 %) 1 (6.7 %) 0 7(9.5 %)

2 4 (16.7 %) 7 (26.9 %) 4(26.7 %) 0 15 (20.3 %)
3 16 (66.7 %) 10 (38.5 %) 2 (133 %) 2(22.2 %) 30 (40.5 %)
Proliferative index (Ki67 protein)

<0.5 21 (87.5 %) 24 (92.3 %) 1(6.7 %) 8 (88.9 %) 54 (73 %)
>0.5 3 (12.5 %) 2 (7.7 %) 14 (93.3 %) 1 (11.1 %) 20 (27 %)
Apoptotic index (ssDNA)

<0.5 14 (58.3 %) 15 (57.7 %) 4(26.7 %) 5(55.5 %) 38 (51.4 %)
>0.5 10 (41.7 %) 11 (42.3 %) 11 (73.3 %) 4 (44.5 %) 36 (48.6 %)
Estrogen receptor

Negative 0 0 15 (100 %) 9 (100 %) 24 (32.4 %)
Positive 24 (100 %) 26 (100 %) 0 0 50 (67.6 %)
Progesterone receptor

Negative 2 (8.3 %) 6 (23 %) 15 (100 %) 9 (100 %) 32 (43.2 %)
Positive 22 (91.7 %) 20 (77 %) 0 0 42 (56.8 %)
HER-2 receptor

Negative 24 (100 %) 0 15 (100 %) 0 39 (52.7 %)
Positive 0 26 (100 %) 0 9 (100 %) 35(47.3 %)

ER,PR and HER-2 expression in four molecular subtypes of breast cancer
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Fig. 1 ER, PR, and HER-2 immunoexpression in four molecular sub-
types of breast cancer. ER: h—Iluminal A vs. triple negative subtype (1=
42.813, p<0.01); c—luminal A vs. HER-2-positive subtype (t=32.887,
p<0.01); d—luminal B vs. HER-2-positive subtype (1=12.249, p<
0.01); e—luminal B vs. triple negative subtype (=16.070, p<0.01).
PR: f~—luminal A vs. triple negative subtype (1=8.914, p<0.01); g—
luminal A vs. HER-2-positive subtype (t=8.074, p <0.01); ~—luminal B
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vs. HER-2-positive subtype (1=5.537, p<0.01); i—luminal B vs. triple
negative subtype (1=6.196, p <0.01). HER-2 receptor: j—luminal A vs.
luminal B subtype (#=—12.439, p <0.01); k—luminal A vs. triple nega-
tive subtype (1=3.696, p <0.01); /—luminal A vs. HER-2-positive sub-
type (t=—12.048, p <0.01); m—triple negative vs. HER-2-positive sub-
type (1=—13.185, p<0.01); n—luminal B vs. triple negative subtype (1=
13.635, p<0.01)
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P53, Bel-2, Ki6 7 and ssDNA expression in four molecular subtypes of breast cancer

35 -

BO~0n0RTXO R0 ~0<0T

Luminal A subtype Luminal B subtype

Fig. 2 p53, Bcl-2, Ki67, and ssDNA immunoexpression in four molec-
ular subtypes of breast cancer. Bcl-2 protein: p—Iluminal A vs. triple
negative subtype (1=4.048, p <0.01); o—luminal A vs. HER-2-positive
subtype (¢=7.141, p<0.01); s—Iluminal B vs. HER-2-positive subtype
(t=4.565, p<0.01); —HER-2-positive vs. triple negative subtype (1=
2.314, p<0.05); t—luminal B vs. triple negative subtype (1=2.231, p<
0.05). Ki67 protein: u—Iluminal A vs. triple negative subtype (=—6.679,

HER-2 gene status was significantly higher in luminal B
(t=-3.300, p <0.01) and HER-2 positive (t=—4.244, p <0.01)

up53
Bcl-2

1 Ki67

ussDNA

Triple negative subtype HER-2positive subtype

»<0.01); v—Iluminal A vs. HER-2-positive subtype (1=-2.024, p<
0.05); z—luminal B vs. HER-2-positive subtype (1=-3.104, p<0.01);
q—HER-2-positive vs. triple negative subtype (r=-3.104, p <0.01); w—
luminal B vs. triple negative subtype (1=—9.997, p<0.01). ssDNA:
asterisk—Iluminal A vs. triple negative subtype (=2.285, p <0.05); y—
luminal A vs. HER-2-positive subtype (1=—1.976, p <0.05)

than in luminal A breast cancer subtype (Fig. 5). Also, signif-
icant differences in HER-2 gene status was detected between

Fig. 3 High level of HER-2 gene amplification (a—c) by FISH and
HER-2 receptor (d—f), ssDNA (apoptotosis, g—i) expression by immu-
nohistochemistry in patients from luminal B breast cancer molecular
subtype. High level of HER-2-amplified breast cancer cells with 5 to
12 HER-2 gene copies per cells (red signals) and an HER-2/CEP17 ratio
of >2 (¢). Completely, strong circumferential HER-2 membrane staining

in more than 30 % of tumor cells (d, e) and partial moderate intensity
HER-2 membrane staining in more than 30 % of breast cancer cells with
no complete circumferential staining (f). Strong nuclear immunostaining
for ssDNA in breast cancer cells (g—i). Magnification x60 (a—c), x40 (e,
f, i), x20 (d, h), x10 (g)
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Fig. 4 High level of TOP2A4 gene amplification in breast cancer cells in
patients from luminal B breast cancer subtype. Dual-color FISH with
specific gene probe (red signals for TOP24) and green CEP17 signals

HER-2-positive and luminal B (#=-2.550, p<0.01) and
HER-2-positive and triple negative (r=-2.149, p<0.05)
breast cancer subtypes (Fig. 5). TOP2A gene status was not
significantly different between four molecular breast cancer
subtypes (Fig. 5).

Correlation between HER-2 and TOP2A gene status with ER,
PR, HER-2, p53, Bcl-2, Ki67, and ssDNA immunoexpression
in four molecular subtypes of breast cancer

Statistically significant positive correlation characterized rela-
tionship between HER-2 gene status and HER-2 receptor (r=
0.555, p <0.05) expression, TOP2A gene status (r=0.362, p <
0.01), and histological grade (»=0.362, p <0.01) in all patients
from our study. Negative correlation characterized relation-
ship between HER-2 gene status and ER (r=—0.283, p<
0.05), PR (r=-0.302, p<0.05), and Bcl-2 (r=—0.280, p<
0.05) protein expression (Table 5). In luminal A breast cancer
subtype significant positive correlation was detected between
HER-2 gene status and HER-2 receptor expression (»=0.698,
p<0.01). In luminal B subtype, positive correlation character-
ized relationship between HER-2 gene status and TOP2A4
gene status (r=0.517, p<0.05), lymph node status (r=
0.562, p<0.05), and metastases (r=0.528, p<0.05), while
negative correlation was detected between HER-2 gene status
and PR expression (r=—0.429, p <0.05) as well as HER-2
gene status and tumor size (r=—0.469, p <0.05) (Table 5).
Significant positive correlation characterized relationship be-
tween HER-2 gene status and p53 protein expression in triple
negative breast cancer subtype (=1, p <0.01), while signifi-
cant negative correlation was detected between HER-2 gene
status and metastatic status in HER-2-positive (»=-0.884, p <
0.05) breast cancer subtype (Table 5).

Survival analysis and therapy

Treatment was nonrandomized and consistent with endocrine
therapy, chemotherapy, radiotherapy, Herceptin, and their dif-
ferent combinations (Table 6). A combination of chemother-
apy and endocrine therapies was given to 33 patients (44.6 %),

@ Springer

(b) on formalin-fixed, paraffin-embedded sections of breast carcinomas.
Miniclusters of red signals found in nucleus of breast cancer cells (¢)
indicate high level of TOP24 gene amplification. Magnification x40 (a-c)

while a combination of those two therapies with radiotherapy
was given to 8§ patients (10.8 %) (Table 6).

Follow-up of the patients extended from January 2009 to
January 2013. Two patients (2.7 %) died of breast carcinoma
and 62 patients (83.8 %) did not have disease symptoms. Four
years of overall survival (OS) was detected in 62 patients
(83.8 %). The median disease-free survival (DFS) and OS
were 35.7 months. We found that DFS and OS were signifi-
cantly longer (46 months) in patients from HER-2-positive
molecular subtype. Those tumors were also characterized with
intermediate histological grade (GII), overexpression of HER-
2 receptor, p53 protein, HER-2 and TOP2A gene amplifica-
tion, and negative expression for Bcl-2 in all patients. The
shortened OS characterized patients from triple negative
breast cancer subtype (18.7 months) associated with negative
expression for HER-2, ER, PR, and high proliferative index.
In luminal B breast cancer subtype, increased Bcl-2 protein
expression was significantly associated with more prolonged
period of OS (p <0.05).

Discussion

According to our study, HER-2 gene amplification is regis-
tered in 28.3 %, while TOP2A gene amplification is detected
in 40 % of patients with breast cancer. HER-2 gene status
positively correlated with HER-2 receptor, TOP24 gene sta-
tus, and histological grade, while negative correlation charac-
terized relationship between HER-2 gene status and ER, PR,
Bcl-2 protein expression, and metastatic status. The most
significant correlation HER-2 gene status was detected in
luminal B breast cancer subtype where HER-2 gene status
positively correlated with TOP2A4 gene status, metastatic sta-
tus, lymph node status, and also negatively correlated with PR
expression and tumor size. Generally, HER-2 and TOP2A
gene amplified tumors were associated with low differentiated
tumors, large tumor size in diameter, positive lymph node
status, no distant metastases, prolonged overall survival, low
level of p53 and Bcl-2 protein expression, HER-2 overexpres-
sion, and high level of apoptotic and proliferative indexes.



375

Targ Oncol (2014) 9:367-379

0
0
uons[sp FedOL

0
0
0
uonsep YedOL

(% ¥'S1) ¥

(% 891

(% s1D €
uond[ep FzdOl

TPl
TPl

0

uond[ep FzdOL

(% 09) €

(% 09) €

0

payrdwe 43y yzdoL

0
0
0
payrdwe ySty yzdoL

(% 8°09) 8
(% s1D €
(% T6l) s
poytdwe ysiy pzdo.r

(% st €

(% st €

0

payrdwe 4y yzdoL

(% L91) 1

(% L91) 1

0

payidwe mo] pzdOL

(% SO 1

(% SO 1

0

payidwe mo] FzdOL

(% S1D €

LT

(% 891

payijdwe mo] pzdOL

(% 800 §

(% L91) ¥

TP

pagrdwe mo] FzdOL

(% ¢€0) ¢
(% L91) 1
(% L91) 1
payidwe-uou pzdO.L

(% sL) €
(% 08) T
(% SO1
payrdwe-uou FzdOL

(% $'8¢) 01

(% +'S1) ¥

(% 1'€0) 9
payidwe-uou yzdO.L

(% $'79) S1

(% 8'Sh) 11

(% L91) ¥
payrdure-uou yzdOL

(% 9'99) ¥

(% 9'99) ¥

0

payrdwe y3iy ¢-y7H

0
0
0
payidwe ySiy g-y7H

(% $'8¢) 01

(% 1'€D) 9

(% +'S1) ¥

payrduwe ySry 7-y7H

0
0
0
poyidwe y3iy ¢-y7H

(% L91) 1

(% L91) 1

0

payrduwe mo] Z-y7H

0
0
0
payiduwe mo| ¢-y7H

(% 8¢ 1

0

(% 891

payrjduwe mo] Z-y7H

TPl

TPl

0

poyrdure MO] Z-y7H

(% L91) 1

0

(% L91) 1
payidwe-uou 7-ygH

<
€
[4
OHI ¢-¥4H

adAqns 100ueo jsea1q aanisod Z-YqH

(% 001) ¥

(% sL) €

(% s
payrduwe-uou z-y7H

¢
I
0
OHI z-4dH

adAigns 100ued Isea1q 9AnEIou o[duy,

(% L'LS) ST

(% 6l s

(% $8¢) 01
payidwe-uou 7-y7H

K¢
€
(4
OHI ¢-¥4H

2dAigns 120ued ISBAIQ  [RUTIINT

(% 8'56) €T

(% sL) 81

(% 800 §
payrdwe-uou z-yH

K¢
I
0
OHI T-¥4H

adAigns 100ued ISBAIq Y [RUTIUN

I00ue J58a1q JO sadAjqns Je[nosjow Inoj ur uorssardxo urejord Z-yHH YIM UONRILIOD JI3Y) PUE SWE)s dUdS 7JO.L Pue 7-YHH b d1qelL

pringer

As



376

Targ Oncol (2014) 9:367-379

Fig. 5 HER-2 and TOP2A gene
status in four molecular subtypes

HER-2 and TOP2A gene status in fowr molecular subtypes of breast cancer

l"**
of breast cancer. HER-2 gene ‘
status: a—luminal A and luminal Ig 35 1
B subtype (t=—3.300, p<0.01); v
/j—Iluminal A and HER-2- e 3 WHER-2
positive subtype (1=—4.244, p< (1) 2 rora4
0.01); double asterisks—Iluminal £ 25
B and HER-2-positive subtype e
(t=-2.550, p<0.01); x—HER-2 X 2
positive and triple negative II).
subtype (1=-2.149, p<0.05) € 15
s
s
i 1 X
o
1n
05 -
0 T T T 1
Luminal A subtype Luminal B subtype Triple negative subtype HER-2 positive subtype

Anti-apoptotic Bcl-2 protein expression is almost completely
absent in HER-2-positive subtype and largely increased in
luminal A and B subtypes of breast cancer. Similar pattern
of expression, for proliferative index (Ki67) and tumor sup-
pressor protein p53, is registered in triple negative and HER-
2-positive subtypes of breast cancer. The combination of
endocrine and chemotherapy was used in the majority cases
of luminal A breast cancer subtype, while in luminal B and
HER-2 positive breast cancer subtypes patients were treated
with chemotherapy, endocrine therapy, and Herceptin.

HER-2 and TOP2A4 gene statuses and protein overexpres-
sion have important prognostic and therapeutic value in breast
cancer patients, related to a poor prognosis, high frequency of
disease recurrence, and reduced overall survival [9]. Our
results showed that overall survival was the most reduced in
triple negative breast cancer subtype associated with no gene
amplification for HER-2 and TOP2A and negative expression
for HER-2 protein, but for some general conclusion we should
mentioned that this could be consequence of small sample
size. When analyzing overall survival in breast cancer sub-
types, we found that majority of HER-2-positive tumors had
the longest overall survival period and also disease-free period
in relation to other subtypes. This is also could be a conse-
quence of small sample size in HER-2-positive molecular
subgroup of patients.

According to literature data, HER-2 and TOP2A genes are
usually co-amplified in the same breast cancer cases [10, 11],
but our results showed that TOP24 gene amplification is not
completely restricted to the cases with HER-2 gene amplifi-
cation. A study, conducted by Manna et al., showed that
regulation of TOP2A4 gene status and protein expression is
more complex and involves processes such as apoptosis and
cell proliferation [21].

In this study, we also evaluated expression of different
biological markers, including Bcl-2 protein, in four molecular
subtypes of breast cancer. The expression of Bcl-2 protein was

@ Springer

detected in luminal cells from normal breast tissue, gradually
decreasing during the development of breast cancer [22]. In
our study, all luminal tumors were Bcl-2 and steroid receptors
positive with a good prognosis in agreement with previous
reports [14, 23]. In contrast to luminal breast cancer subtypes,
poorly differentiated HER-2-positive tumors were usually
negative for Bcl-2 protein, with a poorer prognosis than lumi-
nal breast cancer subtypes. Daidone et al. showed that Bcl-2
overexpression correlates with low level of proliferative in-
dex, absence of p53 protein expression and HER-2 overex-
pression, and generally was associated with a favorable out-
come [24]. Reduction in expression of Bcl-2 protein was
associated with progression and aggressive form of disease
[25], and in our study, most patients (seven of nine) from
HER-2-positive subtype of breast cancer were characterized
with no expression of Bcl-2 protein.

Our results showed that triple negative breast cancer had
the highest level of proliferative index in relation to luminal A
and B subtypes and this was in agreement with previous
findings [26]. pS3 tumor suppressor protein is mutated in
approximately 30 % of breast cancers and seems to be more
frequent in HER-2-positive and triple negative breast cancer
subtype, while is not so numerous in luminal tumors [27]. Our
results confirmed the findings related to a low level of p53
protein expression in luminal breast cancer subtypes [15, 27].

Apoptosis plays a critical role in breast tumorogenesis
controlled by Bcl-2 and tumor suppressor protein p53 [13,
15]. To our knowledge, we were the first who investigated a
correlation between apoptotic index and HER-2 and TOP2A4
gene statuses in four different molecular subtypes of breast
cancer. Only in luminal B and HER-2-positive breast cancer
subtypes that apoptotic index positively correlated with HER -
2 gene status, while in triple negative and luminal A breast
cancer subtypes, the HER-2 gene status negatively correlated
with apoptotic index. However, this correlation was not sta-
tistically significant.
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Table 6 Therapy combination in patients from four molecular subtypes of breast cancer

Therapy/molecular subtype Luminal A subtype Luminal B subtype Triple negative subtype HER-2-positive subtype
Endocrine therapy 3 (12.5 %) 3 (11.5 %) 0 0
Chemotherapy 0 2(7.7 %) 2 (13.3 %) 2(22.2 %)
Chemo/endocrine therapy 11 (45.8 %) 9 (34.6 %) 11 (73.4 %) 2(22.2 %)
Chemo/endocrine/radiotherapy 6 (25 %) 2 (7.7 %) 0 0
Chemo/endocrine/Herceptin 0 2(7.7 %) 0 0
Herceptin 0 0 2 (13.3 %) 3 (334 %)
Chemo/radiotherapy 0 2(7.7 %) 0 0
Chemo/Herceptin 0 0 0 2(22.2 %)
Chemo/endocrine/ 0 2 (7.7 %) 0 0
Radiotherapy/Herceptin

Not available 4 (16.7 %) 4 (15.4 %) 0 0

p53 protein expression can be detected early in breast
cancer development and increases during progression [15].
Previous studies have showed an inverse relationship between
Bcl-2 and p53 protein expression in invasive breast cancer
[15]. The study conducted by Bottini et al. showed that Bel-2
protein has inverse correlation with proliferative index, also
positive correlation with p53 protein and steroid receptors
expression in agreement with our results [28]. This is con-
firmed by the fact that the highest level of Bcl-2 protein
expression was detected in luminal A and B breast cancer
subtypes in correlation with triple negative and HER-2-
positive subtypes. This positive association supports a previ-
ously posted hypothesis that positive estrogen and progester-
one receptor status up-regulated Bcl-2 expression which could
decrease apoptosis and proliferation [29].

Luminal breast cancer subtypes, in our study, share some
similar patterns of expression for different biological markers
including steroid receptors, low level of expression for p53
and apoptotic index, proliferative index, and high level of
expression for Bcl-2 protein. Those tumors also have small
size in diameter, negative lymph node status, no metastasis,

in HER-2-positive subtype, HER-2 gene status negatively
correlated with metastatic status. Overall survival period was
prolonged in HER-2 positive, but reduced in triple negative
breast cancer.

The presented results showed that the genetic modification
of TOP24 gene was significantly more individual and inde-
pendent of the modification of HER-2 gene, so TOP2A gene
status should be treated as a separate predictive and prognostic
marker in breast cancer. HER-2 gene status positively corre-
lated with TOP2A gene status and HER-2 receptor expres-
sion, positive lymph node status, and metastatic status, while
negative correlation characterized relationship between HER -
2 gene status and ER, PR, and Bcl-2 expression and tumor
size, which all together indicate a group of patients with
similar outcome during cancer progression.
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