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Abstract: Triple-negative breast cancer (TNBC) is an aggressive histologically-defined cancer with a poor outcome for
patients because there is a lack of targeted treatments. Anthracycline has an anti-tumor effect through binding to its
target molecule, topoisomerase Il alpha (TOP2A), and leads to DNA double-strand breaks. BRCA1 plays a critical role
in repairing these breaks. This study investigated TOP2A and BRCA1 expression in TNBC correlated with disease-
free survival (DFS) or overall survival (0S) in 105 primary TNBC patients treated with adjuvant anthracycline-based
regimens. TOP2A and BRCA1 were evaluated by immunohistochemistry from 105 patients with TNBC in stages T1-
T2, NO-N2 or MO. The DFS and OS rates for TOP2A-positive was significantly higher than TOP2A-negative patients,
while the DFS and OS for BRCA1-negative was significantly increased than BRCA1-positive. The DFS and OS rates
for TOP2A-positive and BRCA1-negative tumors were higher but they were not significantly compared with TOP2A-
positive and BRCAZ1-positive tumors, but they were significantly higher than TOP2A-negative and BRCA1-positive
tumors and TOP2A-negative and BRCA1-negative tumors. The combination of TOP2A-positive and BRCA1-negative
phenotype might represent a favorable response in patients with TNBC who are treated with adjuvant anthracycline-

based regimens.
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Introduction

Triple-negative breast cancer (TNBC) is defined
based on immunohistological criteria and char-
acterized by estrogen receptor (ER), progester-
one receptor (PR) and HER-2 receptor negativi-
ty; it is an aggressive tumor with a poor patient
prognosis [1]. TNBC occurs in approximately
10-17% of all breast cancers. The tumors are
often highly invasive, more frequently affect
younger patients (<50 years) and are signifi-
cantly more aggressive than other subtypes,
although they initially respond well to chemo-
therapy. The aggressiveness is best illustrated
by the fact that the peak risk of recurrence is
within one to three years after diagnosis and
the majority of deaths occur within the first 5
years following therapy [1, 2]. The development
of personal targeted therapy based on molecu-

lar biology markers is the trend in current clini-
calpractice, to identify the ideal treatment for
an individual patient [3]. Because individualized
treatment for TNBC does not currently exist,
this mini-review focuses on discussion of the
potential molecular targets and biomarkers for
predicting the response in TNBC patients treat-
ed with targeted chemotherapy or/and biologi-
cal therapy.

Topoisomerase Il alpha (TOP2A) plays a pivotal
role in DNA metabolism. It is a key enzyme that
catalyzes transient double-strand breaks to
resolve DNA topological problems during tran-
scription, recombination, replication and chro-
mosome partitioning [4, 5].

TOP2A is the target for anthracyclines, chemo-
therapeutic agents that bind and stabilize the
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Figure 1. Effects of TOP2A or BRCA1 expression status of TNBC on the DFS and OS. A. Kaplan-Meier curve repre-
sentation of disease-free survival in TNBC according to TOP2A positive and TOP2A negative. B. Kaplan-Meier curve
representation of overall survival in TNBC according to TOP2A positive and TOP2A negative. C. Kaplan-Meier curve
representation of disease-free survival in TNBC according to BRCA1 positive and BRCA1 negative. D. Kaplan-Meier
curve representation of overall survival in TNBC according to BRCA1 positive and BRCAL negative.

topoisomerase-DNA complex and cause dou-
ble-strand DNA breaks that can lead to apopto-
sis [6]. An in vitro study showed that breast can-
cer cells with the overexpression of TOP2A are
more sensitive to doxorubicin [7]. It has been
reported that overexpression of TOP2A is
observed in 20-62% of breast cancers and the
TOP2A gene amplification in 12-24% of breast
cancers [6, 8-10]. Approximately 79.3% of
TNBC tumors were TOP2A-positive [11]. Anti-
tumor activity of the anthracycline-based regi-
mens was associated with TOP2A overexpres-
sion or TOP2A gene amplification, although the
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opposite results have also been reported [6,
12].

BRCA1 plays an important role in double-strand
DNA repair [13]. It is reasonable to suggest that
the loss of BRCA1 might lead to increased sen-
sitivity of cancers to DNA-damaging agents.
DNA-damaging agents include the following
types of drugs: 1) DNA strand cross-linkers,
including alkylating agents that cause DNA dou-
ble-strand breaks; 2) topoisomerase | and Il
inhibitors, such as etoposide and anthracy-
clines; 3) platinum-based compounds that form

Int J Clin Exp Pathol 2016;9(9):9249-9258



Predictors for chemo response in TNBC

A B
1.0 i 1.0
| WU OPE e
oy 0.5
3 &
- [J
§ 051 g 064 s
o @
3 3
8 04 S 044
e o
= _I TOP2A*BRCA1" _I TOP2A*BRCAL
0.2 I TOP2A'BRCA1* 0.2 ™ TOP2A'BRCA1*
i 0.0
0 % P %0 % 100 I 0 2 0 0 0 1w 120
Time (Month) Time (Month)

Figure 2. Effects of combined TOP2A and BRCA1 expression status of TNBC on the DFS and OS. A. Kaplan-Meier
curve representation of disease-free survival in TNBC according to combined TOP2A positive and BRCA1 negative
compared to combined TOP2A positive and BRCA1 positive. B. Kaplan-Meier curve representation of overall survival
in TNBC according to combined TOP2A positive and BRCA1 negative compared to combined TOP2A positive and

BRCA1 positive.

adducts with DNA; and 4) bleomycin, which
directly damages DNA by inducing double-
strand breaks [14-16]. BRCA1 was recently
shown to be a predictive factor in response to
anthracycline-based regimens. Because anth-
racycline-based treatment induces DNA dou-
ble-strand breaks, it is possible that BRCA1
might modulate the response to anthracycline-
based therapy. It has been reported that BRCA1
overexpression or wild-type BRCA1 caused a
decrease in breast cancer sensitivity to anthra-
cyclines [17]. Therefore, the BRCAL expression
level might influence the cancer sensitivity to
anthracycline-based regimens [17, 18]. As de-
scribed above, it has been postulated that
TOP2A and BRCA1 expression might be associ-
ated with sensitivity to anthracycline-based
regimens and might be potential predictors for
the response to individualized anthracycline
treatment regimens for patients with TNBC.
Thus, we investigated TOP2A and BRCA1
expression simultaneously in TNBC patient tis-
sues, and their relationship with disease-free
survival (DFS) and overall survival (OS).

Materials and methods
Patients
This study was approved by the Institutional

Review Board of the China Medical University,
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according to the Declaration of Helsinki. All par-
ticipations provided written informed consent.

There were 105 patients with TNBC who were
recruited at the First Affiliated Hospital of the
China Medical University between April 2004
and September 2010. The group of 105
patients enrolled into our study met the follow-
ing criteria: (1) invasive ductal breast cancer in
clinical stages T1-T2, NO-N2 or MO; (2) no
expression of ER, PR and HER-2; (3) underwent
radical surgery (mastectomy or breast-conserv-
ing therapy); (4) adjuvant anthracycline-based
chemotherapy (EC or CEF regimens: 60 mg/m?
epirubicin, 50 mg/m? doxorubicin or 50 mg/m?
pirarubicin plus cyclophosphamide or plus
cyclophosphamide plus 5-fluorouracil); (5) pa-
tients with N2 treated with radiotherapy only;
and (6) did not receive endocrine therapy. All
105 patients were followed up for a median of
67.5 months (range, 9-120 months), and during
follow-up, there were 27 patients who relapsed,
6 patients with metastasis and 30 deaths relat-
ed to relapsed or distant metastases. DFS was
defined as the time between surgery and the
date of first appearance of either local recur-
rence, distant metastasis, second primary can-
cer on another organ or death from any cause
during follow-up. Patients known to be alive
with no evidence of disease were censored at

Int J Clin Exp Pathol 2016;9(9):9249-9258
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Figure 3. Immunohistochemical staining of TOP2A and BRCA1.Representative results of immunohistochemical
staining of TOP2A and BRCA1 (200x). A. Nuclear staining of TOP2A-positive (left), TOP2A-negative (right) is seen in
tumor cells. B. Nuclear staining of BRCA1-positive (left), BRCA1-negative (right) is seen in tumor cells.

the last follow-up date. OS was defined as the
time from surgery to death from any cause, and
patients who were alive or lost to follow-up were
censored at the date of their last follow-up visit.

Immunohistochemistry of TOP2A and BRCA1
expression

Surgically excised tumor specimens were fixed
with 10% neutral formalin and embedded in
paraffin, and 4-um-thick sections were pre-
pared. Immunostaining was performed using
the avidin-bioyin-peroxidase complex method
(Ultrasensitive™, MaiXin, Fuzhou, China). The
sections were deparaffinized in xylene, rehy-
drated with graded alcohol, and then boiled in
0.01 M citrate buffer (pH 6.0) for 2 min in an
autoclave. Hydrogen peroxide (0.3%) was
applied to block endogenous peroxide activity
and the sections were incubated with normal
goat serum for 20 min at room temperature to
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reduce nonspecific binding. The samples were
then incubated overnight at 4°C with a mouse
monoclonal anti-Topolla antibody (1:200 dilu-
tion; KiS1, MaiXin, Fuzhou, China) for TOP2A, or
with a mouse monoclonal anti-BRCA1 antibody
(1:70 dilution; Ab-1, MaiXin, Fuzhou, China) for
BRCA1. They were subsequently incubated at
room temperature for 30 min with ABC Kit
(MaiXin, Fuzhou, China) using biotinylated anti-
mouse IgG antibody for BRCA1 and TOP2A.

The nuclei in 50 tumor cells were counted
under a microscope by two independent exam-
iners, and the proportion of stained cells was
recorded.

Staining, using immunohistochemistry (IHC),
was evaluated semi-quantitatively following the
immunoreactive score, as described by Rem-
mele and Stegner [19]. Briefly, optical staining
intensity was graded as O = none, 1 = weak

Int J Clin Exp Pathol 2016;9(9):9249-9258
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Table 1. Relationship between TOP2A or BRCA1 expression and

clinicopathological characteristics in TNBC

ence between TOP2A or BR-
CA1 expression and age, tu-

mor size or nuclear grade sta-

Top2A BRCA1 € or .
Positive Negative Positive Negative tus. Slgnlflce_mtly. higher TO-

Age >50 57 18 19 6 P2A expression is relgted to
<50 37 23 0511 24 36 o04sg  YMPh node metastasis (P =

) 0.040). The relationship bet-

Tumor size T1 28 12 16 24 ween TOP2A or BRCAL exp-
T2 33 26 25 34 ression and DFS or OS in 105

T3 3 3 0316 2 4 0.901 TNBC patients is shown in

Lymph node No 31 12 17 26 Table 2 and Figure 1. DFS and
metastasis  yes 33 29 0.04 26 36 0.483 0S were significantly improved
Nuclear Il 60 39 42 57 in  TOP2A-positive patients
grade 11l 4 2 0.565 1 5 0.211 compared with TOP2A-nega-

Table 2. Relationship between TOP2A or BRCA1 expression and
DFS, 0S in TNBC treated with Anthracycline-based regimens

tive patients (P = 0.001). The
DFS and OS in BRCA1-nega-
tive patients was significantly
increased compared with

TOP2A

BRCA1 BRCA1-positive patients (P =

DFS P 0S P DFS

0S P 0.03 and P = 0.018, respec-

Positive 81.00% 0.001 79.70% 0.001 52.80% 0.03 51.70% 0.018

Negative 47.20% 49.80% 79%

tively). Multivariate analysis of
79% TOP2A and BRCA1 expression

staining, 2 = moderate staining and 3 = strong
staining. The score was multiplied by the per-
centage of positively-stained cells (O = no stain-
ing; 1, <10% of cells stained; 2, 11-50% of cells
stained; 3, 51-80% of cells stained; and 4,
>81% cells stained). In this study, 11.9% was
used as the cut-off value (median value) for
TOP2A, and 10% was used as the cut-off value
for BRCA1.

Statistical analysis

All analysis was performed using SPSS version
20.0 (IBM SPSS Statistics). Categorical data
are presented as numbers and the correspond-
ing percentage, while continuous data are pre-
sented as the median and range values.
Univariate analysis was performed using the
Chi-squared test followed by a multivariable
logistic regression analysis. DFS and OS were
estimated using the Kaplan-Meier method and
Cox regression analysis. A P value of 0.05 or
less was considered to be significant.

Results

The expression of TOP2A and BRCA1 in
Immunohistochemical staining are shown in
Figure 3. The relationship between TOP2A or
BRCA1 expression, and clinical parameters and
status is shown in Table 1. There was no differ-
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was adjusted for age, tumor
size, lymph node metastasis
and nuclear grade, and showed that TOP2A
expression was a significant factor in patients
with TNBC, which was associated with DFS and
independent of the other factors (HR = 0.318,
95% ClI, 0.131-0.769; P = 0.011) in Table 3. In
addition, multivariate analysis showed that
lymph node metastasis status was an indepen-
dent predictive factor for DFS, and nuclear
grade status was an independent predictive
factor for DFS and OS in TNBC (Table 3). Results
of the combined analysis of TOP2A and BRCA1
expression are shown in Table 4 and Figure 2.
The DFS and OS rates for TOP2A-positive and
BRCA1l-negative tumors (85% and 84.3%,
respectively) were higher but they were not sig-
nificantly compared with TOP2A-positive and
BRCA1-positive tumors (62.5% and 57.3%, P =
0.174 and P = 0.141, respectively), but they
were significantly higher than TOP2A-negative
and BRCA1-positive tumors (48.8% and 48.6%,
P = 0.002 and P = 0.001, respectively) and
TOP2A-negative and BRCA1-negative tumors
(50% and 58.3%, P = 0.004 and P = 0.015, re-
spectively). The 3-year DFS and OS rates for
patients with TOP2A-positive and BRCA1-
negative tumors (91.8 % and 92%) was similar
to that for TOP2A positive and BRCA1 positive
tumors (92.9% and 92.9%, P = 0.5). The 5-year
DFS and OS rates for TOP2A-positive and
BRCA1-negative tumors (85% and 84.3%), how-

Int J Clin Exp Pathol 2016;9(9):9249-9258
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Table 3. Multivariate Cox regression analysis on DFS and OS in 105 TNBC treated with Anthracycline-

based regimens

0S
HR 95% ClI P HR 95% Cl P

Age >50 1 0.904 1 0.614
<50 1.047  0.494-2.219 1.215 0.570-2.588

Tumor Size >2.cm 1 0.146 1 0.199
<2cm 0.545  0.241-1.236 0.580 0.253-1.332

Lymph nodes metastasis  No 1 0.033 1 0.101
Yes 2.56 1.077-6.087 1.994 0.874-4.551

Nuclear Grade I 1 0.001 1 0.001
Il 0.047 0.013-0.176 0.128 0.036-0.453

TOP2A Status Negative 1 0.011 1 0.062
Positive 0.318 0.131-0.769 0.441 0.186-1.044

BRCA1 Status Negative 1 0.472 1 0.161
Positive 1.393 0.564-3.442 1.913 0.772-4.738

Table 4. Relationship between combined
TOP2A or BRCA1 expression and DFS, OS in
TNBC treated with Anthracycline-based regj-
mens

Top2A BRCA1 DFS P 0S P

Positive Negative 85% 84.30%

Positive  Positive 62.50% 0.174 57.30% 0.141
Negative Positive 48.80% 0.002 48.60% 0.001
Negative Negative 50% 0.004 58.30% 0.015

ever, were significantly higher than TOP2A-
positive and BRCAZ1-positive tumors (62.5%
and 57.3%, P<0.001).

Discussion

TNBC are associated with aggressive tumors
and a poor patient prognosis. There are cur-
rently no specific predictors for targeted treat-
ment of these tumors [20]. TOP2A is a target
molecule of the anthracyclines [21, 22], and it
has been speculated that TOP2A status could
predict the tumor’s sensitivity to anthracycline-
based therapy in patients with TNBC. Our study
showed a significantly longer DFS for patients
with TOP2A-positive tumors than for those with
TOP2A-negative tumors. This might indicate a
significant association between TOP2A posi-
tivity and a preferable outcome, and a favor-
able prognosis in patients with TNBC who are
treated with anthracycline-based regimens.
Recently, TOP2A as a predictive factor for an-
thracycline-based regimens has been studied.
In our study, multivariate analysis revealed
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TOP2A expression as an independent prognos-
tic factor for anthracycline-based adjuvant che-
motherapy in TNBC. Knoop et al. reported that
patients with a TOP2A gene amplification
showed an enhanced recurrence-free survival
when treated with CEF or CMF (cyclophospha-
mide plus methotrexate plus 5-fluorouracil), but
not in patients with normal TOP2A gene [6]. A
similar finding was also reported by Tanner et
al., who detected a better relapse-free survival
for patients with TOP2A gene amplification who
were treated with a tailored and dose-escalat-
ed CEF regimen compared with those treated
with low-dose CEF followed by CTCb (cyclop-
hosphamide, thiotepa and carboplatin) [12].
Recent reports have shown that TOP2A overex-
pression is significantly associated with a high-
er pathological complete response (pCR) rate
and favorable DFS in patients treated with
anthracycline-based regimens [8, 9, 23, 24].
Data suggested that TOP2A overexpression or
TOP2A gene amplification might be a predictive
marker of sensitivity to anthracycline-based
regimens [8]. In contrast to HER2, TOP2A gene
levels do not correlate with protein levels [23,
25, 26], because of the multifactorial complex-
ity in the TOP2A translation pathway and the
transcriptional regulatory role of proliferation
signals [27]. Moreover whether TOP2A overex-
pression determined by immunohistochemistry
or TOP2A gene amplification determined by
FISH might be more closely associated with
response to the anthracycline-based treatment
for patients, some authors found a stronger
association for TOP2A overexpression, because

Int J Clin Exp Pathol 2016;9(9):9249-9258
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the drug target is TOP2A protein, but not its
gene or RNA [27, 28]. TOP2A is a key enzyme
during cell division and it is most strongly
expressed in the S and G2/M phases [29].
TOP2A-positive tumors are thought to have a
higher rate of proliferation and a higher propor-
tion of cells in the S or G2/M phases than
TOP2A-negative tumors. Thus, it seems reason-
able to suggest that TOP2A-positive tumors are
more likely to have a mitotic score of Ill or to be
ER-negative because both types of tumors are
highly proliferative. High levels of TOP2A mRNA
and protein expression were recently observed
in TNBC [30, 31]. Our study found that 64 of
105 TNBC was TOP2A-positive, the proportion
of TOP2A-positive cells in patients with TNBC
was approximately 61%.

The TOP2A gene is located on 17921-22, close
to the HER2 gene. Therefore, some authors
suggest that the TOP2A gene amplification is
relevant to HER2 gene amplification [32].
Current results are also in agreement with the
majority of published research, which showed
40-50% co-amplification [28, 33-35]. Previous
studies reported that the association between
HER2 expression and sensitivity to anthracy-
cline-based regimens might be an indirect
association that is mediated through TOP2A
[36, 37].

In addition to the importance of TOP2A as a
predictive factor for a favorable prognosis in
patients treated with anthracycline-based regi-
mens, we also investigated the influence of
BRCA1 expression on predicting the response
to anthracycline-based regimens in patients
with TNBC. Most TNBC and basal-like cancers
overlap [38], and basal-like cancers usually
carry the BRCA1 mutation, leading to a defi-
ciency in BRCA1 expression [39-41]. The loss
of BRCA1 expression is frequently recognized
in both types of tumors, resulting in a lack of
the repair function for DNA double-strand
breaks and thus leading to apoptosis. In addi-
tion, it was found that an adjuvant or neo-adju-
vant anthracyclin-based treatment improves
the prognosis and enhances the pCR rate of
patients carrying BRCA1 mutations [42]. An in
vitro study showed that a mouse cell line that
was deficient in BRCAL1 was highly sensitive to
doxorubicin, and that induction of wild-type
BRCA1 resulted in a reduced level of apoptotic
cell death after treatment with this agent [43].
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In this study, the proportion of BRCA1 loss was
around 59% in TNBC. The loss of BRCA1 expres-
sion alone was significantly associated with a
favorable prognosis and longer DFS and OS. In
a combined analysis of TOP2A and BRCA1
expression, the TOP2A positive and BRCA1
negative tumors showed a significantly longer
DFS and OS compared with other TOP2A and
BRCA1 combination groups. Moreover, the
TOP2A-positive and BRCA1-negative pheno-
type also has a higher rate of DFS and OS
(85.00% and 84.30%) than TOP2A-positive
tumors alone (81.00% and 79.70%) and the
BRCA1-negative tumors alone (52.80% and
51.70%). These results suggest that BRCAL
plays a role in double-strand DNA repair, thus
modulating sensitivity to anthracycline-based
regimens in patients with TNBC. However, the
exact reason why loss of BRCA1 expression
confers sensitivity to anthracycline-based regi-
mens remains unknown. We speculated that
DNA double-strand breaks that result from
anthracycline-based regimens are less likely to
be repaired in tumor cells that are defective in
BRCA1 expression, resulting in cell cycle arrest
and apoptosis. Thus, combined analysis of
TOP2A and BRCA1 expression may be benefi-
cial for predicting the response to anthracy-
cline-based regimens in patients with TNBC.

In conclusion, our study suggests that a TOP2A-
positive and BRCAZ1-negative phenotype in
patients with TNBC might be used to predict of
an increased sensitivity to anthracycline-based
regimens, and might be related to a longer sur-
vival time and a more favorable prognosis.
Combined TOP2A and BRCA1 expression,
assessed by IHC, might be useful for the pre-
dicting the response to anthracycline-based
therapy in patients with TNBC. Although a
TOP2A-positive and BRCA1-negative pheno-
type in patients with TNBC is generally consid-
ered to be a biological aggressive subtype,
leading to a high recurrence rate, our findings
might indicate that OS and DFS could be pro-
longed and a better prognosis could be ac-
hieved if the patient was appropriately treated
using anthracycline-based regimens. In addi-
tion, use of TOP2A expression as an indepen-
dent predictive biomarker for anthracycline-
based chemotherapy needs to be verified using
a larger number of patients with TNBC. In the
present study, the dose of anthracyclines was
lower than the standard treatment. However,

Int J Clin Exp Pathol 2016;9(9):9249-9258
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an association between biomarkers and the
response to anthracycline-based regimens was
observed in patients with TNBC. This different
observation might be obtained if patients were
treated with a standard dose of anthracycline-
based regimens. Further studies are needed in
a larger number of patients with TNBC and
treated with higher dose of anthracycline-ba-
sed regimens.
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