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Abstract— Anthracycline is commonly used in neoadjuvant chemotherapy for breast cancer, although not 

all patients benefit from the therapy. Studies suggest that expression of TOP2A associated with Anthracycline 

sensitivity. Purpose: To know the relationship between the profile of baseline TOP2A mRNA expression and 

chemotherapy response in locally advanced breast cancer. An observational study, thirty breast cancer tissue 

samples pre-chemotherapy treated using cyclophosphamide-doxorubicin-5fluorouracyl regiment. Detection 

of TOP2A mRNA expression using qRT-PCR techniques. Clinical response to neoadjuvant chemotherapy 

based on RECIST criteria. The mean value of TOP2A mRNA expression in breast cancer patient’s pre-

chemotherapy was 9.753±2.755, range 4.470–13.810.  The mean value of TOP2A mRNA expression in 

breast cancer patients which responsive to chemotherapy, was 10.601±2.208. The mean value of TOP2A 

mRNA expression in breast cancer patients, which nonresponsive to chemotherapy, was 6.969±2.648. Mean 

difference was 3.632, significant with p-value =0.001(p<0.05).  There is a positive correlation between 

TOP2A mRNA expression with the clinical response with a value of r =0.475; this correlation was significant 

with p-value=0.004 (p<0.05). This study found a correlation between the profile of baseline TOP2A mRNA 

expression with clinical response to neoadjuvant chemotherapy in breast cancer. 
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1. INTRODUCTION 

Breast cancer is the most commonly diagnosed cancer among women worldwide, with an incidence of 

2,088,849 and a mortality rate of 626,679  in 2018[1]. The prevalence of breast cancer in Indonesia 58,256 

(16.7%) and death rate 22,692 in 2018, with the majority of cases diagnosed in advanced stages [2, 3]. 

Chemotherapy plays an essential role in the treatment of advanced breast cancer [4], through the induction of 

tumor cell death and reduction of tumor mass, However, the effectiveness of chemotherapy is limited by drug 

toxicity and inhibited by chemoresistance [5].  

 

Anthracycline is widely used as neoadjuvant chemotherapy for breast cancer. However, not all patients 

benefit from Anthracycline chemotherapy due to chemoresistance [6, 7].  Therefore, a predictive marker is 

needed to avoid the toxic effects of chemotherapy drugs [7, 8] 

 

Several studies have shown that TOP2A expression is related to chemotherapy response in breast cancer [11-
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13]. The TOP2A gene codes for the enzyme topoisomerase IIα, an enzyme that catalyzes the opening and 

integration of the DNA double-strand, maintain proper DNA topology by introducing double-strand breaks 

to relieve the tension created by processes like DNA replication [9].   Expression of TOP2A peaks during G2 

and mitosis. This pattern of expression supports a role for TOP2A in relaxing the positive supercoiling that 

develops as the replication fork advances during the S phase and in mitotic events, such as chromosome 

decatenation, and kinetochore and centromere function (9). Anthracycline bind and stabilize the 

topoisomerase IIα release of double-stranded DNA, causing cessation of the cell cycle and apoptosis [9, 10].   

Despite the current knowledge, data concerning the predictive role of the TOP2A gene or protein status is 

still inconclusive due to the different methods and study designs used and the retrospective nature of most 

analyses. This study aimed to investigate whether  TOP2A mRNA expression pre-chemotherapy is related to 

chemotherapy response in breast cancer.  

 

2. Materials and Methods 

 

2.1 Subjects 

This research was carried out in the surgical oncology division of the Wahidin Sudiro Husodo Hospital from 

August 2015 to November 2016.  Breast cancer female patients were asked to participate and were included 

upon the provision of written consent. Inclusion criteria were the presence of invasive ductal carcinoma as 

determined through histopathology. Patients that have experienced prior chemotherapy, targeting, or 

hormonal therapy excluded.  

 

After enrollment, the subject checked for TOP2A mRNA expression. All subjects received a standard 

chemotherapy regimen of cyclophosphamide (500 mg/m2), doxorubicin (50 mg/m2) and 5fluorouracyl (500 

mg/m2) on day 1 (FAC). Three cycles of neoadjuvant chemotherapy were delivered every three weeks with 

filgrastim support. The clinical response was classified according to the RECIST criteria [14].  The tumor 

characteristics were determined with standardized methods.  

 

2.2 Isolation of Ribonucleic acid 

RNA extraction from the cancer tissue was performed using the diatom guanidinium isothiocyanate (GuSCN) 

method, as described by Boom et al. [15, 16]. 

 

2.3 Expression of mRNA TOP2A Genes by Real-Time PCR 

Detection of mRNA expression of TOP2A was performed using real-time polymerase chain reaction (PCR) 

method. The primers used include TOP2A forward: 5’- CATTGAAGACGCTTCGTTATGG -3’ and TOP2A 

reverse: 5’- CCAGTTGTGATGGATAAAATTAATCAG-3’.  RT-PCR reaction was performed essentially 

as Cycle RT PCR for TOP2A was 94oC for 3 minutes; 94oC for 30 seconds 38 cycles, and the next step is 

PCR: 51oC for 30 seconds; 72oC for 30 seconds. Also, specific primers of GAPD were used GAPDH 

forward: 5’-TGTGGTTCCTGCATGAAGACA-3’ and GAPDH reverse: 5’-

GTGACAGCGGAAGTGGTATTGTAC-3’ [7]. One-Step Quantitative RT-PCR System according to the 

manufacturer’s instructions.  Real-time PCR was performed using gene expression assays (TaqMan; Applied 

Biosystems, Foster City, CA) and a PCR system (ABI PRISM 7900HT Fast Real-Time PCR System; Applied 

Biosystems). Each sample was measured in triplicates [7, 17, 18].  

 

2.4 Data Analysis 

Subject characteristics were analyzed using SPSS software. Data analysis of TOP2A mRNA expression used 

the Wilcoxon test to see the correlation using the Pearson and Spearman tests. A p-value of <0.05 was 
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considered statistically significant.  

 

2.5. Ethical Clearance 

This study obtained ethical approval from the Commission for Research Ethics, Medical Faculty, Universitas 

Hasanuddin, Makassar, Indonesia (Ethics Registration Number: UH15060492).  

 

3. Results 

3.1. Subject Characteristics 

The characteristics of the subjects shown in Table 1. Of the 30 subjects enrolled, all presented with clinical 

stage III A and III B at the time of initial diagnosis. The youngest of the subject was 28 years, and the oldest 

was 64 years old. Analysis of the age and clinical response to chemotherapy between age ≤50 years and >50 

years showed no statistically significant association with (p=0.581). Mean tumor size prechemotherapy was 

10.2 cm (range, 5 –23 cm), Mean tumor size post-chemotherapy was 5.4 cm (range, 2 –12 cm), and all 

underwent modified radical mastectomy surgery. Histopathologic grading as of Nottingham criteria was low 

grade 6.7%, moderate grade 63.3%, and high grade 30%. Analysis of grade and clinical response to 

chemotherapy showed no statistical significance (p=0.408).    Immunohistochemistry examination obtained 

Estrogen Receptor (ER)+ 26.7%, Progesterone Receptor (PR)+ 36.6% and Human epidermal growth factor 

receptor (Her2) + 56.6%. Analysis of the relationship between hormone receptor with chemotherapy response 

showed no statistical significance, ER p-value=0.060, PR p-value=0.515, and HER2 p-value=0.340. A 

majority of subjects (76.7%) were responsive towards neoadjuvant chemotherapy, while the remaining 23.3% 

were nonresponsive.  

Table 1. Clinicopathology feature and relation with clinical response 

Clinicopathology   n (%) P 

Age  0.581 

≤ 50 14 (46.7%)  

> 50 16 (53.3%)  

Grade  0.408 

Low Grade 2 (6.7%)  

Moderate Grade 19 (63.3%)  

High Grade 9 (30 %)  

Immunohistochemistry   

ER 8 (26.7%) 0.060 

PR 11 (36.6%) 0.515 

HER2 17 (56.6%) 0.340 

Tumor Size   

Pre-chemotherapy 23 (76.7%)  

Post-chemotherapy 7 (23.3%)  

p=chi square 

Amplification curve of mRNA expression of TOP2A using qRT-PCR, as shown in figure 1-2. 
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Figure 1-2. Amplification curve of mRNA expression of TOP2A using qRT-PCR. 

3.2. Relation of TOP2A mRNA expression with clinical response 

After performing mRNA expression analysis using RT PCR, we first compared mRNA between clinical 

responsive and Nonresponsive to assessed the correlation between the mRNA expression and clinical 

responsiveness to chemotherapy. As shown in Table 2, the mRNA expression level in the responsive group 

was 10.601±2.208, while in the nonresponsive group was 6.969±2.648. The difference in the mRNA level 

was statistically significant with p = 0.001. A Box Plot Graph of mRNA expression of TOP2A and 

chemotherapy responsiveness is shown in Figure 3, showing lower TOP2A mRNA expression in 

nonresponsive groups. 

Table 2. Comparison expression of mRNA TOP2A pre-chemotherapy with clinical response 

 

mRNA Expression 

Responsive 

(Mean±SD) 

(n=23) 

Non Responsive 

(Mean±SD)  

(n=7) 

 

Mean difference 

 

p* 

TOP2A 10.601±2.208 6.969±2.648 3.632 0.001 

p = * Wilcoxon test 

 

Figure 3. Box Plot Graph of mRNA expression of TOP2A and chemotherapy responsiveness.  
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Table 3. Correlations of TOP2A mRNA expression pre-chemotherapy and clinical response 

    
mRNA Expression 

(Mean±SD) 

Correlation with 

Clinical response (r) 
P* 

mRNA TOP2A  9.753±2.755   0.475 0.004 

       p = * Pearson test 

 

Next, we sought to assess the correlation between the TOP2A expression level with clinical responsiveness. 

This study showed a positive correlation between TOP2A mRNA expression level with the clinical response 

with a value of r = 0.475; this correlation was significant with p = 0.004 (table 3).  

 

4. Discussion 

This study showed that there was an insignificant relationship between age, grade, and immunohistochemistry 

profiles with clinical chemotherapy response. Previous research also mentioned no correlation between age 

and complete pathological response [19, 20]. This study found a correlation between TOP2A mRNA 

expression prechemotherapy with clinical chemotherapy response.  Topoisomerase is the primary target of 

Anthracycline-based chemotherapy as doxorubicin and epirubicin, which are also called topoisomerase 

inhibitors [10, 21, 22]. TOP2A expression associated with higher sensitivity to a substance that works on the 

enzyme topoisomerase, for example, Anthracycline [22]. TOP2A protein expression was found to be an 

independent predictor of complete pathological response after neoadjuvant docetaxel-epirubicin 

chemotherapy, and the probability of complete pathological response increased by almost 50% with every 

10% increase in the TOP2A-positive tumor cells [23]. Several previous studies also indicate that adjuvant 

therapy is containing Anthracycline more effective in patients whose tumors experienced TOP2A 

amplification [24-26].  Other studies have shown that TOP2A gene deletion may also increase the sensitivity 

of breast cancer against Anthracycline [12].  Survey of 352 patients with breast carcinoma given epirubicin 

chemotherapy, TOP2A expression examined with immunohistochemical methods, FISH and qPCR. The 

results showed that the TOP2A mRNA expression and TopoIIa protein expression very related to each other.  

Some studies also mentioned that TopoIIa protein expression correlated well with TOP2A mRNA expression 

[27, 28].  High TOP2A mRNA expression was an independent prognostic factor adversely for Overall survival 

[7].  Investigation of topoIIα protein expression in 99 primary tumors and residual tumor in locally advanced 

breast cancer treated with anthracycline-based neoadjuvant chemotherapy, Co-expression of HER-2 / Topo 

IIα found to be significantly correlated with clinical response to chemotherapy. The researchers concluded 

TopoIIα expression, together with HER-2, may help to select patients who could benefit from anthracycline-

based neoadjuvant chemotherapy and identify the risk of disease recurrence or death is higher [11].  Studies 

reported the TOP2A protein expression and HER2 in conjunction with a predictive for response to 

anthracycline-based chemotherapy in breast cancer. TOP2A gene amplification is also associated with 

anthracycline-based neoadjuvant chemotherapy sensitivity, and TOP2A should be included as a predictive 

marker in breast cancer [13]. Other Study examined the TOP2A mRNA expression in breast cancer using 

real-time polymerase chain reaction (RT-PCR), conclude that TOP2A expression in triple negative breast 

cancer patients more responsive to antiangiogenic therapy and antimetastatic[29]. 

 

5. Conclusion 

There is a significant correlation between TOP2A mRNA expression with clinical response to neoadjuvant 

chemotherapy in breast cancer.  Our findings suggest that TOP2A mRNA expression is a useful tool for the 
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estimation of the sensitivity of breast cancer to anthracycline-based chemotherapy. 
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