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Abstract : The most common cancer among women globally is breast cancer with incidence rate highest in Asia and Europe and is 

the most common cancer maladies in women of India. Apoptosis is central to maintaining cellular homeostasis but a defect in its 

machinery or unwarranted expression can lead to cellular mayhem. Evasion of cancer and aberrant expression of anti-apoptotic 
factors are critical hallmarks of cancer. Bcl-2 family members are anti-apoptotic and contributes significantly to breast cancer 

survival and treatment resistance. Primary breast tumor tissues and adjacent normal breast samples were obtained from 100 breast 

cancer patients undergoing surgery at Regional Cancer Centre, Thiruvananthapuram, Kerala, India. A slightly enhanced expression 

of Bcl-2 at the mRNA level was observed in tumor samples compared to normal breast samples. Conversely, the protein expression 

of Bcl-2 and its family members such as Bcl-xL and Mcl-1 showed a drastic increase in tumor samples. Immunohistochemistry 

analyses revealed a strong cytoplasmic expression of Bcl-2 in tumor tissues whereas Bcl-xL and Mcl-1 mostly showed moderate 

cytoplasmic immunostaining pattern. We observed that only 10% of the normal samples showed strong cytoplasmic staining for 

Bcl-2 whereas weak cytoplasmic expression for Bcl-xL and Mcl-1 was observed in majority of the normal samples. Spearman 

correlation analyses revealed a strong association of Bcl-2 with Bcl-xL and Mcl-1 in tumor samples and normal tissues. The protein 

expression of Bcl-xL showed robust association with clinicopathological features of breast cancer patients such as tumor size and 

parity and significant association between Bcl-2 and menopausal status. This study indicates that development of inhibitors against 

Bcl-2 family members may improve the treatment outcome of breast cancer patients. 
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1. Introduction 

 
The World Health Organization (WHO) reported that in 2022, 2.3 million women were diagnosed with breast cancer leading to 

670,000 deaths globally. Breast cancer is a heterogeneous and multifaceted disease whose intricate pathogenesis has led to many 

challenges in its treatment regime. Apoptosis is a key regulator of cellular homeostasis. In normal breast cells there is an equilibrium 

between cell proliferation and apoptosis [1]. Upregulation of anti-apoptotic proteins is associated with cancer progression and 

resistance to treatment modalities. B-cell Lymphoma 2 (Bcl-2) is a crucial regulator of apoptosis. Its capacity to inhibit apoptosis 

and promote tumor progression has adversely affected disease prognosis. It is therefore necessary to unravel the molecular 

underpinnings of Bcl-2 and its family members in breast cancer. Bcl-2 can be used to evaluate the risk of disease free survival. This 

study is aimed to determine the mRNA and protein expression levels of Bcl-2 and its family members B-cell lymphoma-extra large 

(Bcl-xL) and Myeloid Cell Leukemia-1 (Mcl-1) in breast tumor tissues and in its adjacent normal tissues. We have further correlated 

the expression of Bcl-2, Mcl-1 and Bcl-xL with the breast cancer patient’s clinicopathological features. The over expression of Bcl-

2 and its family members in breast tumor samples and the retrospective studies demonstrate that targeting Bcl-2 can lead to better 

treatment and survival of patients with breast cancer. 

 

2. Materials and Methods 

 

Patient Cohort and Tissue samples  
Breast tumor samples and adjacent normal breast tissues were collected from a cohort of 100 breast cancer patients who were 

previously untreated and undergoing primary surgery for breast cancer at Regional Cancer Centre, Thiruvananthapuram, Kerala, 

India. Of the 100 breast tumor and adjacent normal breast samples collected, 82 tumor samples and 20 normal samples were 
subjected to mRNA analysis while 66 tumor samples and 10 normal samples were used for protein analysis. The rest of the breast 

tumor samples and adjacent normal samples were confirmed by pathologist as fibroadipose tissue and therefore could not be 

included in the study. An informed consent was obtained from each breast cancer patient and this particular study was recognized 

by the Regional Cancer Centre Review Board and Human Ethical Committee. The patient details and clinicopathological features 
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were obtained from their medical records maintained by the hospital. For mRNA analysis, the breast samples were collected in 

RNAlater while for western blot analysis, samples were collected in phosphate buffered saline (PBS). For immunohistochemistry, 

tissues were fixed in 10% buffered formalin. 

 

2.1 mRNA Analysis 
 

The mRNA expression of Bcl-2 was observed in breast cancer tissues and in normal breast samples using RT-PCR. The integrity 

of mRNA was checked by agarose gel electrophoresis. 2 μg of total RNA was reverse transcribed to cDNA at 42°C for 1 h in a 25 

μl reaction mix. PCR amplification was performed in a 20 μl reaction mix containing 0.2 μl Taq DNA polymerase in a 5x reaction 
buffer containing 1.2 μl dNTP mix and specific primers for Bcl-2. The amplified products was resolved on 1.2% agarose gel 

impregnated with ethidium bromide. The bands were visualized under a UV illuminator and photographs were taken using gel 

documentation and analysis system. For clinical study, the band width was quantified using ImageJ 1.47, USA. 

 

2.2 Immunohistochemistry 

 
Four μm thick sections of formalin fixed, paraffin-embedded breast tissues and adjacent normal breast samples were first subjected 

to Haematoxylin and Eosin staining (H&E staining) to confirm whether they were tumor and normal samples and to ensure that the 

number of tumor and normal cells were sufficient for IHC analysis. IHC analysis was carried out using standard procedures. Serial 

sections of breast tumor tissues and adjacent normal breast tissues were deparaffinized in xylene and hydrated through graded 

alcohol. Endogenous peroxidase activity was blocked using 0.3% H2O2 in methanol for 30 min. These sections were then subjected 

to antigen retrieval by boiling in 10 mM citrate buffer (pH 6.0) for 15 minutes. The slides were then cooled and non-specific binding 

sites were blocked by incubating with 3% bovine serum albumin (BSA) for 20 minutes in a humidified chamber at room 

temperature. The sections were then incubated overnight at 4°C with primary antibodies specific for Bcl-2 (1:400; Santa Cruz 

Biotechnology), Bcl-xL (1:150; Santa Cruz Biotechnology) and Mcl-1 (1:400; Santa Cruz Biotechnology). Negative controls were 

performed by substituting the primary antibody with 1% BSA in PBS. The bounded primary antibody was detected by addition of 

secondary antibody conjugated with horseradish peroxidase polymer (HRP) and diaminobenzidine (DAB) substrate using Super 
Sensitive Polymer HRP Detection System. The sections were then counterstained with haematoxylin, dehydrated through graded 

alcohol, cleared in xylene and were mounted using DPX mountant. Scoring of immunostaining of cytoplasm was evaluated. The 

cytoplasmic staining was graded as weak, moderate and strong based on the intensity of staining. 

 

2.3 Statistical Analysis 

 

All statistical analysis was performed using SPSS software 17.0 (SPSS Inc. Chigago, USA). Student’s t-test was used for comparing 

the difference between groups. Association between various markers were studied using Spearman’s correlation. Survival analysis 

was performed using Kaplan Meier method. P<0.05 was considered statistically significant.             

 

3. Results and Discussion 

3.1 mRNA Analysis 
The mRNA expression levels of Bcl-2 was analyzed in 92 breast tumor samples and 20 normal breast tissues. The Bcl-2 expression 

in breast tumor samples was 90% compared to 80% in normal samples (Figure 1). In the present study, there was no significant 

difference between the mRNA level expression of Bcl-2 in breast tumor and normal breast samples. The high expression of Bcl-2 

in normal breast epithelium adjacent to the tumor suggests that Bcl-2 expression protects normal breast epithelium from undergoing 
apoptosis and increases their proliferation [2]. Bcl-2 has the capacity to block apoptosis and this can contribute towards aggressive 

tumors. Bcl-2 gene is located on chromosome 18 and its genetic alteration can lead to pathogenesis and chemoresistance [3]. 

Figure 1: Frequency of Bcl-2 mRNA expression in breast tumor and normal samples 
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3.2 Protein Analysis 

 
The expression of Bcl-2 and its family members such as Bcl-xL and Mcl-1 proteins were analyzed in 55 breast tumor and 10 normal 

breast tissues. Immunohistochemistry (IHC) analyses revealed a slight increase in Bcl-2 protein expression (96%) and a robust 

increase in protein expression levels of Bcl-xL (96%) and Mcl-1 (89%) in tumor samples. 80% of the normal samples expressed 

Bcl-2 proteins while the expression of Bcl-xL and Mcl-1 was 60% each in normal samples (Figure 2). The high number of tumor 

samples being positive for Bcl-2 and its family members suggest a tendency of cancer cells to curb apoptosis resulting in cancer 

cell proliferation. Lee et. al. described a model whereby a threshold level of pro-survival proteins must be antagonized to unleash 

sufficient pro-apoptotic molecules to activate apoptosis [4]. Excess pro-survival proteins act as potential ‘sinks’ for released pro-

apoptotic molecules, thereby, the need to inhibit multiple pro-survival proteins for potent killing in some tumors. BCL-xL and 

MCL-1 are the critical guardians of BAK, while a wider complement of pro-survival proteins, including BCL-2 itself, restrain BAX 

[5]. Bcl-2 can also form heterodimer with BAX and regulate calcium concentration, antioxidant effect and inhibit caspases-9, 3, 6 

and 7, thereby prolonging survival time of tumor cells and causing malignant transformation of cells [6] 

Figure 2: Frequencies of Bcl-2, Bcl-xL and Mcl-1  protein expression in breast tumor and normal samples  

 

The analysis of immunohistochemical staining pattern revealed cytoplasmic staining for Bcl-2, Bcl-xL and Mcl-1.  (Figure 3). Only 

10% of the normal samples showed strong cytoplasmic staining for Bcl-2 whereas strong cytoplasmic expression for Bcl-xL and 

Mcl-1 was not observed in any of the normal samples (Figure 4). Bcl-2 exhibited strong cytoplasmic expression whereas Bcl-xL 

and Mcl-1 mostly showed moderate cytoplasmic immunostaining pattern in tumor tissues (Figure 5). Our results reconciled with 

the study of Jiong et al., in which the immunohistochemical staining pattern for Bcl-2 and its family members showed characteristic 

cellular localization in the cytoplasm of cancer cells [7]. Bcl-2 family proteins were originally identified as key regulators of 

apoptosis and an impressive body of evidence has shown that pro-survival members of the Bcl-2 family, including Bcl-2, Bcl-xL 
and Bcl-w, can also promote cell migration, invasion, and cancer metastasis [8]. 

 

20 breast tumor samples and 5 normal breast tissues were analyzed by western blotting to confirm the level of protein expression 

of Bcl-2, Bcl-xL and Mcl-1 in breast tumor samples and normal breast tissues. Deregulated expression of Bcl-xL and Mcl-1 was 

observed in normal breast tissues. Conversely, Bcl-2 demonstrated not much difference in expression between normal and tumor 

breast  tissues control (Figure 6). Quantitative analyses of bands were carried out  using ImageJ software.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 3: Protein expression levels of Bcl-2, Bcl-xL and Mcl-1 in breast tumor and normal breast samples. A, C and E represents 

immunolocalization of Bcl-2, Bcl-xL and Mcl-1 in breast tumor samples respectively (inset picture is enlarged image of 
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immunostaining of tumour tissue). B, D and F indicates immunostaining of Bcl-2, Bcl-xL and Mcl-1 in normal tissues respectively. 

1, 2 and 3 represents Haematoxylin and Eosin (H&E) staining of tumor samples. Image magnifications are 400x. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figures 6: Western blot analysis of anti-apoptotic proteins, Bcl-2, Bcl-xL and Mcl-1 protein expression levels in normal breast                      

tissues (N) and breast tumor samples (T) (M- Protein molecular weight marker) 

 

  

In the present study, IHC analysis and Western blotting demonstrated an enhanced expression of Bcl-xL and Mcl-1 proteins. 

Conversely, the number of tumor samples expressing Bcl-2 protein did not show much difference compared to normal breast tissues. 

However, IHC analysis revealed a strong cytoplasmic immunostaining for Bcl-2 and moderate immunostaining for Bcl-xL and 
Mcl-1 in tumor samples. In most normal cells, multiple prosurvival Bcl-2 proteins act to maintain their survival by preventing the 

activation of the cell death effectors BAX and BAK. Cellular stresses upregulate the BH3-only proteins that act by binding to BCL2 

or its prosurvival relatives (MCL1, BCLxL, BCLw, BCL2A1) [9]. Small Cell Lung Cancer (SCLC) shows high inter and intra 

tumoral heterogeneity which is primarily responsible for the reduced therapeutic efficacy and resistance and this is attributed to an 

aberrant expression of anti-apoptotic Bcl-2 family proteins which are crucial for the survival of SCLC cells [10]. 

        

3.3 Correlation Analysis 

 
Spearman correlation analyses were performed to explore the association between Bcl-2, Bcl-xL and Mcl-1 expression in primary 

breast tumor samples and normal breast tissues, both at the mRNA and protein levels.  Bcl-2 strongly associated with Bcl-xL and 

Mcl-1 in tumor samples. Among normal breast samples, significant associations were observed between Bcl-2, Bcl-xL and Mcl-1. 

The clinical features of breast cancer patients such as patient’s age, menopausal status, parity, node metastasis, tumor stage, tumor 

size, tumor grade, family history of breast cancer or for other cancers and cancer therapy were correlated with the mRNA and 

protein expression levels of anti-apoptotic markers Bcl-2, Bcl-xL, and Mcl-1 using Spearman rank test. Statistically no significant 

correlation was found between these markers and clinical features of breast cancer patients at the mRNA level. The protein 

expression of Bcl-xL showed robust association with tumor size (r = 0.323, p = 0.016) and parity (r = 0.438, p = 0.001). Spearman 

correlation revealed only significant association between Bcl-2 and menopausal status (r = 0.366, p = 0.006). Bcl-2 protein 
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Figure 4: Frequency of cytoplasmic immunostaining of Bcl-2, Bcl-xL 

and Mcl-1 proteins in normal breast samples. 

Figure 5: Frequency of cytoplasmic immunostaining of 
Bcl-2, Bcl-xL and Mcl-1 proteins in breast tumor 

samples. 
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expression in breast cancer is associated with an indolent phenotype of low-grade, slowly proliferating, ER+ breast tumours. The 

prognostic value of Bcl-2 was present across molecular subtypes (ER+/luminal, HER2+, HER2− and triple negative) and was 

independent of tumour size, grade and stage [11]. The overall survival of breast cancer patients were analyzed using Kaplan-Meier 

method. At the mRNA and protein level, no significant associations between Bcl-2, Bcl-xL and Mcl-1 with overall survival were 

observed. A previous study has reported that Bcl-2 pathway is closely associated with resistance mechanisms to chemotherapy, 

endocrine therapy, anti-HER2 therapy, and radiation therapy in breast cancer. Clinically, Bcl-2 expression is associated with 

favourable clinicopathologic features such as small tumor size, negative node and low histologic grade. Bcl-2 expression has a 

strong correlation with HRc-positive and HER2-negative subtypes [12]. 

 

4. Conclusion 

 
Breast cancer is a burgeoning global health concern and  is the most commonly diagnosed cancer among women worldwide. 

Deregulation of apoptosis can lead to tumor progression and resistance to cancer therapies. The present study reveals that both 

breast cancer tissues and adjacent normal breast tissues expresses Bcl-2 and its anti-apoptotic family members such as Bcl-xL and 

Mcl-1 both at the mRNA and protein level. However, IHC analysis has demonstrated intense staining consistent with a high level 

of expression of Bcl-2 proteins followed by Mcl-1 and Bcl-xL in breast tumor tissues. Conversely, a low level of expression of Bcl-

2, Bcl-xL and Mcl-1 proteins were observed in normal breast tissues. Spearman correlation analyses showed robust association 

between Bcl-2, Bcl-xL and Mcl-1 expression in breast tumor samples and normal breast tissues, Among the breast cancer patient’s 

clinicopathological features, Bcl-xL showed significant association with tumor size and parity and Bcl-2 with menopausal status. 

No significant associations between breast cancer patient’s overall survival and anti-apoptotic factors were found. These findings 

suggest that deregulation of apoptosis is a general feature of cancer and development of inhibitors for Bcl-2 can overcome resistance 

and contribute to better treatment outcomes for breast cancer. 
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