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RAEVATHI A/P OMASANGGAR 

 

 

January 2021 

 

 

Chairman :   Sandra a/p Maniam, PhD 

Faculty :   Medicine and Health Sciences 

 

 

Mitochondrial DNA (mtDNA) mutations, oxidative stress and resistance to cell deaths 

increase one’s risk for breast cancer. This study aims to identify the types of mtDNA 

mutations, levels of protein expression of oxidative stress, apoptosis, autophagy and 

mitophagy in breast cancer as well as the association between mtDNA mutations and the 

levels of protein expression. Female breast cancer patients (n=20) without neoadjuvant 

treatment were recruited with informed consents. Samples were 20 matched breast 

tumours with corresponding normal breast tissues. The entire mtDNA (16.6 kb) was 

sequenced using next-generation sequencing (NGS) and the levels of protein expressions 

were studied using tissue microarray and immunohistochemistry. A total of 18 of 20 

patients had at least one somatic mtDNA mutation in their tumour samples. Overall, 65 

somatic mutations were identified, with 30 novel mutations. The majority (59%) of the 

somatic mutations were in the coding region, whereas only (11%) of the mutations 

occurred in the D-loop. Notably, (15.4%) of somatic mutations in the protein-coding 

regions were potentially deleterious. A total of 753 germline mutations were identified 

and four of which were novel mutations. In comparison to somatic mutations, <1% of 

germline mutations are harmful. Immunohistochemistry study showed inconsistent 

expressions of MnSOD2, LC3B, BNIP3 and Parkin in breast cancer tissues. The 

expression of Beclin-1 was consistently positive and the expression of CC3 was 

consistently negative in all breast cancer cases. The differences in Beclin-1 expression 

between cancer and matched normal tissues were significant (p<0.001). Investigation of 

the relationship between somatic mtDNA mutations and protein expression levels of 

MnSOD2, CC3, LC3B, Beclin-1, BNIP3 and Parkin showed no significant differences. 

The findings of this study may enhance the current knowledge of mitochondrial-

regulated cell mechanisms in breast cancer in Malaysia. 
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Mutasi DNA mitokondria (mtDNA), tekanan oksidatif dan rintangan terhadap kematian 

sel meningkatkan risiko seseorang untuk kanser payudara. Kajian ini bertujuan untuk 

mengenalpasti jenis mutasi mtDNA dan tahap ekspresi protin MnSOD2, CC3, LC3B, 

Beclin-1, BNIP3 dan Parkin dalam kanser payudara serta menentukan perkaitan antara 

mutasi mtDNA dan tahap ekspresi protin. Pesakit kanser payudara wanita (n = 20) tanpa 

rawatan neoadjuvant direkrut dengan persetujuan yang dimaklumkan. Sampel adalah 20 

tisu kanser payudara yang dipadankan dengan tisu payudara normal. Seluruh mtDNA 

(16.6 kb) dijujukan menggunakan penjujukan generasi kedua (NGS) dan tahap ekspresi 

protin dikaji menggunakan immunohistokimia. Sebanyak 18 daripada 20 sampel tisu 

kanser payudara mempunyai sekurang-kurangnya satu mutasi mtDNA somatik. Secara 

keseluruhan, 65 mutasi somatik dikenalpasti, dengan 30 mutasi novel. Majoriti (59%) 

daripada mutasi somatik adalah di gen pengekodan, manakala hanya (11%) daripada 

mutasi somatik berlaku dalam gelung D. Sebanyak (15.4%) mutasi mtDNA mempunyai 

potensi untuk bersifat patogenik. Di samping itu, 753 mutasi adalah diwarisi dan empat 

daripadanya adalah mutasi novel. Berbanding mutasi somatik, <1% daripada mutasi 

warisan adalah berbahaya untuk kefungsian sel. Kajian immunohistokima menunjukkan 

ekspresi MnSOD2, CC3, LC3B, BNIP3 dan Parkin yang tidak konsisten dalam semua 

sampel kanser payudara dan normal payudara. Tahap ekspresi protin Beclin-1 adalah 

positif dan konsisten dalam semua tisu kanser payudara. Perbezaan ekspresi protin 

Beclin-1 dalam tisu kanser dan normal payudara adalah signifikan pada aras p<0.001. 

Penyiasatan hubungan antara mutasi mtDNA yang somatik dan tahap ekspresi protin 

MnSOD2, CC3, LC3B, Beclin-1, BNIP3 dan Parkin tidak menunjukkan perbezaan yang 

ketara. Hasil kajian ini dapat meningkatkan pengetahuan terkini mengenai mekanisme 

sel yang diatur mitokondria dalam barah payudara di Malaysia. 
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1 

CHAPTER 1 

1 INTRODUCTION 

1.1 Research Background 

Cancer of the breast is the most common malignancy in women, accounting for 2.1 

million incidents worldwide (Bray et al., 2018). An excess of 626, 679 patients died from 

this disease in 2018 (Bray et al., 2018). The malignancy is also the most common disease 

reported among Malaysians (Fitzmaurice et al., 2017). In 2016, the Department of 

Statistics reported an increase in deaths due to breast neoplasms and it remains one of 

the leading causes of cancer fatality in women in Malaysia (Department of Statistics 

Malaysia, 2017) despite recent advances in diagnosis, prognosis and treatment.  

Breast cancer is a disease where abnormal cells develop through the epithelial cells of 

the breast ducts and breast lobules. Breast cancer occurs in both sexes. However, a clear 

majority of the incidence occurred in women and the elderly, where 1 in 27 women are 

estimated to be at risk of developing breast cancer by the age of 65 years and older 

(Azizah et al., 2019). The incidence of female breast cancer in Malaysia varies by age 

and ethnicity. To date, the National Cancer Registry 2012-2016 reported the highest age-

standardized rate (ASR) incidence in Chinese (40.7 per 100, 000) followed by Indians 

(38.1 per 100, 000) and Malays (31.5 per 100, 000) (Azizah et al., 2019).  

The development of cancer is related to diverse genetic mutations found in both nuclear 

and mitochondrial genomes. Somatic alteration in the mitochondrial genome has 

recently been recognized as a contributing factor in the tumorigenesis of various cancers, 

including breast cancer (Yadav & Chandra, 2013). The mitochondrial genome or 

mitochondrial DNA (mtDNA) is found within mitochondria, a cytosolic organelle in 

eukaryotic cells. The mtDNA consists of a double-stranded DNA loop of 16, 659 base 

pairs, which is present in thousands of copies in cells. It has 37 genes comprise of 13 

polypeptides of the electron transport chain (ETC), 22 transfer RNAs (tRNAs) and 2 

ribosomal RNAs (rRNAs) for protein synthesis and translation within the mitochondria 

(Chinnery & Hudson, 2013). 

In comparison to nuclear DNA (nDNA), mtDNA is susceptible to higher mutation rate 

due to its proximity to reactive oxygen species (ROS) generated as byproducts of 

oxidative phosphorylation (OXPHOS) (Yadav & Chandra, 2013). The lack of protective 

histones and DNA repair mechanisms further reduces the recovery capacity of mtDNA 

(Yadav & Chandra, 2013). This natural phenomenon in mitochondria is one of the 

contributing factors in the development of cancer. The ROS molecules generated at low 

levels in the OXPHOS cycle become signalling molecules in activating oncogenic 

signalling pathways and accumulate oncogenic mtDNA defects when the ROS levels are 

elevated (Porporato et al., 2017). MtDNA mutations have thus been implicated in 
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carcinogenesis and frequently observed in all types of human cancer. Somatic mtDNA 

mutations are detected in about 60% of breast cancers and are identified as reliable 

indicators for breast cancer prevention and future therapeutic applications (Yadav & 

Chandra, 2013; Li et al., 2016). 

Manganese superoxide dismutase 2 (MnSOD2) is a major antioxidant protein 

detoxifying ROS endogenously in the mitochondria (Snezhkina et al., 2019). MnSOD2 

is encoded by the superoxide dismutase (SOD2) nuclear gene (locus 6q25.3) and 

localized in the mitochondria (Church et al., 1992). The MnSOD2 is well known to have 

altered expression in various cancers including breast cancer, where it is more frequently 

elevated in cancer cells compared to normal cells (Becuwe et al., 2014; Borrelli et al., 

2014). Higher levels of MnSOD2 were significantly associated with increased cancer 

aggressiveness and metastatic potential with poorer prognosis and lower survival rates 

(Kumar et al., 2014). Besides, MnSOD2 has also previously been reported to play 

tumour suppressor activity that inhibits cell proliferation and intensifies apoptosis in the 

early stages of cancer (Oberley, 2005). Recently, MnSOD2 has been identified as a 

potential biomarker in the identification of oxidative stress, metastatic cancer cells as 

well as a therapeutic tool in combating aggressive breast cancer (Fu et al., 2016). 

Autophagy serves as an oxidative stress regulator, eliminates oxidatively damaged 

proteins and organelles as well as the cellular sources responsible for excessive ROS 

production (Lee et al., 2012). Autophagy is also known as an alternative metabolic 

pathway for tumour cell survival (Roy & Debnath, 2010). In particular, autophagy of 

mitochondria also known as mitophagy is recognized for mitochondrial turnover (Lee et 

al., 2012). Mitophagy is also seen as an essential process in the mitochondria to regulate 

uncontrolled oxidative stress (Lee et al., 2012). In a similar line, regulation of oxidative 

stress levels in cancer cells is known to impact the apoptotic process in cancer cells 

(Favaloro et al., 2012). Therefore, the key mediators of cell deaths such as cleaved 

caspase-3 (CC3) (apoptotic pathway), Beclin-1 and Light Chain (LC) 3B, (autophagy 

pathway) and BNIP3 and Parkin (mitophagy pathway) are commonly studied to 

understand the relationship between expression of these markers, cell death response and 

breast cancer prognosis.  

The present study uses next-generation sequencing (NGS) to examine mtDNA 

alterations in 20 breast cancer patients. Besides, the oxidative stress scavenger protein 

and the expression of cell death mediator proteins in apoptosis, autophagy and 

mitophagy were assessed immunohistochemically. The findings from this study will 

dissect the central role of mitochondria in breast cancer. The knowledge gained will also 

inspire the identification of new cancer biomarkers and treatment of breast cancer. 

1.2 Problem Statement 

Mitochondrial regulated activities such as mtDNA mutations, scavenging of oxidative 

stress by MnSOD2, expression of CC3 in apoptosis, expression of Beclin-1 and LC3B 

protein in autophagy and expression of BNIP3 and Parkin in mitophagy have been 
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reported as crucial factors in the development of breast cancer. Numerous studies have 

documented mtDNA mutations in cancers, but no study was conducted to document 

mutations in the entire mtDNA (16.6 kb) in fresh breast cancer specimens in Malaysia. 

Identification of mtDNA genetic marker in breast cancer needs to be addressed. The 

expression of CC3 was found to increase after neoadjuvant treatments to cause apoptosis 

and tumour cell repopulation. Fewer clinical studies reported the expression of CC3 

including MnSOD2, Beclin-1, LC3B, BNIP3 and Parkin in primary breast cancer 

without neoadjuvant treatments. It is crucial to understand the function of CC3, 

MnSOD2, Beclin-1, LC3B, BNIP3 and Parkin in the normal physiology of breast cancer 

development. The mutations in mtDNA were found to affect the regulation of oxidative 

stress, apoptosis, autophagy and mitophagy. However, the relationship between mtDNA 

mutations and expressions of MnSOD2, CC3, Beclin-1, LC3B, BNIP3 and Parkin has 

not been clarified and it is still unclear which one of these is dominant in breast 

carcinogenesis. 

1.3 Study Justification 

Breast cancer is the most often occurring cancer in women worldwide and predicted to 

reach approximately 3.2 million new cases per year by 2050 (Tao et al., 2015). In 

Malaysia, breast cancer is also the major public health problem affecting 1 in 27 women 

(Azizah et al., 2019). This reflects the enormity of breast cancer incidence, its impact 

and the need for effective prevention and treatment methods. 

The mtDNA somatic mutations and their association with breast cancer have been 

studied extensively in the Western population and proven related but unexplored within 

the Malaysian population. Investigating somatic mutations and other alterations in the 

entire mtDNA involving Malaysian breast cancer patients may help to improve the 

knowledge gaps. Besides, breast cancer is highly diverse in its pathological features, 

with undetermined prognosis. Investigating other roles of mitochondria as the hub of 

oxidative stress and regulation of cell deaths in cancer through immunohistochemical 

marker analysis may pave the way towards better prognosis and therapeutic options. 

1.4 Objective 

1.4.1 General Objective 

To investigate the associations between mtDNA mutations, oxidative stress, apoptosis, 

mitophagy and autophagy present in the Malaysian human breast cancer tissues.  
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1.4.2 Specific Objective 

1. To determine the type of mtDNA mutations present in Malaysian human 

breast cancer tissues and their association with the clinical 

pathophysiological parameters of the respective breast cancer patients. 

2. To determine the levels of protein expression of MnSOD2, CC3, BNIP3, 

Parkin, LC3B and Beclin-1 in breast cancer and their association with 

clinical pathophysiological parameters of breast cancer patients. 

3. To investigate the association between mtDNA mutations and the levels of 

protein expression of MnSOD2, CC3, BNIP3, Parkin, LC3B and Beclin-1 

in breast cancer patients. 

 

 

1.5 Hypothesis 

Breast tumours and matched normal tissues are expected to have mutations in the 

mtDNA, either germline mutations and/or somatic mutations. The levels of expressions 

of MnSOD2, CC3, Beclin-1, LC3B, BNIP3 and Parkin are expected to be different 

between the normal tissues and breast tumour tissues. Mutations in the mtDNA may or 

may not be related to the expressions of MnSOD2, CC3, Beclin-1, LC3B, BNIP3 and 

Parkin in breast cancer. Mutations in mtDNA and levels of expressions of MnSOD2, 

CC3, Beclin-1, LC3B, BNIP3 and Parkin are expected to be different by increasing age 

groups, ethnicity, grades of tumours, stages of tumours and hormone receptors. 
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CONCEPTUAL FRAMEWORK 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 

Literature Review  

 

Investigating Interplay between Mitochondrial DNA Mutations, Oxidative Stress and Cell Deaths in Malaysian Breast Cancer Patients 

 

 
Participants 

Twenty female breast cancer patients (>18 years old) without neoadjuvant 

treatments and other malignancies 

 

  

 

Clinicopathological variables  

1. Age 

2. Ethnicity 

3. Grade of tumour 

4. Size of tumour 

4. Lymph node metastasis 

5. ER, PR and HER2 status 

 

Methodology 

1. Next generation sequencing  

2. Breast tissue microarray construction 

3. Immunohistochemistry staining 

Mitochondrial Mutations 

1. Somatic mtDNA mutations 

2. Germline mtDNA mutations 

Mitochondrial Oxidative Stress  

1. Expression level of MnSOD2 (a marker of mitochondrial-induced oxidative stress) 

Cell deaths  

1. Expression level of CC3 (a marker of apoptosis) 

2. Expression level of LC3B and Beclin 1 (markers of autophagy) 

3. Expression level of Parkin and BNIP3 (markers of mitophagy) 

 

Oxidative stress mtDNA  

mutations 

Oxidative stress 

OXPHOS activity 
  Tumourigenesis Cell death regulation 

Tumour  

progression 

Evan & Vousden, 2001; Roy & Debnath, 2010; Lee et al, 2012; Porporato et al., 2017 
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