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Abstract

The role of mitochondria encoded cytochrome b (cyt b) gene mutations has 
been drawn a great interest to understand the function of this gene in various 
cancer including breast cancer. Although most cancer cells harbor somatic 
mutations in mitochondrial DNA (mtDNA) including cytochrome b gene, the 
question of whether such mutations in cyt b contribute to the promotion of 
breast cancer remains obscured. In this study, we investigated the frequency of 
mutations in cyt b gene in forty (n = 40) breast cancer patients of Bangladesh. 
The results were compared with forty eight age matched control samples (n = 
48) from our database. Nine (9) different sequence variations were found on 
cyt b genein cancer samples. Detail study of cyt b gene of forty eight (n = 48) 
controls found eighteen (n = 18) different variations, which demonstrates the 
high variability of cyt b sequence. Three of these eighteen mutations 15055 
(G>A), 15301 (G>A), and 16326 (A>G) are also found in cancer patients. Two 
mutations in breast cancer patients were homoplasmic and identified as major 
percentage compared to control samples. Two mutations have been identified at 
np 14766 (C>T) 100%, followed by 14783 (T>C) in 40% breast cancer samples. 
Two other mutations at np15479 (T>C) and 15497 (G>A) have been reported in 
2% breast cancer patients but absent from control samples. Three phylogenetic 
variations at np15055 (T>C), 15301 (G>A) and 15326 (A>G) have been found 
in 18% cancer patients respectively but also found in control samples. We have 
identified two insertion polymorphisms at 15970 (A-ins) and 15980 (T-ins) in 
2% cancer samples. Thus, we hypothesized that mutation at np 14766 (C>T) 
100% in cyt b gene may cause defective assembly and function of complex-
III which thus hampers ATP production in cancer cells in addition with others 
mechanisms of breast cancer development. As a result, cancer cells are forced 
to use glycolytic pathways for ATP production. Alternatively two mutations14766 
(C>T) and 15326 (G>A) lead to frame shift in amino acids (T7I) and (T194A) of 
translated protein. However report from the software analysis suggests that this 
(T7I) change might not be tolerated in protein function with some deleterious 
effect. 
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the electron transport chain could increase ROS production and 
contribute to cancer [6,7]. It was shown in other study that over 
expression of cyt b generated increase ROS accompanied by increase 
oxygen consumption and lactate production. Cyt b over expression 
induced significant tumor growth in vitro and in vivo by triggering 
significant cell cycle progression through up regulation of nuclear 
factor NFκB2 signaling pathway and may set up cell for further cell 
cycle progression, invasion and inhibition of apoptosis [8,9]. In this 
study, we examined the hypothesis that accumulation of mutation in 
cyt b gene might be an additional risk factor for the promotion of 
tumor growth in breast cancer.

Materials and Methods
Sample collection

All approval has been taken from the local ethical committee of 
Bangladesh Medical Research Council (BMRC) and University of 
Dhaka. Forty (n = 40) breast cancer patients from Dhaka Medical 
College Hospital, Dhaka and National Institute of Cancer Research 
Hospital (NICRH), Dhaka, Bangladesh were included for the study 

Introduction
The risk of mitochondrial DNA (mtDNA) mutations with 

breast cancer is just in the beginning of understanding. Not much 
investigation has been done related to mitochondrial cytochrome b 
gene mutation in breast cancer patients. Although there are several 
reports on cyt b gene mutations in different cancer but functional 
effect of these mutations in tumor development is yet to be reveled 
[1,2]. Mitochondria play a vital role for regulation of Oxidative 
Phosphorylation System (OXPHOS) producing cellular currency 
called ATP. The OXPOS system is composed of five complexes (I-V) 
and some of them are encoded by mitochondrial DNA (mtDNA) and 
others by nuclear DNA [3]. Only cyt b of mitochondria plays a vital 
role for the assembly and function of complex-III, and together with 
Cytochrome c1 and iron-sulfur protein, it forms the catalytic core of 
the enzymes [4]. In particular, mutations in the mtDNA encoded 
cyt b gene are associated with combine complex I+III deficiency or 
with only complex III deficiency [5]. As a result functional defect 
in the OXPHOS system may force to impede electron flow down 
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in 2010-2012. We have collected personal history of those patients 
who were diagnosed as breast cancer. Blood and tumor tissue samples 
were collected from 37 patients during surgical operation before 
chemotherapy. Rest of the 3 samples was collected from patients 
who already had chemotherapy before surgery. A healthy cohort 
of 48 age matched female individuals from mainstream population 
was also included. All two populations share the same ethnicity and 
nationality and reside in Bangladesh. Subjects with breast cancer 
were interviewed. Blood samples 3-5 mL was collected in EDTA 
coated tubes from breast cancer patients who visited the hospital 
for treatment and tissue samples were collected in screw capped 
polypropylene vials during surgery. The samples were transported 
to laboratory and blood samples kept at -20oC and tissue samples at 
-40oC until analyzed. 

DNA isolation, PCR and sequencing
Cancer and normal blood DNA was isolated by standard 

proteinase K treatment followed by phenol/ chloroform/ isoamyl 
alcohol extraction. Tissue samples were isolated by DNA extraction 
kit purchased from (Qiagen, Turn berry LaneValencia, California). 
DNA was precipitated with 0.3 M sodium acetate (pH 5.2) in 70% 
ethanol at -20°C overnight and suspended in Tris-EDTA (TE) buffer 
(pH 8.0). DNA quantification was performed by taking absorbance 
at 260 nm and visualized by 0.8% agarose gel electrophoresis [10]. 
Partial mitochondrial genome was amplified using two sets of primers 
Table 1 and the resultant amplicon were checked in 2% agarose gel 
electrophoresis [11]. Distinct PCR bands were observed for different 
primers amplifying Cytochrome b gene, along with diluted 1 Kb 
Plus DNA ladder purchased from life Technologies, USA (Cat no. 
10787-018). 20 µl PCR reaction contained 10-20 ng DNA and 0.5 μM 
primers, 0.2 mM each of deoxynucleotide triphosphate (dNTP), 1U 
of TaqMan™ DNA Polymerase (Applied Biosystems, USA) and 2.5 
mM MgCl2. The PCR amplification of specific regions of mtDNA 
was performed on the basis of following cycling conditions: initial 
denaturing at 95°C for 5 min followed by 94°C for 30 sec, 58°C for 30 
sec, and 72°C for 2 min for 35 cycles and final extension step at 72°C 
for 7 min. In Sequencing PCR, the ABI-prism Big Dye Terminator 
V 3.1 containing ampliTaq polymerase, dye terminators (fluorescent 
label), deoxynucleotide triphosphate, magnesium chloride, was used 
for direct sequencing of PCR product for specific primers (forward/ 
reverse primer). The sequencing PCR was performed on the basis 
of following cycling conditions: initial denaturing at 95°C for 1 min 
followed by 94°C for 10 sec, 55°C for 30 sec, and 60°C for 4 min for 
35 cycles.

MtDNA sequence analysis
The purified sequencing PCR products were analyzed by 

electrophoresis in the ABI-Prism 3130 Genetic Analyzer (Applied 
Biosystems, USA). The sequence patterns were observed and edited 
by using Mac-based software (Auto Assembler V 3.0) and BioEdit 

Sequence Alignment Editor V 7.0.9.0 (http://www.mbio.ncsu.edu/
bioedit/bioedit.html). The sequences were aligned by using bl2seq 
tool of NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and compared 
with the revised Cambridge Reference Sequence, rCRS (NCBI 
Reference Sequence: NC_012920.1) [12]. MtDNA polymorphisms 
were compared with the mitochondrial genome database of world 
population by using Mitomap (www.mitomap.org). 

Statistical analysis
Two tailed non-directional Fisher-Irwin (Fisher’s exact test) has 

been used to verify the mutation probability difference in cancer 
and healthy (control) populations [13] To confirm the result of this 
common test in the light of low expected number in the healthy 
population Yates’s chi and un-corrected chi squared test (‘N-1’ chi 
squared test) have been used as expected to give relatively low Type 
I error. The analysis was performed as previously described [14]. To 
further understand the significance of two polymorphism related risk 
factor for unfavorable outcomes (odds ratio, relative risk, difference in 
proportions, absolute and relative reduction in risk, number needed 
to treat) and of the effectiveness of a diagnostic criteria (sensitivity, 
specificity, positive and negative predictive values, positive and 
negative likelihood ratios, diagnostic and error odds ratios) has been 
performed [15]. The p value <0.05 is significant. The parameters, 
as well as the confidence intervals for the estimated parameters are 
computed by standard methods [16].

Results
We have identified nine different mutations in cytochrome b 

gene (Table 2) of which the most frequent mutations were found at 
np14766 (C>T) and np 14783 (T>C), which occurred in 100% and 
40% of breast cancer patients (Figure 1). The mutation 14766 (C>T) 
has high sensitivity (1.00, 95% confidence interval 0.932-1.000, and 
odd ration 230.00) and this mutation 14766 (C>T) is statistically 
significant (P = 0.0001). For second mutation at np 14783 (sensitivity 
0.450, 95 % confidence Interval 17.5987 to 21.8678, and odd ration: 

Primer ID Primer Sequence 3' position Length Overlap

1F 5' GCATAATTAAACTTTACTTC 3' 14000 - -

1R 5' AGAATATTGAGGCGCCATTG 3' 14998 938 206

2F 5' TGAAACTTCGGCTCACTCCT 3' 14856 - -

2R 5' AGCTTTGGGTGATAATGGTG 3' 15978 1162 180

Table 1: Primer used for Cyt B gene amplification.

Position Mutation Codon No AA changes

14766 C>T 7 Thr-Iso

14783 T>C 13 Leu-Leu

15055 T>C 103 Tyr-Tyr

15301 G>A 185 Leu-Leu

15326 A>G 194 Thr-Ala

15479 T>C 245 Phe-Leu

15497 G>A 251 Gly-Ser

15970 A-ins new -

15980 T-ins new -

Table 2: Nine mutations identifies in mtDNA cytochrome b gene in breast cancer 
of Bangladeshi.

http://www.mbio.ncsu.edu/bioedit/bioedit.html
http://www.mbio.ncsu.edu/bioedit/bioedit.html
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.mitomap.org
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6.7333) which is also statistically significant (P = 0.0023).Two other 
additional mutations at np 15479 (T>C) and 15497 (G>A) have been 
reported in 2% cancer patients.Three phylogenetic variations at nt 
15055 (T>C), 15301 (G>A) and 15326 (A>G) have been found in 
(18%) cancer patients as well as in 10%, 39% and 80% control samples 
respectively. The base substitution at 14766 (C>T) in mitochondrial 
cytochrome b gene leads to a shift in amino acid (T7I) of translated 
protein which converts the amino acid threonine to isoleucine, 
14783 (T>C) converts leucine to leucine (L13L) and 15326 (T>C) 
converts amino acid tyrosine to histidine(T194A). We identified two 
insertion polymorphisms at 15970 (A-ins) and 15980 (T-ins) in five 
samples whereas no such changes were observed in control. Here we 
also reported the eighteen different variations in 48 control healthy 
individuals one of which is newly reported (Table 3).

Discussion
Carcinogenesis is referred as a multistep process [17], through 

which a normal cell both genetically and metabolically evolves 

spontaneously over years or decades to develop into clinical cancer. 
Being the power house of the cell, the mitochondrion is one of the key 
centers where such diverse alteration take place extending from the 
range of reactive oxygen species generation to the decrease protein 
level of Cytochrome b subunit of F1 of ATPase [18] leading to altered 
ATPase function. We believe that defining mtDNA polymorphisms 
and/or mutations patterns in selected type of cancers, including breast 
cancer may help to understand the basic biochemical mechanisms 
involved in the induction of cell transformation and indicate the 
potential role of mtDNA in cancer progression.

The great variability of the human mitochondrial DNA (mtDNA) 
sequence induces many difficulties in the search for its deleterious 
mutations [19]. We illustrate these pitfalls by the analysis of the 
cytochrome b gene of 40 breast cancer patients. Nine different 
sequence variations were found, of which two are new mutation. 
Extensive analysis of the cytochrome b gene of 48 controls samples 
provided 18 supplementary mutations where one mutation is new, 
thus further demonstrating the high variability of the cytochrome b 

 
(a) Mutation at np 14766 (C>T) in cancer and control 

samples compared with mtDNA rCRS. 

 
(b) The mutation at np 14783 (T>C), the upper 

Electropherograms is from cancer sample and lower 

Electropherograms is from control sample 

compared with rCRS. 

 

 
(c) The mutation at np 15055 (T>C), the upper 

Electropherograms is from cancer sample and lower 

Electropherograms is from control sample compared with 

rCRS. 

 

 
(d) Mutation at np 15301(G>A) in control and 

cancer compared sample with rCRS 

 

 

 
Figure 1: Shows Electropherograms of four mutations both from control and cancer samples compared with rCRS.
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sequence. We evaluated the functional relevance of five mutations out 
of 9 using indirect criteria such as the nature of the mutation, and 
its frequency in case-controls. Homoplasmic mutations indicating 
that the mutant genome was dominant at the intracellular and 
intercellular levels [20]. The cytochrome b of mitochondrion is 
a component of the ubiquinol-cytochrome c reductase complex 
(Complex III or cytochrome b-c1 complex), which is a respiratory 
chain that generates an electrochemical potential coupled at ATP 
synthesis [21]. The mutation at np14766 (C>T) was observed in 100% 
samples and is highly significant (P = 0.0001) the second mutation 
14783 (T>C) was observed in 40% patients and is also statistically 
significant (P = 0.0023). The third mutation (15326 (A>G) have been 
identified in 18% cases which is also present in 80% control samples. 
The bioinformatics analysis confirmed the intolerance of T7I but 
tolerance of L13L and T194A alteration in Cytochrome b protein.Our 
result is supported by other study which elucidates the main effect 
of mtDNA variants on the risk of developing breast cancer through 
understanding of gene to gene interaction [22].

Such mutations might influence function of mRNA and/or 
mtDNA regulatory regions by yet unidentified mechanisms and 
provide a functional advantage for the cancer cell [23]. In addition, 
it is more possible that the mutation 15326 (A>G) may not have any 
contribution to breast cancer risk association but is selected in two 
different populations through evolution and migration, that’s why 
this might have become prevalent mutations in both population in 
process of natural selection [24]. The other mutation 14766 (C>T) 
lead to change in amino acid (T7I) in cytochrome b protein. Using 
the same analysis with ‘Sorting Intolerance From Tolerance’ (SIFT) 
and PMut, it was estimated that this amino acid change (T7I) will not 
be tolerated and L13L, T194A will be tolerated. Thus it is concluded 

Position Mutation Codon AA changes Codon position

14783 T>C 13 L-L 1

15040 C>T 98 L-L 3

15043 G>A 102 G-G 4

15071 T>A 109 Y-H 1

15301 G>A 185 L-L 3

15583 A>G - - -

15326 A>G 94 Thr-Ala 1

15055 T>C 103 Tyr-Tyr 3

15974 A>G - - tRNA

15691 A>G 315 M-M 3

15607 A>G 287 Lys-Lys 3

15379 C>T 311 Lys-Lys 3

15896 A>G - - tRNA

15564 A>G (new) - - -

15773 G>A 343 Val-Met 1

15530 T>C 262 Leu-Leu 1

15440 T>C - Lys-Lys -

15221 G>A 159 Asp-Asn 1

15601 T>C 285 Pro-Pro 3

Table 3: Eighteen different variations identifies in mtDNA Cytochrome b gene in 
healthy control women of Bangladesh.

that mutation at np 14766 (C>T) might be a risk factor for developing 
breast cancer in combination with other genetic and epigenetic risk 
factor but 14783 (T>C) and 15326 (A>G) is an altered allele with no 
possible role in malignancy. Moreover, the role of mtDNA protein 
in the development of breast cancer has been studied in recent years. 
The potential biomarker of the mitochondrial complex I subunit has 
been found significantly associated with breast cancer aggressiveness 
[25-28].

The single mutation cannot be attributed as a major risk factor for 
breast cancer though we studied both tumor samples and body fluids 
for cyt b gene. Therefore such single mutation can be considered as 
marker for breast cancer identification with increased sample size 
of primary breast cancer in combination with our previous study 
[29]. Future research to address the functional aspects of mtDNA 
mutations in cancer development and therapeutic response is likely to 
be fruitful and have significant clinical implications in the prevention 
and treatment of cancer.
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