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Abstract Aims: 'Poly C' stretch extending from 303 to 315 nucleotide positions known as (D310) by GeneBank
within the non-coding region HVR-II of mitochondrial DNA (mtDNA) has been identified as a mutational hotspot
of primary cancer. We aimed to find this mutation in Bangladeshi breast cancer patients and control samples for
screening the changes in poly C stretches. Materials and Methods: We have analyzed a total of 98 breast cancer
blood samples and 98 healthy control blood samples and extracted DNA from blood samples for direct sequencing
using ABI®3130 Genetic Analyzer. Results: We observed 70.41% C insertion at 310 regions (P<0.001, OR = 16.30
and 95% CI=7.83-33.93) in breast cancer patient whereas it is present only in 12.24% healthy individuals. No
alterations were observed in 29.59% breast cancer samples. We also check the mutation pattern at D315 regions, but
no significant observation was found (P=1.00). Conclusions: This is the first study from Bangladeshi breast cancer
(BC) patients indicating a relatively high frequency of D310 mutations, which suggests that mtDNA instability at
D310 may be a common characteristic of BC, study also supports the hypothesis that mtDNA D310 screening may
represent additional blood based biomarker for breast cancer prognosis.
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1. Introduction
Breast cancer, a multifactorial disease, is a leading
cause of morbidity and mortality in women worldwide [1].
It is a common cancer of women in the USA, Western
Europe as well as in developing countries like Bangladesh
[2]. Breast cancer is gradually becoming the most
common cancer in Bangladeshi women, both from rural
and urban areas [3,4].
In recent years several studies identified mutations in
the non-coding and coding regions of mitochondrial DNA
(mtDNA) and have investigated their potential use
as a somatic marker for early tumor detection [5].
Mitochondrial DNA (mtDNA) mutations were detected in
many cancer e.g. 70% of colorectal [6], 46% head and
neck, 64% bladder, 43% lung [7], 80% pancreatic [8],
60% ovarian [9], and 61% breast cancers [10].
Mitochondria are small cellular organelles which are

responsible for majority of cellular energy production;
they are the major site of reactive oxygen species (ROS)
generation and play vital role in regulating apoptosis in
mammalian cells [11]. Human mitochondrial DNA
(mtDNA) is a 16,569 bp double stranded circular
molecule, and each mitochondrion contains multiple
copies of DNA. mtDNA is located in the inner membrane
of mitochondria and is more susceptible to damage by free
radical produced by oxidative phosphorylation (OXPOS)
and exhibits a mutation rate >20 fold higher than that of
the nuclear genome [12]. The reasons for higher mutation
rate are also due to absence of introns and protective
histone and non-histones proteins [13], lack of repair
mechanisms, inefficient DNA proof reading and defective
clearance of damage mitochondria [14]. Mitochondrial
D-loop is a non-coding control region of mtDNA
located between nucleotides 16010-15578bp which
contains cis-regulatory elements required for replication,
transcription, and maintenance of mtDNA. The D-loop of
mtDNA has unstable homopolymeric C-stretch known as
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D310 which is a mononucleotide repeat of Cs that varies
from 12 to 18 Cs interrupted at nucleotide position 310 by
T (303'CCCCCCCTCCCCC' 315). Mutations affecting
these sites are considered significant in cancer pathology.
The first stretch of Cs can vary from seven to nine in
normal people. This region has been extensively studied in
many human cancers, and Sanchez-Cespedes was the first
to identify D310 as a mutational hot spot in cancer [15].
Since there is no study about the frequency of D310 and
D315 region mutations inBangladeshi breast cancer
patients, the aim of this study was to evaluate the
frequency of mtDNA D310 and D315 mutations in blood
samples of breast cancer patients in Bangladesh.

2. Material and Methods
2.1. Sample Collection
Total 98 blood samples were taken from the breast
cancer patients during pathological test at National
Institute of Cancer Research and Hospital (NICRH),
Mohakhali, Dhaka. Time frame of sample collection was
2014 to 2017. A healthy group of age matched 98 female
individuals from mainstream population was also included.
Blood samples from healthy individuals were considered
as control (Table 1). All two populations share the same
ethnicity and nationality and reside in Bangladesh.
Subjects with breast cancer were interviewed with
patient's consent. From volunteers 3mL of blood samples
were collected in EDTA coated tubes. The samples were
transported to the laboratory at 4°C cool box and kept
at -20°C until DNA extraction was done. This work was
approved by the local ethical committee of Bangladesh
Medical Research Council (BMRC) and University of
Dhaka.

2.4. Gel Electrophoresis
Amplification of PCR product was confirmed by1.5%
agarose gel electrophoresis in1×TE buffer using a 1kb pus
ladder (used as a marker) for assessing the size of the
amplified product.

2.5. Sequencing of the D310 & D315 Region
The ABI-prism Big Dye Terminator BDT v3.1 containing
ampliTaq polymerase, dye terminators (fluorescent label),
dideoxynucleotide triphosphate, magnesium chloride, was
used for direct sequencing of PCR product for specific
primers. The sequencing PCR was performed on the basis of
following cycling conditions: initial denaturation at 95°C
for 1 min followed by 94°C for 10s, 55°C for 30s, and
60°C for 4 min for 30 cycles. Cycle sequencing products were
purified by ethanol precipitation and dissolved in Hi-Di
formamide for sequencing with ABI®3130 Genetic Analyzer.

2.6. Sequence Analysis
The purified sequencing PCR products were
analyzed by electrophoresis in the ABI-Prism 3130
Genetic Analyzer (Applied Biosystem, 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) [17]. By
using Mitomap (www.mitomap.org) polymorphisms of
mtDNA were compared with the mitochondrial genome
database of world population.

2.2. DNA Isolation

2.7. Statistical Analysis

DNA was isolated by standard proteinase K treatment
followed by phenol/ chloroform/ isoamyl alcohol
extraction both from breast cancer patients and control
individuals blood. Quantification of DNA was performed
by Nano Drop-2000® Spectrophotometer and 0.8%
agarose gel electrophoresis was done to observe the
efficacy of extraction.

Chi-squared test was used to compare the distributions
of polymorphism in normal and tumor blood samples. It
was used to compare the prevalence of mutant allele
heteroplasmy between normal and cancer samples. Logistic
regression analysis was also done. All statistical analyses
were carried out with the STATA software (version-14). P
value of <0.05 was considered statistically significant [18].

2.3. Amplification of D-loop by Polymerase
Chain Reaction (PCR)

3. Results

A 420 bp fragment of the non-coding D loop including
D310 and D315 sequence was amplified by Polymerase
chain reaction. For amplification 40 ng of DNA was used
in a final 50μL master mix containing 10mM Tris-HCl
(pH 8.8), 1.5 mM MgCl2, 100mM dNTPs, 1U of
TaqMan™ DNA Polymerase (Applied Biosystem USA)
and 1µM of each primer. The forward primer and the
reverse primer were used for PCR amplification using
Bio-Rad PCR machine. PCR condition included an initial
denaturation at 95°C for 5 min, followed by denaturation
at 94°C for 30 s, 58°C for 30 sec, and 72°C for 2 min
followed by 35 cycles and final extension step at 72°C for
7 min [16].

3.1. High Frequency of Somatic D310
Mutations in Breast Cancer Samples
In this study, we screened for mitochondrial D-loop
mutations in 420 bp of the hypervariable region II
which includes the PCT (D310 and D315) repeat. This
is a common mutational hot spot of the mitochondrial
genome. Ninety eight breast cancer and equal number of
healthy samples were taken. We compared the mutation
frequency of D310 and D315 sequences between
two study groups. In all positive samples, the reaction
was repeated for confirmation of the mutational
changes.
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Table 1. D310 and D315 mutation frequency between two study groups along with Odds Ratio, P-value and 95% CI.
Mutation

Study group

D310

Healthy

D315

Mutation presence

D310 (%)

D315 (%)

OR

P-value

16.30

<.001

1.00

1.00

Present

12.24

9.18

Absent

87.76

90.82

Present

70.41

9.18

Absent

29.59

90.82

Breast cancer

A total of 98 breast cancer and equal number of
healthy individuals comprises the study population of this
research. Among them somatic mutation (defined as
different mtDNA sequences between tumor and normal
blood samples) for D310 sequence occurred in 70.41%
of breast cancer (69 out of 98) and 12.24% of healthy
control (12 out of 98) subjects (P-value= <0.001,
with OR= 16.30 and 95% CI values of 7.83-33.93)
(Table 1). For D315 sequence somatic mutation
rate is 9.18% for breast cancer (9 out of 98) and 9.18% (9
out of 98) for healthy individuals (P=1.00 with OR of
1and 95% CI values of 0.379-2.636) (Table 1). Here
significant mutational variation is absent in D315
sequence.

3.2. C8TC6 Mutation is More Common in
Breast Cancer Samples
Polymorphisms in the D310 sequence in a normal
human population consist of cytosine repeats variations,
which range most commonly between seven and nine
cytosine repeats [19]. In this study we observe
polymorphic changes in D310 position and found high

95% CI
7.83-33.93

0.379 -2.636

abundance of C7TC5 in healthy control sample (Figure 1)
and C8TC6 abundance in breast cancer samples due to C
insertion (Figure 2). Because of the high abundance of
C7TC5 sequences in the healthy samples it is reasonable to
consider C7TC5 as normal alleles. From these results, we
hypothesized that any variation from these sequences is
likely due to either somatic mutations or germ-line
polymorphisms and in that conclusion; we found two C
insertions in D310 sequence.

3.3. Frequency of Homoplasmy and
Heteroplasmic mtDNA Mutation
Homoplasmic mutation means it affects all copies of
mtDNA, whereas those which were present only in a
proportion of mtDNA copies were defined as
heteroplasmic. Thus, a coexistence of two or more peaks
on the electropherogram indicated heteroplasmy [25]
(Figure 3). Homoplasmic mutation dominates over
heteroplasmic mutation in this study in both study groups
(92.86% in breast cancer patients and 96.94% in healthy
individuals). And the mutation frequency didn’t vary
significantly between two study groups (Table 2).

Figure 1. Healthy control having mitochondrial DNA C7TC5 sequence stretch

Figure 2. Breast cancer patients having mitochondrial DNA C8TC6 sequence stretch
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Figure 3. Heteroplasmy in breast cancer patient's mtDNA sequence
Table 2. Prevalence and frequency of heteroplasmy in the two
groups of study subjects
Study Subjects
Healthy
Breast cancer

Homoplasmy
96.94 % (95)
92.86% (91)

Heteroplasmy
3.06% (3)
7.14 (7)

Table 3. Demographic and clinicopathological characteristics of
breast cancer patients and healthy controls
Parameter
Age (mean ± SD)
Language group
Rural
Urban
Family history
Yes
No
Data unavailable
Hormonal status:
Estrogen receptor (Positive)
Estrogen receptor (Negative)
Hormonal status:
Progesterone receptor
(Positive)
Progesterone receptor
(Negative)
Hormonal status:
Her2 receptor (Positive)
HER2 receptor (Negative)
History of contraceptive pills
The lump was detected by the
patient herself
Women who sought medical
advice within the first month.
Breast cancer stage
T0
T1
T2
T3
T4
Blood Group
A+
B+
BAB+
ABO+
O-

Case (%)
(n = 98 breast
cancer patients)
28.28±10.40
Indo-European
87
11

Control (%)
(n = 98 healthy
control)
26.26± 12.39
Indo-European
62
36

7 (7.14)
73 (74.49)
18 (18.37)

Data
unavailable

21(48.84)
22 (51.16)

No test
performed

19 (44.19)
24 (55.81)

No test
performed

31(29.55)
13 (70.45)
88 (89.8%)

No test
performed
41 (41.8%)

79 (80.6%)

Not applicable

19 (19.4%)

Not Applicable

12 (10.64)
19 (20.21)
26 (26.60)
24 (25.53)
16 (17.02)
15 (53.57)
26 (44.83)
0 (0.00)
11 (40.74)
0 (0.00)
31 (51.67)
0 (0.00)

Healthy
individuals

13 (46.43)
32 (55.17)
2 (100)
16 (59.26)
1 (100)
29 (48.33)
1 (100)

3.4. Correlation of D310 & D315 Mutation
with Demographic and
Clinicopathological Characteristics
Demographic and clinicopathological characteristics of
breast cancer patients and healthy controls are shown in
Table 3.

4. Discussion
Mitochondrial dysfunction and its association with
cancer development have been studied over the last
several years [20]. In tumorigenesis; altered proliferation,
oxidative metabolism, phosphorylation, apoptosis are seen
which are hypothesized to be occurred due to altered
mitochondrial function [21]. This study is about effect of
mtDNA mutation on breast cancer. In this study we have
investigated the frequency of mutation in a regulatory
region of mtDNA called as D-loop. Within the loop D310
region poly-C repeats is a mutational hot spot. In breast
cancer 72% of all D-loop mutation occurs in the D310
region [22].
Analysis of D310 and D315 sequences in our patients
suggest high mutation frequency in case of D310. The
frequency of D310 mutation was found in 70.41% of
breast cancer patients. Whereas this mutation is present
only 12.24% in healthy individuals. In case of D315
mutation we found equal number of mutations in both
study groups (9.18%) (Table 1). Increase/decrease in the
cytosine residue numbers in the poly-C region may affect
the rate of DNA replication by impairing the binding of
polymerase and other trans-acting factors [23]. Reduced
mtDNA copy number has been found in 72% of
breast cancers with mtDNA D-loop mutations [24]. The
decrease in mtDNA content in breast cancer may
consequently increase mitochondrial genomic instability,
causing alterations in energy metabolism and promoting
tumor development [25]. Thus it can be said that D310
mutation might have role to promote the early
development of breast cancer by depleting mtDNA
content in cells, thus altering energy metabolism and
accelerating genetic instability [26]. Further studies are
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needed to confirm the role of D310 & D315 mutation in
carcinogenesis.
This study shows “C” insertion in 310 regions, whereas
C7TC5is most abundant in healthy control in contrast to
breast cancer patients where C8TC6 is most abundant. This
is an interesting finding in this study; in most of the
studies they found multiple insertion or deletions [25,27]
in same ethnic people but here we found a fixed insertion
in breast cancer patients and a fixed C7TC5 sequence for
healthy people.
This study also found 96.94% homoplasmy in breast
cancer patients and 92.86% in healthy individuals. Ratio
of homoplasmy to heteroplasmy is very high here. Some
groups have also provided evidence that most mtDNA
mutations are homoplasmic [28,29,30]. It is unclear how
certain mutations go towards homoplasmic state during
breast cancer development. During the time of multiple
generations mtDNA may acquire various mutations, some
of which may not be advantageous for cell survival and
will be eliminated. Mutations in the mtDNA that
complement the nuclear genome function may dominate
and lead to homoplasmy [21].
In this study demographic data suggests that, 87%
patients are from rural area compared to 11% urban
population [31]. This finding opposes other studies where
mostly urban dwellers having western food habit,
environmental pollution and advanced life style. The
reasons for this in rural women might be due to lack of
modern screening techniques or proper awareness and
educations which are yet to be unrevealed. Another
important finding is the use of contraceptive both in urban
women 88% and rural women 89% consistent with other
studies [32]
The analysis of clinicopathological characteristics
showed no significant association between age, BC stages,
and the presence of mitochondrial DNA mutations at the
D310 region. This is consistent with other studies where
no significant association between mtDNA instability,
mutations, and clinicopathological parameters including
sex, age, tumor size, stages, and durations of clinical
course was identified [25,33].
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