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Abstract

Breast cancer is a major health problem that affects more than 24% of women in Bangladesh. Further-
more, among low-income countries including Bangladesh, individuals have a high risk for developing
breast cancer. This study aimed to identify candidate mitochondrial DNA (mtDNA) biomarkers for breast
cancer diagnosis in Bangladeshi women to be used as a preventive approach. We screened the blood
samples from 24 breast cancer patients and 20 healthy controls to detect polymorphisms in the D-loop
and the ND3- and ND4-coding regions of mtDNA by direct sequencing. Among 14 distinct mutations, 10
polymorphisms were found in the D-loop, 3 were found in the ND3-coding region, and 1 was found in the
ND4-coding region. The frequency of two novel polymorphisms in the D-loop, one at position 16290 (T-
ins) and the other at position 16293 (A-del), was higher in breast cancer patients than in control subjects
(position 16290: odds ratio = 6.011, 95% confidence interval = 1.2482 to 28.8411, P = 0.002; position
16293: odds ratio = 5.6028, 95% confidence interval = 1.4357 to 21.8925, P = 0.010). We also observed
one novel mutation in the ND3-coding region at position 10316 (A > G) in 69% of breast cancer patients
but not in control subjects. The study suggests that two novel polymorphisms in the D-loop may be
candidate biomarkers for breast cancer diagnosis in Bangladeshi women.
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In Bangladesh, breast cancer burden is increasing
due to lack of awareness and lack of population-based
biomarkers for screening the disease. Approximately
24% of women suffer from breast cancer!, which is the
second leading cause of cancer mortality. Worldwide, it
is estimated that more than a milion women are
diagnosed with breast cancer®. Cancer poses serious
health problems both in developed and developing
countries. The prevention and control of breast cancer in
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developing countries deserve urgent attention because
the incidence of the disease is expected to double in
these countries in the next 20 to 25 years?. The problem
of breast cancer in Bangladesh is particularly acute
because of poverty and lack of consciousness about
health matter.

Cancer control means primary prevention, early
detection (i.e. secondary prevention), treatment, follow-
up, treatment of recurrence, and palliative care, including
relief of pain for advanced and incurable cases. In other
words, the real object of breast cancer control is to
minimize the total impact of cancer by reducing mortality
from breast cancer. Based on the World Health
Statistics, new cancer cases in Bangladesh have been
estimated at 167 per 100 000 populations Bl In
low-income countries like Bangladesh, breast cancer
diagnosis is poor due to lack of advanced diagnostic
tools, genetic markers, and inadequate resources;
hence, women with breast cancer may not receive
proper treatment and care. Other causes are poor health
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awareness and education, lack of early screening
programs, lack of governmental support, and social
barriers ™. Countries with the most developed breast
cancer registries have documented an increasing trend:
rates in Japan, Singapore and Korea have doubled in
the last 35 years, and rates in China have increased
>30% in the past decade®™. The most common reasons
for the global increase in breast cancer are social
factors, including smoking, alcohol, poor diet, and
obesity. In addition, many hormone-related risk factors
like reduced breast feeding are responsible for breast
cancer in low-income countries!®l,

There are not sufficient data on breast cancer
epidemiology in Bangladesh, and treatment is delayed
due to lack of appropriate biomarker. Therefore,
development of cost effective and rapid biomarker can
be useful for early diagnosis of disease. In contrast,
cancer mortality in Western countries decreases due to
patient awareness and early disease diagnosis .
Recently, genetic markers, particularly mitochondrial
DNA (mtDNA)-based markers, have drawn much
attention for early diagnosis of primary breast cancer®9.
Identification of such markers for breast cancer in
Bangladeshi populations would facilitate early detection,
and then reduce disease burden and increase survival
rate.

Proper screening is also a necessary part of breast
cancer prevention and early detection. However, for
low-income countries, the cost of techniques such as
mammography, ultrasonography, magnetic resonance
imaging, and the like make them inaccessible, thereby
rendering screening unfeasible. Thus, novel inexpensive
alternatives are needed to allow implementation of
screening in low-income countries. To address this need,
we sought to determine if markers based on the mtDNA
D-loop would be useful for inexpensive and easy
screening of breast cancer.

mtDNA is a 16569 base pair, circular, maternally-
inherited, double-stranded DNA encoding 13 genes for
respiratory chain subunits. It represents <1.0% of total
cellular DNA and contains no introns or histones!™. The
number of mitochondria and, therefore, content of
mtDNA varies in different tissues. The mtDNA content
can either increase or decrease in various cancers in
comparison to control™'2 Lack of histone proteins and
the presence of reactive oxygen species in the
mitochondrial matrix makes mtDNA prone to mutationg'™,;
the mutation frequency is 20 times greater than that of
nuclear DNAM™. In this study, we report the screening of
breast cancer samples for polymorphisms in the mtDNA
D-loop, a mutational “hot spot” in human breast cancer
wherein there are two hypervariable sites, HVR-I
(16024-16383) and HVR-ll (57-372)M™. This region
regulates transcription and replication of mtDNA,
and thus, instability in this region may be involved

in  carcinogenesis!™. In recent years, mtDNA
polymorphisms have drawn attention as diagnostic
markers for early breast cancer detection [ With
modern advancements in the sequencing technique, we
have taken the opportunity to screen polymorphisms of
mtDNA in samples from breast cancer patients and
controls.

Materials and Methods

Sample collection

This study was approved by the local ethical
committee of Bangladesh Medical Research Council
(BMRC) and University of Dhaka. All patients were
females and ranged in age from 33 to 65 years (median,
42 years). Twenty age-matched (range, 28-58 years;
median, 44 years) healthy women from the mainstream
population was also included. No data on the tumor size
or lymph nodes were obtained. Both groups have the
same ethnicity and nationality and reside in Bangladesh.
Approximately 5 mL of blood sample was collected in
EDTA-coated tubes from each patient who visited the
hospital for treatment and 5 mL of blood was collected
from each control. The samples were kept at —20°C until
analyzed.

Reagents and instrument

All reagents for DNA isolation were purchased from
Sigma Aldrich. Primers were designed and purchased
from Applied Biosystems (USA). PCR components, Taq
polymerase, MgCl,, and dNTPs were purchased from
Eppendorf India Ltd. Sequencing reagents, POP7, 10 x
buffer, and BDT v3.1 were obtained from Life
Technologies (USA).

DNA isolation

Total DNA were isolated from the blood samples by
standard proteinase K treatment followed by phenol/
chloroform/isoamyl  alcohol extraction. DNA was
precipitated with 0.3 mol/L sodium acetate in 70%
ethanol at -20C overnight and resuspended in
Tris-EDTA (TE) buffer (pH 8.0). DNA quantification was
performed with measurements at an absorbance of 260
nm*. Extracted DNA was tested using 0.8% agarose gel
electrophoresis.

Primer sequences

The following overlapping primer sequences were
used for amplification of mtDNA D-loop: 5-TCATTG-
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GACAAGTAGCATCC-3' for 23F and 5-GAGTGGTT-
AATAGGGTGATAG-3' for 23R; 5-CACCATTCTCC-
GTGAAATCA-3' for 24F and 5-AGGCTAAGCGTTTT-
GAGCTG-3' for 24R. Two other primers used for ND3 and
ND4 amplification were not shown.

PCR

Partial mitochondrial genome was amplified using
four sets of primers, and the resultant amplicons were
tested using 2% agarose gel electrophoresis. Primers
were designed to amplify the D-loop, ND3, and ND4
regions. After PCR, gel electrophoresis was done along
with 1 kb DNA ladder to check the amplification of
distinct PCR products. PCR reactions (20 uL of total
volume) contained 10-20 ng of DNA and 0.5 umol/L
primers, 0.2 mmol/L each deoxynucleotide triphosphate
(dNTP), 1 U of TagMan™ DNA polymerase, and 2.5
mmol/L MgCl,. PCR amplification of specific regions of
mtDNA was performed with the following cycling
conditions: initial denaturation at 95C for 5 min, followed
by 94°C for 30 s, annealing at 58°C for 30 s, and 72C
for 2 min for 35 cycles and final extension at 72°C for 7
min. The ABI-prism Big Dye Terminator V.1.1 containing
ampliTaq polymerase, dye terminators (fluorescent
label), dNTP, and MgCl, was used for direct sequencing
of PCR products for specific primers (forward/reverse
primers). The sequencing PCR (cycle sequencing) was
performed with following cycling conditions: initial
denaturation at 95°C for 1 min, followed by 94°C for 10 s,
annealing at 55°C for 30 s, and extension at 60°C for 4
min for 35 cycles.

Purification of amplicons

We used commercially available products for PCR
product purification. A protocol for one such product,
Centricon ®-100 columns (P/N N930-2119), was given
here, but in general, the manufacturer’s protocol was
followed for each commercial product.

Centricon ®-100 columns contain an ultrafiltration
membrane that separates primers and dNTPs from
larger PCR products. However, they may not work as
well for short PCR products (<125 bases). To purify
PCR fragments by ultrafiltration, the Centricon-100
column should be assembled as directed. Then 2 mL of
deionized water is loaded onto the column, followed by
the entire sample. The column is then centrifuged at
3000 xg in a fixed-angle centrifuge for 10 min. After
removing the waste receptacle and attaching the
collection vial, the column is then inverted and
centrifuged at 270 xg for 2 min to collect the sample.
This process should yield 40-60 uL of sample.
Deionized water was then added to bring the purified
PCR fragments to the original volume.

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 using 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 the 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). mtDNA
polymorphisms were compared with the mitochondrial
genome database of world population by using Mitomap
(www.mitomap.org). The haplogroup of cancer patients
was identified by using miDNA manager (www.
mtmanager.yonsei.ac.kr).

Statistical analyses

Two-tailed, non-directional Fisher’s exact tests were
used to verify the mutation probability difference in
populations with or without cancer (healthy controls)[™.
To confirm the results of these common tests,
particularly in light of the expected low number in the
healthy population, Yates’s chi- and uncorrected
chi-squared test (“N-1” chi-squared test) have been
used because they are expected to have relatively low
type | error. The analysis was performed as previously
described!™.

To further understand the significance of 16290T-ins
and 16293A-del polymorphisms, related risk factors and
effectiveness of diagnostic criteria were assessed. The
parameters and the confidence intervals for the
estimated components were computed by using standard
methods!®..

Results

We sequenced the partial mitochondrial genome
D-loop and two coding regions, ND3 and ND4, using
blood samples collected from 24 breast cancer patients
and 20 age-matched control individuals and identified
more than one mutation in each patient. Among 14
distinct mutations, 6 had been reported in other studies
and 8 had not been reported. Overall, 7 novel mutations
in the D-loop (Table 1) and 1 in the ND3 region (Table
2) were identified in breast cancer patients. The most
frequent mutations were found at nucleotide position (np)
16290 (T-ins) and np 16293 (A-del) (Figure 1), which
respectively occurred in 95% and 75% of breast cancer
patients, but only in 1 (5% ) control (Table 3). The
16290T-ins and 16293A-del SNPs have high sensitivity
(0.75; 95% CI, 0.617 to 0.826) and specificity (0.7692;
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Table 1. Polymorphisms in the mtDNA D-loop identified in breast cancer patients of Bangladesh

Position Mutations Codon AA changes Mitomap
182 C-ins HVR-II Non-coding Novel
319 T-C HVR-II Non-coding Reported in Ref. [28]
315 C-CC-ins(n) HVR-II Non-coding Reported in Ref. [28]
590 A-ins MT-TF Non-coding Novel
600 T-ins MT-TF Non-coding Novel
16093 T>C HVR-I Non-coding Reported in Ref. [22]
16290 T-ins HVR-I Non-coding Novel
16293 A-del HVR-I Non-coding Novel
16260 G-ins HVR-I Non-coding Novel
16268 2G-ins HVR-I Non-coding Novel
Table 2. Polymorphisms in the mtDNA coding regions in breast cancer patients of Banglades
Position Mutations Codon AA changes Synonymous Mitomap
10316 A>G ND3 Thr-Ala Non-syn Novel
10398 G>A ND3 Thr-Ala Non-syn Reported in Ref. [16, 19]
10361 T>C ND3 Ser-Ser Syn Reported in Ref. [19]
11047 C>A ND4 Leu-Arg Non-syn Reported in Ref. [19]

Table 3. Statistical detail of D-loop polymorphisms in this case-control study

Allele Cases (n = 24) Controls (n = 20) Odds ratio 95% Confidence interval P
16290T-ins 95% 5% 6.001 1.248-28.841 0.002
16293A-del 75% 5% 5.603 1.436-21.892 0.010
16250 16296 16308
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Figure 1. Two major polymorphisms in breast cancer patients of Bangladesh. Red arrow shows 16290T-ins and black arrow shows 16293A-

del.
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95% CI, 0.649 to 0.769 ), with a subsequent diagnostic
OR of 5.571 (95% CI, 1.549 to 20.042) and number
needed to diagnose of 2.500 (95% ClI, 1.592 to
9.333) @21 Mutation in the ND3 region at np 10316
(A>G) occurred in 69% of breast cancer patients but
was absent in control subjects. Approximately 56% of
mutations were homoplasmic, and 44% were
heteroplasmic.

Discussion

Over the past decade, a variety of approaches have
been developed to improve the results of conventional
cancer screening by detecting molecular marker in
clinical samples. In this study, we present
comprehensive data of 14 mtDNA mutations in the
D-loop and in two coding regions in breast cancer
patients of Bangladesh. six mutations were previously
reported, and the remaining 8 are reported for the first
time here. In the control region, the two most frequent
polymorphisms in breast cancer patients occurred at np
16290T-ins and 16293A-del in 95% and 75% of cases,
respectively, but only in <5% of control individuals. Our
results oppose the previous findings that mtDNA
mutations in breast cancer could not be detected in
serum samples®. Recent survey reports revealed that
most studies on mtDNA mutations in breast cancer
focused on the D-loop and regions containing microsa-
tellites 41, which is consistent with the result in our
study.

One novel mutation in ND3 region at np 10316
(A>G) was observed in 69% patients but absent in
control subjects. The pathogenic role of this mutation in
the ND3 subunit is unknown, but it may have adverse
effects in ATP synthesis process. However, more
extensive biochemical and molecular studies will be
essential to determine the effect of this single novel
mutation on energy metabolism. The D-loop alteration
may interfere with the DNA sequence in the promoter
region and thereby affect the rate of transcription or
replication of mtDNA. Thus, mutations in this region may
contribute to mtDNA depletion in cancer.

This study shows that 56% of the detected
mutations were homoplasmic. However, previous studies
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