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Abstract. Mitochondrial DNA (mtDNA) mutations have been 
reported to be associated with various diseases, including 
cancer. The present study investigated the mtDNA non‑coding 
region mutations and mitochondrial haplogroups as potential 
biomarkers of sporadic breast cancer in Sri Lankan Sinhalese 
women. Mitochondrial macro‑haplogroups were determined 
using PCR‑restriction fragment length polymorphism, whereas 
non‑coding region sequences were determined using Sanger 
sequencing. The sequence of the non‑coding region was also 
used to confirm haplogroup status. Neither the mutations in 
the non‑coding region nor the mitochondrial haplogroups that 
were reported as risk factors in other populations, were deter-
mined to be potential risk factors for sporadic breast cancer in 
the present study. Furthermore, several novel mutations were 
identified in the present matched pairs case‑controlled study. 
The M65a haplogroup with an additional mutation at position 
16311 (P=0.0771) and mutations at the ori‑b site (P=0.05) 
were considered a weak risk factor and protective factor, 
respectively, for sporadic breast cancer in Sinhalese women. 
Previous studies have indicated the use of mtDNA mutations 
as a biomarker; however, the present study showed that such 
biomarkers need to be validated for individual ethnic groups 

before they can be recommended for use in the prediction of 
disease.

Introduction

Breast cancer remains one of the most common types of cancer 
diagnosed in women worldwide (1). In Sri Lanka, breast cancer 
accounts for ~25% of all diagnosed cancer cases in women 
and is the leading type of cancer in terms of incidence (2). 
Early diagnosis of breast cancer improves patient prognosis. 
Current detection methods are based on identification of signs 
or symptoms of a tumour by the patient or a clinician (3). 
However, the development of improved diagnostic tools, such 
as biomarkers, may aid in diagnosis prior to manifestation 
of any visible physical symptoms (4). Breast cancer can be 
inherited (familial breast cancer), in which a relative would 
have previously been diagnosed with breast cancer; or can 
occur in patients with no prior family history (sporadic breast 
cancer) (5). Sporadic and familial breast cancer account for 
90‑95 and 5‑10% of all breast cancer cases, respectively (6,7).

Mitochondrial DNA (mtDNA) is stored in the mitochon-
drial matrix, and codes for components of the electron transport 
chain that controls cellular respiration (8). Each mitochondrion 
has multiple copies of mtDNA and each cell has several mito-
chondria (8,9). mtDNA is a double‑stranded, circular structure 
that is 16,569 bp in length (8). The double strand consists of a 
heavier (H) and a lighter (L)‑strand (8). mtDNA consists of two 
regions: A non‑coding and a coding region. The non‑coding 
region, also known as the displacement loop  (D‑loop), is 
~1,500 bp in length and is a short triple‑stranded structure, in 
which a short strand of 7S DNA displaces the H‑strand (10,11). 
The D‑loop serves an important role in the replication and 
transcription of mtDNA as it contains the sites of replication 
initiation and promoters for the transcription of downstream 
genes  (8,10). Alterations in the mitochondrial genome are 
associated with a number of chronic diseases such as diabetes, 
Leber hereditary optic neuropathy, metabolic diseases as well 
as several types of cancer (10,12‑14).

According to the Warburg hypothesis, cancer is a metabolic 
disease caused by mitochondrial damage (15). A biomarker is 
typically a molecule that can indicate a disease condition or 
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predict the risk of developing a particular disease, including 
cancer (16). Certain biomarkers are widely used in clinical 
practice to determine treatment options and the effectiveness 
of treatment  (17,18). Current biomarkers for breast cancer 
include the oestrogen and progesterone receptors, human 
epidermal growth factor receptor 2 and Ki‑67 status in the 
tumour tissue (18), as well as inherited mutations in genes, such 
as BRCA1 and BRCA2, which can be detected in the peripheral 
blood (17). Whilst the latter can predict the risk of inherited 
breast cancer  (19), the former cannot be used to predict 
sporadic breast cancer but can inform treatment options (20). 
Therefore, there is an unmet need for the identification of circu-
lating biomarkers that can predict the risk of sporadic breast 
cancer. mtDNA has been studied as a potential biomarker 
in assessing the risk of developing breast cancer in certain 
populations  (21,22). The mitochondrial D‑loop region has 
been shown to be a hotspot of variations associated with breast 
cancer (23). In addition, mutations located between positions 
303 and 315 are frequently observed in cancer (24). Germline 
mutations such as T16189C, T16519C and G10398A have been 
reported as risk factors in breast cancer, whereas variations 
such as T3197C and G13708A are reported to serve as protec-
tive factors in certain populations (25,26). mtDNA is primarily 
inherited maternally and the mutational profile varies in 
different populations and ethnicities (27,28). Previous studies 
have investigated the variations in the mitochondrial genome of 
patients in different populations (26,29,30); however, to the best 
of our knowledge, there are no studies on Sri Lankan patients. 
Therefore, the present study was performed to evaluate whether 
germline mtDNA D‑loop mutations and mitochondrial 
haplogroups are associated with sporadic breast cancer in 
Sri Lankan patients of Sinhalese ethnicity.

Patients and methods

Sample collection. The present study was approved by 
the Ethics Review Committee of the Faculty of Medicine, 
University of Colombo (approval no. EC‑16‑097). Patients of 
Sinhalese ethnicity (n=63) with a confirmed diagnosis of breast 
cancer were recruited from the National Cancer Institute of 
Sri Lanka between November 2012 and January 2018. A periph-
eral venous blood sample was obtained from the patients prior 
to chemotherapy or hormonal therapy and demographic and 
clinical data were collected after obtaining written informed 
consent. As the control group, healthy Sinhalese women (n=63) 
matched for age, body mass index (BMI) and menopausal status 
were recruited from the community after obtaining written 
informed consent. The controls did not have any family or 
personal history of cancer or acute or chronic illness. Patients 
and controls were aged 28‑76 years (mean ± standard deviation, 
50.683±10.715 and 50±10.682 years, respectively).

DNA extraction and quantification. Genomic DNA from each 
sample was extracted using a modified version of Miller's 
salting out procedure, as described previously (31). The DNA 
quality and quantity were assessed using a BioSpec Nano 
spectrophotometer (Shimadzu Corporation).

Control region amplification. DNA extracted from the 
patients and the controls were amplified using PCR. The 

primers used in the present study were previously described 
by Reider et  al  (32) and the sequences were: 23‑forward, 
5'‑TCA​TTG​GAC​AAG​TAG​CAT​CC‑3' and reverse, 5'‑GAG​
TGG​TTA​ATA​GGG​TGA​TAG‑3'; and 24‑forward, 5'‑CAC​
CAT​CCT​CCG​TGA​AAT​CA‑3' and reverse, 5'‑AGG​CTA​AGC​
GTT​TTG​AGC​TG‑3'. The primers were used to amplify the 
1,500 bp control region as two separate PCR products. The 
PCR mix contained 50 ng DNA, 1.5 mM MgCl2, 1x Green 
GoTaq® (10 mM Tris‑HCl; pH 8.3 and 50 mM KCl) (Promega 
Corporation), 0.2 mM dNTPs, (Promega Corporation), 0.2 µM 
of each primer (Integrated DNA technologies), 1.5  units 
GoTaq® Flexi DNA polymerase (Promega Corporation) and 
0.16 mg/ml acetylated BSA (Promega Corporation). The PCR 
mix was prepared to a final volume of 25 µl. PCR was performed 
in a Veriti Thermal Cycler (Thermo Fisher Scientific, Inc.) 
with the following thermocycling conditions: 94˚C for 5 min; 
followed by 38 cycles of 94˚C for 1 min, optimised annealing 
temperature of 61˚C for 1 min, 72˚C for 2 min; with a final 
extension step of 72˚C for 10 min. The PCR products were 
purified using a Wizard®  SV  Gel and PCR Clean‑Up kit 
(Promega Corporation). The sequence of the amplified region 
was determined using Sanger sequencing. The samples were 
sequenced using a BigDye® Terminator v3.1 cycle sequencing 
kit (Thermo Fisher Scientific, Inc.) and sequencing products 
were run on an Applied Biosystems 3500Dx Genetic Analyzer 
(Thermo Fisher Scientific, Inc.). The sequences were analysed 
using Mutation Surveyor® (version  4.09; SoftGenetics®), 
with the revised Cambridge Reference Sequence (rCRS; 
GenBank accession number NC_012920.01) as the reference. 
Subsequently, the data were analysed using the Reconstructed 
Sapiens Reference Sequence (RSRS) (33) and mutations at the 
genomic level were identified.

Haplogroup and haplotype assessment. The M and N 
macro‑haplogroup status of the samples was determined using 
PCR‑restriction fragment length polymorphism (RFLP). The 
coding regions were amplified by PCR using primers described 
in a previous study (34). The primer sequences were: 10,279 
forward, 5'‑CCC​TAC​CAT​GAG​CCC​TAC​AA‑3'; 10,485 reverse, 
5'‑TGT​AAA​TGA​GGG​GCA​TTT​GG‑3'); 10,687 forward, 5'‑TGG​
GCC​TAG​CCC​TAC​TAG​TCT‑3'; and 10,931 reverse, 5'‑AGG​
AAA​AGG​TTG​GGG​AAC​AG‑3'. The PCR products were 
digested using the restriction enzymes AluI and MnlI as described 
by Ranasinghe (34). The D‑loop region nucleotide sequences 
were used to assign haplogroups to each sample. Mutations asso-
ciated with individual samples were analysed using HaploGrep 
version 2.2 (35), EmPop mtDNA database version 4.0 (36) and 
validated using PhyloTree build 17 (37). The haplotypes were 
determined by manually searching for grouped mutations.

Statistical analysis. Statistical analysis was performed using 
GraphPad QuickCalcs (38). A McNemar's test was used to 
compare the prevalence of haplotypes and mutations between 
the patients and the controls. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Clinicopathological characteristics of the patients and 
controls. In the present study, 63 patients with sporadic breast 



BIOMEDICAL REPORTS  12:  339-347,  2020 341

cancer were recruited, as well as 63 age, BMI and menopausal 
status matched controls. The majority of the patients and 
controls (31.75%) belonged to the 50‑59 years age category, in 
addition, 52.38% of the patients and controls were post‑meno-
pausal, whereas 47.62% were pre‑menopausal. A majority 
(47.62%) had a BMI considered normal, whereas 33.33% 
were classified as overweight. There were no differences 
between the patients and healthy control groups. Amongst 
the patients, ductal carcinoma was predominant (66.67%) 
while lobular carcinoma accounted for 11.11%. Carcinoma of 
no specific type and grade were classified according to the 
Nottingham grade of the tumour (39). The clinicopathological 

characteristics of the matched patients and controls are 
presented in Table I.

Table I. Clinicopathological characteristics of patients and 
matched controls.

A, Matched pairs, n=63

Age, years	 n	 Percentage
  20‑29	 1	 1.59
  30‑39	 10	 15.87
  40‑49	 16	 25.40
  50‑59	 20	 31.75
  60‑69	 14	 22.22
  70‑79	 2	 3.17
Menopausal status
  Premenopausal	 30	 47.62
  Post‑menopausal	 33	 52.38
BMI
  Underweight (<18.5)	 4	 6.35
  Normal (18.5‑24.9)	 30	 47.62
  Overweight (25.0‑29.9)	 21	 33.33
  Obese (>30)	 8	 12.70

B, Patients, n=63

Ductal carcinoma	 42	 66.67
  In situ	 5
  Invasive/infiltrating	 34
  Only classified as ductal carcinoma	 3
Lobular carcinoma	 7	 11.11
  In situ	 1
  Invasive/infiltrating	 5
  Only classified as lobular carcinoma	 1
Carcinoma of no specific type	 8	 12.70
  Grade 2a	 6
  Grade 1a	 1
  No known grade 	 1
Mucinous carcinoma	 1	 1.59
Invasive squamous carcinoma	 1	 1.59
Invasive adenocarcinoma	 1	 1.59
Adenoid cystic carcinoma	 1	 1.59
Papillary carcinoma	 2	 3.17

aNottingham grade (39).

Table II. Mutations observed in >5% of either sporadic breast 
cancer patients or controls.

	 Patients, n=63	 Controls, n=63
Mutation,	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
reference, rCRS	 N	 % 	 N	 %

A73G	 60	 95.24	 61	 96.83
T146C	 10	 15.87	 10	 15.87
C150T	 12	 19.04	 7	 11.11
C151T	 3	 4.76	 5	 7.94
T152C	 17	 26.98	 20	 31.75
A153G	 1	 1.59	 3	 4.76
T195C	 13	 20.64	 16	 25.40
T199C	 4	 6.35	 4	 6.35
T204C	 5	 7.94	 4	 6.35
A234G	 3	 4.76	 7	 11.11
A240G	 1	 1.59	 4	 6.35
A263G	 59	 93.65	 63	 100
309insC	 17	 26.98	 21	 33.3
309insCC	 4	 6.35	 5	 7.94
T310C	 3	 4.76	 6	 9.52
315insC	 47	 74.6	 52	 82.54
315insCC	 4	 6.35	 2	 3.17
C447G	 5	 7.93	 3	 4.76
T482C	 4	 6.35	 7	 11.11
T489C	 33	 52.4	 37	 58.73
C511T	 8	 12.7	 2	 3.17
523_524delAC	 14	 22.22	 22	 34.92
A16051G	 7	 11.11	 8	 12.7
T16093A	 7	 11.11	 2	 3.17
T16093C	 3	 4.76	 8	 12.7
T16126C	 1	 1.59	 5	 7.93
T16172C	 3	 4.76	 7	 11.11
A16183C	 3	 4.76	 4	 6.35
C16193T	 1	 1.59	 5	 7.93
16193dupC	 2	 3.17	 4	 6.35
T16209C	 2	 3.17	 4	 6.35
T16231C	 2	 3.17	 4	 6.35
G16274A	 8	 12.7	 4	 6.35
A16289G	 7	 11.11	 1	 1.59
T16304C	 6	 9.52	 3	 4.76
A16318T	 3	 4.76	 4	 6.35
G16319A	 11	 17.46	 6	 7.23
C16320T	 4	 6.35	 3	 4.76
T16352C	 4	 6.35	 5	 7.94
C16353T	 2	 3.17	 4	 6.35
T16356C	 4	 6.35	 3	 4.76
T16362C	 6	 9.52	 12	 19.05
T16519C	 53	 84.13	 52	 82.53

rCRS, revised Cambridge reference sequence.



KOTELAWALA et al:  MITOCHONDRIAL D-LOOP VARIANTS AND HAPLOGROUPS IN SPORADIC BREAST CANCER342

D‑loop variations. Mitochondrial D loop sequences in 
63  patients with histologically confirmed sporadic breast 
cancer were analysed according to their age, BMI and 
menopausal status against the matched controls. The samples 
displayed a total mutational profile as follows: 680 and 733 
mutations in the patients and controls, respectively, when anal-
ysed using the rCRS. There were 395 and 426 mutations in the 
patients and controls, respectively, when analysed using the 
RSRS. Mutations that were present in >5% of either patients or 
controls are presented in Table II.

The mtDNA hyper‑variable regions are hotspots of genetic 
variation compared with the rest of the D‑loop region (40). 
The data collected in the present study were used to compare 
the mutational profile obtained with rCRS in the three 
hyper‑variable regions. There were 221 and 234 mutations 
within hypervariable region I, 293 and 319 mutations within 
hypervariable region  II; and 77 and 84 mutations within 
hypervariable region  III in the patients and the controls, 
respectively. Certain mutations were observed in significant 
areas of the non‑coding region, such as the origin of replica-
tion for the H strand, H and L strand promoter regions and 
transcription initiation sites (Table III). Mutations at the ori‑b 
site in the heavy strand were seen in 32 controls and 19 patients 

[P=0.05; odds ratio (OR), 0.517; 95% confidence interval (CI), 
0.258‑0.997]. The difference in the prevalence of mutations in 
the mitochondrial transcription factor A (TFAM) footprint and 
the region required for promoter activity between the patients 
and the controls was not statistically significant (P=0.2012; 
OR, 0.579; 95% CI, 0.249‑1.280 for both). Although a number 
of mutations reported to be associated with breast cancer in 
other populations were observed in the present study, their 
prevalence was not significantly different between the patients 
and the controls (Table IV).

Mutations at the site of transcription initiation in the heavy 
strand (ITH1) and the site containing the footprint of mitochon-
drial RNA polymerase (mtRNAP)/mitochondrial transcription 
factor B2 (TFB2M) binding (41,42) were seen in three patients 
(patient codes: B10, B51 and B03). Patient B03 was 37 years 
old with a BMI of 16.9, menarche at 13 years and gave birth to a 
child at the age of 29. The patient had no history of miscarriages 
and has previously used hormonal contraceptives. The patient 
was diagnosed with ductal carcinoma in situ (Nottingham 
grade 2) and underwent a lumpectomy. The other two patients 
were diagnosed at a later stage of the disease. Patient B10 was 
51 years old with a BMI of 26.8, menarche at 11 years and gave 
birth to a child at the age of 16. The patient had experienced a 

Table III. Mutations identified in regions important for replication and transcription in sporadic breast cancer patients and 
matched controls.

A, Replication

	 Occurrence
		  Nucleotide position	 Mutations identified	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Location	 Function	 of binding site	 in these regions	 Patients	 Controls

Heavy strand	 Origin of replication (OH)	 57	 56del, A56T, T57A, T58A, 65TTins,	 0	 2
			   G66T
		  191	 C182T, G185A, C186T, A189G, 	 27	 28
			   C194T, T195C, T195A, C198T, 
			   T199C, A200G
		  300	 A297G, 301CCins	 0	 4
	 Second origin (Ori‑b)	 16197	 C16187T, 16187CCdup, C16188T, 	 19	 32
			   C16192T, C16193T, 16193CCdup,
			   A16206C, A16207G

B, Transcription

	 Occurrence
		  Nucleotide position	 Mutations identified	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Location	 Function	 of binding site	 in these regions	 Patients	 Controls

Heavy strand	 Initiation (ITH1)	 561	 560_561CAdel	 1	 0
Light strand	 Promoter (ITL)	 408	 None	 0	 0
‑	 mtRNAP/TFB2M footprint	 546‑570	 560_561CAdel, T569C	 3	 0
‑	 TFAM footprint	 520‑545	 523dupAC, 523_524ACdel	 15	 22
‑	 Region required for	 520‑531	 523dupAC, 523_524ACdel	 15	 22
	 promoter activity

TFAM, transcription factor A; mtRNAP, mitochondrial RNA polymerase; TFB2M, transcription factor B2.
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miscarriage and had no history of hormonal contraceptive use. 
The patient was diagnosed with invasive ductal carcinoma and 

underwent a mastectomy with level III axillary clearance and 
succumbed to the disease 10 weeks after clinical diagnosis. 
Patient B51 was 53 years old with a BMI of 30.5, menarche 
at 12 years, had experienced four miscarriages and received 
fertility treatment to conceive but had no children. The patient 
was diagnosed with invasive ductal carcinoma (Nottingham 
grade 2) and underwent a mastectomy and level III axillary 
clearance.

Haplogroup analysis. The macro‑haplogroups identified 
in the patients and the controls using PCR‑RFLP and the 
haplogroups predicted using the D‑loop sequence mutations 
using HaploGrep, EmPop and validated with PhyloTree are 
presented in  Table  V. The M  macro‑haplogroup included 
haplogroups M and D, whereas the rest of the haplogroups 
belonged to the N macro‑haplogroup. The distribution of the 
macrohaplogroups and haplogroups among the patients and 
the controls was similar.

Analysis of the shared haplogroups showed that 
haplogroup M65a with an additional mutation at position 
16311 (M65a@16311) was present in 7 patients and only in 
1 control. However, when analysed using the McNemar test, 
the difference was not statistically significant (P=0.0771; 
OR, 7.00; 95% CI, 0.899‑315.483). Haplogroup M65, which 
is the nearest root for haplogroup M65a, was observed in 

Table V. Distribution of macro‑haplogroups M and N identi-
fied by PCR‑restriction fragment length polymorphism and 
haplogroups identified using D‑loop sequencing in patients 
with sporadic breast cancer patients and matched controls.

Macro‑haplogroup	 Haplogroup	 Patients, n	 Controls, n

M	 M	 35	 33
	 D	 1	 2
	 Total	 36	 35
N	 N	 1	 1
	 U	 10	 11
	 R	 10	 11
	 H	 3	 2
	 T	 1	 2
	 W	 1	 0
	 P	 1	 0
	 Total	 27	 27
L	‑	  0	 1
Total	‑	  63	 63

Table IV. Prevalence of mitochondrial D loop mutations reported to be associated with breast cancer in other populations 
compared with the present study.

				    Ethnicity of
				    patients in
Author, year	 Mutation	 Patients, n	 Controls, n	 the study	 Description	 (Refs.)

Cai et al, 2011	 A73G	 60	 61	 Chinese	 Germline	 (21)
Czarnecka et al, 2010				    Polish	 Germline, primary breast cancer	 (52)
Cai et al, 2011	 C150T	 12	 7	 Chinese	 Germline	 (21)
Cai et al, 2011	 T217C	 2	 0	 Chinese	 Germline	 (21)
Czarnecka et al, 2010	 T239C	 1	 1	 Polish	 Germline, primary breast cancer	 (52)
Czarnecka et al, 2010	 A263G	 59	 63	 Polish	 Germline, primary breast cancer	 (52)
Tipirisetti et al, 2014	 310 C	 3	 6	 South Indian	 Germline, primary breast cancer, 	 (26)
	 insertion				    controls matched for age, sex
					     and ethnicity
Tan et al, 2002	 A189G	 3	 0	 American (USA)	 Germline	 (53)
Cai et al, 2011	 T16126C	 1	 5	 Chinese	 Germline	 (21)
Wang et al, 2006	 T16189C	 11	 17	 Chinese	 Somatic, primary breast cancer	 (24)
				    (Hong Kong)
Tipirisetti et al, 2014				    South Indian	 Germline, primary breast cancer, 	 (26)
					     controls matched for age, sex
					     and ethnicity
Cai et al, 2011				    Chinese	 Germline	 (21)
Cai et al, 2011	 T16217C	 0	 1	 Chinese	 Germline	 (21)
Czarnecka et al, 2010	 A16207G	 0	 1	 Polish	 Germline, primary breast cancer	 (52)
Cai et al, 2011	 T16266C	 2	 3	 Chinese	 Germline	 (21)
Bai et al, 2007	 T16519C	 53	 52	 European‑American	 Germline, Familial breast cancer, 	 (25)
					     controls matched for age and sex
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1 patient and 1 control. When these data were included and 
the McNemar test was repeated to compare the frequency of 
the M65 haplogroup between patients and controls, the results 
remained statistically insignificant (P=0.1138). Haplogroup 
M30 was present in 2 patients and 7 controls.

Haplotyping. A total of 116 haplotypes, consisting of 7 shared 
haplotypes and 109 unique haplotypes, were identified in 
the present study. The haplotypes observed in more than 
one healthy control or patient are presented in Table  VI. 
Haplotype 4 was exclusively observed in only 4 patients and 
was not observed in the controls. Another 3 haplotypes (haplo-
types 1, 6 and 7) were present exclusively in the controls and 
were not observed in the patients.

Discussion

A number of previously published studies have investigated 
the role of mtDNA mutations in the development of diseases, 
including breast cancer (43‑46). Germline and somatic muta-
tions in mtDNA have been studied in breast cancer in various 
populations across the world (26,29,30,47). Certain studies 
have suggested a positive correlation between specific D‑loop 
mutations and haplogroups  (48‑50), and the risk of breast 
cancer. Therefore, mtDNA may serve as a potential biomarker 
for the early diagnosis of breast cancer, and its relevance may 
be dependent on ethnicity (21,51). The present study focussed 
on identifying germline mutations in the mitochondrial D‑loop 
region and haplogroups in patients with breast cancer and 
the matched controls to ascertain whether specific mutations 
and/or haplogroups are associated with sporadic breast cancer 
in Sri Lankan women of Sinhalese ethnicity.

Whilst a large number of mutations were observed in both 
the patients and the controls in the present study, there was no 
significant difference in the prevalence of any of the mutations 
observed between the patients and the controls. A number of 
mutations reported to be associated with breast cancer in other 
populations were observed in the present study (21,24‑26,52,53); 
however, none were exclusive to or more prevalent in the 
patients with breast cancer. The T16519C mutation, which 
has been reported to increase the risk of breast cancer among 
women of European‑American ethnicity (25), was present in 
84% of the patients and 82% of the healthy controls in the 
present study. Furthermore, the T16189C mutation reported 

in patients with breast cancer from China, Hong Kong and 
India (21,24,26) was observed in only 11 patients with breast 
cancer, but in 17 controls in the present study. T16189C was 
of particular interest as its occurrence in patients with ductal 
carcinoma in situ and invasive breast cancer has been previ-
ously reported (24). Furthermore, T16189C was identified as 
a biomarker associated with diabetes (54), which is suggested 
to contribute to carcinogenesis (55). Ranasinghe et al  (28) 
previously reported that the T16189C mutation occurs at a 
prevalence of 16.7% (10 out of 60) in the general Sinhalese 
population. The prevalence of the T16189C mutation in the 
patients in the present study (17.5%) was consistent with 
that reported by Ranasinghe et al (28). The T16189C muta-
tion had a comparatively higher prevalence rate (27%) in the 
healthy control group in the present study; however, this was 
not significantly different from the prevalence in the patient 
cohort. Therefore, in view of the prevalence of the T16189C 
mutation in the patient cohort in the present study being similar 
to previous observations in the general population, and not 
being significantly different to the prevalence in the matched 
controls, this mutation is unlikely to be associated with the 
occurrence of breast cancer in Sinhalese women. T16126C, 
which was reported to be associated with breast cancer nega-
tive for hormone receptors (56), was observed in only 1 patient 
but in 5 controls in the present study. Therefore, the mitochon-
drial D loop mutations reported to confer an increased risk for 
breast cancer in other populations failed to show an association 
with sporadic breast cancer in Sinhalese women. A previous 
study reported the association of G10398A with breast cancer 
in the North Indian population (57); however, this variation 
was not associated with breast cancer risk in Iraqi women (47). 
Although several novel mitochondrial D‑loop mutations were 
observed in patients in the present study, each of these occurred 
only in 1 or 2 individuals. The present study eliminated the 
confounding effect of three important risk factors for breast 
cancer, namely age, BMI and menopausal status (58). Certain 
previous studies have controlled for age and sex; however, to 
the best of our knowledge, none appear to have controlled for 
BMI or menopausal status (26,29,30). These differences in the 
study design as well as ethnic differences may account for the 
lack of an association between any of the D loop mutations 
with breast cancer in the present study.

The mtDNA haplogroups identified in the present study 
are in line with the mitochondrial haplogroups reported for 

Table VI. Haplotypes observed in more than one sporadic breast cancer patient or matched control.

Haplotype	 Mutations	 Patients	 Controls

1	 73G, 150T, 195C, 240G, 263G, 315.1C, 16129A, 16266T, 16311C, 16318G, 16320T,	 0	 2
	 16362C, 16519C
2	 73G, 195A, 263G, 315.1C, 489C, 523d, 524d, 16223T, 16519C	 1	 2
3	 73G, 199C, 263G, 315.1C, 482C, 489C, 16093C, 16223T, 16519C	 1	 2
4	 73G, 150T, 263G, 315.1C, 489C, 511T, 16223T, 16289G, 16519C	 4	 0
5	 73G, 204C, 263G, 315.1C, 447G, 489C, 16223T, 16270T, 16274A, 16319A, 16352C, 16519C	 1	 1
6	 73G, 195A, 263G, 309.1C, 315.1C, 489C, 523d, 524d, 16223T, 16294G, 16519C	 0	 2
7	 73G, 263G, 297G, 315.1C, 489C, 16189C, 16193.1C, 16223T, 16519C, 16527T	 0	 2
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the Sri Lankan population, where a majority belonged to the 
M haplogroup followed by the N haplogroup and its deriva-
tives (28). Other studies have reported an association between 
haplogroups and breast cancer, such as haplogroup D5 and 
M in the Chinese population (49,59,60) and haplogroup N in 
the Indian population (57,61). Whilst the Sinhalese population 
was not associated with a macro‑haplogroup, the haplogroup 
M65a@16311 was observed in a number of patients and 
the haplogroup M30 was observed in a number of controls. 
Although the M65a@16311 haplogroup was more commonly 
observed in patients than in controls, this difference was not 
statistically significant.

Haplotype analysis revealed 7 shared haplotypes, although 
neither the patient cohort nor their controls included family 
members or known relatives. However, the possibility of having 
a common ancestor several generations ago among those who 
shared haplotypes or haplogroups cannot be excluded.

The mtDNA non‑coding region serves an important role 
in the replication of mtDNA as well as in the initiation of 
transcription  (8). Taking these important roles of mtDNA 
into consideration, the mutations present in each region were 
analysed. The H‑strand origin of replication, the transcrip-
tion initiation sites for both the H‑ and L‑strands, as well as 
associated factor binding sites, such as mtRNAP/TFB2M and 
TFAM, are located within the non‑coding region. Mutational 
changes within this region could have implications on the repli-
cation of mtDNA and transcription of mitochondria‑encoded 
respiration factors. Mutations at two particular sites (57 and 
300) in the origin of replication on the H‑strand were observed 
only in controls. Nucleotide positions 57 and 300 are hypoth-
esized to be the origins of replication; however, position 191 
has been historically used as the origin of replication (62). For 
comparison, all three sites were analysed as potential origins 
of H‑strand replication. However, there were no common 
clinical characteristics among the three patients who displayed 
variations at the ITH1 site and the site containing the footprint 
of mtRNAP/TFB2M binding.

Three conserved sequence blocks (CSB) are located within 
the mtDNA non‑coding region; CSB I (nucleotide 213‑233), 
CSB II (nucleotide 299‑315) and CSB III (nucleotide 345‑363). 
Consistent with previous studies (25,59), CSB I and CSB III 
showed less variation compared to CSB II in all the patient 
and control samples. However, CSB  II showed variations 
relating to mutational hotspots at positions 301 (C insertion), 
309 (C insertion), 310 (T>C) and 315 (C insertion and C dele-
tion). This is consistent with previous reports, which indicated 
that variations primarily occur in CSB II (26,61,62‑65) and are 
associated with errors in transcription (63), which can result in 
the occurrence or progression of diseases such as cancer (65). 
In the present study, a higher number of mutations occurring at 
positions 303‑315 were observed in the controls (86 variations) 
compared with patients (76 variations), contradicting previous 
reports of mutations within the D310 region being associated 
with cancer (26,65,68‑70).

The haplogroup M65a with an additional mutation at 
16311 and mutations at the ori‑b site were a weak risk factor 
and a weak protective factor, respectively, for sporadic breast 
cancer in the present study. Furthermore, the absence of a link 
between previously reported mutations and haplogroups with 
breast cancer risk in the present study highlights the need for 

exercising caution when using non‑localised biomarker panels 
to assess disease risk in populations. However, the association 
of previously reported mitochondrial D loop mutations and 
haplogroups with breast cancer risk in other Sri Lankan ethnic 
groups cannot be excluded, in view of the ethnic differences in 
the mtDNA and haplogroups among other ethnicities (27,28). 
The mutations that showed a weak effect in the present study, 
and those reported in other studies, need to be further evalu-
ated in larger cohorts and in other ethnic groups before their 
use as predictive biomarkers can be recommended.
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