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Abstract 
  The molecular basis of breast cancer has been thoroughly investigated in the last decade. Many nuclear suscep-
tibility genes were discovered. Moreover, research about mitochondrial DNA (mtDNA) mutations and mitochondrial 
haplogroup determinants (single nucleotide polymorphism; SNP) has explored their potential role in cancers in 
general and breast cancer in particular. 
  This study is to identify breast cancer-related SNPs and mtDNA haplogroups among Kurdish women living in 
Sulaymaniyah/Iraq. 
  This case-control study was conducted in Kurdistan Institute for Strategic and Scientific Research (KISSR) / 
Molecular Lab in Sulaymaniyah in collaboration with a specialized lab in South Korea. Twenty women with breast 
cancer and 20 women with benign breast diseases were enrolled. The entire mitochondrial genome of 40 breast 
tissue specimens was sequenced. Haplogrep 2.0 was utilized for haplogroup identification. Statistical Analysis was 
performed using Chi-square and Fisher’s exact tests. 
   A total of 547 mutations (Cancer, n=344 and Control, n=203) were identified including 15 first-reported mutations. 
HV haplogroup in the cancer samples was a risk factor for the development of breast cancer (p=0.002) compared 
to H haplogroup in the control samples (p =0.006) (Odd Ratio [OR] = 28.00). Furthermore, SNP (A8860G) was an 
additional risk compared to other randomly selected SNPs (A750G, A1438G, and C7028T) (p ˂0.05 and OR >1). 
In conclusions; the association of certain mtDNA haplogroups and SNPs with breast cancer risk is not new. Unlike 
studies performed in other populations of the world figuring out A10398G as the risky SNP, our study identified 
A8860G in the Kurds. Geographic and ethnic variations between human populations do exist, so an SNP that is 
common in one population group may be much rarer in another. Hence, more research on the molecular biology of 
breast cancer in our locality is warranted to clarify the situation.
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Introduction

Breast cancer is a heterogeneous, debilitating 
disease of a multistep carcinogenic back-

ground 1–3. It is the most frequently diagnosed can-
cer in women 2–4. The incidence of breast cancer 
among women in Kurdistan region, Iraq approach-
es the western countries and could be even higher 
particularly in the young 2,3,5. “Although, major 
progresses have been made over the past decade 
in exploring the molecular basis of breast cancer 
and the discovery of several susceptibility nucle-
ar-genes of high, moderate and low penetrance as 
predisposing factors for breast cancer, these genes 
hardly explain 10-15% of the cases” 2,3,6.
“Mitochondria are maternally inherited, cytoplas-
mic organelles acting as the main producers of en-
ergy in eukaryotic cells. They retain a small DNA 

genome. Mitochondrial DNA (mtDNA) is a circu-
lar molecule of 16,569 bp, coding for 2 ribosomal 
RNAs (12S and 16S), 22 transfer RNAs and 13 
essential protein subunits of the oxidative phos-
phorylation system (OXPHOS)” 2,3. “The only 
non-coding region is the D-loop region (displace-
ment-region), which has been identified as a regu-
latory region of mtDNA replication and transcrip-
tion, containing a replication origin and promoter 
region” 7. 
  “It is well known that (mtDNA) has a mutation 
rate several times higher than nuclear DNA. This 
is attributed to its limited repair mechanisms, lack 
of protective histones and its close proximity to 
the electron transport chain, which continuously 
generates free radicals. Furthermore, mtDNA is 
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organized in an economic pattern with its genes 
lacking introns. Otto Warburg, in 1956, observed 
that cancers ferment glucose in the presence of 
oxygen. Accordingly, Warburg proposed that ab-
normalities in mitochondrial respiration may be 
responsible for cancer production” 2,3,8.
  Recently, researchers studied possible relation-
ship of mitochondrial genome mutations with dif-
ferent types of cancer including breast cancer. The 
studies involved mitochondrial haplogroups and 
single nucleotide polymorphisms (SNP)’s. Mito-
chondrial haplogroups refer to mtDNA variations 
while SNPs represent the simplest form of DNA 
variation among individuals in which a single 
nucleotide at a specific position in the genome is 
replaced by another. Research figured out signifi-
cant association between specific mtDNA haplo-
groups and some cancers, including breast cancer 
and identified specific mutations in cancer cases 
like T16189C, G10398A and the (4977) deletion 
mutation of mtDNA  2,3,9.
   Breast cancer contributes to 9.6% of global 
cancer related deaths. This cancer is considered 
an aggressive systemic disease since it is able to 
metastasize in its early stages with high death rate 
among patients who present with recurrences. 
Therefore, doctors need early-stage tumor markers 
in order to diagnose the disease as early as possible 
7. “Previous research has often focused on nuclear 
gene mutations, while mitochondrial gene muta-
tions have attracted considerably less attention. In 
1998, Polyak et al. reported mtDNA mutations in 
7 of 10 colorectal cancer cases for the first time. 
Subsequently, many scholars have confirmed that 
detection of mtDNA mutations in tumor cells is 
simpler and more reliable than that of nDNA” 3.
In Iraq, a few population studies based on mito-
chondrial DNA haplogroups analysis were pub-
lished 10–13. In the clinical field, a master student 
from the University of Sulaimani has performed a 
research on mtDNA in 5 patients with congenital 
neuromuscular dysfunction (personal communi-
cation). Moreover, Ismaeel et al 14 and Dhahi & 
Mahdi 15 published 2 papers about association of 
breast cancer and specific mtDNA mutations. The 
current study was performed to identify potential 
link of certain mtDNA haplogroups and SNPs with 
breast cancer in Kurdish women of Sulaymaniyah, 
Iraq using the whole rather than selected mtDNA 
genome analysis. 

Patients & Methods
Sample Selection: “The study was approved by 
the Ethical Committee of the College of Medicine/
University of Sulaimani (reference number 44, on 
January 30, 2017). A total of 40 subjects (20 breast 
cancer tissue and 20 control samples) were recruit-
ed for the study. Control samples were taken from 
benign breast tissue specimens (fibroadenoma 
and non-proliferative fibrocystic breast disease). 
Breast cancer tissue samples were taken from mas-
tectomy specimens of women already diagnosed 
with invasive ductal carcinoma (Grade II and III) 
by core biopsy and with no family history of breast 
cancer. All samples were from unrelated Kurdish 
women living in the center of the city. The study 
was conducted in the Molecular Biology Lab of 
Kurdistan Institute for Strategic and Scientific Re-
search (KISSR) in collaboration with a specialized 
lab in South Korea and spanned one year ending at 
March 1, 2018” 2,3.
DNA Extraction: “Total genomic DNA was ex-
tracted using DNA extraction kit (GeNet bio/South 
Korea). The extraction was performed according 
to the manufacturer’s instruction. Purity and con-
centration of the extracted DNA were obtained us-
ing a Biophotometer (Eppendorf/Germany)” 2,3.
PCR Amplification and Sequencing: “The entire 
mitochondrial genome was amplified in the form 
of four overlapping PCR fragments using long Taq 
kit (Dongsheng Biotech/China) and the primers 
listed in Table 1 [https://www.medrxiv.org/conten
t/10.1101/2021.02.12.21249541v1.full-text#T1]” 
2,3. “The amplified PCR products were purified us-
ing PCR purification kit (NORGEN biotek/Cana-
da) and the primers listed in Table 2 [https://www.
medrxiv.org/content/10.1101/2021.02.12.2124954
1v1.full#T2] were used for sequencing of the am-
plified mtDNA fragments” 3.
Data Analysis: “The algorithm implemented in 
the HaploGrep 2.0 was used for identification of 
haplogroups 16. Chi-square and Fishers exact test 
were used to determine the significance of rela-
tions of breast cancer with haplogroups and SNPs. 
The https://www.mitomap.org/MITOMAP  web-
site which provides a comprehensive database for 
human mitochondrial DNA was used for allocation 
of mutations, identifying types of the mutations 
and determining amino acid substitutions” 2,3.
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Table 1: Sequence of the amplification Primers of four overlapping mitochondrial DNA fragments

Table 2: The Sequencing primers of the four overlapping fragments of mitochondrial DNA
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Results
 “A total of 344 mutations in the cancer samples 
and 203 mutations in the control samples were 
identified in the current study. The majority of the 
mutations were point mutations with only four in-
sertion mutation regions. Based on the MITOMAP 
databases, single nucleotide polymorphisms (SNP) 
of the Kurdish ethnicity were identified and ac-
counted for 74% of all mutations in the breast can-
cer samples, of which 61% were distributed in the 

coding region and 39% were in the non-coding re-
gion. Whereas, in the control samples, SNPs con-
stituted 90% and the pattern of distributions were 
58% in the coding region and 42% in the non-cod-
ing region” 2,3. Full details of total SNP mutations 
in breast cancer and in control group samples are 
shown in Table 3 [https://www.medrxiv.org/conte
nt/10.1101/2021.02.12.21249541v1.full#T3] and 
Table 4 [https://www.medrxiv.org/content/10.110
1/2021.02.12.21249541v1.full#T4].

Table 3: Total single nucleotide polymorphism (SNP) mutations in breast cancer samples

“Nine Western Eurasian haplogroups and their sub-
classes were identified in both cancer and control 
samples using the Haplogrep 2.0 program.  Hap-
logroups HV, N, R, U, J, T and H were identified 
in breast cancer samples, while H, HV, N, R0, J, 
X and W haplogroups were identified in the con-
trol samples. The most common haplogroup in the 
control samples was the H-haplogroup (60%)” 2,3. 
while it was less frequent in breast cancer samples 
accounting for (5%) of cases only. In contrast, the 
most frequent haplogroup in breast cancer samples 
was HV (35%) followed by N (25%) (Table 5).
“A statistically significant association between 

haplogroup HV and breast cancer was identified 
using Chi-square and Fisher’s exact tests (p-values 
were 0.002 and 0.006 respectively) with an odd 
ratio (OR) of 28. Furthermore, the homoplasmic 
mutation, SNP (A8860G) (Figure 1) was identi-
fied in all 20 breast cancer samples (100%), while, 
in control samples, it was identified in 4 samples 
(20%) only” 2,3. 
“To identify the significance of this mutation, Chi-
square, Fishers exact test were used and OR were 
calculated and compared with three other random-
ly selected SNPs (A750G, A1438G and C7028T) 
(Figure 2a, 2b and 2c)” 2,3.
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Breast cancer samples (A) Control samples (B)

Haplogroup (n, %) Haplogroup (n, %)

HV (7, 35) H (12, 60)

N (5, 25) HV (3, 20)

U7 (2, 10) N (1, 5)

R0 (2, 10) R0 (1, 5)

J (1, 5) J1 (1, 5)

U1 (1, 5) X (1, 5)

T (1, 5) W (1, 5)

H (1, 5) - -

Total (20, 100) Total (20, 100)

Table 5: Frequency and percentage of the identified Haplogroups 
in breast cancer (A) and control (B) subjects

Figure 1: “Electropherogram and sequence of the A8860G region 
(Point mutation site is indicated by an arrow)” 2,3

Figure 2a: “Electropherogram and sequence of the A750G region”  2,3
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Figure 2b: “Electropherogram and sequence of the A1438G region”  2,3

Table 6: Calculated OR and p values for SNP A8860G with three randomly selected SNPs  2,3

Figure 2c: “Electropherogram and sequence of the C7028T 
region (Point mutation site is indicated by an arrow) 

As shown in (Table 6), the OR values were greater than 1 and the p-values were less than 1, indicating 
SN” 2,3.

Worthy to notice that in the current study, 15 new mutations were reported for the first time (Table 7).
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Name of Mutation Location Effect

C4068G ND1 synch

C4126G ND1 Arg-Gly

A4590G ND2 Ile-Val

C7418G Cox 1 Phe-Leu

C7687G Cox 2 Ile-Met

9956-57 T insertion Cox 3 Frame shift

T9965A Cox 3 Tyr-stop

A10784C ND4 Ile-Leu

CA13166 and 67GG ND5 Thr-Stop

A13862C ND5 Asn-Thr

A14500T ND6 Tyr-Asn

T14868C Cyt-B Leu-Pro

A15414G Cyt-B Tyr-Cyt

C15587G Cyt-B Leu-Val

C15590G Cyt-B Arg-Gly

Table 7: Newly recognized mtDNA mutations.

Discussion
    The association of certain mtDNA haplogroups 
and SNPs with breast cancer risk is not new. In Iraq, 
a few articles have been published about mtDNA 
mutations and breast cancer, however, the current 
study is the first that used the technique of whole 
mtDNA analysis. It is worth mentioning that 15 
mtDNA mutations not reported before were identi-
fied in this study. Due to the usual late presentation 
of breast cancer in our locality, we used breast tis-
sues in our study despite its relative invasiveness 
compared with peripheral blood sampling. Some 
researchers advocated to use the latter method as it 
is much easier to conduct, less invasive and can be 
beneficial in detection of early breast cancer cases 
7, while other workers used both blood samples 
and breast tissue 15. 
   “Several previous studies have been conducted 
and showed a significant relation between specific 
haplogroups and cancer incidence in general” 2,3,9. 
In regard to breast cancer, Chinese women of hap-

logroups M and subhaplogroup D5 had shown a 
higher incidence of this cancer 2,3,17,18, while no 
such a remarkable relation was identified between 
cancer and specific haplogroups in European and 
Caucasian women 2,3,19. On the other hand, hap-
logroup K showed a significant association with 
breast cancer in European-American women 2,3,20. 
The current study revealed a significant relation 
between haplogroup HV and breast cancer 2,3.
“Besides the haplogroups, several distinct SNPs 
have been previously discovered to be associated 
with cancers in general as T16189C, G10398A 
and the deletion of mtDNA 4977” 2,3,9. “In regard 
to breast cancer, certain SNPs were similarly rec-
ognized as associated with increased cancer inci-
dence. A10398G is one of the well-known SNPs 
in breast cancer among European-American, Ma-
laysian and African-American women” 2,3,20–24. 
“ Furthermore, G9055A and T16519C were also 
identified as risk factors for breast cancer in Eu-
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ropean-American females” 2,3,20. “ Likewise, sev-
eral other germ line mutations as 2463 A-deletion, 
C6296A, 6298 T-deletion, A8860G, and 8460-
13327deletion, were detected in Chinese women 
with breast cancer” 2,3,7.
    Despite the fact that several SNPs were dis-
covered in breast cancer samples in this work, but 
the most frequent one was SNP (A8860G) as it 
was observed in (n=20, 100%) of cancer cases vs. 
(n=4, 20%) of the controls. Our finding was simi-
larly reported by Li et al 7. “It is a non-synchronous 
mutation of the Mt-ATP 6 gene. This gene encodes 
ATP synthase 6 (681 amino acids), a subunit of 
complex V, whose mutation results in substitution 
of a polar uncharged amino acid (threonine) with 
a non-polar aliphatic amino acid (alanine), which 
may affect hydrophobic interactions and hence the 
structure of the protein. However, such a predic-
tion of protein structure is not absolute, as these 
mutations may be followed by other compensa-
tory mutations (suppressor mutations) in order to 
minimize the initial mutation’s effect. These com-
pensatory and suppresser mutations may explain 
the presence of the mutation A8860G in 20% of 
phenotypically healthy control samples” 2,3,25.
    The observed variation in the impact of mito-
chondrial genome on carcinogenic process sug-
gests that other factors such as the individual 
physiology, geographical location and ethnicity 
may have a role in shaping the final picture 26–28. 
  Although time-consuming and costly, whole 

mtDNA rather than a selected region analysis was 
used in this study aiming to discover more muta-
tions. To the best of our knowledge, the use of this 
technique was not reported before in Iraq. Due to 
time constraints, this study collected relatively a 
small number of participants (breast cancer, n=20 
and Controls, n=20) used in mitochondrial genome 
analysis. The study identified 15 mtDNA mutations 
not reported before. The details of these mutations 
will be the subject of a future publication. We used 
breast tissues in our study despite its relative in-
vasiveness compared with peripheral blood sam-
pling. Some researchers advocated to use blood 
samples as it is significantly simpler to carry out, 
less invasive and can be beneficial in detection of 
early breast cancer cases, while other workers used 
both blood samples and breast tissue.

Conclusions 
   The link between certain mtDNA haplogroups 
and SNPs and the breast cancer risk is not new. 
In Iraq, a few articles have been published about 
mtDNA mutations and breast cancer. However, 
the current study is the first that used the technique 
of whole mtDNA analysis. Unlike studies per-
formed in other populations of the world figuring 
out A10398G as the risky SNP, our study identi-
fied A8860G in the Kurds. Geographic and ethnic 
variations between human populations do exist, 
so a SNP that is common in one population group 
may be much rarer in another. 

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394–424. 
2. Zuckerberg C. medRvix The Preprint Server for Health Sciences [Internet]. medRxiv. 2021. Available from: https://www.
medrxiv.org/
3. Mohammed Fadhl HN, Abdulkarim FM. Potential Association of Mitochondrial Haplogroups and A8860G Mutation with 
Breast Cancer Risk. medRxiv [Internet]. 2021; Available from: https://doi.org/10.1101/2021.02.12.21249541
4. Ingvarsson S. Breast cancer: Introduction. Semin Cancer Biol. 2001;11(5):323–6. 
5. Majid RA, Mohammed HA, Saeed HM, Safar BM, Rashid RM, Hughson MD. Breast cancer in kurdish women of northern 
Iraq: Incidence, clinical stage, and case control analysis of parity and family risk. BMC Womens Health. 2009;9:1–6. 
6. Frey JD, Salibian AA, Schnabel FR, Choi M, Karp NS. Non-BRCA1/2 Breast Cancer Susceptibility Genes: A New Frontier 
with Clinical Consequences for Plastic Surgeons. Plast Reconstr Surg - Glob Open. 2017;5(11):1–7. 
7. Li L, Chen L, Li J, Zhang W, Liao Y, Chen J, et al. Correlational study on mitochondrial DNA mutations as potential risk 
factors in breast cancer. Oncotarget. 2016;7(21):31270–83. 
8. Yusoff AAM, Abdullah WSW, Khair SZNM, Radzak SMA. A comprehensive overview of mitochondrial DNA 4977-bp 
deletion in cancer studies. Oncol Rev. 2019;13(1):54–64. 
9. Jiménez-Morales S, Pérez-Amado CJ, Langley E, Hidalgo-Miranda A. Overview of mitochondrial germline variants and 
mutations in human disease: Focus on breast cancer (Review). Int J Oncol. 2018;53(3):923–36. 



Basrah Journal of Surgery Vol. 28, No.1, Jun-202245

BREAST CANCER AND MITOCHONDRIAL DNA MUTATIONS IN 
KURDISH WOMEN: A CASE-CONTROL STUDY 

Han Nihad Mohammed Fadhl , Dlshad A. Rashid,
Farhad M. Abdulkarim

10. Azzawi BI, Oleiwi AA. Mitochondrial Genome Variation Within Iraqi Population. Int J Sci Technol. 2013;8(3):23–7. 
11. Al-Zahery N, Saunier J, Ellingson K, Parson W, Parsons TJ, Irwin JA. Characterization of mitochondrial DNA control 
region lineages in Iraq. Int J Legal Med. 2013;127(2):373–5. 
12. Al-rashedi NAM, Jebor MA, Mousa TAH, Al-saadi AH. Mitochondrial DNA Haplogroups Observed in Iraqi Population. 
Int J Sci Res. 2015;4(12):1424–6. 
13. Nasidze I, Quinque D, Ozturk M, Bendukidze N, Stoneking M. MtDNA and Y-chromosome variation in Kurdish groups. 
Ann Hum Genet. 2005;69(4):401–12. 
14. Ismaeel HM, Younan HQ, Zahid RA. Mitochondrial DNA A10398G Mutation is not Associated with Breast Cancer Risk 
in a Sample of Iraqi Women. Curr Res J Biol Sci. 2013;5(3):126–9. 
15. A.R. Dhahi M, Abdul Jaleel Y, Adnan Mahdi Q. Screening for Mitochondrial DNA A4977 Common Deletion Mutation as 
Predisposing Marker in Breast Tumors in Iraqi Patients. Curr Res J Biol Sci. 2016;8(1):6–9. 
16. Kloss-Brandstätter A, Pacher D, Schönherr S, Weissensteiner H, Binna R, Specht G, et al. HaploGrep: A fast and reliable 
algorithm for automatic classification of mitochondrial DNA haplogroups. Hum Mutat. 2011;32(1):25–32. 
17. Fang H, Shen L, Chen T, He J, Ding Z, Wei J, et al. Cancer type-specific modulation of mitochondrial haplogroups in 
breast, colorectal and thyroid cancer. BMC Cancer. 2010;10. 
18. Ma L, Fu Q, Xu B, Zhou H, Gao J, Shao X, et al. Breast cancer-associated mitochondrial DNA haplogroup promotes neo-
plastic growth via ROS-mediated AKT activation. Int J Cancer. 2018;142(9):1786–96. 
19. Gutiérrez Povedano C, Salgado J, Gil C, Robles M, Patinõ-Garciá A, Garciá-Foncillas J. Analysis of BRCA1 and mtDNA 
haplotypes and mtDNA polymorphism in familial breast cancer. Mitochondrial DNA. 2015;26(2):227–31. 
20. Bai RK, Leal SM, Covarrubias D, Liu A, Wong LJC. Mitochondrial genetic background modifies breast cancer risk. Can-
cer Res. 2007;67(10):4687–94. 
21. Canter JA, Kallianpur AR, Parl FF, Millikan RC. Mitochondrial DNA G10398A polymorphism and invasive breast cancer 
in African-American women. Cancer Res. 2005;65(17):8028–33. 
22. Darvishi K, Sharma S, Bhat AK, Rai E, Bamezai RNK. Mitochondrial DNA G10398A polymorphism imparts maternal 
Haplogroup N a risk for breast and esophageal cancer. Cancer Lett. 2007;249(2):249–55. 
23. Nadiah TB, Hasnan J, Zafarina Z. Association of mitochondrial DNA 10398 polymorphism in invasive breast cancer in 
Malay population of Peninsular Malaysia. Malaysian J Med Sci. 2012;19(1):36–42. 
24. Jahani MM, Azimi Meibody A, Karimi T, Banoei MM, Houshmand M. An A10398G mitochondrial DNA alteration is re-
lated to increased risk of breast cancer, and associates with Her2 positive receptor. Mitochondrial DNA Part A DNA Mapping, 
Seq Anal [Internet]. 2020;31(1):11–6. Available from: https://doi.org/10.1080/24701394.2019.1695788
25. Schaefer C, Rost B. Predict impact of single amino acid change upon protein structure. BMC Genomics [Internet]. 2012;13 
Suppl 4(Suppl 4):S4. Available from: http://www.biomedcentral.com/1471-2164/13/S4/S4
26. Al-Alwan NAS, Al-Rufaee FLR. Comparative demographic and clinicopathological study on the behavior of mammary 
carcinoma in three Iraqi governorates (Baghdad, Hilla and Karbala). J Fac Med Baghdad. 2010;52(4):419–23. 
27. Al-Rawaq KJ, Al-Naqqash MA, Jassim MK. Molecular Classification of Iraqi Breast Cancer Patients and Its Correlation 
with Patients’ Profile. J Fac Med. 2016;58(3):197–201. 
28. Alabbody HH, Al- Nasiry BS, Kadhim KH. Applying food frequency questionnaire to evaluate the dietary pattern and life 
style on women with breast cancer. J Fac Med Baghdad. 2018;60(2):119–25. 


