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Abstract
Aim: Mitochondrial DNA (mtDNA) polymorphisms can be considered as a molecular marker in susceptibility to various 
types of cancer. In this study, we aimed to investigate the potential relationship of mtDNA polymorphisms with disease 
etiopathogenesis in patients with hematological malignancy.

Material and Methods:  This study was carried out with the participation of 80 patients diagnosed with hematological 
malignancy and 80 healthy individuals in the Department of Medical Genetics, Atatürk University. In all participants, 13 
polymorphism regions of 6 coding genes of mtDNA were investigated by Polymerase chain reaction restriction fragment 
length polymorphism (PCR-RFLP) method. SNPs evaluated in the study; NADH dehydrogenase subunit 5-13704 (C>T), 
Cytochrome b 15315 (C>T), 12S rRNA 740 (G>A) and 680 (T>C), Cytochrome C Oxidase I 7319 (T>C), -7444 (G>A), 
Cytochrome C Oxidase II 8252 (C>G), 7660 (G>A), 7975 (A>G), 8014 (A>G), 8113 (C>A), 8152 (G>A) and tRNA lysine 8310 
(T>C) were identified as.

Results: ND-5 13704 (C>T) polymorphism was statistically significant in patients with hematological malignancies 
compared to healthy controls (p = 0.001). There was no significant difference between patients and controls in other 
evaluated polymorphisms.

Conclusion: Although the findings obtained from this study suggest that mtDNA ND-5 13704 (C>T) polymorphism 
may play a role in the etiopathogenesis of hematological malignancies, large-scale studies are needed to determine the 
importance of this polymorphic region.
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Introduction 

Mitochondria are cytoplasmic organelles that play a role in 
the regulation of many important physiological processes in 
the cell. It plays a role in the production of ATP required for 
the cell, modulation of the oxidation-reduction process called 
redox, production of reactive oxygen species (ROS), control of 
cytosolic calcium levels and Fe / S biogenesis, intrinsic pathway 
of apoptosis and the formation of some cytosolic precursors [1, 
2]. The mitochondrial genome, which accounts for about 0.5-1% 
of the total DNA in the cell, contains 37 genes. In these genes, 
one single nucleotide polymorphism (SNP) is observed for every 
13 base pair, these SNPs may cause an increased risk of various 
types of cancer according to the studies [3]. The mechanism 
underlying the relationship between specific mtDNA SNPs and 
malignancy susceptibility is still unclear [4]. It has been reported 
in the literature that sequence variants of mitochondrial NADH 
dehydrogenase, Cytochrome b, Cytochrome C Oxidase I, 12S 
rRNA, Cytochrome C Oxidase II and tRNA genes can affect the 
OXPHOS process, cause an increase in ROS production and 
eventually initiate carcinogenesis [5-8].

In this study, we aimed to examine 13 SNPs of these six genes 
from the mtDNAs of patients diagnosed with hematological 
malignancy using the Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism (PCR-RFLP) method and to 
investigate the possible importance of these SNPs in cancer 
etiopathogenesis.

Material and Methods
Data of Patients

This study was conducted in Medical Genetics Department of 
Ataturk University between September 2011 and December 
2011 in order to determine the relationship between mtDNA 
polymorphisms and disease etiology in patients with 
hematological malignancy. According to the World Health 
Organization diagnostic criteria [9, 10], 80 patients between 
the ages of 18-82 who were diagnosed with acute myeloid/
lymphoid and chronic myeloid/lymphoid leukemia and 80 
healthy individuals between the ages of 18-87 were included 
in this study. Information on the demographic and clinical 
characteristics of the patients was obtained from the patients 
and their medical records. 

Statement of Ethics

Before the study written informed consent was obtained 
from the patients and healthy volunteers who participated 
in the study to publish all data about the study. This study 
was conducted considering ethical responsibilities according 
to the World Medical Association and the Declaration of 
Helsinki. The study was approved by the independent Ethics 
Committee of Ataturk University Medical Faculty Hospital 
(Document No:2011-08/7).

Total DNA extraction  

DNA isolation from peripheral blood was performed according 
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Öz

Amaç: Mitokondriyal DNA (mtDNA) polimorfizmleri, çeşitli kanser türlerine duyarlılıkta moleküler bir belirteç olarak 

düşünülebilir. Bu çalışmada, hematolojik malignite tanılı hastalarda mtDNA polimorfizmlerinin hastalık etyopatogenezi 

ile muhtemel ilişkisini araştırmayı amaçladık.

Gereç ve Yöntemler: Bu çalışma Atatürk Üniversitesi Tıbbi Genetik Anabilim Dalı'nda hematolojik malignite tanısı almış 80 

hasta ve 80 sağlıklı bireyin katılımıyla gerçekleştirildi. Tüm katılımcılarda, mtDNA'nın 6 kodlama genindeki 13 polimorfizm 

bölgesi, PCR-RFLP yöntemi ile araştırıldı. Çalışmada değerlendirilen SNP'ler; NADH dehidrojenaz alt birimi 5-13704 (C >T), 

Sitokrom b 15315 (C>T), 12S rRNA 740 (G>A) ve 680 (T>C), Sitokrom C Oksidaz I 7319 (T>C), 7444 (G>A), Sitokrom C Oksidaz 

II 8252 (C>G), 7660 (G>A), 7975 (A>G), 8014 (A>G), 8113 (C>A), 8152 (G>A) ve tRNA lizin 8310 (T>C) olarak tanımlandı.

Bulgular: ND-5 13704 (C>T) polimorfizmi, hematolojik maligniteli hastalarda sağlıklı kontrollere göre istatistiksel olarak 

anlamlı bulundu (p=0,001). Değerlendirilen diğer polimorfizmlerde hastalar ve kontroller arasında anlamlı bir fark yoktu.

Sonuç: Bu çalışmadan elde edilen bulgular, mtDNA ND-5 13704 (C>T) polimorfizminin, hematolojik malignitelerin 

etiyopatogenezinde rol oynayabileceğini düşündürse de, bu polimorfik bölgenin önemini belirlemek için büyük ölçekli 

çalışmalara ihtiyaç duyulmaktadır.

Anahtar Kelimeler: Hematolojik malignite; Mitokondriyal DNA; Polimorfizm, NADH dehidrojenaz
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to the manufacturer's DNA-mini kit (Qiagen, Turkey) protocol. 
Isolated mtDNA samples were stored at -20°C. DNA quality 
was measured and standardized by spectrophotometry.

PCR amplification of mtDNA fragment

The SNP regions examined in this study are located in genes 
that play important roles in the OXHPOS pathway and are 
classified as "benign and likely benign" according to recent 
guidelines [11] (Tab.1).

In this research, one 0.5 ml PCR tube was labeled for each 
individual. 50 µl of the mixture was prepared for PCR. 5 µl DNA 
solution, 10 µl sterile double distilled water, 14 µl PCR master 
mix and 1.5 µl primer mix (Metabion, Germany) were used for 
the area concerned. While preparing the primary mixture; 5 µl 
of each forward and reverse primer of the relevant region was 
taken and diluted with 90 µl distilled water (Tab.2).

DUZKALE et al.
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Table 1: SNPs investigated in this study
Gene HGVS coding Annotation Interpretation AA Change Allele N Hom AC Homo AF Het AC Het AF Ref
MT-
ND5 c.13704 C>T Synonymous L. B. p.Arg456Arg 19508 2 0.0001025 1 0.00005126 (39)

MT-
CYB c.15315 C>T Missense B. p.Ala190Val 39116 20 0.0005113 1 0.00002556 (40)

MT-
RNR1 c.740 G>A NCT B. rRNA 4812 54 0.01122 1 0.0002078 (41)

MT-
RNR1 c.680 T>C NCT B. rRNA 5585 808 0.1447 1 0.0001791 (42)

MT-
CO1 c.7319 T>C Synonymous B. p.Ile472Ile 32265 6 0.0001860 1 0.00003099 (43)

MT-
CO1 c.7444 G>A Stop Loss B. p.*514Lys 53773 302 0.005616 10 0.0001860 (44)

MT-
CO2 c.7660 G>A Synonymous B. p.Asp25Asp 26943 51 0.001893 1 0.00003712 (45)

MT-
CO2 c.7975 A>G Synonymous B. p.Pro130Pro 24895 29 0.001165 2 0.00008034 (46)

MT-
CO2 c.8014 A>G Synonymous B. p.Val143Val 39552 34 0.0008596 2 0.00005057 (47)

MT-
CO2 c.8252 C>G Missense L.B. Pro223Ala 15484 0 0.000 2 0.0001292 (48)

MT-
CO2 c.8113 C>A Synonymous B. p.Pro176Pro 3343 7 0.002094 0 0.000 (49)

MT-
CO2 c.8152 G>A Synonymous B. p.Pro189Pro 54597 70 0.001282 9 0.0001648 (50)

MT-
TK c.8310 T>C NCT B. tRNA 41713 21 0.0005034 2 0.00004795 (51)

MT-ND5: NADH dehydrogenase subunit 5; MT-CYB: Cytochrome b; MT-RNR1: 12S rRNA; MT-CO1: Cytochrome C Oxidase I; MT-CO2: Cyto-
chrome C Oxidase II; MT-TK: tRNA lysine; L.B.: Likely Benign; B: Benign; Nuc: Nucleotide; AA: Amino Acid; Allele N: Allele Number; Hom AC: 
Homoplasmic Allele Count; Hom AF: Homoplasmic Allele Frequency; Het AC: Heteroplasmic Allele Count; Het AF: Heteroplasmic Allele 
Frequency; NCT: Non-Coding Transcript

Table 2: Primers used in this study
Primer No Genes Primers MtDNA Position PCR product (bp)

1 Sitokrom b Forward: 5'-ACATCGGCATTATCCTCCTG-3'
Reverse: 5'-GAGGGCGTCTTTGATTGTGT-3' 15087-15436 350

2 ND5 Forward: 5'-ACATCGGCATTATCCTCCTG-3'
Reverse: 5'-GAGGGCGTCTTTGATTGTGT-3' 13627-13955 328

3 12S rRNA Forward: 5'-GGTATGCACTTTTAACAGTCACC-3'
Reverse: 5'-ACTTGGGTTAATCGTGTGACC-3' 412-921 510

4 Sitokrom C Oksidaz I Forward: 5'-ACCCCGATGCATACACCA-3'
Reverse: 5'-GGACTAGGAAGCAGATAAGGAAA-3' 7231-7700 470

5 Sitokrom C Oksidaz II Forward: 5'-CTAATCTTCAACTCCTACATACTTCC-3'
Reverse: 5'-GCCATACGGTAGTATTTAGTTGG-3' 7931-8393 463

Bp: base pair



In this study, XP Thermal Cycler (Bioer, China) device was used. 
PCR was performed with 35 cycles of denaturation: at 95 ° C 
for 1 min; annealing: at 58 ° C for 1 min; elongation: at 72 ° C 
for 1 min”. From obtained products, 4 µl of each was taken and 
mixed with 0.4 µl DNA dye (Metabion, Germany) and it was 
run at 120 V current for 20 minutes using 1.8% agarose gel in 
an electrophoresis system (Wealtec, USA). At the gel-imaging 
system (Syngene, USA) the band lengths were compared with 
marker DNA (Thermo Fermentas, Turkey) under UV light. It was 
decided that the PCR process was successful for the samples 
with the desired band lengths.

Restriction enzymes application

It was used the NCBI database for determine the sequence 

and location of the gene regions where the mtDNA SNPs 
to be investigated are located (https://www.ncbi.nlm.nih.
gov/nuccore). NEBcutter V2.0 program was selected for 
determination of suitable enzyme and products to be used 
for cutting the obtained sequence (http://nc2.neb.com/
NEBcutter2/?name). For each sample 0.5 µl SNP region 
determination enzyme (Thermo Fermentas, Turkey) and 8 µl 
of PCR product were mixed. In the condition of 9 µl of distilled 
water and 3 µl of buffer (Thermo Fermentas, Turkey) were 
added to this mixture. The resulting mixture was incubated at 
37 ° C for 1 night (overnight). In the end, samples were run 
for 3 hours at 85 V current in a 3% agarose gel and evaluated 
under UV light based on the band size for Marker DNA (Tab.3).
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Table 3: Restriction enzymes used in this study and their effect on PCR products
Primer 

No
Gene 
SNP

Restriction 
Enzyme

Enzyme 
recognition sites

PCR 
Product

Wild
Genotype

Heteroplasmic 
Genotype

Homoplasmic 
Genotype

1 Sitokrom b-
15315 (C>T) MboI 5'……▼GATC……3'

3'……  CTAG ▲…..5' 350 bp 270 bp
76 bp

350 bp
270 bp
76 bp

350 bp

2
NADH dehydrogenase 

subunit 5- 
13704 (C>T)

MvaI (BstNI) 5'…….CC▼WGG..…3'
3'…… GGW▲CC…..5' 328 bp 249 bp

79 bp

328 bp
249 bp
79 bp

328 bp

3 12S rRNA –
740 (G>A) MboI 5'….…▼GATC……..3'

3'…….  CTAG▲…….5' 510 bp 314 bp
182 bp

510 bp
314 bp
182 bp

510 bp

3 12S rRNA –
680 (T>C) DdeI 5'….…C▼TNAG……3'

3'…… GANT▲C……5' 510 bp 268 bp
242 bp

510 bp
268 bp
242 bp

510 bp

4 Sitokrom C Oksidaz I- 
7319 (T>C) DdeI 5'…….C▼TNAG……3'

3'……. GANT▲C…...5' 470 bp 470 bp
470 bp
381 bp
85 bp

381 bp
85 bp

4 Sitokrom C Oksidaz I- 
7444 (G>A) XbaI 5'…….T▼CTAGA……3'

3'……. AGATC▲T…...5' 470 bp 260 bp
210 bp

470 bp
260 bp
210 bp

470 bp

4 Sitokrom C Oksidaz II- 
7660 (G>A MboI 5'….…▼GATC……3'

3'…….  CTAG▲…..5' 470 bp 427 bp
43 bp

470 bp
427 bp
43 bp

470 bp

5 Sitokrom C Oksidaz II- 
7975 (A>G) MvaI (BstNI) 5'….…CC▼WGG..…3'

3'…… GGW▲CC…..5' 463 bp 419 bp
44 bp

463 bp
419 bp
44 bp

463 bp

5 tRNA lysine- 
8310 (T>C) DdeI 5'….…C▼TNAG..…3'

3'…… GANT▲C…...5' 463 bp 379 bp
81 bp

463 bp
379 bp
81 bp

463 bp

5 Sitokrom C Oksidaz II- 
8014 (A>G) RsaI 5'……GT▼AC….3'

3'…… CA▲TG….5' 463 bp 380 bp
83 bp

463 bp
380 bp
83 bp

463 bp

5 Sitokrom C Oksidaz II- 
8252 (C>G) HaeIII 5'……GG▼CC..…3'

3'…… CC▲GG…..5' 463 bp 321 bp
142 bp

463 bp
321 bp
142 bp

463 bp

5
Sitokrom C Oksidaz II- 

8113 (C>A),
8152 (G>A)

MspI 5'……C▼CGG…..3'
3'…… GGC▲C.....5' 463 bp

281 bp
182 bp

OR
243 bp
182 bp
38 bp

463 bp
281 bp
182 bp

OR
463 bp
243 bp
182 bp
38 bp

463 bp

Bp: base pair
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Data analysis

Mitomap database (https://www.mitomap.org/MITOMAP) and 

Alamut program (https://www.interactive-biosoftware.com) 

were used in the analysis of all SNP regions. The haplogroup 

frequencies of the variants were determined using the V3.1 version 

of the GnomAD database (https://gnomad.broadinstitute.org/). 

The guidelines in the final manual of ACMG/AMG were followed 

for annotations of all sequence variants [11].

Statistical analyses

SPSS (IBM SPSS Statistics 24) program was used for the 

statistical evaluation of all results obtained. Examination of the 

relations of two qualitative variables was done with "χ2-cross 

tables". A p-value of 0.05 or less at the statistical significance 

level was accepted as a significant result.

Results

Among 80 patients included in this study, 30 had a diagnosis 

of chronic myeloid leukemia (CML), 20 acute myeloid leukemia 

(AML), 18 chronic lymphocytic leukemia (CLL), and 12 acute 

lymphoblastic leukemia (ALL). Among these patients 38 

(47.5%) were female, 42 (52.5%) were male and their mean 

age was calculated as 48.60 ± 18.7 (range:18-82). In the control 

group, there were 80 healthy individuals, 39 (48.7%) females 

and 41 (51.3%) males. Their mean age was calculated as 41.79 

± 18.5 (range: 18-87). Among the SNPs evaluated in the study, 

Cytochrome b-15315 (C>T), 12S rRNA -740 (G>A), 12S rRNA-

680 (T>C), Cytochrome C Oxidase I-7319 (T>C), Cytochrome 

C Oxidase I-7444 (G>A), Cytochrome C Oxidase II-7660 (G>A), 

Cytochrome C Oxidase II-7975 (A>G), tRNA lysine-8310 (T>C), 

Cytochrome C Oxidase II-8014 (A>G), Cytochrome C Oxidase 

II-8113 (C>A) and Cytochrome C Oxidase II-8152 (G>A); It was 

observed normal for patient and control groups. 

The Cytochrome C Oxidase II region 8252 (C>G) polymorphism 

was observed as homoplasmic in 4 (5%) of the patients and 

heteroplasmic in 11 (13.75%). In the control group, 3 people (3.75%) 

were found to be homoplasmic and 10 (12.5%) were heteroplasmic 

in terms of this polymorphism. No significant difference was found 

by the statistical comparison of both groups (p = 0.895) (Fig.1).

In terms of 13704 (C>T) polymorphism on ND5 region; only 1 
(1.25%) person in the control group and 12 (15%) people in the 
patient group were found to be homoplasmic. Homoplasmy is 
statistically significant in the patient group compared to the healthy 
controls group (p=0.001). This polymorphism showed no significant 

difference between patient subgroups and gender (Fig.2).

Figure 1: Agarose gel image of Cytochrome C Oxidase II region 

8252C>G polymorphism. 

Figure 1 Legend: M: Marker DNA; H: Patient sample; K: Control 

sample; H7, H8, H10, H11, H38, H39 wild genotype; H32, H34, K28, 

K51 homoplasmic genotype; H9, H13, H36 heteroplasmic genotype.

 

Figure 2: Agarose gel image of ND5 13704C>T polymorphism. 

Figure 2 Legend: M: Marker DNA; H: Patient sample; K: Control 
sample; H2, H3, H4, H5, H6, H10, H14, H31, H32, K71, K72 wild 
genotype; H9, H13, H30 ve K70 homoplasmic genotype.

Discussion
Most of the human mitochondrial genome contains genes 
that encode as opposed to the nuclear genome, and the 
evolutionary rate of the mitochondrial genome is 5-10 times 
greater than the nuclear genome. Therefore, it is thought 
that mitochondrial genome polymorphisms may contribute 
to functional differences between individuals in terms of 
bioenergetic efficiency, metabolic rate, oxygen consumption 
and ROS production compared to the nuclear genome [12]. 
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It is shown that various polymorphisms could be effective in 
the carcinogenesis process by increasing ROS production. 
Increased ROS levels may cause activation of an oncogenic 
pathway, which is a risk factor in cancer development, as well 
as changes in the efficacy of an apoptotic reaction that has a 
protective effect in the last stages of cancer development 
[13, 14]. Many parameters related to nuclear DNA, which is 
known to be important in the diagnosis and progression of 
the disease in hematological malignancies, have been defined 
[15]. In addition, in this disease group, various mutations and 
polymorphisms associated with the disease have been reported 
in mitochondrial DNA.  In studies investigating the relationship 
between mtDNA polymorphisms and cancer; it has been 
argued that these variants may be important for determining 
DNA damage and individual susceptibility to carcinogens and 
can be considered as a molecular marker in various types of 
cancer [16]. These variations have shown that not only the risk 
of developing cancer, but also the occurrence of cancer-related 
symptoms, cancer treatment, and disease outcomes [2, 17]. 

The importance of mtDNA variants in hematological 
malignancies was first described by Clayton et al. in 1967, with 
a study conducted on leukemia patients. They argued that 
mtDNA has an important role in the etiology and treatment 
of acute and chronic leukemias [18]. In subsequent studies, 
Gatterman et al. suggested that mtDNA variants may contribute 
to the development of leukemia by increasing clonal expression 
in myelodysplastic syndrome (MDS) patients [19]. Wulfert et al. 
found a high proportion of mtDNA variants in patients with MDS 
and myeloproliferative disease. These variants concentrated 
in the control region of tRNA and rRNA, it has been detected 
less in the coding genes regions [20]. Similarly, in the studies of 
Yao et al. on leukemia patients, mtDNA variations were mostly 
observed in the control region [21]. In other studies; it has been 
claimed that the variations detected in D-Loop, the control 
region of mtDNA, contribute to the carcinogenesis process and 
are significantly associated with disease progression [22-24]. 
Cerezo et al. argued that various variants detected in mtDNAs 
of CLL patients may cause mtDNA instability and that these 
variants may contribute to the tumoral process even if they 
cannot be shown as the primary cause of CLL [25]. Carew et 
al. also detected many polymorphisms and mutations in the 
mtDNAs of CLL patients. In these patients after chemotherapy, 
there was an increase in mutation density. A positive correlation 
between superoxide anion production and mtDNA mutations 
has been observed [26]. Grist et al. in AML and ALL patients [27], 
Shin et al. in myelodysplasia patients  [28], and Monnat et al. in 
leukemia and lymphoma cell lines [29] found various mutations 
and SNPs of mtDNA in their studies. Linnartz et al. identified 
various variants in genes encoding rRNA, tRNA and polypeptide 

in mtDNAs of AML patients developing secondary MDS and 
claimed that these variants may have a role in malignancy 
development [30]. He et al. identified many mtDNA variants in 
leukemia patients and specifically claimed that a variant in the 
cytochrome b region could be a clonal marker [31]. 

In this study, 13 SNPs in six gene of encoding mtDNA in 80 
patients with hematological malignancies were examined 
by PCR-RFLP method. PCR-RFLP method was preferred 
because it is a reliable, sensitive and inexpensive method 
that does not require any funding for us. The limitations of 
this study were the heterogeneity of subgroup diagnoses 
of hematologic malignancy patients and the relatively 
small size of our case series, and the inability to rule out 
environmental and / or individual factors that could cause 
cancer susceptibility. Although there are mtDNA studies in 
hematological malignancy in the literature, the selected SNPs 
of our study were not studied and there is no information 
about their importance in hematological malignancies. 
In our study, evaluated SNPs are m.15315C>T, m.740G>A, 
m.680T>C, m.7319T>C, m.7444G>A, m.7660G>A, m.7975A>G, 
m.8310T>C, m. 8014A>G, m.8113C>A, m.8152G>A, and all of 
them were observed normal for the patient and control groups. 
Although individuals with heteroplasmic and homoplasmic 
genotype were found in the patient and control groups in 
the investigation of Cytochrome C Oxidase II-8252 (C>G) 
polymorphism, it showed no statistically significant (p=0.895). 

One of the regions of the oxidative phosphorylation system 
(OXPHOS) that contains common defects is the last component 
of the electron transport chain of cytochrome c oxidase and 
provides the transfer of electrons from cytochrome c to oxygen. 
Larger-scale studies are necessary to explain the possible role 
of SNPs in this region as well as other coding gene regions, 
due to its indisputable importance in OXPHOS in cancer 
investigation.   In our study, ND-5 13704 (C>T) polymorphism 
of the Complex I region was found to be significantly positive in 
patients diagnosed with hematological malignancy compared 
to healthy controls (p=0.001). In literature genomic changes of 
Complex I have been reported in many cancer patients It has 
been suggested that SNPs in this region cause oxidative damage 
by causing an increase in ROS production and may facilitate 
the development of neoplastic transformation and metastasis 
[32, 33]. The polymorphisms of this gene was studied for the 
first time by Canter et al. and an increased risk of breast cancer 
was observed in polymorphic women [32]. This region SNPs 
have also shown an increased risk of prostate and esophageal 
cancer [33]. La Biche et al. claimed that the expression of the 
ND5 Complex I subunit in metastatic lymphoma cells was 
increased compared to nonmetastatic cells and that increased 
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ND5 expression may play a role in lymphoma metastasis [34, 
35]. Studies on these Complex I respiratory defects have shown 
an increase in the levels of bcl-2, an anti-apoptotic protein, and 
a decrease in Bax, a pro-apoptotic protein, in cells [36, 37]. 
Allegra et al. suggested that Complex I plays an important role in 
the metabolic processing of carcinogens and alterations in the 
function of this complex may contribute to the accumulation 
of mutagens [33]. Vanniarajan et al. claimed that the ND5 gene 
region is the hot spot region of the mitochondrial genome [38]. 

Conclusion
In our study, the presence of this polymorphism in the ND5 
region, known as a hot spot in the literature, was found to 
be statistically significantly higher in patients compared to 
healthy ones. As a result, the 13704 (C>T) polymorphism in 
the ND5 region may play a role in the carcinogenesis process 
and contribute to the formation of hematological malignancy. 
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