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Abstract

Background: The molecular basis of migraines is still not completely understood. Over the last 30 years, mitochon-
drial dysfunction has been postulated as a potential mechanism in migraine pathogenesis. This study aimed to determine
whether maternal mitochondrial variation was associated with migraines with aura.

Methods: In this cross-sectional study, 50 individuals, who had been diagnosed with migraines with aura between Janu-
ary 2016 and July 2018 in the Neurology Department of the University Medical Faculty, and 50 healthy controls were
recruited. Genomic DNA was isolated from the Ethylenediaminetetraacetic acid (EDTA) blood samples of the patients
and the controls using the Easy One automated DNA isolation system. Mitochondrial DNA (mtDNA) libraries were pre-
pared according to the Nextera XT DNA library-preparation protocol, and they were sequenced on the MiSeq platform
(Illumina Inc., San Diego, CA, USA).

Results: In the patient and control groups’ analysis, 13 mtDNA variations were determined to be significantly different
(p <0.05). The CC genotype for NC 012920.1: m.8277T>C variation was found to be higher in the patient group than
the control group (p =0.001). The mtDNA NC _012920.1: m.8277T>C variation was significantly associated with the
presence of neurological disease in the patient’s family (p =0.043).

Conclusions: The present study is the first to demonstrate an association between mitochondrial dysfunction and the
susceptibility to migraine with aura in individuals carrying the NC _012920.1: m.8277T>C variation. Knowing the level
of cytochrome C oxidase and oxidative phosphorylation corruption in these patients may be predictive in understanding
the phenotype/genotype relationship. Thus, mtDNA variations may contribute to the pathogenesis of migraines with
aura. HIPPOKRATIA 2020, 24(2): 59-65.

Keywords: Aura, migraine, molecular basis, mitochondrial DNA, mitochondrial dysfunction

Corresponding author: Assoc. Dr. Prof. Dr. Sibel Giiler, Department of Neurology, Trakya University Faculty of Medicine, Edirne, TR
22030, Turkey, tel: +902842364981, fax: +902842234203, e-mail: drsibelguler@yahoo.com

Introduction

Over the last 30 years, mitochondrial dysfunction
has been proposed as a potential mechanism in migraine
pathogenesis. The relationship between some subtypes of
migraine and mitochondrial DNA (mtDNA) mutations
has been demonstrated. It has been suggested that abnor-
mal oxidative metabolism in the brain, due to mutations
in mtDNA, may increase sensitivity to migraines'.

Mitochondrial dysfunction is associated with a diver-
sity of nervous system diseases. It has been declared that
mitochondrial function is frequently impaired in patients
with migraines, and mitochondrial dysfunction is con-
tained in the pathophysiology of migraines®*. In the 1980s,
scientists first hypothesized a connection between mi-
graines and mitochondrial disorders. Recently studies
have proposed that at least some subtypes of migraines
may be related to mitochondrial disturbance?. Maternal in-
heritance of migraines also makes mitochondrial etiology

especially interesting. Indeed, lactic acidosis develops due
to the impaired function of pyruvate in the Krebs cycle.
Consequently, the reduction of pyruvate to lactate by lac-
tate dehydrogenase leads to increasing concentrations of
lactate’. The increased use of glycogen and glycolytic ac-
tivity and flawed anaerobic metabolism results in increased
lactate levels in tissues. Thus, depending on the degree of
oxidative metabolic dysfunction, lactic acidosis is the first
sign of generalized metabolic acidosis in patients with mi-
graines and may occur between or during attacks’.
Nuclear DNA and mtDNA have distinctive features.
mtDNA is small, circular, and sensitive to oxidative
stress. mtDNA and nuclear DNA mutations are seen in
diseases such as Leigh syndrome, “mitochondrial en-
cephalopathy, lactic acidosis, stroke-like episodes” (ME-
LAS), and Kearns-Sayre syndrome. Some of these dis-
eases are associated with the migraine phenotype®‘. mtD-
NA variations (16.519 CT and 3010 G-A) have also been
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reported to be associated with periodic cyclic vomiting
syndrome and migraines. One of the main symptoms of
mitochondrial disease is episodic headache?. Therefore,
mitochondria are considered to play an important role in
the pathogenesis of headaches, particularly migraines.
In experimental and clinical studies, mitochondria were
shown to play a role in migraines, causing depression and
forming the clinical cascade of a migraine. As a result, it
is extremely important to identify the potential mtDNA
variations of the primary common headaches that cause
disability in peoples’ daily lives, such as migraines.

Although there have been few studies investigating
mtDNA variants and migraines, it is possible that variants
in mtDNA could play a significant role in the disorder. Sys-
tematic screening studies have failed to demonstrate the
exact relationship between migraine headaches and mtD-
NA abnormalities. We, therefore, consider the possibility
that mitochondrial mutations may play some role in mi-
graine with prolonged aura. Therefore, we screened the
whole mtDNA of all the patients and controls comprising
16,569 nucleotides. The present study aimed to investigate
the frequency of the mtDNA variations in with-aura mi-
graine patients in the Edirne population.

Material and Methods
Participants

This cross-sectional study was approved by the Univer-
sity of Trakya, Medical Faculty Ethics Committee (decision
No 2014/26, date: 13/2/2014). All the procedures complied
with the 1964 Declaration of Helsinki and its subsequent
amendments or comparable ethical standards. Informed
consent was obtained from the participants. A total of 100
individuals were recruited: 50 with migraines with aura [12
(24 %) males, 38 (76 %) females] and 50 healthy controls
[10 (20 %) males and 40 (80 %) females]. The participants
with migraines had all been referred to the Neurology Poly-
clinic of the Medical Faculty, Trakya University, Edirne,
Turkey, between January 2016 to July 2018, and they had
been diagnosed according to the International Classification
of Headache Disorders (ICHD-II) criteria’. The need to re-
cruit a total of 96 cases for the patient and control groups
was calculated on the basis that the mtDNA variation might
be observed as 0.14 in the control group, with an odds ratio
(OR) of 2.21, in order to find an mtDNA variation and mi-
graine association at 80 % power and 5 % probability of er-
ror (Medcalc v12.12.0). However, considering possible case
losses, 100 people (50 patients and 50 controls) were recruit-
ed to adhere to our sample size calculation. Patients with
cardiovascular, renal, hepatic, gastrointestinal, pulmonary,
endocrine, oncologic, autoimmune, respiratory, or inflam-
matory diseases were excluded. The controls were selected
randomly; the individuals in this group have a similar age
and gender, and they have no cardiovascular, renal, hepatic,
gastrointestinal, pulmonary, endocrine, oncologic, autoim-
mune, respiratory, inflammatory, or psychiatric diseases.

mtDNA variation determination
Peripheral blood samples from both patients and con-

trols were drawn into 2 mL EDTA tubes. DNA isolation
from peripheral blood samples was performed using Qia-
gen DNA isolation kits (EZ1® DNA Blood 200 uL Kit)
with an EZ1 Advanced XL Nucleic Acid Isolation system
(Qiagen, Hilden, North Rhine-Westphalia, Germany). Con-
sequently, DNA concentration and purity of isolated DNA
samples were measured using a Nano Drop 2000C device
(Thermo Fisher Scientific Inc., Wilmington, MA, USA). In
the patient and control groups included in the study, mtDNA
sequencing was performed using Next Generation Sequenc-
ing (NGS) technology. For this purpose, mitochondrial
DNA samples were amplified via a long-range polymerase
chain reaction (PCR). PCR primers for long-range amplifi-
cation were optimized using nested sets of primers previ-
ously defined by Tanwar et al®. Five single plex long-range
PCR reactions were performed for each sample to amplify
the whole mitochondrial genome. PCR products were then
processed according to Nextera XT DNA Library Prepara-
tion (Illumina Inc., San Diego, CA, USA) protocol.

Primary data analysis was performed on Miseq Re-
porter Software (Illumina Inc., San Diego, CA, USA).
Fastq files taken from Miseq Reporter Software were
directly submitted to mtDNA server®. Visual evaluation
of the data was performed using the Integrative Genom-
ics Viewer (IGV, Broad Institute, Cambridge, USA) pro-
gram. mtDNA variants were compared according to the
literature and MitoMap database.

Statistical analyses

Statistical evaluation was performed using the IBM
SPSS Statistics for Windows, Version 21.0. (IBM Corp.,
Armonk, NY, USA). One-sample Kolmogorov-Smirnov
test was used to assess the eligibility for normal distribu-
tion of measured data, and since the data did not show
a normal distribution, the Mann Whitney U test and the
Kruskal-Wallis analysis of variance were used for com-
parison between groups. Pearson’s chi-squared test,
Fisher’s exact test, and the Kolmogorov-Smirnov two-
sample test were used to analyze qualitative data. Median
(minimum-maximum) values and mean value + standard
deviation (SD) were determined as descriptive statistics.
The significance limit was set at p <0.05 for all statistics.

Results

The mean age of the male and female patients in
our migraine with aura group was 35.7 (SD: 1.89) and
37.4 (SD: 1.67), respectively. The mean age of the male
and female controls was 40.2 (SD: 1.60) and 38.8 (SD:
1.76), respectively (Table 1). There was no significant
difference in terms of average age or body mass index
(BMI) (p =0.589) between the patient and control groups.
Moreover, there was no statistically significant difference
between time after migraine diagnosis, frequency of mi-
graines, family history, stroke, and coronary artery dis-
ease. Other clinical features of the individuals in the pa-
tient and control groups are summarised in Table 1. The
genotypes of the patients were evaluated, and haplotype
analysis was performed. Unlike other studies, a total of
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16,569 mtDNA variations were studied in this research.
As a result of the analysis between the patient and the
control group, 13 mtDNA variations were determined
to be statistically significant (p =0.001, or p =0.012, or
p =0.027) (Table 2). Moreover, the CC genotype of the
NC 012920.1: m.8277T> C variation in the mt-NC7 lo-
cus was found to be higher in the patient group than the
control group (Table 2). This result supports the theory
that the CC genotype may be associated with migraines
with aura. Mutant genotypes of the other variations were
higher in the control group than the patient group (Table
2), suggesting that the CC genotype of this variation may
protect against migraines with aura. Also, in the human
map mtDNA is located in the mt-NC7 locus (molecu-
lar location: base pairs 7,586 to 8,269 on mtDNA)!* as
shown in Figure 1. The clinical characteristics associated
with migraine with aura and the mt-NC7 m.82777>C
DNA variations are summarised in Table 3. There was
no statistically significant difference between coronary
artery disease presence in the family and the frequency
of the mtDNA variation of m¢t-NC7 m.8277T7>C DNA (p
=0.056). However, a family history of coronary artery
disease may be an important factor in the variation of
mt-NC7 m.8277T>C DNA. A statistically significant dif-
ference was found between the presence of neurological
disease in the patient’s family and the frequency of the
mtDNA variation mt-NC7 m.8277T>C DNA (p =0.043),
as shown in Table 3. It is important to consider the pres-
ence of the mt-NC7 m.8277T>C DNA variation in rela-
tion to the etiopathogenesis of other neurological diseas-
es (stroke, myopathy, epilepsy, etc.). Although the HVOe
haplotype was found to be higher in the patient group,
no statistically significant difference was observed (p
=0.076). Although the H2a2, T2b, HS, and T haplotypes
were found to be higher in the control group, no statis-
tically significant difference was observed (p =0.362, p
=0.357, p=0.242, and p =0.495, respectively). The analy-
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Figure 1: This suggests that the CC genotype of this varia-
tion may protect against migraines with aura. The mT-NC7
locus (Molecular Location: base pairs 7,586 to 8,269 on mi-
tochondrial DNA) is shown in the map of human mitochon-
drial DNA.

sis of mtDNA variations’ results that were considered to
be statistically significant revealed 85 haplogroups in the
patient and control groups, as shown in Table 4.

Discussion

The mitochondrial component of migraines is sug-
gested to be important in the pathophysiology of mi-
graines with aura'-'>. Impaired energy metabolism is a
common feature of migraines'. In experimental and
clinical studies, it has been shown that mitochondria play
a role in migraine’s progress, the cortical spreading of
depression, and the generation of the clinical cascade of
migraines?. It has been stipulated that abnormal oxidative
metabolism in the brain due to variations in mtDNA may
increase susceptibility to migraines®. Mitochondrial
dysfunction may be one of the underlying reasons that
cortical hyperexcitability has been demonstrated in indi-
viduals with migraines'.

mtDNA variants have been associated with various
disorders, including cancer, diabetes, Alzheimer’s, Parkin-
son’s, stroke, cardiomyopathy, mental retardation, and oth-
er complex diseases®. Although there have been few studies
investigating mtDNA variants and migraines, it is possible
that variants in mtDNA could play a significant role in the
disorder. Guo et al'® noticed a high prevalence of migraine
in individuals with the mtDNA 3243A4>G variation. This
evidence suggested a clinical association between a mono-
genetically inherited disorder of mitochondrial dysfunc-
tion and susceptibility to migraine. Also, Guler et al deter-
mined significant differences in the distribution of eNOS
haplotypes in patients with migraines, with and without
aura'’. Molecular genetic studies have not detected specif-
ic mtDNA variations in patients with migraines, although
other studies suggest that particular genetic markers (i.e.,
neuronal polymorphisms or secondary mtDNA mutations)
might be present in some migraine sufferers’. However,
we detected some specific mtDNA variations associated
with migraine patients with aura.

Our findings showed that, as expected, females have
a higher risk of migraine than men. Our next aim was
then to assess if there was a gender-biased transmission.
We found that the mothers of probands were more fre-
quently affected than expected. This biased transmission
could be explained by a maternally inherited factor, such
as mtDNA'8, One study reported that the ratio of affected
probands’ fathers is lower than the ratio of affected moth-
ers and siblings, which is evidence in favor of a mater-
nally inherited factor, according to Boles et al'®. Although
mtDNA by itself may not explain the gender differences
found since migraine is a complex disease with several
genetic factors variants in mtDNA, or in nuclear genes
affecting mitochondrial mechanisms, could influence
migraine susceptibility. Also, it has been suggested that
impairment of mitochondrial metabolism could lower the
threshold for migraine attacks.

The Mitochondrially Encoded Cytochrome C Oxi-
dase II (mT-CO2) gene has been previously associated
with encephalomyopathy, late-onset Alzheimer’s dis-
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Table 1: Clinical characteristics of the 50 patients with migraines with aura and the 50 healthy controls included in this

cross-sectional study.

Parameters Controls Migraine With Aura(%) p
Number (n) 50 0.691
Age (years,) (Male/Female) 40.2+1.60/38.8+1.76 357+ 1.89/374+1.67 0.61
Gender (Male/Female) 10/40 0.629
BMI (kg/m?) 25.72£4.76 25.58+£4.92 0.589

Values are presented as means + standard deviation or number of subjects, BMI: Body Mass Index.

Table 2: Relationship in mitochondrial DNA variations between the 50 patients with migraines with aura and the

50 healthy controls included in this cross-sectional study.

mt DNA Variations Genotype MA Controls p

AA 39 (78) 21 (42)
mT-DLOOP2 m.73A>G AG - - 0.001

GG 11 (22) 29 (58) '

AA 30 (60) 24
mT-DLOOP2 m.263A>G AG - - 0.001

GG 20 (40) 48 (96)

cC 50 (100) 43 (86)

CT - - 0.012
mT-DLOOP2 m.295C>T TT 0 (0) 7 (14)

TT 30 (60) 24

TC - - 0.001
mT-DLOOP2 m.310T>C cC 20 (40) 48 (96)

cC 30 (60) 6 (12)

CT - - 0.001
mT-DLOOP2 m.311C>T TT 20 (40) 44 (88)

cC 50 (100) 44 (88)

CT - - 0.012
mT-DLOOP2 m.462C>T TT 0 (0) 6(12)

TT 50 (100) 39 (78)

TC - - 0.001
mT-DLOOP2 m.489T>C CC 0(0) 11 (22)

TT 35(70) 50 (100)

TC - - 0.001
mT-NC7 m.8277T>C cC 15 (30) 0 (0)

TT 50 (100) 10 (20)
mT-ND6 m.14470T>C TC - - 0.001

ccC 0(0) 40 (80)

cC 50 (100) 43 (86)

CT - -
mT-DLOOP1 m.16069C>T TT 0 (0) 7(14) 0.012

TT 48 (96) 37 (74)

TC - - 0.001
mT-DLOOP1 m.16126T>C CC 2 (4) 13 (26)

cC 50 (100) 44 (88)

CT - - 0.027
mT-DLOOP1 m.16278C>T T 0 (0) 6(12)

TT 40 (80) 25 (50)
mT-DLOOP1 m.16519T>C o 10 20) 25 (50) 0001

Values are presented as number and percentage in brackets; Pearson chi-Square test and Kolmogorov-Smirnov two sample test were used. MA:

migraine with aura, mT: mitochondrial.

ease'”. Leber’s Hereditary Optic Neuropathy LHON*,
myopathy?!, hypertrophic cardiomyopathy??, Alpers-Hut-
tenlocher-like disease®, pseudoexfoliation glaucoma?,
and rhabdomyolysis*. The mt-CO2 gene is a protein-
coding gene that encodes for the second subunit of cyto-
chrome C oxidase (complex IV), which is a component
of the mitochondrial respiratory chain that catalyzes the
reduction of oxygen to water. m¢-CO2 is one of the three
subunits responsible for forming the functional core of
the cytochrome C oxidase m#-CO2. Among its related
pathways are gene expression and the epidermal growth

factor (EGF)/EGF receptor (EGFR) signaling pathway.
Gene Ontology annotations related to this gene in-
clude oxidoreductase activity and cytochrome C oxidase
activity. mt-CO2 has been described in relation to cyto-
chrome C oxidase subunit II*.

On the other hand, the m#-TK gene provides instruc-
tions for a specific form of tRNA designated as tRNAM®,
The tRNAM molecule is involved in the production of
proteins that carry out oxidative phosphorylation. A
mutation in the m#-TK gene was found in maternally in-
herited diabetes and deafness (MIDD)'*?". Several muta-
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Table 3: Clinical characteristics of aura migraine and m#-NC7 m.8277T>C DNA variations.

Parameters mt DNA Variations with I;’llllrg; agg:leotype p
Frequency (n,%) TT cC
1-3/month mT-NC7 m.8277T>C 18 (85.7) 3(14.3)
3-5/month mT-NC7 m.8277T>C 9 (50) 9 (50) 0.097
5-10/month mT-NC7 m.8277T>C 7(70) 3(30)
10-15/month mT-NC7 m.8277T>C 1 (100) 0(0)
Intensity (n,%) TT CC
mild mT-NC7 m.8277T>C 0(0) 1 (100)
moderate mT-NC7 m.8277T>C 6 (54.5) 5(45.5) 0.116
severe mT-NC7 m.8277T>C 29 (76.3) 9(23.7)
Duration (n,%) TT cC
<12 hours mT-NC7 m.8277T>C 2 (66.7) 1(33.1)
12-24 hours mT-NC7 m.8277T>C 2 (40) 3 (60) 0.294
>24 hours mT-NC7 m.8277T>C 31(73.8) 11 (26.2)
Gender (Male/Female) TT CC
mT-NC7 m.8277T>C 7/28 3/12 1.000
Family history of migraine (n, no/yes) TT cC
mT-NC7 m.8277T>C 13/22 6/9 0.849
Cigarette use (n, no/yes) TT cC
mT-NC7 m.8277T>C 24/11 8/7 0.304
Alcohol use (n, no/yes) TT CC
mT-NC7 m.8277T>C 30/5 13/2 1.000
Family history of stroke (n, no/yes) TT cC
mT-NC7 m.8277T>C 26/9 11/4 1.000
Family history of CAD (n, no/yes) TT cC
mT-NC7 m.8277T>C 25/10 6/9 0.056
Family history of ND (n, no/yes) TT cC
mT-NC7 m.8277T>C 32/3 10/5 0.043

Values are presented as number and percentage in brackets or number of having (yes) / not having (no) each symptom. CAD: coronary artery

disease, ND: neurological disease.

tions in the mt-TK gene were identified in people with
myoclonic epilepsy with ragged-red fibers (MERRF).
A small number of subjects with a mutation in the m7-
TK gene demonstrate both features of MERRF and some
of MELAS. These affected individuals are said to have
MERFF/MELAS overlap syndrome®.

In addition, the m#-TK gene has been identified in Leigh
Syndrome. In the literature, the Mt-CO2 7896 variation is
associated with the lack of cytochrome C oxidase level®.
The mt-NC?7 locus is located between m#-CO2 and mt-TK
loci even though it is defined as a non-coding nucleotide
region in mitochondrial DNA function. In our study, the
8277 variation of the mt-NC?7 locus was first shown to be
associated with migraines with aura. Because it is located
between mt-NC7 locus, mt-CO2, and mt-TK loci, the in-
vestigation of the cytochrome C oxidase levels in migraine
patients with aura is thought to be predictive in terms of
the phenotype/genotype relationship. The NC 012920.1:
m.8277T> C variation in the m#-NC7 locus associated with
migraines with aura, and this is the first study to show

the effect of mtDNA variations on aura migraines’ patho-
genesis in four different gene variations and 13 different
positions. Therefore, it is thought that our work provides
significant contributions to the literature.

Until now, no specific mtDNA variation and locus has
been associated with aura migraine. In our study, the CC
genotype of the NC 012920.1: m.8277T> C variation in
the mt-NC7 locus was found to be higher in migraines with
aura than in the control group. Hence, it is the first study to
indicate the m#-NC?7 locus, which is a non-coding nucleo-
tide region in mitochondrial DNA function, as a possible
risk factor for aura migraine. In addition, we found 12 dif-
ferent mtDNA variations that protect against with-aura mi-
graines. Our investigation is the first study showing that
four loci (mt-NC7, mt-DLOOPI1, mt-DLOOP2, mt-ND6)
may be important in the pathogenesis of migraines.

Haplotype analysis of genetic markers’ combinations
within a chromosome cluster location is valuable because
it provides a more powerful approach to genetic studies.
Because only the analysis of a single nucleotide can be
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Table 4: Haplotype frequencies results, with aura-migraine patients and the control group.

Haplotype
H Hl H+16311 HV HV2 HV4 HVlala HV0e HV9+152 p
Patient 2 2 1 1 1 1 1 2 1
Control 2 2 0 1 0 0 0 0 0 NS
TOTAL 4 4 1 2 1 1 1 2 1
Haplotype
H1bl Hlc+152 H1b1+16362 H2a2 H55 H5el H5elal H8b He6a2
Patient 1 1 1 1 1 1 1 1 1
Control 0 0 0 4 0 0 0 0 0 NS
TOTAL 1 1 1 5 1 1 1 1 1
Haplotype
Hl13alale 11 15a J1b2 Jlc Jle3k Jle3g  Klb2al Klblbl
Patient 1 1 1 1 1 1 1 1 1
Control 1 0 0 2 0 0 0 0 0 NS
TOTAL 2 1 1 3 1 1 1 1 1
Haplotype
K2 Nlbla R2+146 T2alb2a Tla2b T1bl T2 T2a T2b
Patient 1 1 1 1 1 1 1 1 1
Control 0 0 0 0 0 0 1 0 4 NS
TOTAL 1 1 1 1 1 1 2 1 5
Haplotype
T2h Uda U4blbl U4d2 Usalala  US5b2a5 USa2b  U5b2a2b  V+@72
Patient 1 1 1 1 1 1 1 1 1
Control 0 0 0 0 0 0 1 0 0 NS
TOTAL 1 1 1 1 1 1 2 1 1
Haplotype
W W+194 D4 G2a5 Hlby H4 H5 Hllal Hlla2
Patient 1 1 0 0 0 0 0 0 0 NS
Control 0 0 1 1 1 1 3 1 1
TOTAL 1 1 1 1 1 1 3 1 1
Haplotype
H13a2b2 Hl4a Hl15al H40 H76 Ilcl J1blbl Jlc5a J1d6
Patient 0 0 0 0 0 0 0 0 0 S
Control 1 1 1 1 1 1 1 1 1 N
TOTAL 1 1 1 1 1 1 1 1 1
Haplotype
Jlcl5a J2blh Kla Kladc K1b1+(16093) Klblc M9a’b M35b2 ROala
Patient 0 0 0 0 0 0 0 0 0 NS
Control 1 1 1 1 1 1 1 1 2
TOTAL 1 1 1 1 1 1 1 1 2
Haplotype
T Tlal Ulala Ulb U2elal U3b2al  US8blb W6 W7
Patient 0 0 0 0 0 0 0 0 0 NS
Control 1 1 1 1 1 1 1 1 1
TOTAL 1 1 1 1 1 1 1 1 1
Haplotype
Vlalb X2 X2n X21
Patient 0 0 0 0 NS
Control 1 1 1 1
TOTAL 1 1 1 1

Values are presented as number of subjects. Two-Sample Kolmogorov-Smirnov test was, NS: No Statistics were computed.

performed each time, it is possible to eliminate inconsis-
tencies®. Our study found that the H2a2, T2b, H5, and T
haplotypes to be high in the control group. However, no
statistically significant difference was found between the
patient group. It may be shown in future studies whether
the presence of these haplotypes is protective against the

formation of migraines with aura or not.

One of our study’s limitations is that the number of
patients was low due to the kit’s high cost. Our study
found a variation related to migraines with aura, but
these results need to be studied in different populations
with larger numbers of patients. Similarly, no statistically
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significant difference was found between haplotype fre-
quencies. Also, the study design was cross-sectional rath-
er than longitudinal. Following up the subjects’ clinical
progression with the NC _012920.1: m.8277T>C varia-
tion CC genotype would be of value to assess whether
they developed more severe aura migraines over time.
One of our study’s strengths is the genetic study’s geo-
graphic extent for mitochondrial variations associated
with aura migraines, as it contains the Edirne provincial
center and all of its districts. Edirne is located in a region
that has not experienced a massive population displace-
ment or migration. This situation is thought to provide
homogeneity of genetic studies. Another strength of our
study is that it showed that mainly four loci were impor-
tant in the pathogenesis of migraines with aura, and three
of them were protective against migraines with aura. This
study is extremely important because it is the first clinical
study that shows that the m7-NC7 locus may play a role
in the pathogenesis of migraine with aura.

In the future, a study that conducts full mitochondrial ge-
nome sequencing should prove useful in determining the role
of mitochondrial and mitochondria-related genes in the for-
mation of migraines. Moreover, sequencing would determine
all the nuclear encoding genes and non-coding nucleotide
regions affecting mitochondrial function in a large migraine
patient cohort. Such a study would contribute to current
knowledge about migraine pathogenesis and identify genetic
variants that affect the risk of developing migraines.
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