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Myocardial infarction is one of the clinical manifestations of coronary heart disease. In some cases, the cause of myocardial
infarction may be atherosclerotic plaques which occurred in the human aorta. The association of mtDNA mutations with
atherosclerotic lesions in human arteries was previously detected by our research group. In this study, we used samples of white
blood cells collected from 225 patients with myocardial infarction and 239 control persons with no health complaints. DNA was
isolated from the blood leukocyte samples. Then, PCR fragments of DNA were obtained. They contained the investigated
regions of 11 mitochondrial genome mutations (m.5178C>A, m.3336T>C, m.652delG, m.12315G>A, m.14459G>A, m.652insG,
m.14846G>A, m.13513G>A, m.1555A>G, m.15059G>A, m.3256C>T). According to the obtained results, three mutations of the
human mitochondrial genome correlated with myocardial infarction. A positive correlation was observed for mutation
m.5178C>A. At the same time, a highly signiﬁcant negative correlation with myocardial infarction was observed for mutation
m.14846G>A. One single-nucleotide substitution of m.12315G>A had a trend towards negative correlation. These mutations
can potentially be useful for creating molecular/cellular models for studying the mechanisms of myocardial infarction and
designing novel therapies. Moreover, these mutations can possibly be used for diagnostic purposes.

1. Introduction
Myocardial infarction is one of the clinical manifestations
of coronary heart disease. In this serious disease, some
myocardial contractile cells die. Subsequently, these cells
are replaced by connective tissue. The death of cells is a
consequence of coronary heart disease. At the same time,
metabolism disturbance occurs and irreversible changes
in cells develop [1]. In most cases, acute myocardial infarction occurs due to coronary artery thrombosis in the area of
an atherosclerotic plaque [1, 2]. In particular, myocardial
infarction can occur in patients with atherosclerosis, arterial
hypertension, and coronary heart disease. The prime risk

factors for developing MI are obesity, lack of motor performance, and smoking. The clinical picture of MI is distinguished by a great variety. That is why it is diﬃcult to make
the right diagnosis. The patient may have chest discomfort
or irregular heartbeat. Sometimes there is a complete absence
of pain. With atypical cases of myocardial infarction, there is
abdominal pain, laborious breathing, or dyspnea [3, 4].
At the present time, there are no reliable algorithms
for the early prognosis of myocardial infarction, which
would determine an increased individual predisposition
to this disease and its risk factor, atherosclerosis. The
focus of further researches for the determination of the
causes of myocardial infarction development should be
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Table 1: Primers for PCR.

Mutation

Primers

Size of PCR fragment

m.5178C>A

F: bio-GCAGTTGAGGTGGATTAAAC (4963–4982)
R: GGAGTAGATTAGGCGTAGGTAG (5366–5345)

383 bp

m.3336T>C

F: bio-AGGACAAGAGAAATAAGGCC (3129–3149)
R: ACGTTGGGGCCTTTGCGTAG (3422–3403)

294 bp

m.652delG

F: TAGACGGGCTCACATCAC (621–638)
R: bio-GGGGTATCTAATCCCAGTTTGGGT (1087–1064)

467 bp

m.12315G>A

F: bio-CTCATGCCCCCATGTCTAA (12230–12249)
R: TTACTTTTATTTGGAGTTGCAC (12337–12317)

108 bp

m.14459G>A

F: CAGCTTCCTACACTATTAAAGT (14303–14334)
R: bio-GTTTTTTTAATTTATTTAGGGGG (14511–14489)

209 bp

m.652insG

F: TAGACGGGCTCACATCAC (621–638)
R: bio-GGGGTATCTAATCCCAGTTTGGGT (1087–1064)

467 bp

m.14846G>A

F: bio-CATTATTCTCGCACGGACT (14671–14689)
R: GCTATAGTTGCAAGCAGGAG (15120–15100)

450 bp

m.13513G>A

F: CCTCACAGGTTTCTACTCCAAA (13491–13512)
R: bio-AAGTCCTAGGAAAGTGACAGCGAGG (13825–13806)

335 bp

m.1555A>G

F: TAGGTCAAGGTGTAGCCCATGAGGTGGCAA (1326–1355)
R: bio-GTAAGGTGGAGTGGGTTTGGG (1704–1684)

379 bp

m.15059G>A

F: bio-CATTATTCTCGCACGGACT (14671–14689)
R: GCTATAGTTGCAAGCAGGAG (15120–15100)

450 bp

m.3256C>T

F: bio-AGGACAAGAGAAATAAGGCC (3129–3149)
R: ACGTTGGGGCCTTTGCGTAG (3422–3403)

294 bp

transferred to the interaction of environmental, ecological,
and molecular-genetic risk factors, as well as to the search
of new methods and approaches to early diagnosis of
individual predisposition. Molecular-genetic factors predisposing to the development of myocardial infarction have
not been studied enough.
In a number of published articles, there has been a
report of mutations and polymorphisms of the nuclear
genome associated with a risk factor for atherosclerosis,
such as myocardial infarction [5–9]. However, these data
do not cover the full range of variability of myocardial
infarction clinical manifestations.
The results obtained by our group suggest, however, that
mitochondrial genome mutations can also be associated with
myocardial infarction. We have previously demonstrated
that mtDNA mutations were present in cells from atherosclerotic aortas and arteries [10–14]. In this work, we evaluated
the association of these mutations with myocardial infarction
as a risk factor for atherosclerosis.
Unlike nuclear genome mutations, in the analysis of
mitochondrial genomes, there occurs not the determination
of homo- and heterozygotes by mutation, but the detection
of the heteroplasmy level of mtDNA mutations (the ratio
of mutant copies of the mitochondrial genome to the total
number of DNA molecules in the mitochondria). The
method of determining the heteroplasmy level of mitochondrial genome mutations based on pyrosequencing technology was previously developed by our laboratory scientists
[10, 15–18]. It should be noted that the developed method is
the most accurate in assessing the heteroplasmy level of mitochondrial genome mutations [10, 15]. In pyrosequencing, a

short DNA fragment (6–10 bp) containing the investigated
mutation is studied [19, 20]. Therefore, the probability of
mistakes in determining the heteroplasmy level of mutations
is minimal [21–23].

2. Materials and Methods
A total of 464 subjects were enrolled in the Cardiology
Research Complex MH RF and Moscow State University
clinic. All study participants were aged between 40 and
55 years. The investigated sample included 225 patients
with myocardial infarction and 239 control persons with
no health complaints. The work was conducted in accordance with the Declaration of Helsinki. The study protocol
has been approved by the Ethics Community of Cardiology
Research Complex MH RF, and all subjects gave written
informed consent upon enrollment.
DNA was isolated from the blood leukocyte samples
of study participants. The phenol-chloroform extraction
method, developed by the authors of the article [24–26]
based on the Maniatis technology [27], was used.
Then, PCR fragments of DNA were obtained, which
contained the investigated regions of 11 mitochondrial
genome mutations (m.5178C>A, m.3336T>C, m.652delG,
m.12315G>A, m.14459G>A, m.652insG, m.14846G>A,
m.13513G>A, m.1555A>G, m.15059G>A, m.3256C>T).
Primers for PCR and the size of PCR fragments are listed
in Table 1 [10].
Biotinylation of one of the primers for PCR was carried
out with the aim of pyrosequencing the amplicon.
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Each 30 μl PCR reaction contained 0.4–0.6 μg mitochondrial DNA, 16.6 μM (NH4)2SO4, 0.3 pM of each primer,
200 μM of each deoxyribonucleotriphosphate, 67 mM
Tris-HCl (pH 8.8), MgCl2 (1.5 mM for m.14846G>A,
m.15059G>A, and m.14459G>A; 2.5 mM for the rest of the
investigated mutations), and 3 units of Taq polymerase [10].
In PCR, the following annealing temperatures were used
for the primers [10]:
(1) For mutations m.5178C>A,
m.652insG—60°C

m.652delG,

and

(2) For
mutations
m.3336T>C,
m.14846G>A,
m.13513G>A, m.15059G>A, and m.3256C>T—55°C
(3) For mutations m.12315G>A, m.14459G>A, and
m.1555A>G—50°C
As an apparatus for PCR, “PTC DNA Engine 200”
was used.
The association of these mutations with atherosclerotic lesions in human arteries was previously established
[10–13, 17]. The PCR fragments were analyzed on the automated pyrosequencing device PSQTMHS96MA (Biotage,
Sweden) to determine the heteroplasmy level of mtDNA
mutations [10].
Primers for pyrosequencing are listed in Table 2 [10].
The results were analyzed using the software package
SPSS 22.0 [28]. Bootstrap analysis was used. Correlation
was considered statistically signiﬁcant at the level of p ≤
0 05. The results at the signiﬁcance level of p ≤ 0 2 were
considered to show a tendency toward statistical signiﬁcance.

3. Results and Discussion
For all the study participants, age and demographic characteristics were determined (Tables 3 and 4). The data in
Table 4 is presented as an average value with the standard
deviation indicated (in parentheses).
According to Table 3, the age of conventionally healthy
participants ranged from 29 to 75 years. At the same time,
the age of patients with myocardial infarction ranged from
43 to 87 years. The average age of conventionally healthy
study participants was 13 years less than the age of patients
with myocardial infarction.
It is noteworthy that women predominated in the group
of conventionally healthy study participants. At the same
time, men predominated in the group of patients with
myocardial infarction.
Signiﬁcant diﬀerences between conventionally healthy
study participants and patients with myocardial infarction
were found only for risk factors such as sex and age
(Table 4). It is worth mentioning that the tendency to the
occurrence of such diﬀerences was found for smoking frequency. Perhaps, by increasing the sample, these diﬀerences
will become reliable.
For the present investigation, the 11 mitochondrial
genome mutations were taken, for which, in preliminary
studies, a connection with atherosclerosis was found
[10–12, 17, 18]. First, we examined 42 mtDNA mutations,

Table 2: Primers for pyrosequencing.
Mutation
m.5178C>A
m.3336T>C
m.652delG
m.12315G>A
m.14459G>A
m.652insG
m.14846G>A
m.13513G>A
m.1555A>G
m.15059G>A
m.3256C>T

Primer
ATTAAGGGTGTTAGTCATGT (5200–5181)
TGCGATTAGAATGGGTAC (3354–3337)
CCCATAAACAAATA (639–651)
TTTGGAGTTGCAC (12328–12316)
GATACTCCTCAATAGCCA (14439–14456)
CCCATAAACAAATA (639–651)
GCGCCAAGGAGTGA (14861–14848)
AGGTTTCTACTCCAA (13497–13511)
ACGCATTTATATAGAGGA (1537–1554)
TTTCTGAGTAGAGAAATGAT (15080–15061)
AAGAAGAGGAATTGA (3300–3286)

for which an association with various pathologies was found
[10]. We investigated lipoﬁbrous plaques and areas of normal
aortic intima. Therewith, 11 mitochondrial genome mutations associated with atherosclerosis were detected. It was
decided to investigate the identiﬁed mutations in a sample
of patients with myocardial infarction.
An evaluation of Spearman correlation of the investigated mtDNA mutations with myocardial infarction is
presented in Table 5.
The coeﬃcient of correlation was necessary for us to
identify the direction of linkage of mtDNA mutations
with myocardial infarction. If the connection was positive,
the mutations were associated with myocardial infarction.
If it was negative, mutations showed an antipathological
eﬀect. A positive correlation was observed for mutation
m.5178C>A. At the same time, a highly signiﬁcant negative correlation with myocardial infarction was observed
for mutation m.14846G>A. One single-nucleotide substitution of m.12315G>A had a trend towards negative
correlation (p ≤ 0 1).
For the found three mitochondrial genome mutations,
an analysis of the odds ratio to be associated with the
occurrence of myocardial infarction or to have a protective
eﬀect from this pathology was made. According to the
obtained data, the probability of the occurrence of myocardial infarction in carriers of the mitochondrial genome
mutation m.5178C>A was 2.8-fold higher than that in the
study participants in which this mutation is absent. At the
same time, the probability of the occurrence of this pathology
in carriers of mutation m.14846G>A and in carriers of
mutation m.12315G>A was 2.4-fold lower and 1.15-fold
lower, respectively, than that in the study participants
without these mutations.
Therefore, the mtDNA mutation m.5178C>A was a risk
factor for the occurrence of myocardial infarction. At the
same time, mutations m.14846G>A and m.12315G>A had
a protective eﬀect concerning this pathology.
The three mutations that had a positive or negative
correlation with myocardial infarction were located in
the coding region of the mitochondrial genome. Mutations m.5178C>A and m.14846G>A were localized in
the genes encoding the second protein subunit of NADH
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Table 3: Age characteristics of the study participants.

Study participants

Minimum (years)

Age
Mean (years)

Maximum (years)

29
43

52
65

75
87

Conventionally healthy
Patients with myocardial infarction

Standard deviation
8.5
8.3

Table 4: Demographic characteristics of the study participants.
Parameter

Conventionally healthy
study participants

Patients with myocardial
infarction

Signiﬁcance of diﬀerences

109 : 130

135 : 90

0.008∗

52 (8.5)

65 (8.3)

0.027∗

23.5 (4.3)
123 (19)
81 (15)
19

29.1 (5.2)
142 (25)
87 (23)
41

0.43
0.21
0.35
0.12

Sex, m/f
Age, years
2

Body mass index, kg/m
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Smoking, %
∗

Signiﬁcant diﬀerences between conventionally healthy study participants and patients with myocardial infarction.

Table 5: Spearman correlation of 11 mtDNA mutations with
myocardial infarction.
Correlation coeﬃcient

Signiﬁcance

m.5178C>A

Mutation

0.109

0.045∗∗

m.3336T>C
m.652delG

0.051
0.053

m.12315G>A

−0.096

0.198
0.242
0.065∗

m.14459G>A
m.652insG
m.13513G>A

0.064
−0.045
0.069

m.14846G>A

−0.127

0.187
0.229
1.174
0.001∗∗

m.1555A>G
m.15059G>A
m.3256C>T

−0.059
0.079
0.075

0.191
0.116
0.111

∗∗

p ≤ 0 05; ∗ p ≤ 0 1.

dehydrogenase and cytochrome B, respectively. Mutations
in these genes can therefore lead to mitochondrial respiratory chain enzyme dysfunction. Mutation m.12315G>A
was localized in the transport RNA gene Leu (recognition
codon CUN). It can possibly lead to defects in the transport RNA and can aﬀect protein synthesis, which, in
turn, may result in deﬁciencies of mitochondrial respiratory chain enzymes. Therefore, the described mutations
can eventually lead to energy deﬁciency in aﬀected cells,
which may play a role in pathological processes, including
myocardial infarction.
It is necessary to note that for this research, we used the
method of quantitative assessment of the heteroplasmy level
of mtDNA mutations, developed by us on the basis of
pyrosequencing technologies in 2007 [10, 18, 29]. Based on
the threshold heteroplasmy level of the mutation, associated
with myocardial infarction, we detected the signiﬁcance of

the diﬀerences in this parameter between patients with myocardial infarction and conventionally healthy participants
in the study. At the same time, two groups of scientists
from Japan investigated the frequency of the occurrence
of m.5178C>A in the Japanese sample of patients and in
healthy people using polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) analysis with
the restriction enzyme AluI [30, 31]. They found that the
frequency of occurrence of the 5178C allele is higher in
the group of patients with myocardial infarction than in
healthy people. Unfortunately, it is impossible to determine
the heteroplasmy level of mutation, using the PCR-RFLP
method. In consequence of this, Japanese scientists could
not take into account patients who have a not very high
threshold heteroplasmy level of mutation m.5178C>A
linked to myocardial infarction.
According to a generally accepted opinion of scientists
around the world, polymorphisms do not lead to pathologies, unlike mutations. The mtDNA mutation m.5178C>A,
according to our data, was associated with atherosclerosis
[11, 17]. In the present investigation, we have found a link
of this mutation with myocardial infarction. Therefore, as a
pathological variant of the mitochondrial genome mutation
m.5178C>A, in our articles, we name it a “mutation” and
not a polymorphism.
It is noteworthy that mutation m.14846G>A, according
to the literature, leading to a progressive exercise of intolerance, proximal limb weakness, and attacks of myoglobinuria,
showed a protective eﬀect on myocardial infarction at a high
level of signiﬁcance [32]. This can mean that the molecular
mechanisms which lead to exercise intolerance, proximal
limb weakness, and attacks of myoglobinuria protect the
heart from the occurrence of myocardial infarction.
According to data from the literature, mutation
m.12315G>A turned out to be associated with mitochondrial
myopathy, ophthalmoplegia, ptosis, limb weakness, sensorineural hearing loss, and pigmentary retinopathy [33, 34].
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At the same time, in our study, m.12315G>A showed a tendency to have a protective eﬀect on myocardial infarction.
It can also indicate that the molecular mechanisms which
lead to the occurrence and development of mitochondrial
myopathy, ophthalmoplegia, ptosis, limb weakness, sensorineural hearing loss, and pigmentary retinopathy protect from
myocardial infarction.
It may also be suggested that the diﬀerences between
the Russian and the Japanese samples are connected with
undersampling. We plan to expand our sample.
It is necessary to note, for a number of diseases, for
example, cystic ﬁbrosis, that a gradient in the spread of
some mutations from west to east has been found. Supposedly in this case, we are dealing with a similar gradient in
the spread of some mitochondrial genome mutations. This
is conﬁrmed by the fact that the two articles in which it is
stated that mutation m.5178C>A is associated with a lower
frequency of its occurrence in patients with myocardial
infarction, compared to healthy people, belong to Japanese
research groups [30, 31].
To answer this question, we plan to get in our further
studies, with an increase in the size of our sample. Perhaps,
with mutation m.12315G>A, we will get very signiﬁcant
diﬀerences between patients with myocardial infarction and
conventionally healthy study participants.

4. Conclusion
In the present study, we report on three mutations of the
human mitochondrial genome that correlated with myocardial infarction. A positive correlation was observed for
mutation m.5178C>A. At the same time, a highly signiﬁcant negative correlation with myocardial infarction was
observed for mutation m.14846G>A. One single-nucleotide
substitution of m.12315G>A had a trend towards negative
correlation (p ≤ 0 1).
Therefore, the mtDNA mutation m.5178C>A was a risk
factor for the occurrence of myocardial infarction. At the
same time, mutations m.14846G>A and m.12315G>A had
a protective eﬀect concerning this pathology.
These mutations can potentially be useful for creating molecular/cellular models for studying the mechanisms
of myocardial infarction and designing novel therapies.
Moreover, these mutations can possibly be used for
diagnostic purposes.

Conflicts of Interest
The authors declare that the research was conducted in the
absence of any commercial or ﬁnancial relationships that
could be construed as a potential conﬂict of interest.

Acknowledgments
This work was supported by the Russian Science Foundation
(Grant no. 14-14-01038).

5

References
[1] Z. Qi, F. Duan, S. Liu et al., “Eﬀects of bone marrow mononuclear cells delivered through a graft vessel for patients with
previous myocardial infarction and chronic heart failure: an
echocardiographic study of left ventricular function,” Echocardiography, vol. 32, no. 6, pp. 937–946, 2015.
[2] S. J. White, A. C. Newby, and T. W. Johnson, “Endothelial
erosion of plaques as a substrate for coronary thrombosis,”
Thrombosis and Haemostasis, vol. 115, no. 3, pp. 509–
519, 2016.
[3] X. Zhang, Z. Wang, Z. Wang, M. Fang, and Z. Shu, “The
prognostic value of shock index for the outcomes of acute
myocardial infarction patients: a systematic review and metaanalysis,” Medicine, vol. 96, no. 38, article e8014, 2017.
[4] J. West and S. Daly, “Predictors of acute myocardial infarction,” American Family Physician, vol. 96, p. 328, 2017.
[5] K. J. Smith, A. J. Chadburn, A. Adomaviciene et al., “Coronary
spasm and acute myocardial infarction due to a mutation
(V734I) in the nucleotide binding domain 1 of ABCC9,”
International Journal of Cardiology, vol. 168, no. 4, pp. 3506–
3513, 2013.
[6] A. Kallel, M. H. Sbaï, Y. Sédiri et al., “Association between the
G20210A polymorphism of prothrombin gene and myocardial
infarction in Tunisian population,” Biochemical Genetics,
vol. 54, no. 5, pp. 653–664, 2016.
[7] J. C. van Capelleveen, R. S. Kootte, G. K. Hovingh, and
A. E. Bochem, “Myocardial infarction in a 36-year-old
man with combined ABCA1 and APOA-1 deﬁciency,” Journal
of Clinical Lipidology, vol. 9, no. 3, pp. 396–399, 2015.
[8] S. Lahiri, B. C. Gulman, J. L. Gutierrez, and A. Pefkarou,
“Successful conservative treatment of myocardial infarction
in a teenager with MTHFR mutation,” IJC Heart & Vasculature, vol. 15, pp. 24-25, 2017.
[9] W. Hmimech, B. Diakite, H. H. Idrissi et al., “G2691A and
C2491T mutations of factor V gene and pre-disposition to
myocardial infarction in Morocco,” Biomedical Reports,
vol. 5, no. 5, pp. 618–622, 2016.
[10] M. Sazonova, E. Budnikov, Z. Khasanova, I. Sobenin,
A. Postnov, and A. Orekhov, “Studies of the human aortic
intima by a direct quantitative assay of mutant alleles in the
mitochondrial genome,” Atherosclerosis, vol. 2009, no. 204,
pp. 184–190, 2009.
[11] M. A. Sazonova, V. V. Sinyov, V. A. Barinova et al.,
“Mosaicism of mitochondrial genetic variation in atherosclerotic lesions of the human aorta,” BioMed Research International, vol. 2015, Article ID 825468, 9 pages, 2015.
[12] M. A. Sazonova, “Association of mitochondrial genome
mutations with lipoﬁbrous plaques in human aortic intima,”
Patologicheskaia Fiziologiia i Èksperimental'naia Terapiia,
vol. 59, pp. 17–28, 2015.
[13] I. A. Sobenin, M. A. Sazonova, A. Y. Postnov, J. T. Salonen,
Y. V. Bobryshev, and A. N. Orekhov, “Association of
mitochondrial genetic variation with carotid atherosclerosis,”
PLoS One, vol. 8, article e68070, 2013.
[14] I. A. Sobenin, M. A. Sazonova, A. Y. Postnov, Y. V. Bobryshev,
and A. N. Orekhov, “Changes of mitochondria in atherosclerosis: possible determinant in the pathogenesis of the disease,”
Atherosclerosis, vol. 227, no. 2, pp. 283–288, 2013.
[15] M. A. Sazonova, A. I. Postnov, A. N. Orekhov, and I. A.
Sobenin, “A new method of quantitative estimation of mutant

6

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

Disease Markers
allele in mitochondrial genome,” Patologicheskaia Fiziologiia i
Èksperimental'naia Terapiia, vol. 4, pp. 81–84, 2011.
I. A. Sobenin, K. Y. Mitrofanov, A. V. Zhelankin et al.,
“Quantitative assessment of heteroplasmy of mitochondrial
genome: perspectives in diagnostics and methodological pitfalls,” BioMed Research International, vol. 2014, Article ID
292017, 9 pages, 2014.
M. A. Sazonova, V. V. Sinyov, A. I. Ryzhkova et al., “Role of
mitochondrial genome mutations in pathogenesis of carotid
atherosclerosis,” Oxidative Medicine and Cellular Longevity,
vol. 2017, Article ID 6934394, 7 pages, 2017.
M. A. Sazonova, Y. Y. Budnikov, Z. B. Khazanova, A. Y.
Postnov, I. A. Sobenin, and A. N. Orekhov, “PO5-115 direct
quantitative assessment of mutant allele in mitochondrial
genome in atherosclerotic lesion of human aorta,” Atherosclerosis Supplements, vol. 8, no. 1, pp. 45-46, 2007.
A. Alderborn, A. Kristoﬀerson, and U. Hammerling,
“Determination of single-nucleotide polymorphisms by realtime pyrophosphate DNA sequencing,” Genome Research,
vol. 10, no. 8, pp. 1249–1258, 2000.
N. Goji, A. Mathews, G. Huszczynski et al., “A new pyrosequencing assay for rapid detection and genotyping of Shiga
toxin, intimin and O157-speciﬁc rfbE genes of Escherichia
coli,” Journal of Microbiological Methods, vol. 109, pp. 167–
179, 2015.
G. F. Zannoni, G. Improta, G. Chiarello et al., “Mutational
status of KRAS, NRAS, and BRAF in primary clear cell
ovarian carcinoma,” Virchows Archiv, vol. 465, no. 2, pp. 193–
198, 2014.
F. Ozen, N. Kocak, S. Kelekci, I. H. Yildirim, G. Hacimuto, and
O. Ozdemir, “The prevalence of Familial Mediterranean Fever
common gene mutations in patients with simple febrile
seizures,” European Review for Medical and Pharmacological
Sciences, vol. 18, no. 5, pp. 657–660, 2014.
J. A. Adams, K. M. Post, S. A. Bilbo et al., “Performance evaluation comparison of 3 commercially available PCR-based
KRAS mutation testing platforms,” Applied Immunohistochemistry & Molecular Morphology, vol. 22, no. 3, pp. 231–
235, 2014.
F. A. Amosenko, M. A. Sazonova, N. I. Kapranov, I. S.
Trubnikova, and V. N. Kalinin, “Analysis of various polymorphic markers of the CFTR gene in cystic ﬁbrosis patients and
healthy donors from the Moscow region,” Russian Journal of
Genetics, vol. 31, pp. 457–459, 1995.
M. A. Sazonova, F. A. Amosenko, N. I. Kapranov, and V. N.
Kalinin, “Molecular genetic analysis of TUB18 and TUB20
intragenic polymorphism and various mutations of the CFTR
gene in the Moscow region,” Genetika, vol. 33, no. 9, pp. 1303–
1307, 1997.
F. A. Amosenko, I. S. Trubnikova, V. M. Zakhar'ev et al.,
“TUB9 polymorphism in the CFTR gene of cystic ﬁbrosis
patients, carriers, and healthy donors from the Moscow region
SSCP and restriction analyses,” Genetika, vol. 33, no. 2,
pp. 257–261, 1997.
T. Maniatis, J. Sambrook, and E. F. Fritsch, Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor The Laboratory,
New York, NY, USA, 1982.
July 2017, https://www.ibm.com/analytics/us/en/technology/
spss.
M. Sazonova, I. Andrianova, Z. Khasanova, I. Sobenin, and
A. Postnov, “Quantitative mitochondrial genome mutation

[30]

[31]

[32]

[33]

[34]

investigation and possible role of the somatic mutations
in development of atherosclerotic lesion of human aorta,”
Atherosclerosis Supplements, vol. 9, no. 1, p. 113, 2008.
K. Takagi, Y. Yamada, J. S. Gong, T. Sone, M. Yokota, and
M. Tanaka, “Association of a 5178C→A (Leu237Met) polymorphism in the mitochondrial DNA with a low prevalence
of myocardial infarction in Japanese individuals,” Atherosclerosis, vol. 175, pp. 281–286, 2004.
S. Mukae, S. Aoki, S. Itoh et al., “Mitochondrial 5178A/C
genotype is associated with acute myocardial infarction,”
Circulation Journal, vol. 67, no. 1, pp. 16–20, 2003.
A. L. Andreu, M. G. Hanna, H. Reichmann et al., “Exercise
intolerance due to mutations in the cytochrome b gene of
mitochondrial DNA,” The New England Journal of Medicine,
vol. 341, no. 14, pp. 1037–1044, 1999.
C. L. Karadimas, L. Salviati, S. Sacconi et al., “Mitochondrial
myopathy and ophthalmoplegia in a sporadic patient with
the G12315A mutation in mitochondrial DNA,” Neuromuscular Disorders, vol. 12, no. 9, pp. 865–868, 2002.
K. Fu, R. Hartlen, T. Johns, A. Genge, G. Karpati, and E. A.
Shoubridge, “A novel heteroplasmic tRNAleu(CUN) mtDNA
point mutation in a sporadic patient with mitochondrial
encephalomyopathy segregates rapidly in skeletal muscle and
suggests an approach to therapy,” Human Molecular Genetics,
vol. 5, no. 11, pp. 1835–1840, 1996.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

