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ABSTRACT

Early diagnosis, before manifestation of symptomilentifying susceptibility to diseases can redtioe severity
and prevalence and may even control or inhibitdieease progression. Now the relationship betwkerricidence
of cardiovascular diseases and certain types ofldtgpes of human mtDNA (mitochondrial DNA) havenbee
substantiated and investigation of the frequenqgyasficular types of cases and controls can revbel connection.
Substitution of T to C at nucleotide position 1618%he hypervariable D-loop of the control regi¢@R) of
mitochondrial DNA (mtDNA) has attracted researcleiest because of its suspected association wittous
multifactorial diseases. The objective of the cntrstudy was to identify and evaluate differentlogpe mtDNA
and examine their relationship to the incidencecofonary artery disease in different haplogroupslianian
patients visiting SINA hospital in Tehran. A tatél70 participants (including 40 males and 30 fessalisiting the
Cath Lab (angiography) of SINA hospital were s&dcaccording to the index of stenosis (CSl). Adiataining
informed consent, approximately 5cc of blood sarfrple each patient was taken and sent to the laiooya Total
DNA (50 pg) of blood samples were extracted usiilgegys of D-Loop- a specific region of mtDNA, tleplicative
samples (HVS regions) were then seperated by efgutresis process and quality of amplicon (prodwesls
confirmed. This step was followed by sequencingcamdpared with the reference sequence. Accordinigg SNP,
polymorphisms and mutations, and the percentagaeif presence in case and control populations wsttelied
and the data analyzed. Items have been composadpidtype 263 A>G (maximum) with 62 samples from 34
patients and 23 healthy and 5 mild cases, 310-8%C iwith 61 samples from 35 patients, 21 healthy &slight,
variant 750 A>G with 59 persons of 33 patients,éalthy and 6 average, other SNP 73 A>G with 45@am
from 23 patients, 17 healthy and 5 average, 40ei@s of 16519 T>C with 24 patients, 13 healthy &nahiddle
and 32 of the 309-310 ins C with 17 patientsh&@lthy and 5 are mild cases. Some changes, su€»asand
insCC, regardless of position, as well as histong a&thnic studies were evaluated. The 263 A>G, 3lDinsC,
750 A>G, 73 A>G, 16519 T>C and 309-310 insC witlghhifrequency are more important in patients with
cardiovascular disorders. These changes (exceptA?8B and sex variable) have been previously esthbli with
certain diseases, however in the present study amticplar allelic association were revealed. In shstudy
susceptibility of men against women is 6.6 times 20 A>G significantly increases 1.6 times th& 0§ CAD.

Keywords.Coronary Artery Disease (CAD), Reference Sequemdggchondrial DNA (mtDNA), Haplotype,
Haplogroup, Single Nucleotide Polymorphism (SNR)rahary Stenosis Index (CSI)
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INTRODUCTION

By virtue of the functional role of the mitochonainiin energy and reactive oxygen species produatmnations in
mitochondrial DNA (mtDNA) are potential candidatéwx cardiovascular-related disorders [1].The mad#yn
inherited human mitochondrial DNA (mtDNA) has ardub6,500 base pairs. It contains ribosomal RNA, ARN
and 37 genes supporting metabolic oxidative phaydiion Mitochondria produce energy to sustaid gebwth
and function, but they also generate harmful fregicals and mediate apoptosis and is composed wblelo
stranded, closed and circular DNA molecule [2]. éfithe mitochondrial protein coding genes encag®urits of
the OXPHOS enzymes that are responsible for theggrgenerating pathway. In addition, mtDNA contaéneon-
coding region called a displacement loop (D-loaghich is involved in the control of replication atrdnscription
of mtDNA [3]. It is independent of the nuclear gemaThe D-loop is a region of 1124 base pairs (osit6024-
576 on the mtDNA), which acts as a promoter forbatavy and light strands of mtDNA and containeesal
transcription and replication elements [4]. Thisgacontains two hypervariable regions (HVS-I atifiass 16024-
16383 and HVS-Il at positions 57-372) [5] .Specifarge mutation, large deletions or duplications thé
mitochondrial genome cause mitochondrial diseaRase pathogenic mutations of the mtDNA that eitingpair
mitochondrial protein synthesis or impair proteémcoded by the mtDNA have been associated with thane 70
human diseases [6]. Since many diseasesassocidtethitochondrial mutations have been found, thasgations
have beenreported in MITOMAP (a human mitochondf&hbase).

The very high mitochondrial evolutionary rate comguhto the nuclear genome has provided for theraafation
of diverse mtDNA variations, marking a number oplodypes, thus providing an excellent toolfor stisdyhuman
evolution, migration, and population histories [@ver the last two decades, analysis of modern humgdNA
variations has revealed modern human origins incAfand subsequent migrations to Asia and Europ# [&s
been found that some mtDNA haplotypes not onlyidhte population structures, but may also predisfos or
protect against, certain diseases [9].

In addition to the mutations in genes carried anrthclear chromosomes, mitochondrial mutationsaasignificant
cause of human genetic disease. The mitochondeiabme is small (only 16.5 kb) but it is highly nl&in

comparison with the nuclear genome, probably bexautochondrial DNA replication is more error-proawed the
number of replications is much higher. Mitochonllyigncoded diseases have two unusual featuresjlinmesl

inheritance and frequent heteroplasmy [10].

Coronary artery disease (CAD) is the most commamseaof death in industrialized countries and isidigp
increasing in prevalence in developing countri¢gesults from atherosclerosis, a process thatstakace over
many years and involves deposition of lipid in gubendothelial space (intima) of arteries with aseguent
narrowing of their lumina the first stage involvia® deposition of lipid in the arterial wall that determined by
hemodynamic factors. Monocytes adhere to areaseoémndothelial surface of arterial walls with ligldposits and
enter the vessel wall, proliferate and differemtiabto macrophages. The macrophages scavenge piaks, li
producing the classic fatty streaks, and through abtion of cytokines, growth factors and adhesimiecules
induce smooth muscle proliferation and the fornmatd extracellular matrix, resulting in the deveiognt of the
fibrous atherosclerotic plagues. The narrowinghe toronary arteries compromises the metabolic neédhe
heart muscle, leading to myocardial ischemia, whickevere, results in myocardial infarction [10].

High levels of LDLs are associated with an incréassk of coronary artery disease. Conversely, hafels of
HDLs are inversely correlated with a risk of corgnartery disease. Consequently, the LDL : HDLadtas been
used as a risk predictor for coronary artery diseasd as an indicator for therapeutic interventi®matins are
effective drugs for lowering LDL-cholesterol levels

For the majority of persons their risk of coronartery disease is multifactorial or polygenic ingar. A variety of
different genetic and environmental risk factorss Haeen identified that predispose to early onsetthef
atherosclerotic process. Well publicized environtakrisk factors include lack of exercise, dietahplesterol and
smoking. The advice with respect to the potential grevention of developing coronary artery disefmethese
factors is obvious [10].

There polymorphisms in some genes also increaseritie of disease. For example the insertion-detetio
polymorphism in the gene of angiotensin-convertimmgzyme (ACE) has also been extensively studied for
association with diseases. DD homozygotes are aeased risk of myocardial infarction and coronartery
disease [11].
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We now know of hundreds of DNA variants that aadly associated with susceptibility to one or Arottomplex

disease. In most cases, these variants probabhotithemselves directly confer susceptibility brg associated
with susceptlbility because they are in linkagesdislibrium with the actual causative variant. Wegtor not this

is the case, genotypes for these variants relipidglict variations in disease susceptibility. This lbeen a major
advance in biomedical science [11].

Mitochondrial functional differences are thoughtlte among the most important risk factors of corgratery
diseases (CAD) [12]. Mitochondria are the primaitg ©f superoxide production in vascular endothetells.
Mitochondrion-derived reactive oxygen species mayimportant role in the pathogenesis of atherossie and
CAD [13]. Consequently, polymorphisms in the mtDIld#e expected to associate with CAD.

The mtDNA variant 16189T>C increased risk of CARdavil in Saudi Arabs [14] and of CAD in Austrians[1
while the mitochondrial haplogroup N9b was repottethe protective against Ml in Japanese males Hé\vever,
in a large study on the Danish population, no datioa was found between mitochondrial haplogroaps risk of
ischemic cardiovascular disease [17].

A mitochondrial haplogroup is a cluster of phylogtcally related mitochondrial genotypes (haplog)pélhese
haplogroups are defined by ancient mutations [IBese changes appeared and survived; therefosectgd not
be deleterious mutations. Most of them probablyrt have a phenotypic effect and were neutral. &Sofrthem
had a beneficial effect and were positively selgctdowever, this positive effect was related to atipular
environment and nowadays, in other environmentaditimns, may have different effects on the phepetj18-
20].In other words human haplogroups are definedspgcial polymorphisms in human mitochondrial DNA
(mtDNA). These haplogroups trace the matrilinedleiitance of modern humans back to human originfiica
and the subsequent spread across the globe.Mt® ofiutations observed in both mtDNA coding and-coding
regions have occurred in pre-existing haplogroups fzave defined the individual mtDNA types or hagbes [5,
21].

Since CAD risk is both genetically and environméwntdetermined, and family history [22] along wigthnicity
[23] play a major role in disease occurrence, theng association of mtDNA with population strueumay explain
the inconsistent implication of CAD among mtDNAhagioups, both in terms of correlation with inhetite
autosomal mutations, as well as correlation withucal and environmental risks. Studies explorirmpylation
structures associated with CAD and incorporated amixed populations at a resolution finer thamieity are
lacking [24].

Population origins and ancestry have previouslynbfmund to be important determinants of coronarergr
disease(CAD) [25].Substitution of T to C at nucidetposition 16189 in the hypervariable D-loop loé tcontrol
region (CR) of mitochondrial DNA (mtDNA) has atttad research interest because of its suspectediatsso
with various multifactorial diseases [26].

In this case-control study, our aim is to invegegtheassociation of Mitochondrial T16519C polynfesm with
Coronary Artery Disease (CAD) in an iranian popolatof CAD cases and controls from SINA Hospitaings
mMtDNA lineages that may infer mitochondria funcabassociations.

MATERIALSAND METHODS

The local ethical committee approved the researopgsal before beginning the project and a confenm was
taken from each patient to do this research.

Sampling

The study consists of 70 patients randomly chosam fCath Lab (angiography ward). The subjects wéassified
as 30 controls and 40 cases) Controls have a n@nggdgram defined by the absence of any athemsiteand/or
any lesions in all coronary arteries. Cases weagrdised with >50% stenosis in any of the corongsgrias. They
answered an extensive questionnaire regarding theient health and medical history. All of the ipats and
controls were informed of the aims of the study gase their informed consent to the genetic anglyshe mean
age was 63 for patients and 52 for normal contiiee other clinical information and biochemicaldmhation are
shown in table 5 & 6.

10 ml of blood were taken under sterile conditiand with informed consent. 5 ml for biochemicat {g$ood clot)
sent to the hospital laboratory and another 5 té toontaining EDTA and maintaining the cold chain DNA

134



Reza Ghadiri Rad et al Int J Med Res Health Sci. 2016, 5(9):132-145

extraction procedure was sent to the universitpiatory. A total of 70 samples (including cases aadtrols) to
extract DNA and coding and preparation, then weehthe documentation to start the next stage.

DNA extraction

Total DNA corresponding blood samples (aboutuf) using an extraction kit (Takapouzist, Tehraan)rand was
isolated and purified according to the protocolingsa special spectrophotometer (Nanodrop) theepies and
concentration of extracted DNA was studied. Thastegtion process to execute code each time PCRr(jgoase
chain reaction) is kept at freezing temperatures.

The Polymerase Chain Reaction (PCR)

PCR amplification was carried out in a final volum®e25 pul containing 200-300 ng total DNA, 70M of each
dNTP, 10 pmol of each primer, 2.5 mM MgCI2, 1 UTadDNA polymerase (Cinnagen, Tehran, Iran). The PCR
profile was as follows: 94°C for 5 min, 30 cyclels9d°C for 50 s, 55.5°C for 50 s and 72°C for 5@odpwed by
72°C for 10 min.

Table 1. Information on PCR process

NO. | Primer name | F/R | Seguence NT Gene Concentration
1 ONP-38 F 5-GAT CAC AGG TCT ATC ACC CT-3 1-20 Dop 10 Pmol
2 ONP-77 R 5-GCT CCG GCT CCA GCG TCT GC-¥ 110-91 D-loop 10 Pmol
3 ONP-79 R 5-GAG CTG CAT TGC TGC GTG CT-3 780-761| 12S rRNA 10 Pmol
4 ONP-98 F 5-ATC ATT GGA CAA GTA GCATC-3'| 157915B10 | 12SrRNA 10 Pmol
No. of cycles | temperature | time Materials v
1 94 5 mix 7.5
55.5 50" DNA 1
72 50" H.0
1 72 10 Final volume 25

After the process of PCR the sequenced products amailyzed on 1.5% agarose gel. The amplified seggeof of
the D loop region are shown in figure 1.

Figure 1. Gel electrophoresisimage of isolated region

Sequencing of samples
At the end of practical stages the samples wereteespecialized laboratories and were sequendee.nticleotide
sequence of the amplicon was directly determinedabjomated sequencing on an ABI 3730 XL machine
sequencingusing primer mt91R (Gene Fanavaran, ldaomSeoul, Korea). The obtained mtDNA sequences we
aligned with a multiple sequence alignment intexf@t. USTAL X with comparison to revised Cambridgé&rence
sequence or rCRS (http: /www.gen.emory.edu/ mitdmapseq.html) and analysis of the resulting elgaitorotic
1-4-0 with software version FINCH TV were examir(@igures 5 & 7). At this stage the important preattiwork
has been completed and the results analysisilico) began. NCBI nucleotide sequence of the two ameargtioned
in the application by the rCRS were compared aadtbFinally, the statistical analysis was perfatr@®determine
the significance of the results.

RESULTS

Our sample, a total of 40 men and 30 women with dbiesult of cardiologist and according to the reswolf
angiography (stenotic index of the arteries in ffigg8) and, if necessary biochemical test (Figureér2dhree groups
with 39 numbers (29 men and 10 women), 25 heaBhmén and 16 women) and average number of 6 patf2nt
males and 4 females) were classified. After the eerpental stages and bioinformatics, mutations and
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polymorphisms have been discovered and confirmed firevious association with certain diseasegdisind
analyzed. The following are examples of tables (@4 that relates to a patient (patient sampleecdds given.

1 gatcacaggt ctatcaccct attaaccact cacgggagct ctccatgecat ttggtatttt
€1 cgtctggggg gtatgcacgc gatagcattg cgagacgctg gagccggagc accctatgte
121 gcagtatctg tctttgattc ctgcctcatc ctattattta tecgecacctac gttcaatatt
181 acaggcgaac atacttacta aagtgtgtta attaattaat gecttgtagga cataataata

241 acaattgaat gtctgecacag ccActttcca cacagacatc ataacaaaaa atttccacca

Figure 2. Representsthe position of largest part of sequence variants (263 A>G) in this study in the Revised Cambridge Reference
Sequence (r CRS) of the Human Mitochondrial DNA (from mitomap.org)

Table 2. An example of a known position along each polymor phism (code 1, case)

Change position | Change type hom/het| Pathological status
Polymorphisms/Somatic Mutation{aging brains,
73 A>G homo | POLG/PEO & control muscle, buccal cell,
thyroid & prostate tumors
Polymorphisms/Somatic Mutation
263 A8 homo | (bOLG/MNGIE muscle)
309-310 ins C homo | Polymorphism/mutation(AD-weakly associated)
750 A>G homo | Polymorphisms
310-311 insC homo | Polymorphism/mutation(Melanoma patients)
Reported Mitochondrial DNA Base Substitution
15924 A>G homo | Diseases: rRNA/tRNA Mutations (LIMM Disease)
Polymorphisms
16256 C>T homo | Polymorphisms
16270 C>T homo | Polymorphisms
16399 Polymorphisms/mtDNA Somatic Mutations
A>G homo | (gastric carcinoma )
16320 C>T homo | Pelymorphisms

Among the studied samples 70 samples in total @emts, 25 patients and 6 healthy mild or modgiiatéerms of
changes and polymorphisms most sequence variaioos as polymorphisms or mutations, respectivety, a
described below. The proportion of patients in ®iwhgender seems interesting. Because the patemples of 39
patients, formed 29 men (74%) and 10 women (26%@reds conversly the ratio between control grouR%of
samples consists of 9 men (36%) and 16 women (&td)even in mild cases, this ratio was 4 to 2 uoifaof
women (table 3).

Table 3. Sex ratio in patients and healthy subjectsand with mild subjects

Total | Male | Female | Percent(M) | Percent(F)
Case 39 29 10 %74 %26
Control 25 9 16 %36 %64
Moderate 6 2 4 %33 %67
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Figure 3.An example of angiography sheetsand indicator s of coronary stenosis (minimal CAD)

By visiting the website MITIOMAP we could find imgretation of the changes obtained in this way,ittiygact of
the changes we identified in previous studies. Sohamges were only polymorphism, some associatddvarious
pathologic conditions, and some variants had nehlveported previously and in this study were firse observed.

MITOMAP: mtDNA Coding Region Sequence Polymorphisms

Nucleotide Nucleotide Codon Codon Amino Acid GB
o Locus i References
Position Change Number Position Change Sequences

750 MT-RNR1 A-G - - TRNA 30156 references

Figure 4. Search for interpretation of the variant 750 A>G (for example) on MITOMAP

From among total of 166 observed change (often $RRxjuent variants of the 263 A>G (nucleotide posi263
by replacing G instead of A), which has 62 of tHepatients (87%) and 23 controls (92% normal) dedrest is
composed of 5 medium addition to polymorphism nebes in association with POLG / MNGIE muscle (prexso
reseaches). Next change 310-311 insC (the insedficm C between positions 310 and 311) also inomd1
samples from cases exists no superset that inclgBegatients (89%), 21 healthy (84%) and 5 modeaats
accompanied only the Melanoma patients is shownawa750 A>G with 59 sample consists of 33 patigBt%),
20 control (80%) and 6 medium that is only a singleleotide polymorphism in past association swid&ngle
nucleotide change 73 A>G with 45 samples, whickuiie samples of 23 patients (59%), 17 healthy stbjE&8%)
and the rest of the five sample average has besnetb This polymorphism and somatic mutation presip
associated with aging brains, POLG / PEO & contnokcle, buccal cell, thyroid & prostate tumors m®wn. 40
samples with variant 16519 T>C with 24 patients%$,113 years old (52%) and 3 medium and in conjonawith
glioblastoma, gastric, lung, ovarian, prostate ttspcCyclic Vomiting Syndrome with Migraine / has elme
metastasis.32 samples with mutations 309-310 im&tiC 17 patients (43%), 10 controls (40%) and 5rage, in
keeping with Melanoma patients previously knownother case related to 152 T>C with 22 samples qfatients
(28%), 9 healthy (36%) and 2 average in relatioraging brains, elderly fibroblasts, ovarian caramag breast
tumor is. 20 samples with changes 16126 T>C of diepts (30%), 7 healthy (28%) and 1 medium contjposi
and glioblastoma, normal tissues is shown.The tlataseties frequent among 195 T>C with 16 casésyhoch 7
patients (18%), 8 healthy (32%) and 1 medium césdiskeeping with Tumors: lung, thyroid, ovarigmostate BD
-associated, melanoma. The rest of the changé®inamples is low and even rare, as most of théynimione or
two instances have been sporadic and generallytelo. The summary of statistical information oésbh changes
is shown in table 4.

Except for the foregoing the common features wifferent ratios up,some changes have been seenroplgtient
samplesmore unique variants in a sample of pat@m{saccounted for.The important thing is thatarefiess of the
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status in patient samples most frequent type C>32atvhich is reminiscent of the frequency of thesdations in
the human genome.

Healthy patient samples are similar in most cagelusively polymorphisms, only one sample is inéddHere the
polymorphism C>T at 22 is the highest. There waglifference compared to the patient samples ofsértion C
and the second is about the insertion CC.

It should be noted that polymorphisms in the stpdgulation T16189C Saudi and Central Europe wakiated.Its
association with cardiovascular disease in whiehtéto had been proved.In this study, 12 patients aifrequency
of 8 patients, 3 healthy and one of the relativpantance is mild.The SNP previously associated \pithstate
tumor, normal buccal swab, Reported SubstitutioseBse NIDDM / Cardiomyopathy / Endometrial candsk f

MtDNA copy nbr / Metabolic Syndrome melanoma pdsidrad been proved that some of the studies memtion
the bibliography.

Interestingly, polymorphisms 16126 T>C at the stafiiMir Rahim Fakhraz and colleagues tribes Persiamkish,
Gilaks, and Sistani were frequent,In this studg, pnevalence higher than 20 of the 12 patients7ahdalthy and
mild consist 1 and in previous studies, but alsyghe role of polymorphisms associated with ghshdma has
shown. Also variant 16223 C>T at the same existsugerset of the haplotype in Turkmen and Baludhiie
group with 9 and 3 of 6 patients healthy.This iddition to polymorphism has been associated sdthe tumors.
These two cases can be a patient's ethnicity iprthiect refer to the range.

Table4. Frequency of most mutations

Change 263 A>G 310-311insC 750 A>G 73 A>G 16519 T>C
Total 62 61 59 45 40
Case 34 35 33 23 24
Moderate 5 5 6 5 3
Control 22 21 20 17 13
Frequency in case %87 %389 %84 %59 %61
Frequency in control %92 %84 %80 %68 %52
Total percent %388 %387 %384 %64 %57

Not reportedmutations

Among 166 mutations (totally) observed 9 changedte first time has been observed and reportatisnstudy.
These variants include: Case 219T>C, Case 265T=x@ir@ 389G>A, Control 567-568 insCC, Case 509A>G,
Case 683G>A, Control 757A>G, 2 Controls 15545-1588%€, Control 16538-16539 insC.As you can seeethes
changes in small amounts and have no significamélation with CAD.

Figure 5. The most frequent variants (263 A> G) wer e observed (62)
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Figure5. Thisvariant (16519T >C) wer e observed (62)

Statistical analysis

Tests of disease susceptibility seek to comparéndividual's risk of developing a disease with theneral
population risk. Available measures of the relatiigk include the likelihood ratio and the oddsicafor case-
control studies, the usual measure is the odds @iR). In contrast with the likelihood ratio, thian be calculated
directly from the results of the study.Odds ratmosst be interpreted with great caution, especifdly high-
frequency risk alleles.Despite being less intuiti@Rs are used in case-control studies becaudeenfdtatistical
properties, particularly in relation to logistiggression, the statistical technique used to teassingle effects from
a complex set of factors. If we consider a genesk allele, the OR will probably be different fareople
heterozygous or homozygous for that allele. Unldsse is clear evidence of dominance or recességne
susceptibility alleles are usually assumed to kammultiplicative effect [25].

Fisher's exact probability test was used to exartiileeassociation between the two groups. A P-vafdess than
0.05 determines the statistical significance ofrelationship between CAD and the proportion of MfOwith the
mitochondrial haplogroups.

Statistical analysis was performed with 95% confiethat the direction of the relationship betwsmitations with
cardiovascular disease as well as other variablgisdould have the The effect of confounding (sashgender,
fasting blood glucose, urea, blood pressure meamne disease kidney, smoking and alcohol and dddiction)
this analysis was carried out. The associationashevariable alone with cardiovascular disease ¢maaigh the
analysis chi-squareg?) were analyzed (analysis of raw materials) anceonith other variables through logistic
regression analysis using Backward method was (adabted or adjusted) the significance level (Rajhnd the
risk of both crude and adjusted as shown in thie taéve been reported.

In this study, 45 patients as cases or patienth (wiegration mild) and 25 healthy people as arabmgroup were
considered. In healthy subjects (control group)amage 52 years, age range from 28 to 78 yearstarderage
age of about 63 years in patients aged 32 to 8Bsydamber and percentage of patients and heaittajl iother
variables are presented in Table 5.

The results showed that between gender and ristafiovascular disease both univariate analysisdérand
multivariate analysis (adjusted) There is a sigaitfit relationship between cardiovascular diseaseen and 4.7
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times that of women in raw mode (PV = 0.003, oR% 95% CI [1.66-14.28]) and if it is matched aghiwomen
is 6.6. (P.V = 0.006, OR = 6.6, 95% CI [3.22-10)01]

Among the mutant 750 A>G significantly associatethveardiovascular disease were observed in them&o
that this mutation increases the risk of heartatdieel .6 times. (P.V = 0.02, OR = 1.6, 95% CI [(B2#]). Among
other mutations as well as other variables, noifsdgmt association with coronary artery disease.

Table 5. Comparetherelationship between CAD (Coronary Artery Disease) clinical records

Variable (CAD) SE P value OR (95% CI) P value OR (95% CI)
No Yes (Crude) (Crude) (adjusted) (adjusted)
Sex 0.002 6.16 (1.45-4.82) 0.001 5.52 (1.054-9.49)
Male 8 (21.6%) | 29 (78.4%) 1.29
Female 17 (63%) 10 (37%)
Age 0.02 0.84 (0.71-0.99) 0.98 1.37 (0.001-1.99)
40> 4(%100) 0 (0%) | 0.13
>40 21 (35%) 39 (65%)
BP 0.26 2.24 (0.69-7.28) 0.549 0.025 (0.001-36.45)
>15 5(%26.3) 14(73.7%)
<15 20(44.4%) | 25 (55.6%
Renal 0.17 3.45 (0.67-17.5) 0.608 0.039 (0.001-9.31)
YES 2 (18.2%) 9 (81.8%)
NO 23 (43.4%)| 30 (56.6%
Smoking 0.19 2.21 (0.72-6.74) 0.956 0.884 (0.03-13.35)
YES 6 (27.3%) | 16 (72.7%
NO 19 (45.2%)| 23 (54.8%
Alcohol
YES 0 0
NO 25 (39.1%)| 39 (60.9%
Addiction 0.83 1.29(0.11-15.11 0.922 0.001 (0.0001-6.88)
YES 1 (33.3%) 2 (66.7%)
NO 24 (39.3%)| 37 (60.7%
Table 6. Compare therelationship between CAD with biochemical variable
variable (CAD) SE P value OR (95% CI) P value OR (95% CI)
No Yes (Crude) (Crude) (adjusted) (adjusted)
Chol 0.8 1.58 (0.95-26.52 0.999 0
<200 24 (38.7%)| 38 (61.3%
>200 1 (50%) 1(50%)
HDL 0.51 1.05 (0.98-1.13) 0.999 4.2 (0.001-19.95)
<25 0 (0%) 2 (5.1%)
>25 25 (100%) | 37(94.9%)
LDL 0.96 1.04 (0.16-6.73) 0.999 33 (0.001-14.71)
>130 2 (8%) 3 (7.7%)
<130 23 (92%) | 36 (92.2%
TG 0.62 0.93 (0.2-4.28) 0.931 0.80 (0.005-9.811)
>200 3 (12%) 5 (12.8%)
<200 22 (88%) | 34 (87.2%
FBS 0.43 0.62 (0.2-1.82) 0.931 7.8 (0.001-15.0B)
70<,<116 7 (28%) 15 (38.5%
70-115 18 (72%) 24 (61.5)
Urea 0.24 0.43 (0.12-1.52) 0.55 3.14 (0.369-28.22)
15<, <41 4 (25%) 12 (75.8%
15-40 21 (43.8%)| 27 (56.3%

Table 7. Compare therelationship between CAD with changes

Variable (CAD) SE Pvalue | OR (95% CI) P value OR (95% CI)
No | Yes (Crude) (Crude) (adjusted) (adjusted)
16519 T>C 0.51 0.21
YES 13 (32.5%)| 27 (67.5%) 1.17 1.38 (0.51-3.71) 4.43 (0.43-45.22
NO 12 (40%) 18 (60%) Reference Reference

DISCUSSION AND CONCLUSION

This study evaluated the potential role of mitodiad haplogrouping and mtDNA variants in CAD iretlranian
population. Our results didn’t revealed any asgs@siaof the 16189T>C with the disease. Since mitochia play
pivotal roles in metabolism and energy consumptieiis the aim of this study was to evaluate thdedint
mitochondrial haplotypes associated with the riskayonary artery diseaseand as we know, along avitatistical
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correlation of risk of disease that Can be eithee tb the direct impact of the changes to the pagiyoof the
disease or linkage disequilibrium or linkage witgeme involved in disease.

Linkage disequilibrium is defined formally as thssaciation of two alleles at linked loci more freqgtly than
would be expected by chance, and is also refeoexbstallelic association. The concept and the tefaie to the
study of diseases in populations rather than familR6]. In this study the statistical relationshifth one of the
mutations were observed, as well as with genddreiQnutations, as well as variables as shown inabkes have
been ineffective.

According to Table 5 clinical variables such asdagnage, blood pressure, addiction and also stuatiel except
for the gender variable in both matched and notcheat no significant relationship with the diseases&en in
Table 6 biochemical variables such as cholesteil,, glucose, etc. associated with the diseasehave not been
included in the study (the effect of confounding).

By examining the variations exists no supersetj(femcy more than 10) single nucleotide changesargenome of
the mitochondria and the D loop it was determirfed the mutations associated with certain diseaisd pathologic
proof exists no superset already sentas well aghar studies indicate that polymorphisms in theesponding
position.Associated mutation in this study (750 A5 previous studies lacked communication withigrats and
their only show in the role of polymorphism.Mitomagite and view this information by referring to the
interpretation of any of the changes achieved stiedil correlation with patients, Most of these atisns was
studied in detail in previous studies and some atcand have been associated relationship. For deaimnpa large
study on the Danish population, no association feaed between mitochondrial haplogroups and risksoliemic
cardiovascular disease (Benn et al., 2008).

Most variants in this project has not been menticae 263 A>G is that in previous studies with caddbe disease
have been identified relationship. Other mutatidtvave been associated so on.As will become clear it
common mutations in addition to the polymorphism haen associated with some diseases. Excepsignificant
variant in this study, previous research has oabrbin the role of polymorphism.

The results sent exists no superset mutationstail die this section of mutations have been evadanore than 30
repetitionsand significant mutations of the 750 Als@ompared.

The most frequent single nucleotide change in shisly, 263 A>G respectively.That by visiting thee slitomap

and interpret mutations we find that in previousdsts with POLG / MNGIE muscle is associated witle t
resources referred to But in this study, as casden in Table 7 has been correlated with diseaael€T7). This

study listed in the Resources section [27].

MITOMAP: mtDNA Somatic Mutations

Nucleotide Nucleotide ) GB
Locus - Homoplasmy  Heteroplasmy  Cell or Tissue Type References
Position Change Sequences
POLG/MNGIE
MT-DLOOP 263 A-G - + 28559 references

muscle

Figure9. Inter pretation of therelevant variants (263 A> G) on mitomap

The next variant 310-311 insCtotally with 61 catfest have been associated with pathological canditsuch as
Melanoma patients.This mutation in present studywsld no relationship (Table 7). This study has disen
implied in the literature [28].

MITOMAP: Reported Mitochondrial DNA Base Substitution Diseases: Coding and Control Region
Point Mutations

Amino
~ Nucleotide ~ GB
Locus Disease Allele Acid Homoplasmy Heteroplasmy Status Reference
Change Sequences
Change
Melanoma B
MT-CR B T310TC T-TC non-coding . . Reported - references
patients

Figure 10. Interpretation of therelevant variant (310-311 insC) on mitomap
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Another single nucleotid change 73 A>G with a freogy of 45 in the study has no correlation but rievipus
researchsassociated with aging brains, POLG / PEGo#trol muscle, buccal cell, thyroid & prostatantrs.
Relatedresearches also found on the resource ciae{@9-35].

MITOMAP: mtDNA Somatic Mutations

Nucleotide Nucleotide . GB
Locus . Homoplasmy Heteroplasmy Cell or Tissue Type References
Position Change Sequences
aging brains,
POLG/PEO & control
MT-DLOOP 73 A-G + + muscle, buccal cell, 22551 references
thyroid & prostate

tumors
Figure 11. Interpretation of therelevant variants (73 A> G) on mitomap

The next single nucleotide change 16519 T>C is slombatic mutations in glioblastoma, gastric, luogarian,
prostate tumors, Cyclic Vomiting Syndrome with Migre / has been metastasis associated with itgiaieed in
detail in the results section.This mutation alsovedd no relationship (Table 7). These studies atsne in the
resource list [36-41].

MITOMAP: mtDNA Somatic Mutations

Nucleotide Nucleotide _ GB
Locus . Homoplasmy Heteroplasmy Cell or Tissue Type References
Position Change Sequences
glioblastoma, gastric,
MT-DLOOP 16519 T-C + + lung, ovarian, 18961 references

prostate tumors
Figure 12. Interpretation of variance (16519 T>C) on mitomap

309-310 insC as last mutation in this section reenhkassociated with AD-weakly patients but in gtigly with no
association and plays polymorphism role (TableAg)that study is also in the Resources section [42]

MITOMAP: Reported Mitochondrial DNA Base Substitution Diseases: Coding and Control Region
Point Mutations

Amino
Nucleotide GB
Locus Disease Allele Acid Homoplasmy  Heteroplasmy  Status Reference
Change Sequences
Change
AD-weakly L
MT-CR = C309CC C-CC non-coding “ . Reported 274 references
associated

Figure 13. Interpretation of therelevant variant (309-310 insC) on mitomap

As demonstrated in table 7, variant 750 A>G is ificgmtly more abundant and have association wikDdn
patients (OR=1.62 (0.24-3.01) and P=0.02) and josteld analysis. This finding is suggestive ofgn#icant role

for mtDNA haplotype in CAD development and risk. rGilata showed that patients with coronary artrydese
clustered in above haplogroup have a significahtgher frequency when compared with controls, iogting a
possible association of this SNP with CAD. We cadeld that mitochondrial polymorphisms might plageaetic
role in predisposing to this desease.Substitutiorise D-loop may be part of a haplotype with miotad elsewhere

in the mtDNA. Also mtDNA HVS-I mutations may causmergy deficiency in stressful situations during a
vulnerable developmental period [43]. This variptsty a polymorphism role in all of past studies tdmap and
figure 4).

The hypothesis is that on their own some polymanpisi are selectively neutral, but in specific corabans they
act in a synergistic,deleterious manner with e&hbt pathogenic mtDNA mutations to increase thle of disease
expression or to produce a more severe clinicatayné.The rich variability within HVS-I compared tvithe

relatively constant constellation within the gergions provides useful criteria for pathogenetidigs. This is the
first study to trace mtDNA HVSI variants in CAD peits of the Persian population from SINA hospi&d.

concluded from the tested data that haplogroupAesB is considerably more frequent in CAD patiertatfle 7).

Thus, mtDNA variant might constitute a risk factor CAD.
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It is important, However, along with these chan@@sept 750 A>G) has been established with ced&egases, in
this study their relevance in the particular atlgdolymorphism and unaccompanied show.

As mentioned earlier mutations 750 A>G and the gendariable has been associated with disease. Betwe
mutations 750 A>G significantly associated withdiavascular disease were observed in data matc8mghat this
mutation increases the risk of heart disease théstiThe mutation in all previous studies of polypmigms that this

is important to study. And if that is matched aghimomen is 6.6.

It should be noted that according to what sciansiburce that by increasing the sample size catiobamented
results in terms of statistical significance acbikv

In conclusion, our data suggest an associationgblgaoup750 A>G with CAD in Iranian patients. Hoveeymore
studies of both genders with stratification of theta set by sex are necessary and also furthestigagons on
haplotype and other genes must be performed torshedight on the molecular pathogenesis of CAD.

In this contribution we found a significant assdicia of 750 A>G with CAD in Iranian patients sodan be
concluded that mtDNA this haplotype might consétatrisk factor for coronary artery desease.
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