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Akut Miyokardiyal infarktiislii Kalp Dokularinda Mitokondriyal DNA Delesyonlarinin Belirlenmesi
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2Ankara Oncology Hospital, Ankara, TURKEY Aim: The aim of this study was to determine 4977 bp and 7436 bp mitochondrial DNA (mtDNA)

deletions and to investigate whether there is an association between the mtDNA deletions and
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Material and Method: In this study, a total number of 66 heart tissues from autopsies were stud-
ied, 33 of them were obtained from individuals with Ml and the rest without MI. In order to deter-
mine 4977 and 7436 bp mtDNA deletions, mtDNAs in heart muscles from controls and heart tis-
sues from Ml region were isolated and amplified with polymerase chain reaction (PCR) technique.
The amplified products separated on 2% agarose gel electrophoresis.

Results: 4977 bp mtDNA deletion was observed in 97% of the heart tissues of the individuals
with MI. On the other hand, this ratio was only 39.4% for the control group (p<0.001). Similarly,
the resultant deletion ratios for 7436 bp mtDNA were 97% for the heart tissues of subjects associ-
ated with MI, and 12.1% for the control group (p<0.001). Furthermore, there was a statistically
significant association between the average age of all individuals and both deletions mentioned
(p<0.01). Even though a strong effect of aging on deletions was identified; stronger effect of Ml
was undeniable.

Conclusion: In this study, it is showed that mtDNA deletions may contribute to diagnosis of MI
in autopsies.
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Amag: Bu calismanin amaci, 4977 bp ve 7436 bp mitokondriyal DNA (mtDNA) delesyonlarini
belirlemek ve otopsi kalp kasi 6rneklerindeki miyokardiyal infarkttis (MI) ve mtDNA delesyonlari
arasinda iliski olup olmadigini arastirmaktir.

Materyal ve Metod: Calismada 33 MI'li ve 33 Ml'siz kisiden alinan toplam 66 otopsi kalp dokusu
kullanildi. 4977 ve 7436 bp mtDNA delesyonlarini belirlemek icin, kontrollerin kalp kaslarindan
ve MI'li kalp dokularindan mtDNA izole edildi ve polimeraz zincir reaksiyonu (PCR) teknigi ile
cogaltildi. Cogaltilan trtinler %2'lik agaroz jel elektroforezinde aynistirildi.

Bulgular: MI'li kisilerin kalp doklarinin %97'sinde 4977 bp mtDNA delesyonu goézlemlendi. Diger
taraftan kontrol grubunda bu oran sadece %39.4'tui (p<0.001). 7436 bp mtDNA delesyon orani da
benzer sekildeydi; MI'li kalp dokularinda bu delesyonun orani %97 iken, kontrol grubunda %12.1
bulundu (p<0.001). MI arasinda istatistiksel olarak énemli iliski saptandi (p<0.001). Ayrica Bahse-
dilen her iki delesyonla kisilerin ortalama yasi arasinda da istatistiksel olarak dnemli iliski belirlendi
(p<0.01). Delesyonlarda yaslanmanin giiclii bir etkisi oldugu goriilse de, MI'nin delesyonlardaki
etkisinin de kuvvetli oldugu yadsinamaz.

Sonug¢: Bu calismada, mtDNA delesyonlarinin otopsi o6rneklerinde Mlin tanisina katkida
bulunabilecegi gosterilmistir.

Anahtar Sozclkler: Myocardial infarction, mtDNA deletions, Autopsy
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electron transport chain (2). Mito-
chondria are not the only major site
of energy production in the cell, but
also the major intracellular source of
reactive oxygen species (ROS) and free
radicals due to electron leakage from
the respiratory chain. The free radicals
cause peroxidation of membrane lip-
ids, accumulation of oxidized dysfunc-
tional proteins, and increased mtDNA
damage. Especially impaired functions
of energy dependent tissues such as
heart are affected by mitochondrial
dysfunction (3). The increased gen-
eration of reactive oxygen species is
associated with mitochondrial damage
and dysfunction in the failing heart,
mtDNA defects may thus play an im-
portant role in the development and
progression of myocardial failure (4).
The accumulation of mtDNA muta-
tions and oxidative damage is poten-
tial contributor to human diseases,
such as age-related pathologies and
cardiovascular disease (5). The most
studied common mitochondrial DNA
deletions are 4977 bp and 7436 bp
mtDNA deletions (Figure 1). 4977 bp
mtDNA deletion is detected at high
frequencies in various tissues from
aging humans as well as in ischemic
myocardium (6). Also a significant
accumulation of 4977 bp mtDNA
has been demonstrated in the atrial
tissue of patients with clinical atrial
fibrillation (7). Some studies have
documented the presence of mtDNA
4977 deletions in cardiac muscle from
patients suffering from coronary ath-
erosclerotic heart disease (8,9).

Myocardial infarction is defined as myo-
cardial cell death due to prolonged
ischemia. Cell death is categorized
pathologically as either coagulation
or contraction band necrosis, or both,
which usually evolves through oncosis,
but can result to a lesser degree from
apoptosis. After the onset of myocardi-
al ischemia, cell death is not immedi-
ate but takes a short period of time to
develop. It takes 6 h before myocardial
necrosis can be identified by standard
macroscopic or microscopic post-
mortem examination (10). This may
sometimes have considerable medi-
colegal importance, especially when
cardiac diseases have been considered
to cause a traffic or other accident and
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Figure 1. Schematic presentation of mitochondrial wild type genome and common deletions (4977 bp and

7436 bp mtDNA deletions).

in some criminal circumstances (11).
It is very important to reach the exact
diagnosis and many authors work on
this issue especially for early stages of
myocardial infarction (12,13).

The aim of the present study was to clarify the
relationship between mtDNA  deletion
and acute myocardial infarcion (MI) in
cardiac muscle samples from autopsies.

Material and Method

In this study, we examined 66 heart tissues
from autopsies, 33 of them obtained
from individuals who had died be-
cause of MI and the rest from individ-
uals died due to noncardiac cases (con-
trol group), all in the range of 25-89
years of age. All samples were stored at
-20 °C until the analysis. The samples
were acquired from The Council of
Forensic Medicine, Ministry of Justice,
Ankara. All of the autopsy cases were
from the same ethnic and geographical
origin, living in the Central Anatolia
region of Turkey. A small question-
naire for gathering the demographic
information was given to the family

or relative of each autopsy cases. Only
Turkish subjects were included in the
study. The study design was approved
by Ankara University Faculty of Medi-
cine Ethics Committee (approval No:
121-3212 in 2007). Autopsy heart tis-
sues were stored at -20 °C before the
analyses and autopsies were performed
in accordance with the principles of
The Declaration of Helsinki.

DNA Extraction

Total DNAs were extracted from 25 mg he-
art muscles from controls and heart tis-
sues from MI region by “Qiagen DNA
Mini Kit” according to the method re-
commended by the manufacturer.

Determination of 4977 bp and 7436
bp mtDNA deletions

In order to determine 4977 and 7436 bp
mtDNA deletions, the regions were
amplified with polymerase chain re-
action (PCR) technique using the F1-
R1, F2-R2 and F3-R3 primer pairs as
performed in the previous study (14).
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675 bp, 423 bp and 508 bp oligonuc-
leotides were produced in the pre-
sence of total mtDNA, the 4977 bp
dmtDNA and 7436 dmtDNA, respec-
tively (Table 1). The polymerase chain
reaction products were separated on a
2% agarose gel electrophoresis, visuali-
zed by ethidium bromide staining un-
der an ultraviolet illuminator, scanned
and photographed using Syngene Mo-
nitoring System (Figure 2).

Amplification was carried out on a Tech-

ne Tc 512 PCR System in a 50 pl re-
action mixture containing 200 pM
of dNTPs, 10 pmol each of forward
(F) and reverse (R) primers, 1 U Hot
Star Tag DNA polymerase (Qiagen),

1 X PCR buffer (Qiagen) and 100 ng
DNA. The PCR cycling conditions
consisted of an initial denaturation
step at 94 °C for 5 min, followed by
33 cycles of 94 °C for 30 s, 55 °C for
30 s, 72 °C for 30 s, and final extensi-
on step at 72 °C for 10 min.

Statistical Analysis

Fisher’s exact test was used for categorical

variables to compare the differences of
mtDNA deletions in with and without
MI groups. Differences of mtDNA de-
letions among the age groups were as-
sessed with one way anova technique.
All statistical procedures were carried

<«—423 bp
<«—508 bp
<— 675 bp
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Figure 2. Representative gel image of 4977 bp and 7436 bp mtDNA deletions.
M=100 bp ladder;

Lane1= PCR products for 7436 bp mtDNA deletion (508 bp).

Lane2 and Lane4= PCR products for 4977 bp mtDNA deletion (423 bp).
Lane3= PCR products for total mtDNA (675 bp).

out by the Scientific Package for Social
Sciences (SPSS), version 16.0, Statis-
tical analysis software. Values of p less
than 0.05 were considered as statisti-
cally significant.

Results

4977 bp mtDNA deletion was observed

in 97% of the heart tissues of the in-
dividuals who had died because of MI
whereas this ratio was only 39.4% for
the control group. Similarly the re-
sultant deletion ratios for 7436 bp
mtDNA were 97% for the heart tissu-
es of the individuals who had died be-
cause of MI, and 12.1% for the cont-
rol group. There was a statistically sig-
nificant difference between myocardial
infarction and both deletions mentio-
ned (p<0.001) (Table 2). Furthermore,
a significant association was also found
between the average age of control and
patient group with 4977 bp and 7436
bp mtDNA deletions. It was determi-
ned that the mean ages of the cont-
rol group with 4977 bp and 7436 bp
mtDNA deletions were 70.15+8.88
and 77.50£9.04 respectively. On the
other hand, the mean ages of the in-
dividuals without these deletions
were 54.30+10.34 and 58.21+11.03
(p<0.001 and p<0.01, respectively).
Also same statistical significant relati-
on was found in the acute myocardial
infarction patients. (Table 3)

Conclusion

It is well known that up to 200 different

deletions in the mitochondrial geno-
mes are detectable in postmitotic tis-
sues. However, among these 200, the

Table 1. Oligonucleotid primers used for PCR amplification of the mtDNA with 4977 bp and 7436 bp mtDNA deletions.

PRIMER

PAIRS PRIMER SEQUENCES

Size of the PCR product
amplified from mtDNA with
the length mutation (bp)

Aim of this PCR

F1-R1 F1: 5-GGAGTAATCCAGGTCGGT-3’ 675
R1: 5-AATGATGGCTAGGGTGACTT-3’

Determination of the
total mtDNA

Fo.R2 F2: 5-GCCCGTATTTACCCTATAGC-3’ 423
R2: 5’-GGGGAAGCGAGGTTGACCTG-3’

Determination of the
4,977 bp dmtDNA

F3-R3 F3: 5-CTCTAGAGCCCACTGTAAAG-3’ 508
R3: 5-GTTGAGGGTTGATTGCTGTAC-3’

Determination of the
7436 bp dmtDNA
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Table 2. The frequencies of occurence of 4977 bp and 7436 bp mtDNA deletions in acute myocardial infarction and control groups.

DELETIONS
SAMPLES N Mean Ages=*SE 4977 bp mtDNA deletion 7436 bp mtDNA deletion
+ - +% + - +%
Acute myocardial 33 61.58+18.21 32 1 97 32 1 97
infarction
Control group 33 60.55+12.45 13 20 39.4 4 29 12.1
P P<0.001 P<0.001
Table 3. The association between the mtDNA deletions and mean age of individuals in control and acute myocardial infarction groups.
SAMPLES DELETIONS N MEAN AGES Minimum Maximum P
13 54.30+10.34 26 72
aoTT P P<0.001
mt 20 70.15+8.88 52 89
Control group
4 77.50+9.04 67 89
74%?\1 ip P<0.01
mt 29 58.21+11.03 26 77
Acute 4977 bp 32 62.72+17.25 27 89
. mtDNA and
myocardial P<0.05
. - 7436 bp
infarction miDNA 1 o5 o5 o5
4977 bp 45 64.87+15.58 27 89
miDNA 21 52.90+11.94 25 72
TOTAL P<0.01
7436 bp 36 64.36+17.11 27 89
mtDNA 30 57.10+12.42 25 77

most studied common mitochondrial
DNA deletions are 4977 bp and 7436
bp mtDNA deletions. Most studies
showed these mecDNA deletions were
important contributors to ageing and
degenerative diseases. The age-related
increase of the common mtDNA dele-
tion is not universal, but clearly tissue-
specific and different organs or even
different areas of the same organ accu-
mulate these deletions at different ra-
tes (15). Pathological mtDNA deleti-
ons are associated with ultrastructu-
rally abnormal mitochondria; mitoc-
hondrial DNA defects reduce the spe-
cific mitochondrial enzyme activity le-
vels and change the mtDNA integrity
(16). Consequently, the accumulation

of abnormal mtDNA contributes to
the progression of mitochondrial dise-
ases and heart failure (17).

The threshold for mutation and deletions

in mtDNA causing symptoms vari-
es between tissues, being lower in tho-
se tissues that are post-mitotic, highly
metabolically active and dependent on
oxidative phosphorylation for energy
production, such as the heart musc-
le, brain, skeletal muscle etc. (18). The
threshold level varies not only between
tissues but also between different types
of mutation. It has been demonstrated
threshold level for mtDNA deletions is
60%. Most pathogenic mutations are
heteroplasmic; if they were homoplas-

mic, they would often be lethal (19).

In forensic medicine, sensitive biochemi-

cal markers for the post-mortem di-
agnosis of acute myocardial infarction
are needed. When the deleted mtDNA
reaches the threshold level of 60-80%,
the cell functions will be affected. Ho-
wever, when this ratio is homoplasmic,
it will be lethal for the cell. In order
to evaluate the mtDNA deletions as
the biomarker for the MI diagnosis, it
might also be better to determine he-
teroplasmic ratio quantitatively (20).

In our study, mtDNA deletions investiga-

ted and it has been showed that the re-
sult may contribute diagnosis of MI in
autopsy specimens.
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