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The Effects of Mitochondrial mt4977 Deletion on Platelet Function in Ischemic
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ABSTRACT
Objective: It is known that point mutations, duplications and deletions occur in mitochondrial DNAs (mtDNA) of
different tissues of individuals. Among the deletions observed, mt4977 mutation, which is located at nucleotide 
positions 8470-8482 and 13447-13459 and causes the loss of 4977 base pairs, is the most common. mtDNA 4977
deletion leads to the loss of 8 genes encoding subunits of respiratory chain complexes. Consequently, the deletion
could be expected to inhibit the oxidative function and reduce ATP production level. It is known that mitochondri-
al ATP production has an important role on platelet functions. However, there is no information about this in the
literature. Since platelet activation in ischemic heart disease (IHD) has been shown to play an important role in 
the pathophysiology of the disease, we wanted to examine the relationship between platelet function and mtDNA 
4977 deletion in ischemic heart disease.
Material and Method: Platelet functions were studied by giving ADP stimulus with the help of lumiaggregometer
device to evaluate in terms of secretion and aggregation. ATP measurement was performed with the biolumines-
cence assay kit. mtDNA 4977 deletion was determined by the modified simultaneous quantitative polymerase 
chain reaction method.
Results: The frequency of mtDNA 4977 deletion and mtDNA copy number were higher in platelets of the patients
compared with the healthy control group (p<0.05). However, no significant differences in platelet ATP content, 
and in their slope (Ω) and % amplitude values were observed between both groups (p>0.05).
Conclusion: It was observed that increased deletion in patients with IHD did not have a significant effect on 
platelet dysfunction compared with healthy control subjects.
ÖZET
Amaç: Bireylerin farklı dokularındaki mitokondriyal DNA’larında (mtDNA) nokta mutasyonları, duplikasyon-
lar ve delesyonlar meydana geldiği bilinmektedir. Gözlenen delesyonlar içerisinde 8470-8482 ile 13447-13459 
nükleotid pozisyonlarında yer alan ve 4977 baz çiftinin kaybına yol açan mtDNA 4977 mutasyonu en sık olarak 
görülmtedir. mtDNA 4977 delesyonu solunum zinciri komplekslerinin alt ünitlerini kodlayan 8 genin kaybolma-
sına yol açar. Buna bağlı olarak delesyonun oksidatif fonksiyonu engellemesi ve ATP üretim düzeyini azaltması 
beklenebilir. Mitokondriyal ATP üretiminin trombosit fonksiyonları üzerinde önemli bir rolü olduğu bilinmekte-
dir. Ancak bununla ilişkili olarak literatürde herhangi bir bilgi göze çarpmamaktadır. İskemik kalp hastalığında 
(İKH) trombosit aktivasyonunun hastalık fizyopatolojisinde önemli bir rol oynadığı gösterildiğinden, bu çalışma-
mızda trombosit fonksiyonu ile mtDNA 4977 delesyonu arasındaki ilişkiyi ve iskemik kalp hastalığı gelişimindeki 
olası etkilerini araştırmayı amaçladık .
Gereç ve Yöntem: Trombosit fonksiyonları, sekresyon ve agregasyon açısından değerlendirilmek üzere lumiag-
regometre cihazı yardımı ile ADP uyaranı verilerek çalışıldı. ATP ölçümü biyolüminesans test kiti ile yapıldı. 
mt4977 delesyonu, modifiye edilmiş eşzamanlı kantitatif polimeraz zincir reaksiyonu (RT-PCR) yöntemi ile be-
lirlendi.
Bulgular: Hastaların trombositlerinde mtDNA 4977 delesyon sıklığı ve mtDNA kopya sayısı sağlıklı kontrol 
grubuna göre daha yüksekti (p <0.05). Ancak her iki grup arasında trombosit ATP içeriği ile bunların eğim (Ω) 
ve % amplitüd değerlerinde anlamlı farklılık gözlenmedi (p> 0.05).
Sonuç: Sağlıklı kontrol denekleriyle karşılaştırıldığında, İKH hastalarında artmış delesyonun trombosit disfonk-
siyonu üzerinde anlamlı bir etkiye sahip olmadığı görülmüştür.
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INTRODUCTION
Recent studies have revealed that point mutations, dupli-
cationsand deletions occur in mitochondrial DNA’s (mtD-
NAs) in different tissues of individuals (1-3). Most of the 
mtDNA mutations can affect very large base pairs. Among 
the deletions observed, mt4977 mutation, which is located 
at nucleotide positions 8470-8482 and 13447-13459 and 

causes the loss of 4977 base pairs, is the most common. 
The deletion continues from 8470 bp to 13447 bp. It has 
been determined that the deletion is located in the hot-spot 
region between the D-loop region and the CO1 gene (wit-
hin the ATPase 8 gene and ND5 gene) (4,5) (Figure 1).
Deletion of mtDNA 4977 leads to disruption of the func-
tion of the 5’ region of the 7 polypeptide components of 
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Figure 1: Mitochondrial 4977 bp deletion site.

the mitochondrial DNA chain and the 22 tRNAs invol-
ved in protein synthesis. The reason for the breakage of 
this sequence is that the 5’-CCAT-3’ repeats near the cle-
avage sequences are sensitive regions for the formation 
of 8-hydroxy 2’-deoxyguanosine (8-OHDG) in various 
deletions (6). It is also influenced by the fact that, single 
stranded DNA sequences formed by separation of DNA 
double strands due to electronegativity and conformatio-
nal changes are more prone to DNA rearrangements.
MtDNA 4977 deletion also causes the loss of 8 genes en-
coding subunits of respiratory chain complexes. Accor-
dingly, the deletion may be expected to inhibit oxidative 
function and reduce the level of ATP production. Findings 
suggest that increased deletion affects ATP production, le-
ading to functional disorders causing to cell death.
Mt4977 mutation frequency increases with age and expo-
sure to free radicals (7,8). The 4977 deletion differs sig-
nificantly from other mitochondrial mutations. Because 
they are affected throughout the life, they cause diseases 
developing with time mostly in somatic cells. Among the 
diseases that mt4977 deletion increases are diabetes, Par-
kinson’s, Kearns-Sayre Syndrome, Pearson’s Syndrome 
and infertility. Mitochondrial deletion was detected in 
the muscles of patients with chronic progressive external 
ophthalmoplegia, Kearnes-Sayre syndrome and Pearsons 
syndrome. mtDNA4977 deletions are also observed in he-
althy humans (9-12).
Various substances are released from the granules by the 
adhesion of the platelets to the collagen tissue. ADP is  
afactor that stimulates platelets to reach the lesion area and
form aggregation. An important progress during the subs-
tance release process is the shape changes in platelets, that 
is, the discoid thrombocytes take the shape of a sphere, 
and the formation of dendritic extensions (13). This pro-
cess requires energy and is performed by platelet-contrac-
tile proteins. The initiation and regulation of the transfor-
mation process depends on the formation of prostaglandin 
and the levels of c-AMP and Ca. Therefore, any dysfun-
ction that affects the production of ATP in platelets, may 
cause a problem in fulfilling platelets functions (14). 

Thrombocytes also have mitochondria. Mitochondri-
al ATP production is known to play an important role in 
platelet functions. There are many studies on mt4977 de-
letion with blood. But, these studies were performed on 
leukocytes. There are studies showing that mtDNA 4977 
deletion may increase in leukocytes due to various factors 
(2,9,15). However, there are no studies investigating the 
amount of mtDNA 4977 deletion in platelets. Since plate-
let activation plays an important role in pathophysiology 
of the ischemic heart disease (IHD), we wished to discuss 
the relationship between platelet function and mtDNA 
4977 deletion in IHD.
MATERIAL AND METHOD
Blood samples were collected from 20 patients who were
diagnosed with IHD and 20 healthy control subjects 
(between 18-54 years of age). The study was approved by
the Cerrahpasa Medical Faculty Ethics Committee (No: 
B.30.2.İST.0.30.90.00/35425). We aimed to investigate 
the relationship between mtDNA4977 and platelet fun-
ction by performing platelet function tests after platelets 
were isolated pure from these blood samples. In the other 
part of our study, it was intended to determine the ATP 
production amounts and mitochondrial copy numbers in 
the platelets of the cases and to examine their possible ef-
fects on mtDNA 4977 deletion and mitochondrial fuction.
Platelets were isolated from citrated blood samples and 
these isolated platelets were purified. Mitochondrial isola-
tion was performed from the obtained thrombocytes. For 
this purpose, a certain number of cells were used for each 
individual. 1 ml of homogenization buffer was added to 
these cells and centrifuged for 8 minutes at 2000 rpm fol-
lowed by 3 minutes in the ultrasonic bath. The supernatant
was transferred to an eppendorf tube and centrifuged at 
15000 rpm for 5 minutes. The precipitate collected in the 
bottom of the tube was dissolved with homogenization 
buffer added with 1.5 ml of 5% Percoll. After the tubes 
were centrifuged at 15000 rpm for 5 minutes, the preci-
pitate (mitochondrial fraction) collected on the bottom of 
the tube was dissolved in 1 ml of PBS. (Homogenization 
buffer: 0.25 M sucrose, 40 mM KCl, 2 mM Ethylene-bis 
tetraacetic acid, 20 mM Tris-HCl (pH 7.2), 1 mg / ml BSA 
(Bovine Serum Albumin,Merck KgaA, Darmstadt, Ger-
many)). 
Platelet activity was measured using aggregometer (Who-
le-Blood Aggro-Meter Model 560 Chrono-Log Corporati-
on, PA, USA). Optical aggregometers are modified spect-
rophotometric instruments. They work with the principle 
that when the platelet rich plasma (PRP) is mixed at a 
certain rate, the excitatory agent is added and the platelets 
form aggregates and the change in the light transmittance 
is measured. Blood samples were centrifuged at 150 g for 
10 min to obtain PRP, and at 2000 g for 15 min further
centrifugation to obtain platelet poor plasma (PPP). ADP
(10μM, Chronolog Reagent) was used as stimulating 
agent.
After the calibration with 500 μl PPP, 50 μl of stimulant 
is added to 450 μl of PRP with stirring magnet particle 
(stirring speed 1000 rpm) followed by the initiation of the 
aggregation process for 10 minutes. Experimental results 
are expressed as % maximal aggregation, maximum agg-
regation reaching time (sec) and lag time (sec).
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ATP measurement was performed with the biolumines-
cence assay kit CLS II (ATP Bioluminescence Assay Kit 
CLC II; Roche). ATP quantification in the platelets of the 
study groups was performed according to the manufactu-
rer’s recommended method. For each case, the experiment 
was repeated twice. For this, 1:9 boiled Tris-EDTA soluti-
on was added to 50 μL platelet suspension and incubated 
at +100°C for 2 min. Centrifuged at 1000 x g for 60 sec 
and 50 μl supernatant transferred to luminescence tubes. 
Chemiluminescence measurements were taken within 10 
seconds by adding 50 μl luciferase to the tubes. Blind 
measurement was done in the absence of ATP or cells. 
Amounts of ATP in the samples were calculated using the
standard curve obtained from ATP concentrations increa-
sing from 1 pM to 1 mM. The results were calculated as 
nM/mg protein.
Detection of mtDNA 4977 deletion copy number by RT-
PCR:
MtDNA 4977 deletion (between 8.470-13.447 bp), which
is one of the major deletions of the mitochondrial genome,
was determined by the simultaneous quantitative polyme-
rase chain reaction method modified for platelets. Samples
suitable for measuring mt4977 deletion from DNA samp-
les were analyzed with Real time PCR device (Qiagen 
Rotor Gene 6000) using SYBR green dye. In order to pre-
pare DNA fragments that will represent the total mtDNA, 
primers were designed with the help of a database from 
sequences (GenBANK Accesion No NC001807 and the 
MITOMAP database), which are accepted as a region clo-
sed to deletion in mitochondrial DNA (16,17). This region 
is generally not open to deletion, primers representing the 
dmtDNA 4977 deletion are from regions located outside 
of the break sequences (regions sensitive to the formation 
of 5’-CCAT-3 ‘repeating sequences 8-hydroxy 2’- deoxy-
guanizine (8-OHdG)) and 5 kb. (4977 bp deletion is about 
5 kb in size) was chosen to contain no sequences of the de-
letion. The region representing the deletion is named mtD-
NA 4977. The deleted mtDNA is restored because it is a 
circular DNA. Linking of these available primers can only
occur when the deletion is present. In the absence of de-
letion mitochondria, it is not possible to reproduce the re-
gion with a size of 5 kb under PCR conditions. External 
standard curves were used to find the unknown amount of 
mt4977 in the sample. Therefore, in our study, plasmids 
containing both mtDNA 4977 deletion and total mtDNA 
were prepared and standardization was calculated accor-
ding to the serial dilutions of each primer. For the pre-
paration of the standard curve, the region cloned into the 
pGEM vector (representing the deletion) and the region 
representing the total mtDNA were used. Each measure-

ment was done twice and normalized against a serial di-
lution of the corresponding plasmid clones with a known 
amount of input copy number and then the quantity of each 
target gene in our samples was calculated according to the 
corresponding standard curve. For both primary product 
was made its self calculation standards. It was calculated 
using the site https://cels.uri.edu/gsc/cndna.html to deter-
mine the number of copies from the data we obtained.
Statistical Analysis:
GraphPad Prism 6 program was used for statistical analy-
sis of the experimental results. Paired comparisons of the 
groups were made with the Mann Whitney U test and the 
differences between the groups were analyzed. p <0.05 
was considered statistically significant.
RESULTS
Platelet functions were studied by giving ADP stimulus 
with lumiaggregometer device to evaluate in terms of sec-
retion and aggregation. IHD and control groups were eva-
luated in terms of slope (Ω) and amplitude %, which are 
two measures of platelet aggregation curve, and there was
no statistically significant difference between IHD and 
control groups in terms of slope (Ω) and amplitude % va-
lues. Slope (p = 0.53) Amplitude (p = 0.06). Although the 
slope was higher in the IHD group compared to the cont-
rol group, it did not show any statistical significance. The 
amplitude % values were higher in the control group than 
in the IHD group (Table 1).
In the study, intra-platelet ATP levels were determined by
chemiluminometric method. When ATP levels were evalu-
ated independent of deletion rate between two groups, no 
statistically significant difference was observed (p>0.05). 
ATP levels in the control group; mean ± SD: 24.15 ± 4.38,
in the IHD group: 20.00 ± 4.73. The coefficient of vari-
ation rates (CV) were 18.14%, respectively; It has been 
calculated as 23.68%.
However, there was a correlation between ATP levels and
deletion rates. Although there was no correlation in terms
of two parameters in the control group, there was a signifi-
cant relationship in the patient group. Despite the presence 
of deletion cases in the control group, the lack of a comp-
lete relationship between ATP levels and deletion levels 
suggests that other factors also keep ATP levels high.
RT PCR Analysis of Deleted dmtDNA4977 Quantities: 
Using the real-time PCR technique, the most convenient 
way to find the unknown amount of mtDNA 4977 in a 
sample is to use external standard curves. In our study, 
plasmids containing mtDNA 4977 and total mtDNA were 
prepared. According to the analysis results, observed that 
fluorescence curves showing the presence of dmtDNA 
4977 and total mtDNA were formed in all samples. These 

IHD
Avg ± Std (n=20) CV Control

Avg ± Std (n=20) CV p Value

Platelet 
aggregation 
SLOPE (Ω)

116.90±28.21 24.12 113.90±35.16 30.88 0,526

Platelet 
aggregation  
AMPLITUDE%

66.51±25.18	
	 37.86 74.73±30.71 41.09 0,056

Table 1: Comparison of platelet aggregation slope (Ω) and platelet aggregation amplitude % values in IHD and control groups.
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results show that 4977 bp deletions were positive in all 
studied platelet samples. The mtDNA 4977 / total mtD-
NA copy number ratios of these groups were calculated, 
and paired comparisons of the groups were made using 
the Mann Whitney U test. Control group had less mtDNA
4977 deletion than IHD patients (p<0.0001). Change co-
efficient values of groups; 160% for controls and 40% for 
IHDs.
Analysis of Mitochondrial DNA Copy Number by RT-
PCR:
External standard curves were prepared as previously 
described to find the total amount of mtDNA in a sample 
using the real-time PCR technique. For this, plasmids con-
taining the total mtDNA gene were prepared. When the 
total mtDNA copy number of these groups are calculated 
and the paired comparisons of the groups are made using 
the Mann Whitney U test, the IHD group has a significant-
ly higher amount of mitochondrial DNA copy numbers 
(p<0.0001) compared to the control group (Figure 2, 3).
The coefficient of change values of the groups were calcu-
lated as 260% for control and 61% for IHD.
The relationship between the mitochondrial deletion rates
of the patient and control groups and the amount of ATP in
thrombocytes was investigated by nonparametric Spear-
man correlation. When the % mitochondrial deletion of 
the control group is compared with the amount of ATP, it 
is seen that there is a low correlation (r: 0.051) and there 
is no significant difference (p>0.05). On the other hand, 
when the% mitochondrial deletion rate of the IHD patient 
group is compared with the amount of ATP in platelets, 
it is understood that there is a significant reverse corre-
lation (r: -0.70) and a statistically significant difference 
(p<0.005) (Figure 4).
DISCUSSION
mtDNA 4977 deletion causes the loss of 8 genes encoding
subunits of the respiratory chain complexes. Mitochondri-
al deletion may inhibit oxidative phosphorylation and the
electron transport chain, increase the level of oxidative

Figure 2: % mt4977 deletion rate: The amount of deletion was 
calculated according to the dmtDNA4977 copy / mtDNA copy 
number and is given as %. Groups: IHD (Ischemic heart disea-
se), control (healthy individuals). The mean ± SD values of the 
relevant group are shown on the graphs.

Figure 3: Mitochondrial copy numbers: Comparison of mito-
chondrial copy numbers between IHD and Control groups. Data 
are given as copy amount. The mean ± SD values of the relevant 
group are given on the graphics.

stress, and result in ROS accumulation. As a result, inhi-
bits oxidative function and can cause a decrease in the le-
vel of ATP production. There are many evidences that the
increased deletion rate affects ATP production and causes 
functional disorders leading to cell death (5,18,19). Our 
results show that this same situation is also valid for th-
rombocytes, and IHD patients, in which thrombocyte ac-
tivation plays an important role in IHD physiopathology, 
are affected more than healthy individuals. Especially, the
detection that individuals with high mitochondrial deleti-
on rates according to their total copy number have a higher
reduction in ATP amounts in their platelets compared to 
the control group supports this finding. On the other hand,
mtDNA 4977 deletion is also seen in healthy people. Alt-
hough there are cases with deletions in the control group, 
the lack of a complete relationship between ATP levels 
and deletion levels indicates that other factors also keep 
ATP levels high. mtDNA 4977 deletion is also encounte-
red in some other diseases. The finding that mtDNA 4977 
accumulates with age is controversial. Von Wurmb N et al. 
suggested that this deletion increases with age (20), and 
others reported that it is associated with the occurrence of 

Figure 4: Correlation between % mitochondrial deletion rate 
and ATP amounts in platelets belonging to IHD patient group.
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various types of degenerative diseases and aging (21,22). 
In order to ensure normal mitochondrial function, the or-
ganism increases the total mtDNA copy number in order 
to maintain normal mtDNA copy number, especially in 
organs with high oxygen requirement such as brain and 
muscle (19).
Therefore, more research is needed to assign the impact 
of this condition on mitochondrial dysfunction and hence 

ischemic heart disease. However; our study is one of the 
pioneering studies on platelets in this field. We think that 
our findings will contribute to the elucidation of cellular 
energy deficiency diseases such as IHD and possible tre-
atment approaches.
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