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Release of mitochondrial DNA correlates with peak inflammatory 
cytokines in patients with acute myocardial infarction

Introduction

Cardiovascular diseases are still the leading cause of mor-
tality in the world, especially in Western societies. Myocardial 
infarction (MI), one of the acute coronary syndromes, is a ma-
jor disease with high morbidity and mortality (1). When ath-
erosclerosis of coronary arteries is present, rupture of vulner-
able plaques partially or completely occludes coronary arteries, 
which activates platelets and leads to formation of thrombus 
(2). Percutaneous coronary intervention (PCI) developed rapidly 
once invented and became the first-line therapy for acute MI (3). 
It is widely known that inflammatory responses occur after MI in 
order to repair the heart. However, excessive inflammatory re-
sponses in circulation may lead to arrhythmia, death, recurrence 
of MI or heart failure (4, 5).

Mitochondrial deoxyribonucleic acid (mtDNA) is a pro-inflam-
matory agent that can provoke systemic inflammatory responses 

to many pathological conditions (6). Mitochondria are consid-
ered endosymbiotic bacteria, which evolved from saprophytic 
bacteria to endosymbionts to organelles (7). MtDNA contains the 
CpG motif and activates neutrophils, initiating inflammatory re-
sponses (8). When cells are damaged or mitochondria is insulted, 
mtDNA will be released into the extracellular matrix or circula-
tion, which causes local or systemic inflammatory responses (9).

Given the pro-inflammatory character of mtDNA, present au-
thors postulated that mtDNA may play a role in initiation of post-
MI inflammatory responses. C-reactive protein (CRP), tumor 
necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and white 
blood cell count (WBC) were measured to evaluate inflammatory 
level of systemic inflammatory responses. Relationship between 
plasma mtDNA level and systemic inflammatory level was also 
analyzed. The present study aimed to identify a new target for 
eliminating excessive post-MI inflammatory responses, which 
could have protective effect for the heart and other organs.

Objective: The present study is an exploration of the dynamic changes of plasma mitochondrial deoxyribonucleic acid (mtDNA) and inflamma-
tory level in patients with acute myocardial infarction (MI).
Methods: Thirty-eight patients with acute MI and 33 control participants were included in the study. Blood samples were collected on admis-
sion, 12 hours post-percutaneous coronary intervention (PCI), 24 hours post-PCI, and 48 hours post-PCI. White blood cell (WBC) count and C-
reactive protein (CRP) level were determined. Plasma was isolated from whole blood. Plasma mtDNA was measured using real-time polymerase 
chain reaction, and tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) were measured using enzyme-linked immunosorbent assay kits. 
Bivariate correlation analysis was used to find correlation between plasma mtDNA and inflammatory level on admission.
Results: Plasma mtDNA was significantly higher in patients with acute MI than controls on admission (p<0.01). Plasma mtDNA decreased sig-
nificantly after PCI treatment (p=0.01). WBC count, TNF-α, IL-6 and CRP showed similar pattern: elevation after onset of acute MI and contrac-
tion after PCI treatment (p<0.05). Positive correlations between plasma mtDNA and WBC count (r=0.435; p<0.001), TNF-α (r=0.538; p<0.001), IL-6 
(r=0.518; p<0.001), and CRP (r=0.524; p<0.001) were identified.
Conclusion: Plasma mtDNA elevated after onset of acute MI and positive correlation was observed between plasma mtDNA and inflammatory 
level, suggesting that mtDNA may play a key role in inflammatory responses in patients with acute MI. (Anatol J Cardiol 2017; 17: 224-8)
Keywords: acute myocardial infarction, inflammatory responses, mitochondrial DNA

ABSTRACT



Qin et al.
Mitochondrial DNA and infarctionAnatol J Cardiol 2017; 17: 224-8

Method

Patients 
Thirty-eight patients who were admitted to the Cardiovascu-

lar Department of West China Medical Center of Sichuan Uni-
versity with acute MI between January 2014 and July 2014 were 
included in the study. Acute MI, including ST-segment elevated 
MI and non ST-segment elevated MI, was diagnosed accord-
ing to European Society of Cardiology and American College of 
Cardiology and American Heart Association updated guidelines 
(10–12). Medical history of endocarditis, neurological disease, 
psychiatric disease, infectious disease, previous transmural 
infarction, shock, or hematological disease was excluding cri-
terion. Thirty-three patients with first onset of angina within 24 
hours whose angiography was negative were regarded as con-
trols. Written, informed consent was provided by all patients. All 
participant information was collected on admission, including 
basic information, laboratory data, and medications used. The 
study was conducted following the principles of the Declaration 
of Helsinki and was approved by the Research Ethics Committee.

Blood samples collection
Blood samples were collected in 2 ethylenediaminetetraace-

tic acid-coated blood collection tubes on admission (T1), 12 hours 
post-PCI (T2), 24 hours post-PCI (T3), and 48 hours post-PCI (T4). 
One sample was used for routine blood test and C-reactive pro-
tein (CRP) assay, and results were reported by the hospital divi-
sion of clinical hematology. The second sample was centrifuged 
at 1000 rpm/min for 15 minutes at 4°C, and supernatant was col-
lected as plasma without touching the pellet or the bottom of the 
tube. Samples of plasma were stored in -80°C freezer for DNA 
isolation and enzyme-linked immunosorbent assay (ELISA).

DNA isolation and rt-PCR for mtDNA
Whole plasma DNA was isolated from plasma using DNeasy 

Blood and Tissue Kit (#69504; Qiagen, N.V., Hilden, Germany). Brief-
ly, 50 μL plasma samples were added to 50 μL phosphate-buffered 
saline and centrifuged at 16000 g for 15 minutes at 4°C. A total of 
90 μL of supernatant was collected. The next procedures were 
carefully performed according to kit manufacturer’s protocol. At 
the final step, 200 μL elution buffer was added to resolve DNA.

MtDNA levels were measured with SYBR (Thermo Fisher 
Scientific, Waltham, MA, USA) green dye-based real-time poly-
merase chain reaction (rt-PCR) assay using ABI PRISM 7300 
sequence detection system (Applied Biosystems, Foster City, 
CA, USA). Primer sequence was human NADH dehydrogenase 
1 gene (mtDNA): forward 5’-CGAGCAGTAGCCCAAACAAT-3’ and 
reverse 5’-TGTGATAAGGGTGGAGAGGTT-3’. Plasmid DNA with 
complementary DNA sequence for human mtDNA was obtained 
from OriGene Technologies (SC101172; Rockville, MD, USA). Con-
centrations of plasma mtDNA were converted to copy number 
via DNA copy number calculator (http://cels.uri.edu/gsc/cndna.
html; University of Rhode Island Genomics and Sequencing Cen-

ter, Kingston, RI, USA). Plasmid DNA were diluted in 10-fold se-
rial dilutions and measured as standard curve (13).

All samples were measured with standards at the same time. 
Plasma mtDNA levels were recorded in copies per microliter of 
plasma according to the following formula:

c=Q * VDNA / VPCR * 1 / Vext

C represents the concentration of plasma mtDNA (copies/
μL); Q means quantity of DNA measured by rt-PCR; VDNA is total 
volume of plasma DNA solution obtained from extraction, 200 μL 
in our study. VPCR means volume of plasma DNA solution for rt-
PCR, 1 μL in present study, and Vext is volume of plasma used for 
extraction, 50 μL in this study.

Measurement of cytokines
Plasma TNF-α, and IL-6 were measured with ELISA kit (So-

larbio Science&Technology Co., Ltd., Beijing, China). All pro-
cedures followed standard protocols (included in ELISA kits). 
Spectrophotometry was used to detect intensity of transmitted 
light. Data was expressed in picogram per mL.

Statistical analysis
All descriptive data were shown as mean±SD and analyzed 

with SPSS statistical software version 20.0 for Windows (SPSS, 
Inc., Chicago, IL, USA) and Prism 5 for Windows (GraphPad Soft-
ware, Inc., San Diego, CA, USA). Normality of distribution of con-
tinuous variables was assessed using Kolmogorov-Smirnov test. 
Comparisons between groups were carried out using Student’s 
t-test according to normality of distribution. Multiple comparisons 
were analyzed with two-way analysis of variance followed by Bon-
ferroni’s test. Pearson’s correlation coefficient test (two-tailed) 
was conducted. A p<0.05 was considered statistically significant.

Results

Baseline information
Patient basic information, laboratory data, and medications 

are presented in Table 1. All patients underwent coronary an-
giography and infarct-related artery was successfully treated. 
Mean age of acute MI patients was 54.8±14.3 years and that 
of controls (25 males, 7 females) was 59.3±12.7 years (p>0.05). 
Baseline level on admission of glucose, serum creatinine, total 
cholesterol, high-density lipoprotein, low-density lipoprotein, 
triglycerides, hemoglobin and hematocrit for both acute MI pa-
tients and controls are also presented in Table 1. 

Dynamic changes of plasma mtDNA
Plasma mtDNA of all samples was examined using rt-PCR 

and results are provided in Figure 1. On admission, plasma mtD-
NA level was significantly higher in acute MI patients than in 
controls (478±106 copies/μL vs. 157±97 copies/μL; p<0.01). Dy-
namic changes after PCI in acute MI patients were further il-
lustrated: Plasma mtDNA was highest on admission, decreased 
quickly at T2 reading, and gradually returned to normal at T3 
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and T4 (p=0.01). Data indicated that plasma mtDNA elevated 
after acute MI, and that after PCI treatment, plasma mtDNA de-
creased remarkably and was normal level within 48 hours.

Inflammatory levels in acute MI patients and controls 
WBC count, TNF-α, IL-6 and CRP were evaluated to repre-

sent inflammatory levels in acute MI patients and controls. As 
shown in Figure 2, significantly higher WBC count, and TNF-α, 
IL-6 and CRP levels were found in acute MI patients compared 
with controls (p<0.05). In acute MI patients, all inflammatory pa-
rameters decreased from T1 to T4, and no significant difference 
was defined compared with controls at T4 (p>0.05). Our results 
demonstrated presence of inflammatory responses after onset 
of acute MI, and after PCI treatment, just like change observed in 
plasma mtDNA, all inflammatory parameters decreased.

Correlations between plasma mtDNA and 
inflammatory parameters on admission
Bivariate correlation analysis was used to establish corre-

lation between plasma mtDNA and each inflammatory param-
eter on admission. Amazingly, positive correlation was identified 
between plasma mtDNA and WBC (r=0.435; p<0.001), TNF-α 
(r=0.538; p<0.001), IL-6 (r=0.518; p<0.001), and CRP (r=0.524; 
p<0.001). These interesting data showed tight relationship be-
tween mtDNA and inflammatory parameters, which might aid 
understanding of pro-inflammatory role of mtDNA.

Discussion

The present study demonstrated dynamic changes of plasma 
mtDNA and inflammatory levels during acute MI treated with 
PCI. We identified that plasma mtDNA rose significantly in acute 
MI compared with controls and decreased after PCI treatment. 
Inflammatory level was represented by WBC count, TNF-α, IL-
6, and CRP levels, which all increased after acute MI and de-
creased after PCI treatment. Interestingly, positive correlation 
between plasma mtDNA and inflammatory level on admission 
was seen using bivariate correlation analysis.

Increasing number of studies have demonstrated that lev-
els of inflammatory markers are positively correlated with ad-
verse cardiovascular events, a result of elevated inflammatory 
levels following the acute MI (14). It has been presented that 
acute myocardial necrosis and impaired matrix can cause ac-
tivation of inflammatory signaling pathways and production of 
pro-inflammatory cytokines via release of endogenous damage-
associated molecular patterns (DAMPs) (5). WBC count has 
been reported as predictor of death in patients with acute MI 
(15). Infiltration of neutrophils to coronary plaques and infarcted 
myocardium was reported, causing damage through secretion 
of matrix-degrading enzyme and reactive oxygen species (16).

TNF-α and IL-6 were found to have elevated rapidly in pa-
tients with acute coronary syndrome (ACS). It was fully studied 
that TNF-α and IL-6 can act as predictors of mortality (17–19). 
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Table 1. Baseline information

Variable Acute MI patients Controls 
  n=38 n=32

Age, years 54.8±14.3 59.3±12.7

Male, % 31 (81.6%) 25 (78.1%)

BMI, kg/m2 24.3±4.2 23.9±3.6

Hypertension, % 21 (55.3%) 17 (53.1%)

Current smoker, % 11 (28.9%) 9 (28.1%)

Inferior/posterior infarction, % 20 (52.6%) –

Anterior infarction, %  18 (47.4%) –

Laboratory data  

 Glucose 133.4±30.8 131.8±34.7

 Serum creatinine, μmol/L 0.6±0.2 0.6±0.3

 Total cholesterol, mg/dL 207.1±44.6 203.3±39.5

 HDL, mmol/L 1.1±0.3 1.1±0.2

 LDL, mmol/L 3.1±0.6 3.0±0.5

 TG, mmol/L 1.7±0.4 1.7±0.3

 Hemoglobin, g/L 125.3±14.1 131.3±15.7

 Hematocrit, % 38.2±3.4 38.3±3.3

Medications  

 Statins, % 33 (86.8%) 26 (81.3%)

 ACEIs/ARBs, % 23 (60.5%) 14 (43.7%)

 β-blockers, % 34 (89.5%) 16 (50.0%)

 CCB, % 9 (23.7%) 6 (5.2%)

 Nitrates, % 25 (65.8%) 15 (46.9%)

 Aspirin, % 32 (84.2%) 25 (78.1%)
ACEI - angiotensin converting enzyme inhibitor; ARB - angiotensin receptor blocker; 
BMI - body mass index; CCB - calcium channel blocker; HDL - high-density lipoprotein; 
LDL - low-density lipoprotein; MI - myocardial infarction; TG - triglycerides. Compari-
son performed using Student’s t-test. All descriptive data presented as mean±SD

Figure 1. Dynamic changes of plasma mtDNA in patients with acute 
myocardial infarction (MI) and controls. Peak level of plasma mtDNA 
was found on admission in patients with acute MI compared with 
controls (P<0.01). After PCI treatment, plasma mtDNA decreased sig-
nificantly and returned to normal level at 48 hours post-PCI (P=0.01). 
*P<0.01 vs. controls; #P=0.01 vs. T1
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CRP, as hot inflammatory marker, was found to be strong predic-
tor of adverse outcome in patients with ACS (20, 21). All of the 
above suggested that WBC count and other inflammatory mark-
ers elevated in acute MI and inflammatory levels in patients 
with acute MI could influence recovery. In the present study, we 
found elevated WBC count, TNF-α, IL-6, and CRP, representing 
inflammatory responses after acute MI. All inflammatory mark-
ers subsequently decreased after PCI and were almost normal 
at 48 hours post-PCI.

It has been documented that plasma mtDNA released after 
trauma surgery was correlated with invasiveness and complexity 
of surgery (22). As mentioned above, plasma mtDNA can act as 
pro-inflammatory agent, a fact that has been noted and studied 
in many different conditions (23–25). Recently, Qin et al. (26) found 
plasma mtDNA during cardiopulmonary bypass surgery. Positive 
correlation between plasma mtDNA and peak post-CPB inflam-
matory responses was identified. It is fully understood that plasma 
mtDNA can cause inflammatory responses and create a sepsis-
like state (7). It has also been reported that intravenous injection of 
mtDNA into mice can result in systemic inflammation and multiple 
organ failures (27). In the present study, after onset of acute MI, 
we identified significantly increased plasma mtDNA compared 
with control patients. After PCI treatment, gradual decrease of 
plasma mtDNA was demonstrated. Further, correlation between 
plasma mtDNA and inflammatory level on admission was analyzed 
and positive correlation was observed. Given the pro-inflammato-
ry properties of mtDNA and correlation between plasma mtDNA 
and inflammatory level in patients with acute MI, we believe that 
mtDNA was released into the circulation after onset of acute MI 
and, at least partially, responsible for post-MI inflammation.

Study limitations

Although present study found some genuinely interesting re-
sults, it is still a preliminary study, and further large-scale and 
well-designed clinical investigations are needed to confirm the 
association between mtDNA and post-acute MI inflammatory 
status. Give effects of inflammation on prognosis of acute MI, 
more outcomes and prognostic values should be included in fu-
ture studies to explore effects of mtDNA. In addition, our study 
provided some novel associations through bivariate correlation 
analysis. However, they could not be proven under clinical con-
ditions, which calls for further animal work to study the detailed 
mechanism between plasma mtDNA and post-acute MI inflam-
mation. Another limitation is that due to the small study popula-
tion, we didn’t perform subgroup analysis.

Conclusion

The present study demonstrated release of mtDNA into circu-
lation and inflammatory level in patients with acute MI. We also 
first revealed positive correlation between plasma mtDNA and in-
flammatory level, suggesting that plasma mtDNA may play a criti-

Figure 2. Dynamic changes of inflammatory markers in patients with 
acute myocardial infarction (MI) and controls. (a–d) white blood cell 
count, tumor necrosis factor-alpha, interleukin-6, and C-reactive pro-
tein level elevated on admission in patients with acute MI compared 
with controls (P<0.05). After PCI treatment, all inflammatory markers 
decreased significantly and returned to normal (P<0.05). *P<0.05 vs. 
controls; #P<0.05 vs. T1
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cal role in inflammatory responses in patients with acute MI. This 
study has provided novel clinical observations for further mecha-
nism study and raised a promising target for eliminating inflamma-
tory responses in patients with acute MI and improving outcomes.
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