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Abstract
Introduction: Neutrophil extracellular traps (NETs) are known to be induced by vari-
ous factors. In this study, we tried to identify circulating levels of NETs in patients 
with acute coronary syndrome (ACS) and acute ischemic stroke (AIS) and to confirm 
its suitability as a new circulating marker in their detection.
Methods: We prospectively enrolled 95 patients with a diagnosis of ACS (N = 37) 
or AIS (N = 58) in Dong-A University Hospital, Busan, Korea. The control group was 
selected from healthy adults (N = 25) who visited the hospital for health screening. 
Circulating levels of NETs were evaluated by measuring plasma concentrations of 
double-stranded DNA (dsDNA) and DNA-histone complex.
Results: The concentrations of dsDNA were statistically higher in patients with ACS 
or AIS than those in the control group (both P < .001). In the univariable and multi-
variable analyses, statistically significant risk factors were troponin I (TnI) level and 
dsDNA concentration in the ACS group (P = .046 and P = .015, respectively) and only 
dsDNA concentration in the AIS group (P  =  .002). In the receiver operating char-
acteristic curve analyses, the area under the curve values for TnI level and dsDNA 
concentration in the ACS group were 0.878 and 0.968, respectively, and the value for 
dsDNA concentration in the AIS group was 0.859.
Conclusions: In this study, it was confirmed that the circulating level of NETs was 
increased in patients with ACS and AIS at initial presentation. Findings in this study 
show that NETs could be used as a new circulating marker for the initial diagnosis of 
ACS or AIS.
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1  | INTRODUC TION

The number of Korean patients with acute coronary syndrome (ACS) 
and acute ischemic stroke (AIS) increases every year due to an aging 
population. As a result, patients with these diseases face a rapidly 
growing economic burden.1

As a common mechanism of ACS, the rupture of the athero-
sclerotic plaque causes partial or complete occlusion of the coro-
nary artery. When the collagen of the endothelium is exposed by 
the collapse of the plaque, coagulation cascades start with plate-
let activation, leading to thrombus formation.2 In addition, it has 
been shown that excessive hyperactivity of platelets increases 
the risk of thromboembolism, leading to excessive formation of 
abnormal thrombosis together with atherosclerotic lesions, and 
is also a major factor in causing AIS.3 The interaction between 
platelets and vascular endothelial cells could induce local in-
flammatory conditions in the blood vessels, leading to microcir-
culatory disturbances that promote the gradual progression to 
atherosclerosis.4-7

Meanwhile, the neutrophil is the most abundant cell type in 
the leukocyte and plays a crucial role in the innate immune system, 
which serves as the first line barrier against microorganisms.8,9 In 
2004, Brinkmann et al found that activated neutrophils released his-
tones, protein granules, and double-stranded DNA (dsDNA) to form 
fiber-like structures, termed neutrophil extracellular traps (NETs).10 
These NETs are known to be induced by various factors such as mi-
croorganisms, antibodies, activated platelets, and reactive oxygen 
species.11

Although NETs have been studied mainly in terms of host de-
fense mechanisms, there has also been interest in NETs for patho-
genetic aspects of certain noninfectious diseases. For instance, the 
involvement of NETs in thrombosis formation has been demon-
strated.12 In addition to their immunological role, NETs provide a 
scaffold for red blood cells and platelets, contributing to coagula-
tion cascades and formation of arterial and venous thromboses.13,14 
However, few analyses on NETs in patients with cardiocerebrovas-
cular diseases exist. Therefore, there are limitations for their appli-
cation to clinical fields.

In this study, we attempted to identify circulating levels of 
NETs using samples from patients with ACS and AIS and to con-
firm its suitability as a new circulating marker in detecting them. 
The circulating levels of NETs were evaluated by measuring con-
centrations of dsDNA. To clarify the conclusions, we performed an 
additional assay measuring the DNA-histone complex, which was 
selected as the second marker. This selection was based on the 
observation that when neutrophils are activated by other stim-
uli, even in patients with ACS and AIS, they release DNA, which 
binds to histones and other cytoplasmic components.10 As well, 
the DNA-histone complex is a relatively easy-to-measure test item 
in the laboratory. The results were analyzed in comparison with 
other clinical and laboratory markers.

2  | MATERIAL S AND METHODS

2.1 | Study population and patient characteristics

Between October 2017 and August 2018, we prospectively enrolled 
95 consecutive patients newly diagnosed with ACS (N = 37) or AIS 
(N = 58) in Dong-A University Hospital, Busan, Korea. The diagnosis 
of ACS, defined as unstable angina (UA) (N = 21), non-ST elevation 
myocardial infarction (NSTEMI) (N = 14), and ST elevation myocar-
dial infarction (STEMI) (N = 2), was based on the patient's symptoms, 
physical examination, electrocardiogram, echocardiography, cardiac 
enzyme level, and other laboratory findings. Similarly, the diagnosis 
of AIS was based on the patient's symptoms, physical examination, 
Doppler ultrasonography, brain MRI, and brain CT findings.

With consideration of patient age and sex ratio, 25 adults who visited 
the hospital for health screening were selected as the control group. We 
used samples that showed normal results in complete blood count, blood 
coagulation test, liver function test, renal function test, urine test, fecal 
occult blood test, immunoserology test, and tumor marker test. The sam-
ples with out-of-reference values in the mentioned test items were ex-
cluded. Written consents from the patients were waived because it was 
a study using residual samples without any additional blood collection.

After their dsDNA concentrations were measured with the sam-
ples, statistical analyses were performed to compare the values with 
those of the control group and we investigated whether the values 
could be an informative marker at an initial stage of ACS and AIS. 
During the follow-up period, we investigated occurrences of major 
adverse cardiac events (MACEs), such as myocardial infarction, rest-
enosis, cardiac death, ischemic stroke, and so on.

Clinical and laboratory data were collected by a review of pa-
tients’ medical records. The Institutional Review Board of Dong-A 
University Hospital approved this study.

2.2 | Blood samples and assays

Blood samples were collected in sodium citrate tubes. Within 1 hour after 
collection, the blood samples were centrifuged at 1600 × g for 15 min-
utes. The prothrombin time (PT) and activated partial thromboplastin 
time (aPTT) were tested using a CS-5100 coagulation analyzer (Sysmex). 
After these laboratory tests, leftover plasma samples with 1800 μL or 
more were selected for this study and stored at −80°C until measure-
ment of their dsDNA concentrations. The stored samples were referred 
to Seegene medical foundation. The dsDNA concentrations were meas-
ured with Quant-iT™ PicoGreen® dsDNA reagent and kit (Molecular 
Probes) by which the dsDNA was fluorescently stained. The Synergy™ 
H1m Hybrid Multi-Mode Microplate Reader (BioTek) was used for quan-
tification of the stained dsDNA, and its filter setting was excitation/
emission of 485 nm/528 nm, respectively. The DNA-histone complex 
was measured with Cell Death Detection ELISAPLUS (Roche Diagnostics 
GmbH), based on the principle of sandwich enzyme immunoassay, in 
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which mouse monoclonal antibodies directly binding to DNA and his-
tones were used for this assay. These processes enable the quantification 
of nucleosomes in the cytoplasmic fraction of cell lysates. The number of 
nucleosomes in the immunocomplex formed by the anti-histone antibody 
is photometrically determined using a VersaMaxTM Microplate Reader 
(Molecular Devices). The results were expressed by absorbance differ-
ence ([A405 nm−A490 nm] × 1000 mU). Quality control for the assays was 
conducted according to their manufacturer's instructions, and they were 
routinely calibrated according to the manufacturer's recommendations.

2.3 | Statistical analyses

Statistical analyses were performed using MedCalc for Windows, ver-
sion 18.10 (MedCalc Software). A P-value <.05 was considered to be 
significant. All data were expressed as numbers with percentages or 
mean ± standard deviation. To compare continuous variables with the 
control group, the independent t test was used for variables with para-
metric distribution, and the Mann-Whitney test was used for variables 
with nonparametric distribution. Analyses of categorical variables were 
performed by the chi-square test. Box and whisker plots were used to 
show the distributions of dsDNA concentration values for ACS, AIS, 
and control groups. To investigate significant variables of ACS and AIS, 
the multivariable Cox regression analyses using the enter method were 
performed on variables with a P-value of <.20 in the univariable analy-
ses. The area under the curve (AUC) values were obtained by using 
the receiver operating characteristic (ROC) curves for the variables 
showing statistically significant results. During the follow-up period, 
occurrences of MACEs were analyzed using the Kaplan-Meier method.

3  | RESULTS

3.1 | Baseline characteristics of the study 
population

At baseline, there were no statistically significant differences between 
the ACS and the control groups, and between the AIS and the control 
groups for the following variables: age, gender, underlying diseases (dia-
betes mellitus [DM], hypertension, and dyslipidemia), social histories (al-
cohol intake and current smoking), and laboratory data (PT and aPTT). 
Neutrophil count, C-reactive protein, troponin I (TnI), and creatinine ki-
nase MB (CK-MB) levels were significantly higher in both ACS and AIS 
groups than in the control group, and platelet count in both ACS and AIS 
groups was significantly lower than in the control group. The baseline 
characteristics of the study population are summarized in Table 1.

3.2 | Comparison of the circulating levels of NETs 
between the ACS, AIS, and control group

The circulating levels of NETs evaluated via measuring dsDNA con-
centrations were significantly higher in the ACS (743.28 ± 323.10 pg/

μL) and AIS (524.22 ± 370.06 pg/μL) groups than in the control group 
(216.48  ±  140.43  pg/μL), both P  <  .001. Distributions of dsDNA 
concentrations for each group are depicted in Figure 1. On the 
Kolmogorov-Smirnov test, the dsDNA concentrations of the ACS 
group showed a parametric distribution, but those of the AIS group 
did not. The measured values of DNA-histone complex in the ACS 
(19.73 ± 34.19 mU) and AIS (13.71 ± 16.96 mU) groups were not sta-
tistically different from those in the control group (14.32 ± 8.86 mU), 
P = .364 and P = .830, respectively, and data not shown.

3.3 | Univariable and multivariable analyses for the 
ACS and AIS groups

For the Cox regression analyses, the cutoff values were set as the 
optimal points using Youden's index method for each variable. The 
univariable analyses showed statistically significant results for all vari-
ables except CK-MB level in the ACS group (P =  .081). In the multi-
variable analyses for variables with P-values <.20 in the univariable 
analyses, TnI level, and dsDNA concentration were statistically signifi-
cant risk factors in the ACS group (P = .046 with an odds ratio of 27.49 
[95% CI, 1.06-714.90] and P = .015 with an odds ratio of 42.94 [95% 
CI, 2.11-873.94], respectively). In the AIS group, only dsDNA concen-
tration was a statistically significant risk factor (P = .002 with an odds 
ratio of 13.31 [95% CI, 2.51-70.54]). The results of the univariable and 
multivariable Cox regression analyses are shown in Table 2.

3.4 | ROC curve analyses for the ACS and 
AIS groups

The ROC curve analyses for the ACS and AIS groups were per-
formed on the variables showing significant results in the Cox re-
gression analyses (Figure 2). In the AIS group, ROC curve analysis 
was performed only on dsDNA concentration, which showed a sta-
tistically significant result in the previous multivariable analyses. In 
the ACS group, the AUC values for TnI level and dsDNA concentra-
tion were 0.878 and 0.968, respectively, although there was no sta-
tistically significant difference in comparison of the two ROC curves 
(P = .060). The AUC value for dsDNA concentration in the AIS group 
was 0.859 (Table 3). For dsDNA concentrations in the ACS and AIS 
groups, cutoff values representing an optimal sensitivity/specificity 
pair were calculated as 400.69 pg/μL (sensitivity of 89.2% and speci-
ficity of 96.0%) and 281.28 pg/μL (sensitivity of 86.2% and specific-
ity of 76.0%), respectively.

3.5 | Time-to-event analyses for the 
occurrence of MACEs

For time-to-event analyses, using the Kaplan-Meier method, each 
patient group was divided into two subgroups according to their 
mean and median values of the dsDNA concentrations: 743.28 pg/μL 
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for the ACS group and 394.62 pg/μL for the AIS group, respectively. 
Results of the time-to-event analyses showed that more MACEs 
occurred in the subgroups with higher dsDNA concentrations than 
each value (Table 4), but there were no statistically significant dif-
ferences between the subgroups of each group, the ACS and AIS 
(P =  .522 and P =  .243, respectively). The Kaplan-Meier event-free 
cumulative curves for dsDNA concentrations in patients with ACS 
and AIS are depicted in Figure 3. When comparing the event-free 
probability based on the median values of TnI, there were also no sta-
tistically significant differences in the ACS and AIS groups (P = .059 
and P = .171, respectively, and data not shown).

4  | DISCUSSION

In the present study, the circulating levels of NETs were evaluated 
by measuring dsDNA concentrations in patients with ACS and AIS. 
After the Cox regression analyses were performed to determine sig-
nificant variables in ACS and AIS, the ROC curve analyses were car-
ried out to confirm whether dsDNA concentration could be a useful 
marker at the initial stages of ACS and AIS. We also investigated oc-
currences of MACEs during the follow-up period to check whether 

the elevated dsDNA concentration would be associated with poor 
prognosis in patients with ACS and AIS.

TA B L E  1   Baseline characteristics of the study population

Variables
ACS
(N = 37)

AIS
(N = 58)

Control
(N = 25)

P

ACS vs. control AIS vs. control

Demographic characteristics

Age (y), mean ± SD 67.1 ± 10.1 68.2 ± 11.3 66.4 ± 7.1 .754a .374a

Male, no. (%) 27 (73.0) 34 (58.6) 15 (60.0) .288 .907

Underlying diseases

Diabetes mellitus, no. (%) 15 (40.5) 21 (36.2) 7 (28.0) .315 .471

Hypertension, no. (%) 23 (62.2) 40 (69.0) 14 (56.0) .630 .259

Dyslipidemia, no. (%) 12 (32.4) 12 (20.7) 7 (28.0) .713 .470

Social history

Alcohol intake, no. (%) 8 (21.6) 23 (39.7) 8 (32.0) .364 .511

Current smoking, no. (%) 15 (40.5) 16 (27.6) 8 (32.0) .498 .686

Laboratory data

Neutrophil (×109/L) 4.46 ± 1.58 5.01 ± 1.79 2.63 ± 0.95 <.001a <.001b

Platelet (×109/L) 203.7 ± 49.6 206.2 ± 55.8 247.6 ± 53.2 .002b .005b

CRP (mg/dL) 0.18 ± 0.13 0.66 ± 1.22 0.10 ± 0.11 .001b <.001b

PT (s) 12.2 ± 0.9 12.4 ± 0.9 12.2 ± 0.6 .631b .379b

aPTT (s) 24.6 ± 2.9 24.0 ± 2.0 24.2 ± 2.3 .901a .689a

TnI (pg/mL) 299.4 ± 638.8 26.3 ± 93.0 3.0 ± 4.4 <.001b <.001b

CK-MB (U/L) 16.0 ± 6.2 19.2 ± 15.9 13.4 ± 7.0 .024b .001b

Note: Continuous data are presented as mean ± standard deviation, and categorical data are presented as numbers with percentages in round 
brackets.
Abbreviations: ACS, acute coronary syndrome; AIS, acute ischemic stroke; aPTT, activated partial thromboplastin time; CK-MB, creatinine kinase MB; 
CRP, C-reactive protein; PT, prothrombin time; TnI, troponin I; WBC, white blood cell.
aComparisons by independent t test. 
bComparisons by Mann-Whitney test. 
P-values lower than 0.05 were considered to be significant and they were shown in bold. 

F I G U R E  1  The distributions of dsDNA concentration values 
with box and whisker plots for (A) acute coronary syndrome, (B) 
acute ischemic stroke, and (C) healthy control groups
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The increased level of NETs has been shown to be triggered by 
certain clinical conditions such as infection, sepsis, autoimmune dis-
eases, atherosclerosis, deep vein thrombosis, and thrombotic micro-
angiopathy.15-19 The role of neutrophils in thrombus formation and 
amplification has been illustrated by several previous studies, and 
the findings that neutrophils produce NETs consisting of chromatin 
networks and cytoplasmic proteins have provided a new perspec-
tive on the mechanisms involved in thrombosis.10,20,21 ACS is a term 
encompassing clinical disorders of myocardial ischemia or infarction, 
and it has been demonstrated that inflammatory responses involv-
ing neutrophil activation play a major role in atherosclerotic changes 
and progression.22-25 According to a recent study, circulating extra-
cellular DNA levels in AIS patients are associated with innate im-
mune system activation.26 Though clear mechanisms are yet to be 
explored, these processes could lead to the elevated level of NETs 
in the ACS and AIS groups in this study. In this respect, it is neces-
sary to examine the possibility that the increased level of NETs is 

associated with the pathogenesis of ACS and AIS as one of many 
damage-associated molecular patterns.

Though the presence of DM was not considered as a confounding 
factor in this study, a previous in vitro study discovered that produc-
tion of NETs from isolated neutrophils was promoted by high glucose 
levels, and especially, type 2 DM patients with elevated glycated he-
moglobin (HbA1c) had high levels of nucleosomes, neutrophil elastase, 
and other components of NETs.27 Meanwhile, dyslipidemia could 
injure endothelial cells and induce neutrophilia, which is eventually 
associated with the promotion of lipid deposition and atherosclerotic 
plaque burden.28 In addition, dyslipidemia could promote serum levels 
of C-X-C motif ligand (CXCL)-1, which enhances neutrophil mobiliza-
tion.29 In the present study, there was no statistical difference in the 
prevalence of DM, hypertension, and dyslipidemia of the ACS, AIS, 
and control groups, and this is probably because the control group was 
selected, in part, according to age. TnI and CK-MB were higher in AIS 
patients than those in the control group. In interpreting the cardiac 

TA B L E  2  Results of the Cox regression analyses for dsDNA concentration and other variables in ACS and AIS patients

Variables

Univariate Multivariate

OR 95% CI P OR 95% CI P

ACS

Neutrophil

(>3.4074 × 109/L vs. ≤3.4074 × 109/L) 31.43 7.30-135.35 <.001 18.18 0.68-485.13 .084

Platelets

(<205 × 109/L vs. ≥205 × 109/L) 6.18 1.77-21.55 .004 6.45 0.32-130.66 .225

CRP

(>0.09 mg/dL vs. ≤0.09 mg/dL) 5.74 1.89-17.41 .002 3.23 0.22-47.06 .391

TnI

(>5.9 pg/mL vs. ≤5.9 pg/mL) 19.80 4.85-80.91 <.001 27.49 1.06-714.90 .046

CK-MB

(>12.0 U/L vs. ≤12.0 U/L) 2.56 0.89-7.35 .081 1.07 0.07-15.61 .958

dsDNA

(>400.69 pg/μL vs. ≤400.69 pg/μL) 94.88 16.02-562.00 <.001 42.94 2.11-873.94 .015

AIS

Neutrophil

(>3.9013 × 109/L vs. ≤3.9013 × 109/L) 19.25 5.06-73.27 <.001 4.62 0.63-33.90 .132

Platelets

(<208 × 109/L vs. ≥208 × 109/L) 4.90 1.50-16.06 .009 3.12 0.40-24.35 .277

CRP

(>0.12 mg/dL vs. ≤0.12 mg/dL) 9.08 3.05-27.00 <.001 2.57 0.53-15.41 .301

TnI

(>3.7 pg/mL vs. ≤3.7 pg/mL) 9.98 3.01-33.07 <.001 7.48 0.97-57.68 .054

CK-MB

(>14.0 U/L vs. ≤14.0 U/L) 7.04 2.41-20.58 <.001 5.96 0.98-36.31 .053

dsDNA

(>281.28 pg/μL vs. ≤281.28 pg/μL) 19.79 6.06-64.60 <.001 13.31 2.51-70.54 .002

Abbreviations: ACS, acute coronary syndrome; AIS, acute ischemic stroke; CI, confidence interval; CK-MB, creatinine kinase MB; CRP, C-reactive 
protein; dsDNA, double-stranded DNA; OR, odds ratio; TnI, troponin I.

P-values lower than 0.05 were considered to be significant and they were shown in bold.
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markers, such as TnI and CK-MB in AIS patients, there are various 
hypotheses about how cerebrovascular events directly endanger the 
heart, but there is no convincing mechanistic explanation as of yet.30-35

Based on the results of this study, it was confirmed that the 
circulating level of NETs increased in patients with ACS or AIS at 
initial presentation. In particular, the dsDNA concentrations in the 
ACS group were significantly higher, not only to those in the control 
group but also to those in the AIS group. This is, perhaps, due to the 
lack of consideration of disease severity in the AIS group at the time 
of admission. According to the previous study of Vallés et al, 2017, 
a positive correlation exists between NETs level and the National 
Institutes of Health Stroke Scale (NIHSS) score, reflecting stroke se-
verity, and patients with a higher NIHSS score had a higher NETs 
level (P < .001).36

Interestingly, the results of the ROC curve analyses for the ACS 
group showed that the dsDNA concentration would be an equiva-
lent marker to TnI. Additionally, the ROC curve analysis for patients 
with UA, having suggestive symptoms of cardiac ischemia without 
elevated TnI levels, showed a slightly higher AUC value of 0.973 
(P < .001, data not shown). These results suggest that measuring the 
dsDNA concentration could be a more useful marker than TnI for the 
initial diagnosis of UA.

During a relatively short period, we investigated the occur-
rence of MACEs in the ACS and AIS groups. Although there was 
no statistically significant difference between subgroups, there 
was a tendency for more MACEs to occur in the subgroups with 
higher dsDNA concentrations. There have been few prospective 
studies researching the predictability of the circulating levels of 
NETs for the occurrence of MACEs. Moreover, subjects of the 
previous studies were limited to patients with coronary ath-
erosclerosis, STEMI, and hemodialysis.17,37,38 To the best of our 
knowledge, this is the first study to investigate the occurrence 
of MACEs with the circulating levels of NETs in the ACS and AIS 
groups together.

This study has some methodological limitations. The first is a rel-
atively small number of subjects; all of them were enrolled from a 
single hospital. Future research on this topic should aim to include 
a larger study population. Furthermore, the dsDNA concentrations 
were measured using leftover samples of the patients from initial 
presentation, but strictly speaking, the time after the actual onset of 
their diseases might be different for each patient. It would be benefi-
cial to study the changes in dsDNA concentrations according to time 
course or disease progression, intra-individually.

As noted above, the lack of consideration given to disease se-
verity in the AIS group at the time of admission could also be a lim-
itation. Under consideration of the disease etiology with a larger 
study population, it would be meaningful to compare the dsDNA 
concentrations with various indicators of disease severity, such as 
the NIHSS and modified Rankin Scale.

Furthermore, a long-term follow-up period would be necessary 
to obtain statistically significant results in predictions of disease 
prognoses. In this study, we simply divided the subgroups by their 
mean and median values according to the number of participants. 
If the occurrence of MACEs were analyzed by dividing the patient 
groups into more dummy variables, based on the dsDNA concentra-
tion, the results may be more explicitly detailed. As well, analysis of 

F I G U R E  2  Receiver operating characteristic (ROC) curves (A) 
for troponin I and dsDNA in acute coronary syndrome and (B) for 
dsDNA in acute ischemic stroke

TA B L E  3  AUC and P-value of each variable by the ROC curve 
analyses

Variables AUC SE 95% CI P

ACS

Troponin I 0.878 0.0422 0.770-0.947 <.001

dsDNA 0.968 0.0190 0.888-0.996 <.001

AIS

dsDNA 0.859 0.0454 0.765-0.925 <.001

Note: The SE value of ROC curve was obtained by the method of 
Delong et al (1988), and the 95% CI of AUC was calculated by binominal 
exact method.
Abbreviations: ACS, acute coronary syndrome; AIS, acute ischemic 
stroke; AUC, area under the curve; CI, confidence interval; dsDNA, 
double-stranded DNA; ROC, receiver operating characteristic; SE, 
standard error.
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the changes in circulating levels of NETs during the follow-up period 
may be more meaningful.

In the first report on NETs, immunofluorescence staining of his-
tological sections was performed to demonstrate the presence of 
extracellular fibrous material containing NET components.10 Since 
then, previous studies have used various methods for evaluating 
the suitability of NETs as biomarkers in the aforementioned clin-
ical conditions, in which the main analytical targets were cell-free 
DNA, histones, and other components of NETs, such as neutrophil 
elastase or myeloperoxidase in plasma.39 Therefore, it is necessary 
to find a marker that could be clinically useful for disease diag-
nosis, early prediction of severity, and prognosis estimation. It is 
important to establish a standardized or practically recommended 
analyzing method, which uses a straightforward process along with 
its cost-effectiveness in a clinical laboratory. Much to our regret, 
the measured values of DNA-histone complex did not show any 
statistically significant results in this study, which is probably be-
cause of the lack of standardized sample preparation steps and a 
well-organized analysis protocol suitable for the purpose. Further 

studies should be conducted in order to provide a realized benefit 
to patients using the discovery of NETs.

On the other hand, there have been recent studies on chronic 
neurological diseases using cell-free DNA in cerebrospinal fluid 
(CSF) samples.40-42 There was a study that analyzed serial nuclear 
and mitochondrial DNA levels in plasma and CSF for patients with 
subarachnoid hemorrhage.43 It would be worthwhile to investi-
gate whether the levels of NETs in CSF samples could be a superior 
marker for the diagnosis of AIS.

In summary, this study demonstrated that measuring the circu-
lating levels of NETs has diagnostic power equivalent to TnI in ACS 
patients at initial presentation. Similarly, NETs analyses in patients 
with AIS showed potential for their use as novel circulating markers 
for the initial diagnosis of AIS.
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TA B L E  4  Characteristics of patients who suffered from additional MACEs during the follow-up period

Age (y) Sex Initial diagnosis dsDNA (pg/μL) Group MACE
Follow-up 
period (d)

80 M UA 1072.49a ACS Myocardial infarction (UA) 17

57 M NSTEMI 1103.30a ACS Myocardial infarction (NSTEMI) 82

72 M NSTEMI 404.61 ACS Myocardial infarction (NSTEMI) 90

83 F Rt. MCA infarction 1092.61a AIS Ischemic stroke (Rt. MCA infarction) 29

57 M Rt. CR-BG infarction 371.76 AIS Ischemic stroke (Rt. BG infarction) 42

55 F Multiple cerebral infarction 2360.51a AIS Ischemic stroke (Multiple cerebral infarction) 48

62 M Lt. MCA infarction 871.93a AIS Ischemic stroke (Rt. ICA infarction) 114

Abbreviations: ACS, acute coronary syndrome; AIS, acute ischemic stroke; BG, basal ganglia; CR, corona radiata; dsDNA, double-stranded DNA; ICA, 
internal carotid artery; MACEs, major adverse cardiac events; MCA, middle cerebral artery; NSTEMI, non-ST elevation myocardial infarction; UA, 
unstable angina.
aHigher dsDNA concentrations than the mean value of the ACS group; 743.28 pg/μL and the median value of the AIS group; 394.62 pg/μL. 

F I G U R E  3  Kaplan-Meier event-
free cumulative curves for dsDNA 
concentrations in patients with (A) acute 
coronary syndrome (ACS) and (B) acute 
ischemic stroke (AIS)



8 of 9  |     LIM et al.

E THIC AL APPROVAL
This study was approved by the institutional review board of Dong-A 
University Hospital. Written consents from the patients were waived 
because it was a study using residual samples without any additional 
blood collection.

ORCID
Hyeon-Ho Lim   https://orcid.org/0000-0002-8307-9820 
Gyu-Dae An   https://orcid.org/0000-0001-9738-4204 

R E FE R E N C E S
	 1.	 opendata.hira.or.kr [homepage on the internet]. Health Insurance 

Review & Assessment Service, Healthcare Bigdata Hub. http://
opend​ata.hira.or.kr/op/opc/olap3​thDsI​nfo.do. Accessed December 
1, 2018.

	 2.	 Naghavi M, Libby P, Falk E, et al. From vulnerable plaque to vulnera-
ble patient: a call for new definitions and risk assessment strategies: 
part Ⅱ. Circulation. 2003;108:1772-1778.

	 3.	 Jung KW, Shon YM, Yang DW, Kim BS, Cho AH. Coexisting carotid 
atherosclerosis in patients with intracranial small- or large-vessel 
disease. J Clin Neurol. 2012;8:104-108.

	 4.	 Ishii H, Yoshida M. Platelets, coagulation, and fibrinolysis in athero-
sclerosis formation. Nihon Rinsho. 2011;69:50-54.

	 5.	 Aukrust P, Halvorsen B, Ueland T, et al. Activated platelets and ath-
erosclerosis. Exp Rev Cardiovasc Ther. 2010;8:1297-1307.

	 6.	 Smyth SS, McEver RP, Weyrich AS, et al. Platelet functions beyond 
hemostasis. J Thromb Haemost. 2009;7:1759-1766.

	 7.	 Sachs UJ, Nieswandt B. In vivo thrombus formation in murine mod-
els. Circ Res. 2007;100:979-991.

	 8.	 Kanthack AA, Hardy WB. The morphology and distribution of the 
wandering cells of mammalia. J Physiol. 1894;17:81-119.

	 9.	 Nathan C. Neutrophils and immunity: challenges and opportunities. 
Nat Rev Immunol. 2006;6:173-182.

	10.	 Brinkmann V, Reichard U, Goosmann C, et al. Neutrophil extracellu-
lar traps kill bacteria. Science. 2004;303:1532-1535.

	11.	 Brinkmann V, Zychlinsky A. Neutrophil extracellular traps: is im-
munity the second function of chromatin? J Cell Biol. 2012;198: 
773-783.

	12.	 Martinod K, Wagner DD. Thrombosis: tangled up in NETs. Blood. 
2014;123:2768-2776.

	13.	 Fuchs TA, Brill A, Duerschmied D, et al. Extracellular DNA 
traps promote thrombosis. Proc Natl Acad Sci U S A. 2010;107: 
15880-15885.

	14.	 Massberg S, Grahl L, von Bruehl M-L, et al. Reciprocal coupling of 
coagulation and innate immunity via neutrophil serine proteases. 
Nat Med. 2010;16:887-896.

	15.	 McDonald B, Urrutia R, Yipp BG, Jenne CN, Kubes P. Intravascular 
neutrophil extracellular traps capture bacteria from the blood-
stream during sepsis. Cell Host Microbe. 2012;12:324-333.

	16.	 Hakkim A, Fürnrohr BG, Amann K, et al. Impairment of neutrophil 
extracellular trap degradation is associated with lupus nephritis. 
Proc Natl Acad Sci. 2010;107:9813-9818.

	17.	 Borissoff JI, Joosen IA, Versteylen MO, et al. Elevated levels of 
circulating DNA and chromatin are independently associated 
with severe coronary atherosclerosis and a prothrombotic state. 
Arterioscler Thromb Vasc Biol. 2013;33:2032-2040.

	18.	 van Montfoort ML, Stephan F, Lauw MN, et al. Circulating  
nucleosomes and neutrophil activation as risk factors for 
deep vein thrombosis. Arterioscler Thromb Vasc Biol. 2013;33: 
147-151.

	19.	 Arai Y, Yamashita K, Mizugishi K, et al. Serum neutrophil extra-
cellular trap levels predict thrombotic microangiopathy after al-
logeneic stem cell transplantation. Biol Blood Marrow Transplant. 
2013;19:1683-1689.

	20.	 Darbousset R, Thomas GM, Mezouar S, et al. Tissue factor-positive 
neutrophils bind to injured endothelial wall and initiate thrombus 
formation. Blood. 2012;120:2133-2143.

	21.	 von Brühl ML, Stark K, Steinhart A, et al. Monocytes, neutrophils, 
and platelets cooperate to initiate and propagate venous thrombo-
sis in mice in vivo. J Exp Med. 2012;209:819-835.

	22.	 Kurup R, Patel S. Neutrophils in acute coronary syndrome. EMJ 
Cardiol. 2017;5:79-87.

	23.	 Farb A, Burke AP, Tang AL, et al. Coronary plaque erosion without 
rupture into a lipid core. A frequent cause of coronary thrombosis 
in sudden coronary death. Circulation. 1996;93:1354-1363.

	24.	 Quillard T, Araújo HA, Franck G, Shvartz E, Sukhova G, Libby P. 
TLR2 and neutrophils potentiate endothelial stress, apoptosis 
and detachment: implications for superficial erosion. Eur Heart J. 
2015;36:1394-1404.

	25.	 Franck G, Mawson T, Sausen G, et al. Flow perturbation medi-
ates neutrophil recruitment and potentiates endothelial injury 
via TLR2 in mice: implications for superficial erosion. Circ Res. 
2017;121:31-42.

	26.	 O'Connell GC, Petrone AB, Tennant CS, et al. Circulating ex-
tracellular DNA levels are acutely elevated in ischaemic stroke 
and associated with innate immune system activation. Brain Inj. 
2017;31:1369-1375.

	27.	 Menegazzo L, Ciciliot S, Poncina N, et al. NETosis is induced by 
high glucose and associated with type 2 diabetes. Acta Diabetol. 
2015;52:497-503.

	28.	 Drechsler M, Megens RT, van Zandvoort M, Weber C, Soehnlein O. 
Hyperlipidemia-triggered neutrophilia promotes early atheroscle-
rosis. Circulation. 2010;122:1837-1845.

	29.	 Eash KJ, Greenbaum AM, Gopalan PK, Link DC. CXCR2 and CXCR4 
antagonistically regulate neutrophil trafficking from murine bone 
marrow. J Clin Invest. 2010;120:2423-2431.

	30.	 Jensen JK, Atar D, Mickley H. Mechanism of troponin ele-
vations in patients with acute ischemic stroke. Am J Cardiol. 
2007;99:867-870.

	31.	 Norris JW, Hachinski VC, Myers MG, Callow J, Wong T, Moore RW. 
Serum cardiac enzymes in stroke. Stroke. 1979;10:548-553.

	32.	 Chalela JA, Ezzeddine MA, Davis L, Warach S. Myocardial injury in 
acute stroke: a troponin I study. Neurocrit Care. 2004;1:343-346.

	33.	 Christensen H, Johannesen HH, Christensen AF, Bendtzen K, 
Boysen G. Serum cardiac troponin I in acute stroke is related to 
serum cortisol and TNF-alpha. Cerebrovasc Dis. 2004;18:194-199.

	34.	 Kaste M, Somer H, Konttinen A. Heart type creatine kinase 
isoenzyme (CK MB) in acute cerebral disorders. Br Heart J. 
1978;40:802-805.

	35.	 Ay H, Koroshetz WJ, Benner T, et al. Neuroanatomic correlates of 
stroke-related myocardial injury. Neurology. 2006;66:1325-1329.

	36.	 Vallés J, Lago A, Santos MT, et al. Neutrophil extracellular traps are 
increased in patients with acute ischemic stroke: prognostic signifi-
cance. Thromb Haemost. 2017;117:1919-1929.

	37.	 Wang X, Yang D, Liu J, Fan X, Ma A, Liu P. Prognostic value of culprit 
artery double-stranded DNA in ST-segment elevated myocardial in-
farction. Sci Rep. 2018;8:9294.

	38.	 Jeong JC, Kim JE, Gu JY, et al. Significance of the DNA-histone 
complex level as a predictor of major adverse cardiovascular events 
in hemodialysis patients: the effect of uremic toxin on DNA-histone 
complex formation. Blood Purif. 2016;41:64-71.

	39.	 Jorch SK, Kubes P. An emerging role for neutrophil extracellular 
traps in noninfectious disease. Nat Med. 2017;23:279-287.

https://orcid.org/0000-0002-8307-9820
https://orcid.org/0000-0002-8307-9820
https://orcid.org/0000-0001-9738-4204
https://orcid.org/0000-0001-9738-4204
http://opendata.hira.or.kr/op/opc/olap3thDsInfo.do
http://opendata.hira.or.kr/op/opc/olap3thDsInfo.do


     |  9 of 9LIM et al.

	40.	 Podlesniy P, Vilas D, Taylor P, Shaw LM, Tolosa E, Trullas R. 
Mitochondrial DNA in CSF distinguishes LRRK2 from idiopathic 
Parkinson's disease. Neurobiol Dis. 2016;94:10-17.

	41.	 Cervera-Carles L, Alcolea D, Estanga A, et al. Cerebrospinal fluid 
mitochondrial DNA in the Alzheimer's disease continuum. Neurobiol 
Aging. 2017;53:192.e1-192.e4.

	42.	 Connolly ID, Li Y, Gephart MH, Nagpal S. The, "liquid biopsy": the 
role of circulating DNA and RNA in central nervous system tumors. 
Curr Neurol Neurosci Rep. 2016;16:25.

	43.	 Wang HC, Yang TM, Lin WC, et al. The value of serial plasma and 
cerebrospinal fluid nuclear and mitochondrial deoxyribonucleic 
acid levels in aneurysmal subarachnoid hemorrhage. J Neurosurg. 
2013;118:13-19.

How to cite this article: Lim H-H, Jeong I-H, An G-D, et al. 
Evaluation of neutrophil extracellular traps as the circulating 
marker for patients with acute coronary syndrome and acute 
ischemic stroke. J Clin Lab Anal. 2020;34:e23190. https​://doi.
org/10.1002/jcla.23190​

https://doi.org/10.1002/jcla.23190
https://doi.org/10.1002/jcla.23190

