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Abstract: Neutrophil extracellular traps (NETs) have a dual role in the innate immune response
to thermal injuries. NETs provide an early line of defence against infection. However, excessive
NETosis can mediate the pathogenesis of immunothrombosis, disseminated intravascular coagulation
(DIC) and multiple organ failure (MOF) in sepsis. Recent studies suggest that high interleukin-8
(IL-8) levels in intensive care unit (ICU) patients significantly contribute to excessive NET generation.
This study aimed to determine whether IL-8 also mediates NET generation in patients with severe
thermal injuries. IL-8 levels were measured in serum samples from thermally injured patients with
>15% of the total body surface area (TBSA) and healthy controls (HC). Ex vivo NET generation
was also investigated by treating isolated neutrophils with serum from thermal injured patients or
normal serum with and without IL-8 and anti-IL-8 antibodies. IL-8 levels were significantly increased
compared to HC on days 3 and 5 (p < 0.05) following thermal injury. IL-8 levels were also significantly
increased at day 5 in septic versus non-septic patients (p < 0.001). IL-8 levels were also increased in
patients who developed sepsis compared to HC at days 3,5 and 7 (p < 0.001), day 10 (p < 0.05) and
days 12 and 14 (p < 0.01). Serum containing either low, medium or high levels of IL-8 was shown to
induce ex vivo NETosis in an IL-8-dependent manner. Furthermore, the inhibition of DNase activity
in serum increased the NET-inducing activity of IL-8 in vitro by preventing NET degradation. IL-8
is a major contributor to NET formation in severe thermal injury and is increased in patients who
develop sepsis. We confirmed that DNase is an important regulator of NET degradation but also a
potential confounder within assays that measure serum-induced ex vivo NETosis.

Keywords: burns; sepsis; neutrophil extracellular traps (NETs); interleukin-8 (IL-8); cell-free DNA
(cfDNA); DNase; actin

1. Introduction

Responsible for around 180,000 deaths annually, burns are a global significant public
health concern [1]. Thermal injuries result from tissue damage due to exposure to heat (e.g.,
fire, hot liquids), chemicals (e.g., acids, alkalis) or electricity (e.g., lightening, power lines)
and present significant clinical challenges because of their varied causes and severity [2].

Major thermal injuries lead to a systemic inflammatory response syndrome (SIRS) char-
acterised by an elevation in circulating pro-inflammatory cytokines [3]. SIRS is accompanied
by a compensatory anti-inflammatory response syndrome (CARS) that is characterised by
immune system impairment, which results in profound immunoparesis and an increased
risk of subsequent infection and sepsis [4].

Neutrophils are the predominant type of human-circulated leukocyte and play a cru-
cial role in the innate immune system, providing an immediate front-line defence against
pathogens such as bacteria, yeast, and fungi [5]. Neutrophils can eliminate pathogens
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through three distinct mechanisms: phagocytosis and the production of reactive oxygen
species (ROS), degranulation, and the formation of neutrophil extracellular traps (NETs).
Phagocytosis involves the engulfment and subsequent killing of bacteria. Degranulation
refers to the release of such antimicrobial proteins as neutrophil elastase and myeloperoxi-
dase, which aid in destroying pathogens. The process of neutrophils forming NETs was
initially described by Brinkmann et al. in 2004 [6]. NETs are web-like structures comprised
of chromatin, histones and antimicrobial proteins released by neutrophils to capture and
neutralise pathogens [7].

The mechanisms behind NET formation are still not fully understood and they oc-
cur not only through diverse stimulations and multiple signalling pathways, but with
unknown interdependence. Although the major pathways described include suicidal
and vital NETosis or mitochondrial DNA (mtDNA) release [8,9], it remains controversial
how both the suicidal and more rapid vital NETosis pathways co-exist and which are
more relevant in vivo. In the originally described suicidal pathway induced by phorbol
12-myristate 13-acetate (PMA) or bacteria, neutrophils release extracellular chromatin via
the NADPH oxidase 2 (NOX-2) dependent pathway, resulting in cell death [10,11]. NOX-2
is an enzyme complex responsible for generating ROS within the neutrophil and promotes
chromatin de-condensation and breakdown of nuclear and granular membranes [7,10].
The vital NETosis (NADPH oxidase independent) pathway can be induced through stim-
uli such as lipopolysaccharide (LPS) from Gram-negative bacteria and lipoteichoic acid
(LTA) from Gram-positive bacteria, interleukin-8 (IL-8) and tumour necrosis factor-alpha
(TNF-«x). These induce cytoskeletal rearrangements within the neutrophil, leading to the
formation of vesicles containing chromatin and antimicrobial proteins [12,13]. The mtDNA
release pathway is initiated by neutrophils in response to infection or stress within the
mitochondria. MtDNA, along with nuclear chromatin and other components of the NET,
is subsequently transported into the cytoplasm and released extracellularly [14]. Despite
the advances in this field, more research is required to fully understand the regulation and
mechanisms of NETosis.

Although NETs are widely recognised as an initial line of defence against infection,
excessive NETs are double-edged swords as they have also been observed in immunothrom-
bosis [15]. This promotes disseminated intravascular coagulation (DIC) [16,17], impairing
microcirculation flow and contributing to multiple organ failure (MOF) [18]. Deoxyribonu-
clease I (DNase I) is important for the homeostatic regulation of NETs [19]. Dinsdale et al.
(2020) and Hazeldine et al. (2021) demonstrated that DNase activity in serum is not only
capable of eliminating NETs in vitro, but it also can be inhibited by tissue-derived actin in
burns and trauma resulting in excessive unregulated NET formation [20,21].

Excessive NETosis can therefore occur during acute inflammation and sepsis. Laggner
et al. (2022) and Otawara et al. (2018) have illustrated that severe thermal injuries are
associated with excessive NET production in humans and rodents, respectively [22,23].
However, NET formation is not just initiated directly by microbes and PAMPs, but can also
be triggered by a range of pro-inflammatory mediators, including TNF-«, IL-8, activated
platelets and activated endothelial cells [24]. Furthermore, platelet-neutrophil interactions
have been shown to substantially contribute to initiating thrombosis via the rapid gen-
eration of NETs during vital NETosis [25]. Although we and others have demonstrated
that NETs are generated in patients with severe thermal injury, the pathophysiological
mechanism(s) of NET generation remains unclear.

IL-8 is a key cytokine and inflammatory mediator, which induces adhesion molecule
expression on the vessel wall, stimulating neutrophil rolling, adhesion and migration to
the tissues [26,27]. The biological effects of IL-8 are mediated by its binding to CXCR1 and
CXCR2, which are cognate G-protein-coupled CXC chemokine receptors. This binding
initiates a phosphorylation cascade that stimulates chemotaxis and neutrophil activation as
components of the inflammatory response [28-30]. However, dysregulated signalling along
the IL-8/CXCR1/2 axis has been recognised as a potential contributor to immunopathol-
ogy, which results in prothrombotic activation, neutrophil degranulation and NET gener-



Int. J. Mol. Sci. 2024, 25,7216

30f15

ation [31,32]. Teijeira et al. (2021) have illustrated that the concentrations of IL-8 needed
to trigger NETosis in human neutrophils are at least double those necessary for chemoat-
traction. IL-8-induced NETosis relies upon the activation of different pathways compared
to chemotaxis, with NET formation less reliant on G-proteins and more dependent upon
ROS generation [33]. Abrams et al. (2019) demonstrated that high IL-8 levels in plasma
or serum obtained from intensive care unit (ICU) patients significantly contribute to NET
formation [34]. In addition, Nie et al. (2019) have demonstrated that IL-8 contributes to
excessive NETosis in diffuse large B-cell lymphoma patients [35]. According to Kilic et al.
(2023), COVID-19 patients showed increased IL-8 levels, and serum from these patients
induced NETosis in vitro, which was reduced by co-culture with the IL-8 inhibitor, repar-
ixin. [36]. Here, based on these observations, we aimed to determine the potential role of
IL-8 in NET generation in patients with severe thermal injury.

2. Results
2.1. Circulating IL-8 Levels in Thermal Injury

Serum IL-8 levels were measured in healthy controls (HC = 10) and burn patients from
the day of hospital admission to month 24 post-burn. Figure 1A illustrates longitudinal
IL-8 levels in burns patients and HC, with IL-8 levels significantly higher at days 3 and
5 post-burn (p < 0.05). Figure 1B shows the comparison of IL-8 levels between burns
patients who did or did not develop sepsis. IL-8 concentrations were significantly higher at
day 5 post-burn in patients with sepsis (p < 0.001). A comparison of IL-8 levels between
patients with and without sepsis and HC found IL-8 was significantly increased in patients
who developed sepsis compared to HC at days 3, 5, 7 (p < 0.001), 10 (p < 0.05) 12 and 14
(p < 0.01) (Figure 1C,D).
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Figure 1. IL-8 levels in thermal injury: (A) Shows IL-8 levels in Healthy Control (HC) and burns
serum samples from admission to D14, D28, M3, M6, and M12. IL-8 levels were significantly in-
creased on days 3 and 5 compared to HC. (B) A comparison between IL-8 levels in burns patients who
developed sepsis or not. IL-8 levels were significantly higher in septic than non-septic burns on D5.
(C,D) illustrate the IL-8 level differences for non-septic and septic burns, respectively, compared to HC
IL-8 levels. Non-septic burns were not significantly different from HC. In burns patients who devel-
oped sepsis, IL-8 levels were significantly increased on days 5-14 compared to HC. p value *** < 0.001,
** <0.01, * < 0.05. (ns) not significant.
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2.2. NET Formation Can Be Induced by IL-8 in Serum from Severe Burns Patients

Fluorescence microscopy was used to assess the capacity of burns serum containing
IL-8 to induce ex vivo NET generation by neutrophils isolated from HC. Figure 2 shows a
comparison of NET formation by untreated and PMA-treated neutrophils, which served as
negative and positive controls, respectively. Untreated neutrophils retained their normal
nuclear morphology and size. PMA stimulation induced NETs consisting of extracellular
chromatin labelled with SYTOX Green and an anti-CitH3 Ab. Neutrophils treated with
serum containing high levels of IL-8 generated NETs. In contrast, neutrophils stimulated
by serum from HC did not generate NETs (Figure 2). Treatment with 100 pg/mL of
recombinant IL-8 in either RPMI medium or HC serum-induced NETs (Figure 2).

HC + 100pg/ml
ol s [ R HIL-8 HC 100pg/ml IL-8 2

Figure 2. IL-8 induces ex-vivo NETosis. Isolated neutrophils were untreated as a negative control
(UT) or stimulated with positive control (PMA), burn patient serum containing a high IL-8 (H
IL-8) level (725.49 pg/mL), HC serum, 100 pg/mL recombinant IL-8 or HC serum supplemented
with 100 pg/mL IL-8 for 4 h. Induced NETs were labelled with SYTOX Green and anti-citH3 Ab.
Composite between cells double labelled with SYTOX and anti-citH3 Ab shows co-localisation. The

scale bar represents 0.1 mm. Images are representative of five independent experiments.
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We next determined whether there was a dose-response effect of serum IL-8 levels on
NET generation. Serum samples were classified into three groups: high IL-8 serum (H IL-8)
contained very high levels (>500 pg/mL); medium IL-8 serum (M IL-8) contained between
150 and 500 pg/mL and low IL-8 (L IL-8) contained <150 pg/mL. Figure 3A illustrates a
clear dose-response effect of serum IL-8 with H IL-8 serum increasing NET formation > M
IL-8 and L IL-8 serum. Quantification of generated NETs using Image] software (Figure 3B)
confirmed that H IL-8 serum and the PMA positive control significantly increased NETosis
compared to untreated control (p < 0.05). Measurement of supernatant cell-free DNA
(cfDNA) levels (Figure 3C) also confirmed a dose-response effect of serum IL-8 levels
on NET generation. Given that DNase activity is present within serum, the data would
suggest that cfDNA is being released from NETs in the presence of serum, as demonstrated
previously by Dinsdale et al. (2020) [20].
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Figure 3. NET formation correlates with IL-8 levels in burns serum: (A) Fluorescent microscopy
of NETs induced by burns serum containing either high (H), medium (M) or low (L) levels of IL-8,
compared to HC serum. Generated NETs were labelled with SYTOX green and an anti-CitH3 Ab.
(B) Quantification of NETs in all treatment conditions. (C) CfDNA levels in the supernatants of

treated neutrophils. [ANOVA p value] *** < 0.001, ** < 0.01, * < 0.05. (ns) not significant. Data are
representative of n = 5.

2.3. Inhibition of DNase Increases NET Generation by IL-8 Serum

To test whether serum samples were potentially degrading NETs, identical experi-
ments were performed in the presence and absence of the specific DNase inhibitor, actin.
Figure 4 illustrates that by inhibiting DNase I with actin, more extensive NET generation
occurred (Figure 4A-C), with less liberation of cfDNA into the supernatants (Figure 4D).
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Figure 4. DNase I inhibition induces more extensive NET formation by serum IL-8: (A) Fluorescent
microscopy of neutrophils stimulated with high (H), medium (M) or low (L) IL-8 levels in the absence
or presence of 2.5 M actin. Released chromatin was labelled with an anti-CitH3 Ab. (B) Comparison
of NET formation by neutrophils stimulated with H, M, L IL-8, or HC supplemented with 100 pg/mL
IL-8 with or without actin. (C) NET formation of H, M and L IL-8 serum. (D) cfDNA levels in burns
IL-8 groups with or without actin. [t-test p value]: * < 0.05, ** < 0.01. (ns) not significant. Data are

representative of n

=5.
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2.4. IL-8 Is a Major Contributor to Burns Serum NET-Inducing Capacity

To determine whether IL-8 is the predominant mediator of NETosis in burns serum,
experiments were undertaken in the presence of an anti-IL-8 monoclonal antibody (mAb).
Figure 5 illustrates that the addition of an anti-IL-8 mAb significantly reduced NET gener-
ation compared to an isotype control within H and M IL-8 serum samples (p < 0.05) and
inhibited the action of recombinant IL-8 added to normal serum (p < 0.05).

Treated NEUTs with serum samples

Figure 5. The effect of anti-IL-8 antibodies on NET formation. NET quantification induced by burns
serum from high (H), medium (M) or low (L) IL-8 samples, recombinant IL-8, anti-IL-8 Ab isotype, or
supplemented HC serum in the presence of 2.5 uM actin and with or without anti-IL-8 Ab. [t-test
p value]: * < 0.05. (ns) not significant. Data are representative of n = 5.

2.5. IL-8 Levels Are Significantly Correlated with cfDNA Levels in Severe Thermal Injury

We determined if there was a correlation between circulating IL-8 and cfDNA levels
in burns. Table 1 shows a significant correlation between IL-8 and cfDNA levels in burns
from admission day to month 3. The p value was <0.05 on days 1 and 3, and <0.001 on days
5,7,10,12, 14, and 28 with R value ranging from 0.46 to 0.79. The overall correlation is also
significant with a p value < 0.001, and an R value of 0.53 (Figure 6).



Int. J. Mol. Sci. 2024, 25,7216 8of15

Table 1. Correlation between IL-8 and cfDNA levels in thermal injuries (n = 96).

Days Number of Burn Patients Correlation (Y/N) p Value R Value
DAY 1 78 Y* 0.0259 0.2523
DAY 3 69 Y * 0.0425 0.2449
DAY 5 69 Y <0.0001 0.4578
DAY 7 66 Y <0.0001 0.5096

DAY 10 60 Y <0.0001 0.6917
DAY 12 59 Y <0.0001 0.7687
DAY 14 57 Y <0.0001 0.6744
DAY 28 38 Y <0.0001 0.7902
Month 3 10 Y 0.0036 0.8207
Overall 506 Y <0.0001 0.53

p value ** < 0.001, ** < 0.01, * < 0.05.
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Figure 6. The overall IL-8 correlation with cfDNA levels in thermal injuries. Significant overall
correlation between IL-8 and cfDNA levels in thermal injuries (n = 96). p value: *** < 0.0001.

3. Discussion

NET formation was first described by Brinkmann et al. (2004) [6]. Neutrophils aug-
ment their antimicrobial capabilities via the release of NETs, which consist of extracellular
chromatin adorned with histones and other granular proteins [37]. These NETs have been
recognised as components of the innate immune response, potentially exerting a combina-
tion of therapeutic or pathogenic effects [6,37,38]. As NETs are important as mediators of
DIC and MOF in burns patients with sepsis, they not only offer potential new prognostic
biomarkers but point to a range of potential new therapies to either inhibit their forma-
tion or degradation [39]. Therefore, understanding the pathophysiological mechanisms
by which NETs are generated and degraded is key for identifying and optimising new
therapeutic targets.

In 2019, Abrams et al. demonstrated that high IL-8 levels in the serum from ICU
patients were a major contributor to NET formation [34]. This has also been demonstrated
in diffuse large B-cell lymphoma patients [35]. In this study, we show that IL-8 levels are
significantly increased in patients with severe thermal injury on days 3 and 5 following
injury compared to healthy controls. Comparison of levels between patients with and
without sepsis also demonstrated increased levels at day 5 in patients who developed
sepsis. Furthermore, IL-8 levels in patients who developed sepsis were significantly higher
than healthy controls at the majority of time points from day 3 to day 14 following injury.
Our findings confirm previous studies showing increased IL-8 levels following thermal
injuries and its significant correlation with septic burns [40—44].
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We next investigated the biological activity of serum containing low to high IL-8
levels on the capacity to induce ex vivo NET generation. Our initial results confirmed that
incubating neutrophils with serum containing high concentrations of IL-8 induced NET
formation in contrast to the negative control of healthy control serum. Supplementing
healthy control serum with 100 pg/mL recombinant IL-8 as a positive control also confirmed
the ability of IL-8 to induce ex vivo NET production. We then categorised the burns serum
into three groups based on their IL-8 levels (low, medium and high) and investigated
their capacity to induce NET generation. As expected, there was a dose-response effect
correlating with the levels of serum IL-8, an observation that confirms the study by Abrams
et al. in ICU patients [34].

Various studies have demonstrated the involvement of other pro-inflammatory me-
diators in the generation of NETs. For example, cytokines such as IL-1f3 and TNF-o have
been shown to be involved in NET production in SIRS subjects [44-46]. Moreover, Itagaki
et al. (2015) demonstrated significant NET generation by treating purified neutrophils with
mitochondrial DNA [47]. In addition, Zhang et al. (2020) reported that IL-17 promotes
NET production by recruiting neutrophils and triggering NETosis in pancreatic cancer
patients [48]. Van Avondt et al. (2023) have shown that released iron from red blood
cells (RBC) also contributes to NETosis [49]. Additionally, heme has been identified as
a significant mediator that triggers neutrophil adhesion, which is dependent on nuclear
factor-kappa B (NF«B) and ROS pathways [50]. Recently, Teng et al. (2024) emphasised
the ability of interferon-gamma (IFNy) to generate NETs and proposed its potential use in
enhancing the activity of eliminating tumours in microsatellite stable colorectal cancer [51].

In the experiments we conducted on serum IL-8 dose-response effects on ex vivo NE-
Tosis, we also measured cfDNA in cell supernatants. Interestingly, these results confirmed a
dose-response effect, with increased cfDNA correlating with high, medium and low levels
of IL-8. However, given that DNase activity is also present within the serum, the data would
also suggest that cfDNA is being released from NETs in the presence of serum, particularly
as the PMA-positive control in the absence of serum induced the most NETs observed by
microscopy but with a reduced amount of released cfDNA in the supernatant compared to
serum samples. DNase activity is therefore a potential confounding variable when using
serum samples in these experiments. We therefore tested this hypothesis by performing
identical experiments in the presence and absence of a specific DNase inhibitor actin. These
experiments confirmed that the inhibition of DNase caused a significant increase in NET
formation as observed by microscopy. However, this also reduced the release of cfDNA in
the supernatants and demonstrates that ex vivo experiments on NETs using serum as an
inducer ideally need to take this into account and may underestimate the true magnitude
of NET formation measured.

Major tissue damage following severe burns results in the excessive release of circu-
lating actin from tissues, which directly inhibits DNase I [21,52,53]. Dinsdale et al. (2020)
previously demonstrated that actin reduces DNase I activity and that the actin scavenging
system normally protects DNase I activity, which is important for NET homeostasis. [20]. In
line with these observations, we found that in vitro inhibition of DNase I activity by actin
resulted in increased NET formation with less degradation into cfDNA in the supernatants.
A limitation of this study is that we were unable to study any potential relationship be-
tween IL-8 and actin levels in burns samples as the presence of actin was only qualitatively
analysed by Western blotting in our previous study (Dinsdale et al., 2020) [20].

To determine whether IL-8 is the predominant mediator of NETosis in burns serum,
experiments were undertaken in the presence of an anti-IL-8 monoclonal antibody. The
addition of an anti-IL-8 mAb not only significantly reduced NET generation by high and
medium IL-8 serum samples (p < 0.05) but also inhibited the action of recombinant IL-8
added to normal serum (p < 0.05). Given the magnitude of the inhibition observed, it seems
likely that IL-8 is a major contributor to NET formation in thermal injury both in vivo and
within ex vivo assays but also suggests that other mediators are likely to be involved.
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Our results suggest that increased IL-8 levels may contribute to excessive NETosis
that subsequently results in cfDNA elevation levels in thermal patients due to NET degra-
dation by DNase. Previously, we have demonstrated that cfDNA levels are also elevated
post-thermal injury [54]. Therefore, we evaluated the relationship between IL-8 and ¢fDNA
levels in burns. Our data demonstrate a significant correlation between IL-8 and cfDNA
levels in burns from admission day to month 3. The overall correlation was also significant,
suggesting that high IL-8 levels significantly contribute to increased NET-derived circu-
lating cfDNA levels, which are a pro-inflammatory damage-associated molecular pattern
(DAMP) biomarker for DIC and MOF [16,18,55].

In conclusion, this study demonstrates the importance of serum IL-8 in inducing NET
formation following thermal injury. Levels of circulating IL-8 were shown not only to be
increased in patients with burn injury, but also to be increased in patients that developed
sepsis. Furthermore, an ex vivo dose-response effect was confirmed that could be inhibited
by anti-IL-8 antibodies. Inhibition of DNase activity in serum by actin not only confirms
the importance of this enzyme in the regulation of NETs but also demonstrates its potential
as a confounding variable in serum-based neutrophil stimulation assays.

4. Materials and Methods
4.1. Study Design

The Scientific Investigation of the Biological Pathways Following Thermal Injury-2
(SIFTI-2) is an ongoing observational cohort study at Queen Elizabeth University Hospital
Birmingham enrolling patients with moderate-to-severe burn injuries: >15% and >20%
of the total body surface area (TBSA) in adults and children, respectively [56]. Patients
are admitted and recruited through the major trauma and burns centres at the Queen
Elizabeth Hospital Birmingham. Daily blood samples are collected from patients from
hospital admission to day 14 post-burn, as well as at day 28, and months 3, 6, 12 and
24 post-injury. Clinical data are collected and held in anonymous databases that contain
clinical assessments, injury severity and key biomarkers. Sepsis was diagnosed according
to classical ABA criteria [57].

This study was approved by the research ethics committee (REC reference:16/ WM/
0217) [56].

4.2. Patient Cohort

A total of 96 burn patients were included in the study. The median age of patients was
49 years (range 16-84 years), and the median burn size was 32% total body surface area
(TBSA) (range 15-85%). The incidence of sepsis was 51.2% and mortality was 20.8%. Septic
status was not determined for 12 patients due to early mortality from non-septic causes or
study withdrawal. Detailed patient demographics are displayed in Table 2.

Table 2. Patient demographics.

Characteristic Burns Patients (n = 96)
Age, years (range) 49 (16-84)
Gender, (M:F) 74:22
% TBSA (range) 32 (15-85)
% FT TBSA (range) 11 (0-80)

Inhalation injury (Y:N) 39:57
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Table 2. Cont.

Characteristic Burns Patients (n = 96)

Mechanism of injury

Flash, n (%) 7 (7.29)
Flame, n (%) 79 (82.29)
Flame and flash, n (%) 5 (5.20)
Electrical, n (%) 1(1.04)
Scald, n (%) 4(4.17)
ABSI (range) 8 (2-14)
Baux (range) 80 (34-143)
rBaux (range) 89 (39-160)
SOFA 6 (0-17)
Sepsis Y:N (%) 43:41 (51.2)
Mortality Y:N (%) 20:76 (20.83)

Abbreviations: TBSA (total body surface area), FT (Full-thickness), ABSI (A Body Shape Index), Baux (a burn
mortality prediction system), rBaux (revised Baux indication), SOFA (Sequential Organ Failure Assessment).

4.3. Blood Sampling and Preparation of Serum and Plasma

Blood samples were collected from 96 thermally injured patients (TBSA > 15%) at
days 1-14, day 28, and months 3, 6 and 12 post-injury. Blood samples were collected into
vacutainers containing sodium citrate or z-serum clotting activator for the preparation
of platelet-free plasma and serum, respectively. To generate serum, vacutainers were left
at room temperature for 30 min, centrifuged at 1620x g for 10 min, and the serum was
aliquoted and stored at —80 °C. Platelet-free plasma was isolated from sodium citrate tubes
as described by Hampson et al. (2017) [54].

4.4. Measurement of IL-8 Levels

IL-8 levels in healthy controls (HC; N = 10) and burns patients were measured in
serum samples. Samples were diluted 1:4 with 1% BSA (Bovine Serum Albumin) (Sigma-
Aldrich, Poole, UK) in PBS (Phosphate-Buffered Saline) (Sigma-Aldrich, Poole, UK) and
analysed using a multiplex assay according to manufacturer’s instructions (Bio-Rad, Hert-
fordshire, UK).

4.5. Ex Vivo NET Generation

Blood samples were collected from healthy volunteers into EDTA tubes through
venepuncture of the antecubital vein. A complete blood count (CBC) test was performed
for each sample using a full-blood cell counter (XN1000, Sysmex UK, Milton Keynes). Blood
was then transferred into 50 mL Falcon tubes containing 2% dextran T-500 in normal saline
to sediment erythrocytes for 40 min. The neutrophils were extracted using a discontinuous
density gradient of Percoll (Sigma-Aldrich, Poole, UK). The neutrophils were suspended
in RPMI 1640 medium (Sigma-Aldrich, Poole, UK) containing 10% heat-inactivated foetal
bovine serum, 2 mM glutamine, 100 U/mL penicillin, and 100 pg/mL streptomycin (Sigma-
Aldrich, Poole, UK) and counted within the XN1000. The final concentration of isolated
neutrophils was made at 20 x 10%/mL.

NET generation was performed by stimulating neutrophils with burn serum sam-
ples categorised as having either low (<150 pg/mL), medium (150-500 pg/mL), or high
(>500 pg/mL) levels of IL-8 based on the description d by Abrams et al. (2019) [34]. In brief,
patient or healthy control serum (90 uL) was incubated with 10 pL purified neutrophils
(20 x 10°/mL) from healthy individuals for 4 h at 37 °C and 5% CO, in glass chamber
slides (BD Biosciences, UK). Untreated and treated neutrophils stimulated with 25 nM
phorbol myristate acetate (PMA) in RPMI 1640 Medium (ThermoFisher, Cheshire, UK)
supplemented with 2 mM glutamine, 100 U/mL penicillin, and 100 pg/mL streptomycin
were performed as negative and positive controls, respectively. Recombinant human IL-8
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(Fine-Test Biotech, Boulder, US) (100 pg/mL) was also used to induce NETosis in RPMI
1640 as a positive control. Post-incubation, cells were fixed with 2% paraformaldehyde
(Sigma-Aldrich, Poole, UK) for 30 min. After fixation, supernatants were collected into
0.5 mL Eppendorf tubes. Cells were washed with sterile PBS and stained for 5 min with
5 uM SYTOX green (ThermoFisher, Cheshire, UK). After washing, cells were incubated
with 1% BSA in PBS for one hour. Extracellular NETs were incubated with 1 ng/mL
anti-citrullinated histone antibody (anti-citH3 Ab) (Abcam, Cambridge, UK) or an isotype
control (Abcam, Cambridge, UK) overnight at 4 °C. Cells were then washed with 1% BSA
in PBS and stained with 0.1 ug/mL Donkey anti-Rabbit IgG secondary antibody conjugated
to Alexa Fluor™ 488 (ThermoFisher, Cheshire, UK) for one hour. Lastly, cells were washed
with 1% BSA in PBS and visualised by immunofluorescence microscopy (<20 magnifi-
cation). In some samples, 1 ug/mL of human IL-8 monoclonal antibody (R&D Systems,
MAB208-100, Abingdon, UK) or a mouse IgG1 isotype control (R&D systems, Abingdon,
UK) was incubated for 15 min in isolated neutrophils at 37 °C and 5% CO, before treating
cells with serum or recombinant IL-8 to inhibit the production of NETs by IL-8To inhibit
potential degradation of generated NETs by DNase I, some serum samples were also treated
with 2.5 uM Actin (Sigma-Aldrich, Poole, UK) for 30 min prior to incubation. Generated
NETs were semi-quantified by fluorescence microscopy using Image]J software.

Cell-free DNA (cfDNA) levels in supernatants were measured according to the method
by Goldshteub et al. (2009) [58]. The supernatants of untreated and treated samples,
after fixation, were collected into 0.5 mL Eppendorf tubes and centrifuged at 2200x g for
2 min. For more accuracy, healthy and burn serum samples were incubated alone without
neutrophils in different wells with similar conditions as controls for cfDNA levels of treated
neutrophil samples. After centrifugation, 50 uL of cell-free supernatants was transferred
to wells of a 96-well flat-bottomed black plate (Corning, Flintshire, UK) and stained for
10 min at room temperature with 0.5 mM SYTOX green. Lambda DNA (ThermoFisher,
Cheshire, UK) was included to generate a A-DNA standard curve ranging from 1000 ng/mL
to 0 ng/mL. Fluorescence was measured using a BioTek Synergy 2 fluorometric plate
reader (NorthStar Scientific Ltd., Sandy, UK) with excitation and emission set at 485 and
528 nm, respectively.

4.6. Statistics

Statistical analysis was performed using GraphPad Prism software. Data distribution
was determined using a Kolmogorov-Smirnov test. IL-8 concentrations at each timepoint
were compared to HCs (n = 10) values using a Kruskal-Wallis test. IL-8 levels of septic
and non-septic burns patients were compared via Two Way ANOVA test. Generated NETs
and chromatin were compared by One Way ANOVA test. The comparison between treated
groups in NETs or ¢fDNA generation in the presence or absence of actin and anti-IL-8
Ab was made via a Student’s t-test. The relationship continuous values between IL-8 and
cfDNA were measured by Spearman correlation test. Generated NETs were semi-quantified
by microscopy using Image] software (version 1.54f). A statistically significant result was
defined with a p value < 0.05.

Author Contributions: Conceptualization, A.A., J.H., N.M. and PH.; methodology, A.A. and PH.;
software, A.A_; validation, A.A., PH. and ]J.H.; formal analysis, A.A. and J.H.; investigation, A.A;
data curation, A.A.; writing—original draft preparation, A.A.; writing—review and editing, PH. and
J.H.; visualization, A.A.; supervision, P.H.; project administration, N.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the research ethics committee
(REC reference:16/WM/0217).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be mad e available by the authors upon reasonable request.



Int. J. Mol. Sci. 2024, 25,7216 13 of 15

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organisation. Burns. Available online: https:/ /www.who.int/news-room/fact-sheets/detail /burns (accessed on
12 June 2024).

2. McCann, C.; Watson, A.; Barnes, D. Major burns: Part 1. Epidemiology, pathophysiology and initial management. BJA Educ. 2022,
22,94-103. [CrossRef]

3.  Farina, J.A,, Jr.,; Rosique, M.].; Rosique, R.G. Curbing inflammation in burn patients. Int. J. Inflamm. 2013, 2013, 715645. [CrossRef]
[PubMed]

4. Xiao, W,; Mindrinos, M.N.; Seok, J.; Cuschieri, J.; Cuenca, A.G.; Gao, H.; Hayden, D.L.; Hennessy, L.; Moore, E.E.; Minei, J.P,; et al.
A genomic storm in critically injured humans. J. Exp. Med. 2011, 208, 2581-2590. [CrossRef]

5. Liew, P.X,; Kubes, P. The Neutrophil’s Role During Health and Disease. Physiol. Rev. 2019, 99, 1223-1248. [CrossRef]

6. Brinkmann, V.; Reichard, U.; Goosmann, C.; Fauler, B.; Uhlemann, Y.; Weiss, D.S.; Weinrauch, Y.; Zychlinsky, A. Neutrophil
extracellular traps kill bacteria. Science 2004, 303, 1532-1535. [CrossRef] [PubMed]

7. Brinkmann, V,; Zychlinsky, A. Neutrophil extracellular traps: Is immunity the second function of chromatin? J. Cell Biol. 2012, 198,
773-783. [CrossRef]

8. Bronkhorst, A.].; Ungerer, V.; Oberhofer, A.; Gabriel, S.; Polatoglou, E.; Randeu, H.; Uhlig, C.; Pfister, H.; Mayer, Z.; Holdenrieder,
S. New Perspectives on the Importance of Cell-Free DNA Biology. Diagnostics 2022, 12, 2147. [CrossRef]

9. Huang, J.; Hong, W.; Wan, M.; Zheng, L. Molecular mechanisms and therapeutic target of NETosis in diseases. MedComm 2022,
3, e162. [CrossRef]

10. Boeltz, S.; Amini, P.; Anders, H.].; Andrade, F.; Bilyy, R.; Chatfield, S.; Cichon, I.; Clancy, D.M.; Desai, J.; Dumych, T.; et al. To NET
or not to NET:current opinions and state of the science regarding the formation of neutrophil extracellular traps. Cell Death Differ.
2019, 26, 395-408. [CrossRef]

11. Liu, M.L,; Lyu, X.; Werth, V.P. Recent progress in the mechanistic understanding of NET formation in neutrophils. FEBS |. 2022,
289, 3954-3966. [CrossRef]

12. Yipp, B.G.; Kubes, P. NETosis: How vital is it? Blood 2013, 122, 2784-2794. [CrossRef] [PubMed]

13.  Kenny, E.F; Herzig, A.; Kruger, R.; Muth, A.; Mondal, S.; Thompson, P.R.; Brinkmann, V.; Bernuth, H.V.; Zychlinsky, A. Diverse
stimuli engage different neutrophil extracellular trap pathways. Elife 2017, 6, e24437. [CrossRef] [PubMed]

14. Caielli, S.; Athale, S.; Domic, B.; Murat, E.; Chandra, M.; Banchereau, R.; Baisch, J.; Phelps, K.; Clayton, S.; Gong, M.; et al.
Oxidized mitochondrial nucleoids released by neutrophils drive type I interferon production in human lupus. J. Exp. Med. 2016,
213, 697-713. [CrossRef] [PubMed]

15. Yang,].; Wu, Z,; Long, Q.; Huang, ].; Hong, T.; Liu, W.; Lin, J. Insights Into Immunothrombosis: The Interplay Among Neutrophil
Extracellular Trap, von Willebrand Factor, and ADAMTS13. Front. Immunol. 2020, 11, 610696. [CrossRef] [PubMed]

16. Delabranche, X; Stiel, L.; Severac, F; Galoisy, A.C.; Mauvieux, L.; Zobairi, F.; Lavigne, T.; Toti, F.; Angles-Cano, E.; Meziani, F.;
et al. Evidence of Netosis in Septic Shock-Induced Disseminated Intravascular Coagulation. Shock 2017, 47, 313-317. [CrossRef]
[PubMed]

17.  Stiel, L.; Mayeur-Rousse, C.; Helms, J.; Meziani, F,; Mauvieux, L. First visualization of circulating neutrophil extracellular traps
using cell fluorescence during human septic shock-induced disseminated intravascular coagulation. Thromb. Res. 2019, 183,
153-158. [CrossRef] [PubMed]

18. Cedervall, J.; Zhang, Y.; Huang, H.; Zhang, L.; Femel, J.; Dimberg, A.; Olsson, A K. Neutrophil Extracellular Traps Accumulate in
Peripheral Blood Vessels and Compromise Organ Function in Tumor-Bearing Animals. Cancer Res. 2015, 75, 2653-2662. [CrossRef]
[PubMed]

19. Meng, W.; Paunel-Gorgulu, A.; Flohe, S.; Witte, I.; Schadel-Hopfner, M.; Windolf, ].; Logters, T.T. Deoxyribonuclease is a potential
counter regulator of aberrant neutrophil extracellular traps formation after major trauma. Mediat. Inflamm. 2012, 2012, 149560.
[CrossRef] [PubMed]

20. Dinsdale, RJ.; Hazeldine, J.; Al Tarrah, K.; Hampson, P.; Devi, A.; Ermogenous, C.; Bamford, A.L.; Bishop, J.; Watts, S.; Kirkman,
E.; et al. Dysregulation of the actin scavenging system and inhibition of DNase activity following severe thermal injury. Br. J.
Surg. 2020, 107, 391-401. [CrossRef]

21. Hazeldine, J.; Dinsdale, R.J.; Naumann, D.N.; Acharjee, A.; Bishop, ].R.B.; Lord, ].M.; Harrison, P. Traumatic injury is associated
with reduced deoxyribonuclease activity and dysregulation of the actin scavenging system. Burns Trauma 2021, 9, tkab001.
[CrossRef]

22. Laggner, M.; Lingitz, M.T.; Copic, D.; Direder, M.; Klas, K.; Bormann, D.; Gugerell, A.; Moser, B.; Radtke, C.; Hacker, S.; et al.
Severity of thermal burn injury is associated with systemic neutrophil activation. Sci. Rep. 2022, 12, 1654. [CrossRef]

23. Otawara, M.; Roushan, M.; Wang, X.; Ellett, F.; Yu, Y.M.; Irimia, D. Microfluidic Assay Measures Increased Neutrophil Extracellular
Traps Circulating in Blood after Burn Injuries. Sci. Rep. 2018, 8, 16983. [CrossRef]

24. Kaplan, M.J.; Radic, M. Neutrophil extracellular traps: Double-edged swords of innate immunity. J. Immunol. 2012, 189, 2689-2695.

[CrossRef]


https://www.who.int/news-room/fact-sheets/detail/burns
https://doi.org/10.1016/j.bjae.2021.10.001
https://doi.org/10.1155/2013/715645
https://www.ncbi.nlm.nih.gov/pubmed/23762773
https://doi.org/10.1084/jem.20111354
https://doi.org/10.1152/physrev.00012.2018
https://doi.org/10.1126/science.1092385
https://www.ncbi.nlm.nih.gov/pubmed/15001782
https://doi.org/10.1083/jcb.201203170
https://doi.org/10.3390/diagnostics12092147
https://doi.org/10.1002/mco2.162
https://doi.org/10.1038/s41418-018-0261-x
https://doi.org/10.1111/febs.16036
https://doi.org/10.1182/blood-2013-04-457671
https://www.ncbi.nlm.nih.gov/pubmed/24009232
https://doi.org/10.7554/eLife.24437
https://www.ncbi.nlm.nih.gov/pubmed/28574339
https://doi.org/10.1084/jem.20151876
https://www.ncbi.nlm.nih.gov/pubmed/27091841
https://doi.org/10.3389/fimmu.2020.610696
https://www.ncbi.nlm.nih.gov/pubmed/33343584
https://doi.org/10.1097/SHK.0000000000000719
https://www.ncbi.nlm.nih.gov/pubmed/27488091
https://doi.org/10.1016/j.thromres.2019.09.036
https://www.ncbi.nlm.nih.gov/pubmed/31678710
https://doi.org/10.1158/0008-5472.CAN-14-3299
https://www.ncbi.nlm.nih.gov/pubmed/26071254
https://doi.org/10.1155/2012/149560
https://www.ncbi.nlm.nih.gov/pubmed/22315507
https://doi.org/10.1002/bjs.11310
https://doi.org/10.1093/burnst/tkab001
https://doi.org/10.1038/s41598-022-05768-w
https://doi.org/10.1038/s41598-018-34952-0
https://doi.org/10.4049/jimmunol.1201719

Int. J. Mol. Sci. 2024, 25,7216 14 of 15

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Fuchs, T.A ; Brill, A.; Duerschmied, D.; Schatzberg, D.; Monestier, M.; Myers, D.D., Jr.; Wrobleski, S.K.; Wakefield, T.W.; Hartwig,
J.H.; Wagner, D.D. Extracellular DNA traps promote thrombosis. Proc. Natl. Acad. Sci. USA 2010, 107, 15880-15885. [CrossRef]
[PubMed]

Kovach, M.A; Standiford, T.J. The function of neutrophils in sepsis. Curr. Opin. Infect. Dis. 2012, 25, 321-327. [CrossRef]
Apostolakis, S.; Vogiatzi, K.; Amanatidou, V.; Spandidos, D.A. Interleukin 8 and cardiovascular disease. Cardiovasc. Res. 2009, 84,
353-360. [CrossRef]

Holmes, W.E,; Lee, J.; Kuang, W.J.; Rice, G.C.; Wood, W.I. Structure and functional expression of a human interleukin-8 receptor.
Science 1991, 253, 1278-1280. [CrossRef] [PubMed]

Wu, L.; Ruffing, N.; Shi, X.; Newman, W.; Soler, D.; Mackay, C.R.; Qin, S. Discrete steps in binding and signaling of interleukin-8
with its receptor. J. Biol. Chem. 1996, 271, 31202-31209. [CrossRef] [PubMed]

Waugh, D.J.; Wilson, C. The interleukin-8 pathway in cancer. Clin. Cancer Res. 2008, 14, 6735-6741. [CrossRef]

Ha, H.; Debnath, B.; Neamati, N. Role of the CXCL8-CXCR1/2 Axis in Cancer and Inflammatory Diseases. Theranostics 2017, 7,
1543-1588. [CrossRef]

Kaiser, R.; Leunig, A.; Pekayvaz, K.; Popp, O.; Joppich, M.; Polewka, V.; Escaig, R.; Anjum, A.; Hoffknecht, M.L.; Gold, C,;
et al. Self-sustaining IL-8 loops drive a prothrombotic neutrophil phenotype in severe COVID-19. JCI Insight 2021, 6, e150862.
[CrossRef] [PubMed]

Teijeira, A.; Garasa, S.; Ochoa, M.D.C; Cirella, A.; Olivera, I.; Glez-Vaz, J.; Andueza, M.P; Migueliz, I.; Alvarez, M.; Rodriguez-
Ruiz, M.E,; et al. Differential Interleukin-8 thresholds for chemotaxis and netosis in human neutrophils. Eur. J. Immunol. 2021, 51,
2274-2280. [CrossRef] [PubMed]

Abrams, S.T.; Morton, B.; Alhamdi, Y.; Alsabani, M.; Lane, S.; Welters, 1.D.; Wang, G.; Toh, C.H. A Novel Assay for Neutrophil
Extracellular Trap Formation Independently Predicts Disseminated Intravascular Coagulation and Mortality in Critically Il
Patients. Am. J. Respir. Crit. Care Med. 2019, 200, 869-880. [CrossRef] [PubMed]

Nie, M.; Yang, L.; Bi, X.; Wang, Y.; Sun, P,; Yang, H.; Liu, P; Li, Z,; Xia, Y.; Jiang, W. Neutrophil Extracellular Traps Induced by IL8
Promote Diffuse Large B-cell Lymphoma Progression via the TLR9 Signaling. Clin. Cancer Res. 2019, 25, 1867-1879. [CrossRef]
[PubMed]

Kilic, I.B.; Yasar, A.; Yalim Camci, I.; Guzel, T.; Karahasan, A.; Yagci, T.; Cine, N.; Kandilci, A. NETosis Induced by Serum of
Patients with COVID-19 is Reduced with Reparixin or Antibodies Against DEK and IL-8. Turk. J. Immunol. 2023, 11, 127-135.
[CrossRef]

Brinkmann, V.; Zychlinsky, A. Beneficial suicide: Why neutrophils die to make NETs. Nat. Rev. Microbiol. 2007, 5, 577-582.
[CrossRef] [PubMed]

Papayannopoulos, V.; Metzler, K.D.; Hakkim, A.; Zychlinsky, A. Neutrophil elastase and myeloperoxidase regulate the formation
of neutrophil extracellular traps. J. Cell Biol. 2010, 191, 677-691. [CrossRef] [PubMed]

Dinsdale, R.J.; Devi, A.; Hampson, P.; Wearn, C.M.; Bamford, A.L.; Hazeldine, J.; Bishop, J.; Ahmed, S.; Watson, C.; Lord, ].M.;
et al. Changes in novel haematological parameters following thermal injury: A prospective observational cohort study. Sci. Rep.
2017, 7, 3211. [CrossRef]

Kraft, R.; Herndon, D.N.; Finnerty, C.C.; Cox, R.A.; Song, J.; Jeschke, M.G. Predictive Value of IL-8 for Sepsis and Severe Infections
After Burn Injury: A Clinical Study. Shock 2015, 43, 222-227. [CrossRef]

Yamada, Y.; Endo, S.; Inada, K. Plasma cytokine levels in patients with severe burn injury-with reference to the relationship
between infection and prognosis. Burns 1996, 22, 587-593. [CrossRef]

Vindenes, H.; Ulvestad, E.; Bjerknes, R. Increased levels of circulating interleukin-8 in patients with large burns: Relation to burn
size and sepsis. J. Trauma 1995, 39, 635-640. [CrossRef] [PubMed]

Al-Ani, EW.; Fahad, H.M. Detection of the Level of Interleukin-8 in the Serum of Burn Patients by ELISA Technique. Arch. Razi
Inst. 2023, 78, 1087-1093.

Sobouti, B.; Ghavami, Y.; Asadifar, B.; Jafarzadeh, M.; Ghelman, M.; Vaghardoost, R. Determination of Serum Levels of Interleukin-
6, Interleukin-8, Interleukin-10, and Tumor Necrosis-Alpha and their Relationship with the Total Body Surface Area in Children.
J. Burn Care Res. 2020, 41, 539-543. [CrossRef]

Keshari, R.S.; Jyoti, A.; Dubey, M.; Kothari, N.; Kohli, M.; Bogra, ].; Barthwal, M.K.; Dikshit, M. Cytokines induced neutrophil
extracellular traps formation: Implication for the inflammatory disease condition. PLoS ONE 2012, 7, e48111. [CrossRef] [PubMed]
Czaikoski, P.G.; Mota, ].M.; Nascimento, D.C.; Sonego, F.; Castanheira, F.V.; Melo, P.H.; Scortegagna, G.T.; Silva, R.L.; Barroso-
Sousa, R.; Souto, FO.; et al. Neutrophil Extracellular Traps Induce Organ Damage during Experimental and Clinical Sepsis. PLoS
ONE 2016, 11, e0148142. [CrossRef] [PubMed]

Itagaki, K.; Kaczmarek, E.; Lee, Y.T.; Tang, I.T; Isal, B.; Adibnia, Y.; Sandler, N.; Grimm, M.].; Segal, B.H.; Otterbein, L.E,;
et al. Mitochondrial DNA released by trauma induces neutrophil extracellular traps. PLoS ONE 2015, 10, e0120549. [CrossRef]
[PubMed]

Zhang, Y.; Chandra, V.; Riquelme Sanchez, E.; Dutta, P.; Quesada, P.R.; Rakoski, A.; Zoltan, M.; Arora, N.; Baydogan, S.; Horne,
W.; et al. Interleukin-17-induced neutrophil extracellular traps mediate resistance to checkpoint blockade in pancreatic cancer.
J. Exp. Med. 2020, 217, €20190354. [CrossRef]


https://doi.org/10.1073/pnas.1005743107
https://www.ncbi.nlm.nih.gov/pubmed/20798043
https://doi.org/10.1097/QCO.0b013e3283528c9b
https://doi.org/10.1093/cvr/cvp241
https://doi.org/10.1126/science.1840701
https://www.ncbi.nlm.nih.gov/pubmed/1840701
https://doi.org/10.1074/jbc.271.49.31202
https://www.ncbi.nlm.nih.gov/pubmed/8940121
https://doi.org/10.1158/1078-0432.CCR-07-4843
https://doi.org/10.7150/thno.15625
https://doi.org/10.1172/jci.insight.150862
https://www.ncbi.nlm.nih.gov/pubmed/34403366
https://doi.org/10.1002/eji.202049029
https://www.ncbi.nlm.nih.gov/pubmed/33963542
https://doi.org/10.1164/rccm.201811-2111OC
https://www.ncbi.nlm.nih.gov/pubmed/31162936
https://doi.org/10.1158/1078-0432.CCR-18-1226
https://www.ncbi.nlm.nih.gov/pubmed/30446590
https://doi.org/10.4274/tji.galenos.2024.74745
https://doi.org/10.1038/nrmicro1710
https://www.ncbi.nlm.nih.gov/pubmed/17632569
https://doi.org/10.1083/jcb.201006052
https://www.ncbi.nlm.nih.gov/pubmed/20974816
https://doi.org/10.1038/s41598-017-03222-w
https://doi.org/10.1097/SHK.0000000000000294
https://doi.org/10.1016/S0305-4179(96)00052-6
https://doi.org/10.1097/00005373-199510000-00003
https://www.ncbi.nlm.nih.gov/pubmed/7473946
https://doi.org/10.1093/jbcr/irz180
https://doi.org/10.1371/journal.pone.0048111
https://www.ncbi.nlm.nih.gov/pubmed/23110185
https://doi.org/10.1371/journal.pone.0148142
https://www.ncbi.nlm.nih.gov/pubmed/26849138
https://doi.org/10.1371/journal.pone.0120549
https://www.ncbi.nlm.nih.gov/pubmed/25774524
https://doi.org/10.1084/jem.20190354

Int. J. Mol. Sci. 2024, 25,7216 15 of 15

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Van Avondt, K.; Schimmel, M.; Bulder, I.; van Mierlo, G.; Nur, E.; van Bruggen, R.; Biemond, B.J.; Luken, B.M.; Zeerleder, S.
Circulating Iron in Patients with Sickle Cell Disease Mediates the Release of Neutrophil Extracellular Traps. Transfus. Med.
Hemother. 2023, 50, 321-329. [CrossRef] [PubMed]

Miguel, L.I; Leonardo, F.C.; Torres, L.S.; Garcia, F.; Mendonca, R.; Ferreira, W.A., Jr.; Gotardo, EIM.F,; Fabris, F.C.Z.; Brito, P.L.;
Costa, EF; et al. Heme induces significant neutrophil adhesion in vitro via an NFkappaB and reactive oxygen species-dependent
pathway. Mol. Cell Biochem. 2021, 476, 3963-3974. [CrossRef]

Teng, HW.; Wang, T.Y,; Lin, C.C.; Tong, Z.].; Cheng, HW.; Wang, H.T. Interferon gamma induces higher neutrophil extracellular
traps leading to tumor-killing activity in microsatellite stable colorectal cancer. Mol. Cancer Ther. 2024, online ahead of print.
[CrossRef]

Eulitz, D.; Mannherz, H.G. Inhibition of deoxyribonuclease I by actin is to protect cells from premature cell death. Apoptosis 2007,
12,1511-1521. [CrossRef]

Belsky, ].B.; Morris, D.C.; Bouchebl, R.; Filbin, M.R.; Bobbitt, K.R.; Jaechne, A.K.; Rivers, E.P. Plasma levels of F-actin and F:G-actin
ratio as potential new biomarkers in patients with septic shock. Biomarkers 2016, 21, 180-185. [CrossRef] [PubMed]

Hampson, P.; Dinsdale, R.J.; Wearn, C.M.; Bamford, A.L.; Bishop, ].R.B.; Hazeldine, J.; Moiemen, N.S.; Harrison, P,; Lord, ]. M.
Neutrophil Dysfunction, Immature Granulocytes, and Cell-free DNA are Early Biomarkers of Sepsis in Burn-injured Patients:
A Prospective Observational Cohort Study. Ann. Surg. 2017, 265, 1241-1249. [CrossRef] [PubMed]

Sakuma, M.; Wang, X.; Ellett, E; Edd, J.F.; Babatunde, K.A; Viens, A.; Mansour, M.K ; Irimia, D. Microfluidic capture of chromatin
fibres measures neutrophil extracellular traps (NETs) released in a drop of human blood. Lab Chip 2022, 22, 936-944. [CrossRef]
[PubMed]

Hazeldine, J.; McGee, K.C.; Al-Tarrah, K.; Hassouna, T.; Patel, K.; Imran, R.; Bishop, J.R.B.; Bamford, A.; Barnes, D.; Wilson, Y,;
et al. Multicentre, longitudinal, observational cohort study to examine the relationship between neutrophil function and sepsis in
adults and children with severe thermal injuries: A protocol for the Scientific Investigation of the Biological Pathways Following
Thermal Injury-2 (SIFTI-2) study. BM]J Open 2021, 11, €052035. [CrossRef]

Greenhalgh, D.G.; Saffle, ].R.; Holmes, ].H.t.; Gamelli, R.L.; Palmieri, T.L.; Horton, ].W.; Tompkins, R.G.; Traber, D.L.; Mozingo,
D.W.,; Deitch, E.A_; et al. American Burn Association consensus conference to define sepsis and infection in burns. J. Burn Care
Res. 2007, 28, 776-790. [CrossRef]

Goldshtein, H.; Hausmann, M.].; Douvdevani, A. A rapid direct fluorescent assay for cell-free DNA quantification in biological
fluids. Ann. Clin. Biochem. 2009, 46, 488-494. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1159/000526760
https://www.ncbi.nlm.nih.gov/pubmed/37767280
https://doi.org/10.1007/s11010-021-04210-5
https://doi.org/10.1158/1535-7163.MCT-23-0744
https://doi.org/10.1007/s10495-007-0078-4
https://doi.org/10.3109/1354750X.2015.1126646
https://www.ncbi.nlm.nih.gov/pubmed/26754286
https://doi.org/10.1097/SLA.0000000000001807
https://www.ncbi.nlm.nih.gov/pubmed/27232244
https://doi.org/10.1039/D1LC01123E
https://www.ncbi.nlm.nih.gov/pubmed/35084421
https://doi.org/10.1136/bmjopen-2021-052035
https://doi.org/10.1097/BCR.0b013e3181599bc9
https://doi.org/10.1258/acb.2009.009002

	Introduction 
	Results 
	Circulating IL-8 Levels in Thermal Injury 
	NET Formation Can Be Induced by IL-8 in Serum from Severe Burns Patients 
	Inhibition of DNase Increases NET Generation by IL-8 Serum 
	IL-8 Is a Major Contributor to Burns Serum NET-Inducing Capacity 
	IL-8 Levels Are Significantly Correlated with cfDNA Levels in Severe Thermal Injury 

	Discussion 
	Materials and Methods 
	Study Design 
	Patient Cohort 
	Blood Sampling and Preparation of Serum and Plasma 
	Measurement of IL-8 Levels 
	Ex Vivo NET Generation 
	Statistics 

	References

