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Abstract

Background: Thromboinflammatory processes modulate the complex pathophysiology

of cerebral ischemia-reperfusion (I/R) injury in ischemic stroke, but the exact under-

lying mechanisms remain poorly understood. Emerging evidence indicates that

neutrophil extracellular traps (NETs) might play an important role in the thromboin-

flammatory cascade. In addition, the link between von Willebrand factor (VWF) and

neutrophil recruitment in the ischemic brain might promote thromboinflammation,

possibly by the formation of NETs.

Objectives: To study NET formation in a murine model of cerebral I/R injury in ischemic

stroke.

Methods: The filament–induced transient middle cerebral artery occlusion model was

used to induce 60 minutes of focal cerebral ischemia after which reperfusion was

allowed. At different time points postischemia, NETs were identified in the ischemic

mouse brain using quantitative immunofluorescence microscopy.

Results: NETs could be identified in the ipsilateral brain hemisphere. Interestingly,

NETs could already be detected at 6 hours poststroke. Their presence increased at 12

hours, was highest at 24 hours, and decreased again 48 hours postischemia. Remark-

ably, NETs were predominantly localized within the brain vasculature postischemia,

suggesting that NETs play a role in secondary microthrombosis. Strikingly, NET for-

mation was significantly decreased in VWF–deficient mice compared to littermate wild-

type mice 24 hours postischemia, indicating a possible role for VWF in promoting

NETosis in the ischemic brain.

Conclusion: This study identified the spatiotemporal profile of NET formation in a

mouse model of cerebral I/R injury in ischemic stroke. NETs, potentially in combination

with VWF, might be attractive targets for the development of novel therapeutic

strategies in ischemic stroke treatment.
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1 | INTRODUCTION

Ischemic stroke is still a major cause of death and permanent disability

worldwide [1]. It is caused by blood thrombi that obstruct cerebral

blood flow, leading to irreversible damage in the associated brain

tissue. Current treatment strategies focus on fast recanalization of the

occluded artery, either through thrombolysis with recombinant tissue-

plasminogen activator or via mechanical thrombectomy [2,3]. How-

ever, even when adequate blood supply to ischemic brain tissue is

restored rapidly, progressive stroke brain injury can still occur

through a process called ischemia-reperfusion (I/R) injury [4–6]. The

exact underlying pathophysiological mechanisms of cerebral I/R injury

are poorly understood, but several thromboinflammatory processes,

including endothelial activation, secondary microthrombotic events,

blood-brain-barrier (BBB) disruption, cerebral inflammation and dys-

regulation of the neurovascular unit, were shown to contribute to

worse clinical outcomes in ischemic stroke patients, irrespective of

early and successful reperfusion [7].

Neutrophil extracellular traps (NETs) are considered an important

mediator of the thromboinflammatory cascade in cerebral I/R injury.

NETs are released by activated neutrophils via a mechanism called

NETosis, by creating a mesh of decondensed chromatin lined with

granular components [8]. NETs are highly prothrombotic [9,10] and

can also contribute to local tissue damage by exerting toxic effects on

the surrounding cells [11–13]. Interestingly, elevated NET markers

have been shown to correlate strongly with poor stroke patient out-

comes regarding morbidity, disability, and mortality [13–18]. Recently,

the presence of NETs has been reported in postmortem brain tissues

of ischemic stroke patients [13]. Similarly, increased levels of circu-

lating DNA and nucleosomes were detected in mice subjected to

ischemic stroke [19]. In addition, treatment of ischemic stroke mice

with DNase (an endonuclease digesting DNA) or Cl-amidine (a pep-

tidylarginine deiminase inhibitor suppressing NET formation) has been

shown to be protective [12,19–23]. Yet, little is known about the

spatiotemporal formation of NETs during brain ischemia and reper-

fusion in stroke. In the present study, we aimed to study the spatio-

temporal profile of NET formation in a murine model of cerebral I/R

injury in ischemic stroke via quantitative immunofluorescence mi-

croscopy. Since von Willebrand factor (VWF) was previously shown to
promote neutrophil recruitment in the ischemic brain [24–26] and to

induce NETosis in vitro [27], the impact of VWF deficiency on NET

formation was also assessed.
2 | MATERIALS AND METHODS

2.1 | Animals

Animal experiments were approved by the local Ethical Committee for

Animal Experimentation (ECD, P050/2017 and P005/2021, KU

Leuven, Leuven, Belgium) and were performed in accordance with the

ARRIVE guidelines (http://www.nc3rs.org.uk) for the care and use of

laboratory animals. Surgeries were randomized for each experimental

condition. Experiments were performed on 8- to 12-week-old male

and female wild-type (WT) and littermate VWF-knockout (KO) [28]

mice with a C57Bl/6J background.
2.2 | Cerebral I/R injury mouse model

Transient middle cerebral artery (MCA) occlusion was conducted as

described earlier [29]. Briefly, anesthesia was induced with 5% iso-

flurane gas and maintained using 2% isoflurane gas mixed with med-

ical oxygen. Body temperature during surgery was maintained at 37

◦C (± 1 ◦C) using a temperature controller and heating pad. After a

midline incision in the neck, the right common and right external ca-

rotid arteries were exposed and ligated. A standardized silicon

rubber–coated 6.0 nylon monofilament (6021, Doccol Corp) was

inserted into the right common carotid artery and advanced via the

right internal carotid artery to occlude the origin of the right MCA and

induce cerebral ischemia. After 60 minutes, the monofilament was

withdrawn to allow reperfusion of the ischemic territory. Surgery time

did not exceed 15 minutes per animal. All mice received following

postoperative care: 1 mL saline was administered subcutaneously

every 24 hours to prevent dehydration, and Vetergesic (buprenor-

phine hydrochloride, 0.1 mg/kg, subcutaneous) was administered as

analgesic every 12 hours.

http://www.nc3rs.org.uk
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2.3 | Neutrophil depletion

Neutrophils were depleted by an intraperitoneal injection of 10 mg/kg

anti–mouse Ly6G (clone 1A8, Bio X Cell) 24 hours before induction of

ischemia. Neutrophil depletion was confirmed via the identification of

neutrophil count in whole blood (sampled from the orbital sinus) with

the VetScan HM5 hematology analyzer (Zoetis).
2.4 | Measurement of infarct volumes

After euthanasia of the animals through cervical dislocation, brains were

quickly isolated and 3 coronal slices of 2-mm thickness were cut using a

brain slice matrix and razor blades. To differentiate metabolic active

tissue from dead brain tissue, brain slices were stained with 2%

2,3,5-triphenyl-tetrazolium chloride (Sigma-Aldrich) in phosphate–

buffered saline at 37 ◦C for 10 minutes. Pictures were taken from the

triphenyl-tetrazolium chloride–stained brain slices with a Nikon D70

digital camera, and cerebral lesions were quantified blinded for experi-

mental condition in Image J software (National Institutes of Health).

Infarct sizes were corrected for edema using the following formula:

Vcorrected = Vuncorrected × [1 – (Vi – Vc)/Vc], where: Vi = ischemic hemi-

sphere; Vc = contralateral hemisphere; Vi – Vc = volume difference be-

tween Vi andVc; (Vi - Vc)/Vc = difference as a fraction of the contralateral

hemisphere.
2.5 | Immunofluorescent staining

Mouse brain slices were fixated in 4% paraformaldehyde for 24 hours

at 4 ◦C. Next, slices were incubated in 30% sucrose in phosphate–

buffered saline solution at 4 ◦C for 24 hours and then placed in optimal

cutting temperature compound (Sakura) and frozen on dry ice. These

frozen brain samples were used to cut cryosections of 9-μm thickness

(Leica CM3050S Cryostat). Brain cryosections derived from the middle

2-mm coronal slice of the brain were stained for the presence of NETs.

Prior to staining, brain sections were fixated for 15 minutes in ice-cold

acetone (−20 ◦C); washed in Tris–buffered saline (TBS); and blocked for

one hour at room temperature with blocking buffer containing 1%

normal donkey serum, 1% normal goat serum, 3% bovine serum albu-

min, and 0.1% Triton X-100 in TBS. Brain sections were incubated

overnight at 4 ◦C with the following primary antibodies: rat anti–mouse

Ly6G (1/500, eBioscience), goat anti–mouse myeloperoxidase (1/500,

R&D systems), and rabbit anti–mouse H3Cit (1/3000, Abcam). To stain

the cerebral vasculature, an FITC–labeled tomato-lectin antibody

(Lectin from Lycopersicon esculentum, 1/500, Merck Life Science B.V.)

was used. After incubation with primary antibodies, brain sections were

washed with TBS and incubated at room temperature with the

following secondary antibodies: Alexa Fluor 555 goat anti–rat IgG (1/

1000, ThermoFisher Scientific), Alexa Fluor 555 donkey anti–goat IgG

(1/1000, Abcam), and Alexa Fluor 647 donkey anti–rabbit IgG (1/1000,

Biolegend). Prolong Gold Antifade mounting solution with 4,6-

diamidino-2-phenylindole (DAPI, Invitrogen) was used to stain DNA.
As negative controls, following isotype control antibodies were used: rat

IgG2B kappa isotype control (1/500, eBioscience) and rabbit IgG iso-

type control (1/3000, Biolegend).
2.6 | Quantitative fluorescence microscopy

Images and tile scans were acquired using an Axio Observer Z1

inverted fluorescent microscope (Zeiss, Carl Zeiss AG) or a laser

scanning confocal microscope (LSM710, Zeiss). Images were pro-

cessed by the Zen software (blue edition, version 2.3, Zeiss). Individual

NETs were defined by the colocalization of DNA (DAPI), citrullinated

histones (H3Cit) and neutrophils (Ly6G), and thus included neutrophils

that were undergoing NETosis and neutrophils that already had

completely expelled their nuclear material. All NETs were counted in 3

different brain sections per mouse (front, middle, and back, within the

middle 2-mm coronal slice of the brain).
2.7 | Statistical analysis

All statistical analyses were conducted with GraphPad Prism version

8.0. Prior to statistical analysis, a Shapiro-Wilk test was used to test

for normal data distribution. An unpaired Student’s t-test (parametric

data) or Mann–Whitney test (nonparametric data) was used when

applicable. In case of paired nonparametric data, a Wilcoxon test was

performed. Spearman correlation analysis was used to investigate

correlations. All data are represented as dot plots with a bar graph,

including error bars indicating mean + SD.
3 | RESULTS

3.1 | NETs are formed in stroke brain tissue with a

peak at 24 hours postischemia

To gain more insight into the presence and spatiotemporal formation

of NETs during the ischemia and reperfusion phase of the stroke brain,

NET formation was studied at different time points. C57Bl/6J mice

were subjected to a transient occlusion of the MCA, and NETs were

visualized at the following 6 time points after induction of ischemia: 1

hour, 2 hours, 6 hours, 12 hours, 24 hours, and 48 hours. At the

indicated time points, mouse brains were harvested, and brain sec-

tions of the middle 2-mm coronal slice of the mouse brains were

prepared. These brain sections were stained for the presence of

neutrophils (anti–Ly6G antibody), DNA (DAPI), and citrullinated his-

tones (anti–H3Cit antibody), the colocalization of which is considered

a hallmark of NET formation (Figure 1A).

NET formation could be clearly observed in affected mouse brain

tissue at 6 hours, 12 hours, 24 hours, and 48 hours postischemia. To

quantify these NETs, tile scans of 3 different brain sections per mouse

were obtained (Figure 1B). Interestingly, NETs were absent at 1 hour

and 2 hours postischemia in the affected mouse brain. NETs could be



F I GUR E 1 Neutrophil extracellular trap (NET) formation in affected mouse brain tissue during cerebral ischemia-reperfusion injury. (A)

Transient focal cerebral ischemia was induced in C57Bl/6J mice by 1-hour occlusion of the right middle cerebral artery, followed by reperfusion

of the ischemic territory. At different time points after induction of ischemia (1, 2, 6, 12, 24, and 48 hours), mouse brains were harvested, and

infarct volumes were measured. To identify NETs, immunofluorescent staining for neutrophils (anti–Ly6G antibody, red), citrullinated histones

(anti–H3Cit antibody, green), and DNA (DAPI, blue) was performed on 3 brain sections per mouse of the middle 2-mm part of the brain.

Subsequently, NETs were visualized via fluorescence microscopy. (B) To quantify NETs, tile scans covering the complete brain section were

obtained and carefully screened for NETs (indicated with white arrows), which were found within the ipsilateral hemisphere and mostly within

the infarct core (white dotted line in the ipsilateral hemisphere) but not in the contralateral hemisphere. The red line indicates the division

between the ipsilateral (i) and contralateral (c) hemisphere. The orange rectangles depict an example and magnification of a NET. Scale bars are

10 μm. (C) Temporal profile of NET formation. Data are presented as the sum of NETs in 3 different brain sections per mouse + SD and are

represented for ipsi- and contralateral hemispheres. No NETs are present in the ischemic mouse brain at 1 hour and 2 hours postischemia. NETs

were detected in the affected ipsilateral hemisphere at 6 hours, their number increased at 12 hours, peaked at 24 hours, and started to

decrease again 48 hours postischemia. NETs were almost exclusively formed within the ipsilateral hemisphere at all time points. (D) NET

formation is related to the infarct surface of the middle 2-mm part of the mouse brain (Spearman r = 0,6027, P < .0001). (E) Examples of high

magnification pictures of NETs 24 hours poststroke. Scale bars are 10 μm.
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detected in the ipsilateral hemisphere at 6 hours, the number of NETs

increased at 12 hours, was highest at 24 hours, and again lower at 48

hours after induction of ischemia (Figure 1C). NET formation was

specific for the ipsilateral hemisphere and was as good as absent in the

contralateral hemisphere at all investigated time points (Figure 1C). In
the affected hemisphere, the vast majority of NETs was located within

the infarct area (data not shown). Moreover, correlation analysis

revealed that the intensity of NET formation in the infarct lesion at all

time points correlated with the infarct size poststroke (Spearman

r = 0.6027; p < .0001; Figure 1D).



F I GUR E 2 Spatial characteristics of neutrophil extracellular trap (NET) formation during ischemic stroke. Transient focal cerebral ischemia

was induced in C57Bl/6J mice by 60-minute occlusion of the right middle cerebral artery, followed by reperfusion. At different time points

postischemia (12, 24, and 48 hours), mice brain sections were stained for neutrophils (Ly6G, red), citrullinated histones (H3Cit, green), DNA

(DAPI, blue), and brain vasculature (lectin, white). NETs were predominantly located within the cerebral vasculature. Fluorescent images of

intravascular NETs are shown at 12, 24, and 48 hours postischemia. Scale bars are 10 μm.
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High magnification pictures of NETs at 24 hours are shown in

Figure 1E and are provided in the supplemental data set

(Supplementary Figure 1 and Supplementary Movies 1, 2, and 3). NET

formation was specific for MCA occlusion since NETosis was absent in

sham–operated mice (Supplementary Figure 2). As an additional

control, neutrophils were depleted 24 hours before stroke induction,

after which NET formation was investigated. The number of NETs was

clearly reduced or they were even absent 24 hours after induction of

ischemia in the absence of neutrophils (Supplementary Figure 3). In

addition, our microscopy data were verified using the neutrophil
marker myeloperoxidase instead of Ly6G, revealing similar NET

counts in all conditions (data not shown).
3.2 | NETs are predominantly located within the

cerebral vasculature during ischemic stroke

NETs hold the capacity to induce thrombotic events within circulation

and canexert cytotoxic effects on surrounding cells or tissues [9–13]. To

better understand the exact location of NET formation in the stroke



F I GUR E 3 The number of neutrophil extracellular traps (NETs) is reduced in the ischemic brain of von Willebrand factor (VWF)-knock-out

(KO) mice. Transient focal cerebral ischemia was induced in wild-type (WT) and littermate VWF-KO mice by 60-minute occlusion of the right

middle cerebral artery, followed by 23 hours of reperfusion. Brain sections were stained for neutrophils (Ly6G, red), citrullinated histones (H3Cit,

green), and DNA (DAPI, blue), after which NETs were quantified. (A) Representative tile scan of a WT mouse with white arrows pointing toward

NETs. The infarct core is depicted with the white dotted line. The orange rectangles depict fluorescent pictures of a NET, found within the infarct

core. Scale bars are 10 μm. (B) Representative tile scan of a VWF-KO mouse with white arrows pointing toward NETs. The infarct core is depicted

with the white dotted line. The orange rectangles depict fluorescent pictures of a NET, found within the infarct core. Scale bars are 10 μm. (C)

Quantification of the number of NETs in the ipsilateral hemisphere revealed a significantly lower number of NETs in VWF-KO mice compared to

WT mice 24 hours postischemia, both in absolute numbers (left) and in numbers corrected for infarct volume (right) (*P < .05, **P < .01).
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brain, we assessed the formation of intra- and extravascular NETs.

Apart from the immunofluorescent staining for NETs (Ly6G+, H3Cit+,

and DNA+), cerebral vasculature was also stained (lectin) at different

time points poststroke (6, 12, 24, and 48 hours). Representative images

of NETs in the ipsilateral hemisphere are shown in Figure 2. Interest-

ingly, the majority of NETs were found within the cerebral vessels. At 6

hours poststroke, all observed NETs were found intravascularly. At 12

hours, NETs could be detected within the brain parenchyma but the

large majority (approximately 75%, data not shown) was still localized

intravascularly. At 24 hours, the number of both intra- and extravas-

cular NETs increased, with about one-third of NETs found in the brain

parenchyma (data not shown). At 48 hours, most of the remainingNETs

were found within the vasculature.
3.3 | VWF deficiency is associated with significantly

decreased NET formation in the ischemic brain

In recent years, a pathophysiological role for VWF in ischemic stroke

has become apparent. Given the fact that we and other authors

identified an inflammatory role for VWF in stroke by the recruitment

of neutrophils via its A1 domain [24–26], our next aim was to inves-

tigate possible consequences of VWF deficiency on NET formation in

ischemic stroke. Both WT and littermate VWF-KO mice were sub-

jected to 60-minute occlusion of the right MCA, followed by 23 hours

of reperfusion. Subsequently, brains were harvested, and brain sec-

tions were stained for the presence of NETs (Ly6G+, H3Cit+, and

DNA+).
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In agreement with previous studies, a significantly reduced cere-

bral infarct was observed in VWF-KO mice compared to WT mice 24

hours postischemia (2-fold reduction, P < .05, data not shown) [30,31].

NETs could be observed in the affected brain hemisphere of both WT

and VWF-KO mice 24 hours after induction of ischemia (Figure 3A, B).

However, quantification revealed a 10-fold reduction in number of

NETs in VWF-KO mice compared to WT mice (P < .05, Figure 3C). To

assess whether lower NET formation was not merely a consequence

of the smaller infarct sizes observed in VWF-KO mice, the number of

NETs was normalized for the infarct size of the middle 2-mm part of

the mouse brain. After normalization for infarct size, the density of

NETs was still 10 times lower in VWF-KO mice compared to WT mice

24 hours postischemia (P < .01, Figure 3D).
4 | DISCUSSION

In this study, NETs were visualized in the ischemic brain of mice

subjected to transient occlusion of the MCA, and the tempo-spatial

profile of NET formation was characterized. We could observe NET

formation at 6 hours, and the numbers of NETs were highest at 24

hours postischemia. Moreover, NETs were primarily found within the

brain vasculature poststroke and, to a lesser extent, in the brain pa-

renchyma. Finally, NET formation was significantly reduced in the

brains of VWF–deficient mice during ischemic stroke.

NETs are web-like structures of decondensed chromatin, released

by activated neutrophils, and have been described as a potential

mediator of ischemic stroke brain damage [12,13,23,32]. The forma-

tion of NETs has been described within the affected brain tissue in

ischemic stroke in a few studies [11,12,20,33–36]. However, the pic-

ture remains far from complete, as it is still not clear when and where

exactly NETs are formed in the brain during ischemia and reperfusion.

To gain more insights into the presence of NETs in cerebral I/R injury,

we aimed to map the temporal profile of NETosis via quantitative

immunofluorescence microscopy. Significant NETosis could be detec-

ted 6 hours postischemia. Given the fact that the in vitro process of

NET formation takes at least 2 to 4 hours to complete [8], our results

indicate early triggering of NETosis during or after ischemia. Using a

rat model of permanent MCAO, Kim et al. [11] also reported the first

signs of H3Cit induction at 6 hours, indicating that NETosis can indeed

already start during ischemia and is thus not only a consequence of

reperfusion. Typically, the transient MCA occlusion mouse model in-

duces a peak volume of brain injury by 24 hours [37]. Considering that

NETs could already be observed at 6 and 12 hours postischemia,

before the cerebral lesion is fully established, it is possible that NETs

have a pathophysiological role in cerebral I/R injury in ischemic stroke.

In this context, targeting NETs in ischemic stroke has been shown to

be protective [12,19–23,32]. Indeed, treatment with DNase or Cl-

amidine significantly improved stroke outcomes by decreasing

infarct sizes and enhancing functional outcomes [12,19–23].

Rapid removal of the thrombus and consecutive vessel recanali-

zation do not always go alongwith an improved clinical outcome in 20%

to 60% of ischemic stroke patients [4–6]. Multiple processes, such as
secondary microthrombosis, BBB dysfunction, and inflammation, are

thought tobe the causesof progressivebraindamage in ischemic stroke,

but the exact cellular and molecular mechanisms remain incompletely

understood [7]. Interestingly, a novel finding of our studywas thatNETs

were mainly observed within the mouse brain vasculature, further

supporting the concept that NETs may contribute to or reinforce sec-

ondary microthrombosis, impairing efficient reperfusion of the micro-

circulation following recanalization. Indeed, using in vivo imaging

techniques, it has already been reported that neutrophils, platelet ag-

gregates, and red blood cells can plugmicrocapillaries in the salvageable

penumbra after efficient reperfusion [38–40]. Furthermore, removal of

circulating neutrophils using a depleting antibody restored cerebral

blood flow by modulating these microcapillary stalls, along with

decreased cellular damage and improved functional outcomes [40]. Of

note,NETswere recently foundwithin cerebral bloodvessels trapped in

neutrophil–rich thrombi in postmortem brain tissue of patients who

succumbed from ischemic stroke and have previously been shown to

mediatemicrovascular thrombosis inmyocardial infarction and cancer–

associated arterial microthrombosis, possibly by contributing to a pro-

coagulant state [13,41,42]. Mechanistically, it is therefore tempting to

speculate that intravascular NETs directly activate the coagulation

cascade and act as a platform for blood cell adhesion, activation, and

fibrin polymerization, leading to thrombus propagation [9,10,19,43].

Apart from microthrombus formation, the presence of intra- and

extravascular NETs will likely impact stroke outcomes by harming the

brain vasculature and aggravating neuronal injury. Extracellular his-

tones together with proteolytic enzymes can exert a cytotoxic reaction,

inducing neuronal and endothelial cell death, leading to BBB dysfunc-

tion [12,19,32,34,36,44–47]. Additionally, during delayed phases of

permanent ischemic stroke, NETs have been shown to impair vascular

remodeling and revascularization, most likely by activating the STING

pathway and increasing the production of IFN-β, thereby hampering

stroke recovery [12]. Taken together, targeting NETs might be a valu-

able option in ischemic stroke management to minimize secondary

injury cascades and thus improve patient outcomes. Future studies are

however needed to further explore the potential contribution of NETs

to stroke progression and outcomes, mainly using specific NET

inhibitors.

VWF was demonstrated to have a detrimental role in ischemic

stroke brain injury, both in clinical and preclinical studies [30,31,48,49].

The mechanisms by which VWF aggravates ischemic stroke outcomes

are however not fully resolved, but recent insights indicate a throm-

boinflammatory role of primarily theVWFA1domain,which is involved

in the recruitment of platelets and leukocytes. We previously showed

that blocking the VWFA1domain significantly reduced the recruitment

of neutrophils in the ischemic brain, which is associated with signifi-

cantly smaller infarct sizes [24]. In this study, we assessed whether this

also led to reduced NETosis. As expected, VWF deficiency is associated

with a significantly reduced number of NETs present in the ischemic

brain at 24 hours postischemia, which might be explained by the

reduced recruitment of neutrophils in the absence of VWF [26]. In

addition, it has been described that VWF directly promotes NETosis.

Indeed, the Slc44a2 receptor on neutrophils was recently identified as a
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receptor for VWF A1 and platelet GPIIbIIIa [27,50]. Under flow,

Slc44a2–mediated neutrophil adhesion to VWF, in combination with

specific shear conditions, induced neutrophil activation and subsequent

formation of NETs [27]. Moreover, the interaction of VWFwith platelet

GPIb induces the activation of platelet GPIIbIIIa, which, in turn, medi-

ates neutrophil binding. Slc44a2–mediated platelet binding leads to the

production ofNETs in vitrounderflow [50].Whether such a direct effect

of VWF on NETosis can also partly explain reduced NETosis in VWF–

deficient animals is difficult to determine in our study. Similarly,

whether reduced NETosis is a cause or consequence of the reduced

infarct sizes observed in VWF–deficient mice is not easy to establish,

but the fact that NETosis is still significantly lower in VWF–deficient

mice even after correction for infarct size hints a possible direct

involvement of VWF. Future studies addressing the VWF-Slc44a2

interaction can possibly better assess the direct role of VWF on

NETosis and its possible effect on infarct progression in ischemic stroke.

Another possible pathway through which VWF could promote NETosis

is the recruitment of platelets and subsequent releaseof soluble factors.

Platelet high mobility group box 1 has been shown to induce NET

formation in an experimental stroke model [51]. In addition, NET for-

mation was not induced by activated platelets of P-selectin–deficient

mice and was inhibited after administration of anti–P-selectin anti-

bodies in vitro [52]. Noteworthy, VWF–deficientmice have a defect in P-

selectin translocation to the endothelial surface, affecting leukocyte

recruitment after ischemic stroke [53].

In conclusion, this study sheds more light on the spatiotemporal

profile of NETosis during the course of cerebral ischemia and reper-

fusion in a mouse model of ischemic stroke and indicates a role for

VWF in promoting NET formation. Since NETs might be involved in

the thromboinflammatory cascade, NETs, possibly together with VWF,

might be attractive targets for the development of novel therapeutic

strategies in stroke treatment.
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Mur F, Salas-Perdomo A, et al. Location of neutrophils in different

compartments of the damaged mouse brain after severe ischemia/

reperfusion. Stroke. 2019;50:1548–57.

[34] Cai W, Liu S, Hu M, Huang F, Zhu Q, Qiu W, et al. Functional dy-

namics of neutrophils after ischemic stroke. Transl Stroke Res.

2020;11:108–21.
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