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Abstract

Objective: Recruitment of neutrophils and formation of neutrophil extracellular traps (NETS)
contribute to lethality in acute mesenteric infarction. To study the impact of the gut microbiota in
acute mesenteric infarction, we used gnotobiotic mouse models to study whether gut commensals
prime the reactivity of neutrophils towards NETOosis.

Approach and Results: We applied a mesenteric ischemia-reperfusion (I/R) injury model to
germ-free (GF) and colonized C57BL/6J mice. By intravital imaging, we quantified leukocyte
adherence and NET formation in I/R-injured mesenteric venules. Colonization with gut microbiota
or monocolonization with Escherichia coli augmented the adhesion of leukocytes, which was
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dependent on the Toll-like receptor-4 (TLR4) / TIR-domain-containing adapter-inducing
interferon-p (TRIF) pathway. Although neutrophil accumulation was decreased in I/R-injured
venules of GF mice, NETosis following I/R injury was significantly enhanced compared with
conventionally raised (CONV-R) mice or mice colonized with the minimal microbial consortium
altered Schaedler flora (ASF). Also ex-vivo, neutrophils from GF and antibiotic-treated mice
showed increased lipopolysaccharide (LPS)-induced NETosis. Enhanced TLR4 signaling in GF
neutrophils was due to elevated TLR4 expression and augmented IRF3 phosphorylation. Likewise,
neutrophils from antibiotic-treated CONV-R mice had increased NET formation before and after
ischemia. Increased NETosis in I/R injury was abolished in CONV-R mice deficient in the TLR
adaptor TRIF. In support of the desensitizing influence of enteric LPS, treatment of GF mice with
LPS via drinking water diminished LPS-induced NETosis /n vitro and in the mesenteric I/R injury
model.

Conclusions: Collectively, our results identified that the gut microbiota suppresses NETing
neutrophil hyperreactivity in mesenteric I/R injury, while ensuring immunovigilance by enhancing
neutrophil recruitment.

Graphical Abstract
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Introduction

Acute mesenteric ischemia (AMI) is a life-threatening clinical situation in which occlusion

of the superior mesenteric artery reduces the blood flow to the intestine. This condition
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potentially leads to bowel wall necrosis with perforation, followed by peritonitis and
multiple organ failure.l: 2 Necrosis triggers the sequestration of polymorphonuclear
neutrophils (PMN) within affected intestinal sections, producing reactive oxygen species
(ROS).3 During mesenteric infarction, the recruitment of leukocytes dictates the extent of the
ischemia-reperfusion injury. Prolonged ischemia of the intestine causes tissue damage from
reperfusion, mediated by the increased production of ROS due to neutrophil accumulation,
leading to increased microvascular permeability.*

In AMI, the role of the commensal gut microbiota is largely unexplored. Intestinal ischemia
disrupts the intestinal barrier and results in the translocation of gut bacteria and bacterial
products, such as lipopolysaccharides (LPS), into the systemic circulation, thereby
promoting the development of multiple organ failure.> In support of a role of the gut
microbiota in intestinal ischemia-reperfusion (I/R) injury, decontamination of gut
commensals was shown to protect from organ failure.8 Microbial-associated molecular
patterns (MAMPs) stimulate pattern-recognition receptors in the host, evoking various (and
even opposite) biological responses. Dependent on the host colonization status, muramyl
dipeptide signaling, engaging pattern recognition through nucleotide-binding
oligomerization domain-containing protein 2 (NOD?2), is protective against I/R-induced
intestinal injury.” This indicates that the presence of gut microbiota supports the resilience of
intestinal tissues to resist I/R injury. Conversely, it was demonstrated that signaling via the
adaptor molecule myeloid differentiation primary response gene 88 (MyD88) by the gut
microbiota promotes acute intestinal and lung injury, inflammation and endothelial damage.8

Even if the role of gut microbiota as a trigger of TLR4 signaling is well-established, its
impact in the recruitment of leukocytes and platelets to I/R damaged mesenteric venules and
its influence on the formation of neutrophil extracellular traps (NETS) is unexplored. TLR
signaling pathways are induced during small intestinal ischemia,® contributing to I/R injury.
10 TLR4 activation results in a complex signaling cascade, involving the recruitment of the
Toll/interleukin-1 receptor (TIR) domain containing adaptor proteins (MYD88), TIR-
associated protein (TIRAP), MYD88 adaptor like protein (MAL), TIR-domain-containing
adapter-inducing interferon-p (TRIF) and TRIF-related adaptor molecule (TRAM).11 Since
TRAM interacts with TRIF to phosphorylate tumor necrosis factor receptor-associated factor
3 (TRAF3), yielding in interferon regulatory factor-3 (IRF3) phosphorylation, whereas
TIRAP interacts with MYD88 to phosphorylate interleukin-1 receptor-associated kinase 4
(IRAK4), TLR4 signaling is subdivided into a MYD88-dependent and a MYD88-
independent TRIF-mediated pathway.1! The deficiency of the adaptor proteins MYD88 or
TRIF is generally used to investigate the TLR4 receptor downstream signaling pathway.

In mesenteric I/R injury, the endothelial adhesion mechanisms of leukocytes and their
extravasation into the surrounding tissue, together with platelet deposition, play an important
role. During ischemia, the surface exposure of P-selectin by activated microvascular
endothelial cells together with the release of von Willebrand factor from endothelial cell
Weibel-Palade bodies supports platelet deposition, leukocyte rolling, adhesion, and
aggregate formation in the small intestinal microcirculation.12 13 Blockade of P-selectin
strongly reduced platelet rolling and adhesion in mesenteric I/R injury.14 Since platelets
from P-selectin-deficient mice adhere normally post-ischemia when transfused into WT
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recipient mice, but adhesion of WT platelets is nearly absent in P-selectin-deficient recipient
mice, the platelet-endothelium interactions in the mesenteric I/R mouse model are primarily
dependent on the P-selectin expression of the vascular endothelium.1# Furthermore, the
interaction of endothelial intercellular adhesion molecule-1 (ICAM-1) with the leukocyte 2
integrin Mac-1 is a critical determinant in microcirculatory ischemia-reperfusion injury.15 16
While the expression of ICAM-1 has been shown to be reduced in the mesenteries of germ-
free (GF) mice,17 it remains elusive if the colonization status of the host influences
leukocyte adhesion during AMI via the interaction of P-selectin on activated endothelial
cells and platelets with its counter-receptor P-selectin glycoprotein ligand-1 (PSGL-1),
expressed on leukocytes (including neutrophils and monocytes).

Activated PMNSs, together with eosinophils and basophils, are the first line of the innate
immune defence, undergoing a specialized form of programmed cell death. Augmented by
the interaction with P-selectin of platelets with PSGL-1,18 neutrophils release granule
proteins and chromatin that form extracellular DNA fibres, called neutrophil extracellular
traps (NETSs), which bind and prevent the dissemination of bacteria.1% 20 The activation of
PMNs with LPS results in chromatin decondensation, followed by energy-dependent NET
production.?1: 22 |n addition to their recognized role in promoting arterial and venous
thrombus formation,23: 24 the formation of NETs was also observed in the microvascular
I/R-injured myocardium and the I/R-injured intestine2> 26, While the role of NETs in
preventing the dissemination of pathogenic bacteria during sepsis has been well defined, the
contribution of the commensal microbiota in NET formation in the mesenteric
microvasculature during mesenteric ischemia-reperfusion is entirely unresolved. Under this
condition, resident gut microbes leak into the portal circulation and need to be sequestered
by activated neutrophils to prevent spreading to the systemic circulation.

As the impact of the gut microbiota on leukocyte adhesion and NETosis in mesenteric I/R
injury is unexplored, we here set out to analyse these key leukocyte functions in I/R-injured
mesenteric venules of GF mice compared to conventionally raised (CONV-R) counterparts.
To grasp the dynamic nature of vascular microbiota-host interactions, we studied leukocyte
adherence and NETosis in gnotobiotic mouse models by using GF mice that lack
colonization with a gut microbiota or CONV-R mice that were depleted from their
commensal microbiota by treatment with broad-spectrum antibiotics (Abx). Taking
advantage of germ-free isolator technology, we conducted colonization experiments to
address the role of gram-negative (Escherichia coli JP313) and gram-positive (Bacillus
subtilisPY79) colonizers as well as colonization with a minimal microbial consortium
(altered Schaedler flora; ASF) on leukocyte adhesion and NETosis in mesenteric ischemia-
reperfusion injury. To pinpoint the involvement of TLR4, we studied mouse models deficient
in critical elements of this signaling pathway. Furthermore, to figure out if the revealed
changes in LPS-induced NETosis are an inherent trait of GF neutrophils, we explored the
cell-intrinsic reactivity of neutrophils from GF mice in cell culture assays with isolated bone
marrow neutrophils.
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Materials and Methods

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Animals.

TLR4™721, MyD88728, Trif”=2%, MyD88™~ x Trif”~, altered Schaedler flora colonized
(ASF) mice housed in flexible-film isolators30, and TLR4/fl x VVE-Cdh-Cre*, TLR4WUWE x
VE-Cdh-Cre* 31 mice on a C57BL6 background were used for the experiments. Further
C57BL/6N and Swiss Webster mice were used in control experiments. C57BL/6J,
C57BL/6N and Swiss Webster mice were maintained as GF mouse colonies in sterile
flexible film mouse isolator systems. The germ-free status of mice was verified every second
week by 16S rDNA PCR and by bacterial culture testing. Conventionally raised (CONV-R)
SPF C57BL/6J, C57BL/6N and Swiss Webster mice originate from the same colonies.
Conventionally derived mice (CONV-D) were born GF and recolonized with a normal gut
microbiota at an age of 5-12 weeks; offsprings of these mice at weaning were used as
indicated. All the compared groups were fed the same standard laboratory diet (IPS, LabDiet
5021) and were co-housed, multiple litters were represented in each group. Cecal microbiota
donor mice were randomized. Cecal content was solved in 3 mL PBS and 200 pL were
administered by oral gavage in each conventionalization experiment. C57BL/6J GF mice
were monocolonized with the Escherichia coli strain JP 313 (provided by Evelyne Turlin,
Institute Pasteur, Paris, France)32 and Bacillus subtilis PY79, a prototrophic variant
engineered from the wild type 168 strain33: 34 (provided by Prof. Ezio Ricca, University of
Naples, Naples, Italy) in germ-free flexible film isolators. At ODggonm = 0.6, a 200 pl-
aliquot of the £. coli suspension was administered to each mouse by oral gavage. For mono-
colonization with B. subtilis, a suspension of 1.33x108 B. subtilis spores in 200 pl sterile
PBS was administered to each mouse by oral gavage. Mice were analyzed following 14 days
of colonization. C57BL/6J mice were colonized with the minimal microbial consortium
altered Schaedler flora (ASF), were kept for several generations in sterile isolators and
analysed at the age of 6-8 weeks. All experimental animals were 5-12 weeks old male or
female mice housed in the Translational Animal Research Center (TARC) of the University
Medical Center Mainz under specific pathogen-free (SPF) or GF conditions in EU type Il
cages with 2-5 cage companions with standard autoclaved lab diet and water ad libitum, 22
+ 2 °C room temperature and a 12 h light/dark cycle. All groups of mice were age-matched
and free of clinical symptoms. Due to limited space in isolators and restricted number of
littermates, male and female germ-free mice were used for the studies. All procedures on
mice were approved by the local committee on legislation of animals
(Landesuntersuchungsamt Rheinland-Pfalz, Koblenz, Germany; G11-1-025, G13-1-035,
G13-1-072, and G16-1-013).

Administration of broad-spectrum antibiotics (Abx) and LPS.
For depletion of gut microbes, CONV-R C57BL/6J mice were treated with broad-spectrum
antibiotics (1 g/L ampicillin, Carl Roth, Germany; 1 g/L neomycin, Sigma-Aldrich, USA,
0,5 g/L vancomycin, Hikma, UK; and 1 g/L metronidazole, Sigma-Aldrich, USA) for 14
days via the drinking water according to an established protocol.3 36 To evaluate the role of
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metabolic endotoxemia3” on neutrophil reactivity and NET formation, germ-free C57BL/6J
mice were treated for one week with lipopolysaccharide (100 ug/mL, LPS-EB Ultrapure,
E.coli 0111:B4, InvivoGen, USA) via the drinking water. Treated mice were daily
monitored.

Mouse LPS ELISA kit.

EDTA-anticoagulated whole blood was collected by intracardial puncture and the assay was
performed according to manufacturefs instructions (Mouse Lipopolysaccharides (LPS)
ELISA kit, Cusabio, USA).

Isolation of mouse bone marrow neutrophils.

Previously described protocols were applied and modified.38: 39 Mice were sacrificed by
cervical dislocation and the skin was removed from the legs. The remaining muscles and the
end of the femur and tibia were cut. The bone marrow was flushed through a 70 um cell
strainer with HBSS wash buffer (HBSS supplemented with 25 mM HEPES and 10% FCS)
and the collected bone marrow suspension was centrifuged at 300xg for 10 min. The
supernatant was removed and the pellet was resuspended in HBSS and HEPES. For isolating
the neutrophils, the suspension was overlayed on a Histopaque gradient (4 mL Histopaque
1119 under 4 mL Histopaque 1077) and centrifuged for 30 min at 700xg without brake. The
isolated neutrophils were carefully collected at the interface of the Histopaque 1077 (Sigma-
Aldrich, USA) and Histopaque 1119 (Sigma-Aldrich, USA) layers. The neutrophils were
washed with 20 mL washing buffer and centrifuged for 10 min at 300xg. 10 mL of the wash
buffer was removed and 10 mL of fresh wash buffer was added to the cells and resuspended,
following centrifugation at 300xg for 10 min. For the last washing step, the whole buffer was
removed and the cells were washed with 20 mL wash buffer and centrifuged for 10 min at
300xg. Washed neutrophils were resuspended in RPMI 1640 medium (without phenol red,
ThermoFisher scientific, USA) and counted.

Neutrophil activation by LPS.

Isolated neutrophils were seeded to a black 96-well plate at a density of 3x10° cells per well
and stimulated with 10 ng/mL LPS (LPS-EB Ultrapure, E.coli 0111:B4, InvivoGen, USA).
The plate was placed in a humidified incubator at 37°C with CO, (5%) for 5h.

Quantification of NETs by fluorescence microplate reader.

Stimulated neutrophils were stained with 50 pL of 5 pM cell impermeable dye SYTOX
orange solution (ThermoFisher Scientific, USA) and incubated in the dark for 10 min.
Afterwards the cells were centrifuged at 200xg for 10 min and washed with 50 uL RPMI
1640 medium (without phenol red, ThermoFisher scientific, USA) and centrifuged at 200xg
for 2 min. Quantification of NETs was performed with the SpectraMax i3x microplate-
reader (Molecular Devices, UK). The NET-specificity of the detected signal was determined
by incubation with DNase | (50 U/mL, Qiagen, Germany).
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Immunofluorescence of in vitro LPS stimulated neutrophils.

Isolated neutrophils were seeded to glass chamber slides at a density of 3x10° cells per well
and stimulated with 10 ng/mL LPS (LPS-EB Ultrapure, E.coli 0111:B4, InvivoGen, USA).
The chamber slides were placed in a humidified incubator at 37°C with CO2 (5%) for 5h.
After the incubation, the slides were washed with PBS. For permeabilized cells, 0,1 %
Triton X-100 (Carl Roth, Germany) was added to the sample and incubated for 10 min. Cells
were washed with PBS and blocked for 2h with 10% bovine serum albumin (BSA) in PBS.
Primary Antibody was added to the cells and incubated overnight. Cells were washed with
PBS and incubated with secondary antibody for 2h in the dark. Chamber slides were washed
with PBS and incubated for 10 min. with 4’,6-Diamidino-2-phenylindole (DAPI, Sigma-
Aldrich, USA). Cells were washed again with PBS. The stained NETs were analyzed with
the fluorescence microscope Axio Observer (10x magnification, Zeiss, Germany).
Antibodies used for immunoflourescence analysis are shown in the Major Resources Tables
in the online-only Data Supplement.

MACS neutrophil isolation Kit.

Briefly, mice were sacrificed and the legs were removed. The remaining muscles and the end
of the femur and tibia were cut. The bone marrow was flushed through a 70 um cell strainer
with 10 mL PBS. Mouse neutrophils were isolated according to the manufacturefs protocol
(Neutrophil isolation kit (mouse), Miltenyi Biotec, Germany).

Red blood cell lysis.

EDTA-anticoagulated whole blood was collected by intracardial puncture. Cell lysis was
performed according to the manufacturefs protocol (1XRBC lysis buffer, Invitrogen, USA).

Flow cytometric analysis of neutrophils and monocytes.

Studies were conducted using a BD FACSCanto Il flow cytometer with BD FACSDiva
software (BD Bioscience, Germany) and FlowJo-Software (Tree Star Inc., USA). 50 pL of
EDTA-anti-coagulated whole blood was incubated for 30 min (room temperature; RT) with
200 uL PBS pH 7.4 and 250 L 0.4% (v/v) formaldehyde. Fixation was stopped by adding 1
mL PBS pH 7.4 and samples were centrifuged for 5 min at 800xg (RT). Supernatant was
discarded up to 100 pL. FACS antibodies were added to the samples, briefly vortexed and
incubated for 45-60 min at RT on a shaker. Red blood cells were lysed by adding 2 mL
lysing-solution 10-test (Beckman Coulter, USA) and incubated for 10 min (RT) without
shaking. Lysing step was stopped by adding 2 mL of PBS pH 7.4 and centrifuged for 10 min
at 800xg (RT). The supernatant was discarded and 250 uL PBS was added to the tubes and
measured. Antibodies used for FACS analysis are shown in the Major Resources Tables in
the online-only Data Supplement.

Isolated bone marrow neutrophils and lysed blood samples were incubated with TruStain
FcX (1:50, anti-mouse CD16/32, BioLegend, USA) for 20 min on ice. 100 pL of the blocked
bone marrow or blood solution (collected by heart puncture) was added in each well of a 96-
well plate and centrifuged for 2 min at 2000 rpm (4°C). The supernatant was discarded and
FACS antibodies were added and incubated for 20 min in the dark (4°C). 4’,6-diamidin-2-
phenylindol (DAPI, 1:10000, Sigma-Aldrich, USA) was added shortly before the incubation
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time ends. The plate was centrifuged at 2000 rpm (4°C) for 2 min and washed with 100 pL
PBS. 200 uL of the final stained cell solution was added in tubes and measured. Antibodies
used for FACS analysis are shown in the Major Resources Tables in the online-only Data
Supplement.

Western Blot.

Western blot was performed to determine levels of total IRF-3 protein and levels of IRF-3
phosphorylated at Ser386. Bone marrow-derived neutrophils were isolated and lysed in
RIPA lysis buffer (Merck, Germany) in the presence of Pierce protease inhibitor mini tablets
(ThermoFisher Scientific, USA). Soluble proteins were fractionated on 8 % SDS-
polyacrylamide gels and transferred to polyvinylidene fluoride (PVDF, Invitrogen, CA,
USA) membranes. Antibodies used for Western blot analysis are shown in the Major
Resources Tables in the online-only Data Supplement. Membranes were developed by
adding ECL (1:1 mix of two solutions, BioRad, USA). Detection of the chemiluminescence
signal was performed with Fusion FX7 western blot detection device (Vilber, France).

Preparation of platelets, leukocytes and NET visualization by intravital epifluorescence

microscopy.

Citrate-anticoagulated whole blood was collected by intracardial puncture on anaesthesized
mice. Platelet count was determined by using an automatic cell counter (KX-21, Sysmex,
Germany). Platelets were isolated and labeled with rhodamine B (20 pug/mL) (Sigma-
Aldrich, USA).40 The labeled platelet suspension was adjusted to a final concentration of
150 x 102 platelets/uL and 250 pL suspension was injected i.v. via a jugular vein catheter. To
characterize platelet leukocyte interactions /n vivo, acridine orange (50 pg/uL, 50 uL per
mouse, Sigma-Aldrich, USA) stained leukocytes and ex vivo rhodamine B labeled platelets
were imaged simultaneously. /n vivo neutrophil extracellular traps (NETS) were stained with
SYTOX orange (5 uM, 50 pL per mouse, Thermo Fisher Scientific, USA).#1 NETs and
leukocytes were imaged simultaneously.

Mesenteric ischemia-reperfusion injury model.

Mice were anesthetized by i.p. injection of a solution of midazolame (5 mg/kg, Hameln
pharma plus, Germany), medetomidine (0.5 mg/kg, Zoetis, USA) and fentanyl (0.5 mg/kg,
Janssen-Cilag GmbH, Germany). Briefly, a polyethylene catheter (0.28mm ID, 0.61mm OD,
Smiths Medical Deutschland GmbH, Germany) was implanted into the jugular vein. The
abdomen was entered via a midline laparotomy incision. The superior mesenteric artery was
identified and occluded with a small vascular clamp. After an ischemic interval of 60
minutes, reperfusion was allowed. Before (pre) and immediately after ischemia-reperfusion
(post) the entire small intestine was carefully taken out of the abdomen. Platelets, leukocytes
and NETSs were visualized in situ by /n vivo epifluorescence high-speed video microscopy in
the mesenterial venules. At the end of the experiments, all animals were sacrificed by
cervical dislocation.
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Intravital high-speed video epifluorescence microscopy.

Measurements were performed with a high-speed wide-field Olympus BX51WI
fluorescence microscope using a long-distance condenser and a 10x (NA 0.3) water
immersion objective with a monochromator (MT 20E, Olympus Deutschland GmbH,
Germany) and a charge-coupled device camera (ORCA-R2, Hamamatsu Photonics, Japan).
For image acquisition and analysis, the Real-time Imaging System eXcellence RT (Olympus
Deutschland GmbH, Germany) and cellSens (Olympus Deutschland GmbH, Germany)
software were used. Cell recruitment was quantified in one field view of 0.06 mm2,
Adherent leukocytes and adherent platelets were defined as cells that did not move or detach
from the endothelial lining within an observation period of 20 seconds. Rolling leukocytes
were defined as cells that at least should once shortly attach the endothelium within the 30
seconds of recording time. Leukocyte conjugates were defined as an association of at least
two leukocytes, while platelet-leukocyte conjugates were defined as an association of at least
one leukocyte and one platelet. Neutrophil extracellular traps were defined as an
extracellular structure, which is labelled with acridine orange and/or SYTOX orange (a cell
impermeable nucleic acid stain).

Statistical analysis.

Results

Data are presented as mean + S.E.M and analyzed with GraphPad Prism 8 (GraphPad
Software Inc., San Diego, California, US). The DAgostino-Pearson omnibus K2 test was
performed to determine the normality of the data, and the F test was used to determine the
Equality of Variances. The independent samples Student’s t-test was applied for comparison
of two groups. If data were not normally distributed, the nonparametric Mann-Whitney test
was used.

Germ-free mice show reduced leukocyte adhesion in ischemia-reperfusion-injured
mesenteric venules

During acute mesenteric infarction, leukocytes and platelets adhere to the activated
endothelium, causing ischemia-reperfusion injury. While the response of leukocytes to
pathogenic determinants during microbial invasion is well-recognized, the possible role of
the gut-resident microbiota in mesenteric ischemia-reperfusion injury is unresolved. To
investigate if the adherence of leukocytes and platelets in acute mesenteric infarction is
influenced by the host colonization status, we compared conventionally raised (CONV-R)
specific pathogen-free (SPF) mice, that were colonized from birth by environmental
microbes, to germ-free (GF) mice, which lack colonization with a gut microbiota (Figure
1A). After the induction of an I/R injury in the mesentery by ceasing the blood supply of the
superior mesenteric artery for 60 minutes,1# leukocyte adhesion, leukocyte rolling, and
leukocyte conjugate formation were increased in the mesenteric venules of CONV-R mice
compared to their GF counterparts (Figure 1B—E). Furthermore, increased platelet
deposition to the I/R-injured mesenteric endothelium of CONV-R mice relative to GF mice
was observed (Figure 1F). Interestingly, post-ischemia, the number of platelet-leukocyte
conjugates was significantly increased in the CONV-R group (Figure 1G), demonstrating
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that the presence of a gut microbiota enhances heterotypic cell interactions in mesenteric I/R
injury.

In line with previous work, demonstrating that elevated LPS plasma levels in colonized mice
drive metabolic endotoxemia,3’: 42 our results confirmed increased plasma LPS levels in
CONV-R mice compared with their GF counterparts prior to I/R injury (Figure 1H). Most
likely, LPS in the plasma of GF mice is diet-derived. As LPS is a trigger of Weibel-Palade
body exocytosis yielding in the release of endothelial P-selectin®? and the functional
inhibition of pro-adhesive P-selectin function suppresses microvascular leukocyte
accumulation as well as platelet-leukocyte interaction in this model,14 the reduction in
leukocyte adhesion to the mesenteric microcirculation and the impaired formation of
platelet-leukocyte conjugates can be explained by reduced constitutive surface expression of
its ligand PSGL-1 on neutrophils and monocytes in the blood of GF mice (Figure 11). Thus,
our results indicate that the presence of the gut microbiota is a decisive factor for the severity
of mesenteric ischemia-reperfusion injury as evaluated by leukocyte tethering.

Leukocyte adhesion in ischemia-reperfusion-injured mesenteric venules dynamically
adapts dependent on host colonization status

To experimentally test if enhanced leukocyte adhesion in mesenteric 1/R-injury, evoked by
the presence of a commensal microbiota, dynamically adapts to the presence or absence of
gut commensals, we again took advantage of the GF mouse model. First, we analyzed
whether the identified I/R-induced increase in leukocyte accumulation in CONV-R mice is
re-established by colonization of GF mice with a cecal gut microbiota of a CONV-R donor
mouse. Ex-GF mice, colonized for 14 days with a cecal microbiota are termed conventional-
derived mice (CONV-D)** (Figure 2A). In support of a pro-adhesive role of gut microbial
colonization in mesenteric I/R injury (Figure 1A, B), the mean numbers of adhering
leukocytes were also increased post-ischemia in CONV-D mice compared to GF controls
(Figure 2A). In sharp contrast, antibiotic depletion of the gut microbiota by a 14 day
administration protocol (Abx; cocktail of ampicillin, neomycin, vancomycin and
metronidazole) on CONV-R mice efficiently prevented I/R-induced tethering of leukocytes
(Figure 2B), demonstrating that this microbiota-dependent vascular phenotype is highly
dynamic and fully reversible.

To pinpoint if monocolonization with an individual gut-resident bacterium is sufficient to
evoke increased leukocyte adherence in mesenteric I/R-injury, we performed
monocolonization experiments with the gram-negative gut microbe Escherichia coli JP313
(Figure 2C). At the end of the 14 day monocolonization experiment, the mice had a fecal
colonization density of 2.68x10° (colony forming units) CFU/mg. Interestingly, in this
gnotobiotic approach, monocolonization with £. coli JP313 increased leukocyte adhesion to
I/R-injured mesenteric venules pre- and post-ischemia (Figure 2C). In conclusion, both
colonization with a gut microbiota, but also monocolonization with £. co/i JP313 enhanced
the extent of leukocyte adherence to I/R-injured mesenteric venules, whereas antibiotic
depletion of the microbiota reversed this phenotype.
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The presence of gut commensals restricts in vivo NETosis

In AMI, a proportion of the adherent activated neutrophils forms NETs1920, contributing to
inflammatory conditions of the splanchnic circulation and aggravating the outcome.2® To
quantify the extent of NETosis in gnotobiotic mouse models by fluorescence intravital
microscopy /n vivo,*! we counted the SYTOX orange positive adhering neutrophils in the
mesenteric venules prior to and after I/R injury. As expected, pre-ischemia, the number of
NETing leukocytes was modest (Figure 3A). Strikingly, post-ischemia NETosis was vastly
enhanced and GF mice showed 2-fold increased NET-formation in I/R-injured mesenteric
venules compared with CONV-R counterparts (Figure 3A). Thus, our experiments
demonstrate a strong increase in I/R-induced /n vivo NETosis in GF mice compared to
CONV-R mice.

To address whether the impact of gut commensals on mesenteric I/R injury-induced NETosis
is a dynamic process, we colonized GF mice with a complex cecal gut microbiota from a
CONV-R donor mouse over a 14 day period (conventionalization, CONV-D) and then
applied the mesenteric I/R injury model. In line, the conventionalized ex-GF mice showed
strongly reduced numbers of NETing neutrophils at 1 hour of I/R injury compared to the GF
group, demonstrating that the microbiota dynamically regulates NETosis (Figure 3B). In
contrast, depletion of commensals by antibiotic treatment significantly increased the number
of NETing neutrophils in the mesenteric I/R injury model (Figure 3C). Collectively, our
experiments identify the gut microbiota as an environmental factor that dynamically
suppresses NETosis in I/R injured mesenteric venules.

Next, we tested whether monocolonization with the gram-negative enterobacterium E£. coli
JP313 is sufficient to reduce the extent of NETosis in the mesenteric I/R injury model. While
the numbers of NETing leukocytes were comparable pre-ischemia, in the post-ischemic
state, our gnotobiotic monocolonization experiments with £. co/i JP313 showed a clear trend
towards suppressed /n vivo NETosis in the I/R injury model (Figure 3D). Furthermore, we
monocolonized with the gram-positive gut bacterium Bacillus subtilis PY7933: 34, reaching a
final colonization density of 4.36x10% CFU/mg feces, which likewise resulted in elevated
leukocyte tethering and strongly reduced NETosis in I/R-injured mesenteric venules (Figure
S1A, B). In addition, post-ischemic NETosis in mesenteric venules was significantly
reduced in altered Schaedler flora (ASF) colonized mice relative to GF controls (Figure
S1C). Collectively, our results demonstrate that the colonization-induced suppression of I/R
injury-induced NETosis is broadly inducible even by individual gut commensals or minimal
microbial consortia.

Suppressed NETosis of colonized mice is due to attenuated neutrophil Toll-like receptor-4

signaling
Since mesenteric infarction typically is accompanied by the loss of intestinal barrier function
and hence leukocytes in the intestinal microcirculation face elevated levels of pro-
inflammatory patterns,> 8 we reasoned that hyperreactive TLR4 signaling in the neutrophils
of GF mice could by causal for enhanced NET formation. To pinpoint whether GF
neutrophils show hyperreactive LPS-induced NETosis ex vivo, we stimulated isolated bone
marrow-derived neutrophils from GF and CONV-R mice (Figure 4A and Figure S2A, B) and
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measured the SYTOX orange signal of plated neutrophils in a fluorimetric assay. Increased
LPS-induced NETosis was consistently observed ex vivoin isolated bone marrow
neutrophils from GF mice, indicating that TLR4 signaling is hyperreactive at GF housing
conditions (Figure 4A). Hyperreactive ex vivo NETosis was not strain-specific as we
consistently observed this microbiota-regulated neutrophil phenotype in the GF C57BL/6N
and the GF Swiss Webster mouse line (Figure S3). The role of chronic LPS exposure (e.g. in
CONV-R mice) in attenuating NETosis of isolated bone marrow neutrophils was further
corroborated by /n vivo administration of LPS via the drinking water, which efficiently
suppressed LPS-induced in vitro NETosis (Figure 4B). Similar to the GF mouse model, the
reduction of colonizing gut bacteria by Abx resulted in exaggerated LPS-triggered ex vivo
NET formation of isolated bone marrow neutrophils, controlled by DNase | digestion of
expelled DNA fibers (Figure 4C, D). Indeed, fluorescence activated cell sorting (FACS)
analyses on neutrophils in whole blood and on isolated bone marrow neutrophils revealed a
subtle but significant increase in TLR4 surface expression on neutrophils from GF mice,
suggesting that GF neutrophils may be more reactive in terms of LPS-induced TLR4
signaling (Figure 4E and Figure S2C, D). Furthermore, the IRF3 signaling axis, which is
primarily triggered downstream of TRIF adaptor mediated TLR signaling cues®, was
increased in the bone marrow neutrophils of GF mice (Figure 4F), demonstrating that
intestinal microbiota-derived signals profoundly shape reactivity of the neutrophil-intrinsic
TLR4 signaling pathway.

To demonstrate /n vivo that tonic TLR4 stimulation via the enteric route desensitizes
neutrophils towards reduced I/R-induced NETosis, we administered £. coli LPS to GF mice
via the drinking water for 7 days at sterile isolator conditions. As hypothesized, exposure of
GF mice to LPS in their drinking water efficiently prevented excessive NETosis in
mesenteric I/R injury (Figure 4G). Collectively, our results reveal that disabled neutrophil-
intrinsic TLR4/TRIF signaling is linked to diminished LPS-triggered NETosis of the bone
marrow neutrophils isolated from colonized mice or GF mice that were challenged with
enteric LPS.

TLR4/TRIF signaling drives NETosis in mesenteric ischemia-reperfusion injury

As endotoxin challenge is known to augment leukocyte-vessel wall interactions through
PSGL-1/P-selectin binding (Figure 11),%6 we next addressed the role of TLR4 signaling in
neutrophil adhesion,10 evoked by I/R injury analyzing various genetic knock-out mouse
models. As expected, the adherence of neutrophils was significantly reduced in I/R-injured
mesenteric venules of 7L/47~ mice. Interestingly, /7 vivo NETosis was dependent on intact
TLR4 signaling, as mesenteric I/R injury in 7LR4~~ mice did not yield in significantly
increased numbers of NETS in the post-ischemic state (Figure 5A-C). In line, /n vitro LPS-
stimulated bone marrow neutrophils from 72/47~ mice showed significantly reduced
NETosis compared to WT controls (Figure 5D), confirming the direct involvement of TLR4-
mediated signaling cues on neutrophils. Mechanistically, I/R-induced /n vivo NET formation
was strongly dependent on TRIF-mediated signaling (Figure 5E—H), as 77if”~ mice did not
show differences in the number of NETs (Figure 5G, H), whereas MyD88™~ mice
consistently showed increased NETosis in the post-ischemic state (Figure 5E, F). To
unambiguously demonstrate the role of TLR downstream signals in I/R-induced NETOosis,
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we generated MyD88~xTrif”~ double-deficient mice, which also showed reduced
leukocyte tethering and diminished NETosis in mesenteric venules in the post-ischemic state
(Figure S4). To address if in addition to TLR4 signaling on neutrophils also signals via
endothelial TLR4 contribute to neutrophil adhesion and NETosis in I/R-injured mesenteric
venules, we studied conditional TLR4-flox x VE-Cadherin-Cre mice that are deficient in
endothelial TLR4. Our experiments demonstrated that TLR4 signaling on the microvascular
endothelium also contributes to the adherence of neutrophils in mesenteric I/R injury (Figure
51, J), but did not significantly affect /n vivo NETosis (Figure 51, K). In conclusion, our
results demonstrate that TLR4/TRIF signaling, both on neutrophils and the vascular
endothelium, is critically involved in I/R injury-induced NETosis in the mesenteric
microvasculature.

Discussion

Our experiments on the microbiota’s impact on acute mesenteric infarction revealed
markedly decreased leukocyte rolling, firm adhesion, homotypic and platelet-heterotypic
conjugate formation in I/R-injured mesenteric venules of GF mice compared with CONV-R
mice in the post-ischemic state, demonstrating that the colonization status of the host
dramatically affects the extent of I/R injury. Reduced conjugate formation was attributed to
lower constitutive PSGL-1 surface expression in GF neutrophils and monocytes. By germ-
free mouse isolator technology, we demonstrated that increased leukocyte deposition in the
mesenteric I/R injury model dynamically adapts to the colonization status of the host.
Increased leukocyte adhesion was triggered by 14 day colonization of ex-GF mice with a
complex gut microbiota (CONV-D), but also by monocolonization with Escherichia coli
JP313. Conversely, Abx-decimation of the gut microbiota reverted colonization-dependent
leukocyte adherence.

In line with previous work on LPS-induced neutrophil recruitment in the GF mouse model,
47 we observed that the presence of a gut microbiota supports the interaction of leukocytes
with the I/R-injured vessel wall, yielding in increased numbers of adherent leukocytes in the
post-ischemic state. Coherent with diminished vascular ICAM-1 in the mesentery of GF
mice,1” we detected reduced constitutive PSGL-1 surface expression on blood neutrophils
and monocytes of GF mice, which likely accounts for the reduced platelet-leukocyte
conjugate formation. In addition, diminished Mac-1/ICAM-1 interaction could play a role in
this process®, which is supported by the reduced expression of ICAM-1 in GF mice,
specifically in the mesentery and the gastrointestinal tract, which has been reported by
Komatsu and coworkers.1” However, the microbiota-dependent mechanisms that contribute
to I/R-induced endothelial cell activation and the exposure of adhesion receptors await
further exploration.

Demonstrating the influence of the host colonization status on a major neutrophil effector
function, we found a vast increase in TLR4/TRIF-dependent NET formation as a result of
mesenteric I/R injury in GF mice, whereas the I/R-induced increase in NETosis in CONV-R
mice was far less pronounced. Therefore, we hypothesized that tonic exposure of neutrophils
to microbiota-derived LPS (e.g. as in CONV-R mice) dampens TLR4 expression in
neutrophils and NET-formation. Accordingly, increased I/R-induced NETosis could also be
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triggered by the depletion of the gut microbiota through Abx-treatment, demonstrating that
the reactivity of neutrophils to undergo I/R-induced NETosis is dynamically regulated. By
ex vivo cell culture experiments, we showed that bone marrow-derived neutrophils of GF
mice are more prone to LPS-induced NETosis than their CONV-R counterparts and this was
also found in the Abx-microbiota depletion model, which is in line with increased TLR4
surface expression detected on GF neutrophils.

Endotoxin tolerance is a well-characterized feature of neutrophils, which develops upon
prolonged LPS exposure and is characterized by the loss of TLR4 expression.*8 In line, we
confirmed reduced TLR4 surface expression and identified diminished IRF3
phosphorylation in bone marrow neutrophils of CONV-R mice relative to their GF
counterparts, which explains their reduced capacity of LPS-induced NET formation. Our
LPS-induced neutrophil assays identified the TLR4/TRIF signaling axis as a major pathway
influenced by the presence of a gut microbiota to protect against NET-mediated mesenteric
I/R injury. The role of TLR4 in I/R-induced NETosis was also evident in mice that
specifically lack TLR4 expression in the vascular endothelium, indicating that in addition to
the direct signaling-dependent effects on neutrophils, TLR4 signaling in endothelial cells is
also contributing to microvascular NETosis. However, our results do not rule out the
participation of other pattern recognition receptors, such as nucleotide-binding
oligomerization domain-containing protein-2 (NOD2) signaling.” Clearly, these microbiota-
dependent mechanisms need to be tightly balanced to prevent neutrophil hyperreactivity
when encountering microbial challenges, but they have to educate sufficient
immunovigilance to ensure host fitness.

Of note, our finding of an increased NETing of neutrophils in GF mice is consistent with a
previous study on GF pigs, demonstrating that gut luminal endotoxin exposure reduces I/R
injury of the gut wall.#® In the mesenteric I/R injury mouse model in vivoand in isolated in
vitro bone marrow-derived neutrophils ex vivo, we clearly showed that the exposure of the
host to a gut microbiota determines the extent of NETing neutrophils when stimulated with
LPS.50 This finding is in accordance with a previous study, reporting a reduction in
superoxide production of blood neutrophils from LPS pre-treated rats that were subjected to
an I/R injury model.5! Indeed, NETosis has recently been shown as a cause of I/R injury in a
neonatal rat model of midgut volvolus.28 In conclusion, the observed decrease of leukocyte
adhesion, but increase of NETing neutrophils in the GF mouse model and in Abx-treated
mice clearly demonstrates the pivotal role of the gut microbiota as an environmental pre-
conditioning factor, contributing to the resilience to NETosis mediated I/R injury in acute
mesenteric infarction.
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Nonstandard Abbreviations and Acronyms

Abx broad-spectrum-antibiotics

AMI acute mesenteric ischemia

ASF altered Schaedler flora

CFU colony forming units

CONV-D conventionally-derived

CONV-R conventionally raised

GF germ-free

I/IR ischemia/reperfusion

ICAM-1 intercellular adhesion molecule-1
IRAK4 interleukin-1 receptor-associated kinase 4
IRF3 interferon regulatory factor-3

LPS lipopolysaccharide

MAL MY D88 adaptor like protein

MAMP microbial-associated molecular pattern
MyD88 myeloid differentiation primary response gene 88
NET neutrophil extracellular trap

NOD?2 nucleotide-binding oligomerization domain-containing protein 2
PMN polymorphonuclear neutrophils

PSGL-1 P-selectin glycoprotein ligand-1

ROS reactive oxygen species

SPF specific pathogen free
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Highlights
. The gut microbiota suppresses NETosis in mesenteric ischemia-reperfusion
injury /n vivo.
. Isolated bone marrow-derived neutrophils from germ-free mice and broad-

spectrum antibiotic-treated mice show hyperreactive LPS-induced NETOosis.

. Enteric LPS administraton and colonization with individual gut microbes or
altered Schaedler flora suppresses hyperreactive NETosis of LPS-stimualted
bone marrow neutrophils and in mesenteric ischemia-reperfusion injured
venules.

. Tonic stimulation of the cell-intrinsic TLR4/TRIF signaling pathway by gut
commensals attenuates LPS-induced NETosis.
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Figure 1. Germ-free mice show reduced leukocyte adhesion to ischemia-reperfusion injured

mesenteric venules.

(A) Germ-free (GF) and conventionally raised (CONV-R) mouse model (schematic
representation). (B) Intravital imaging of mesenteric venules of GF and CONV-R mice pre-
and post-ischemia; scale bar: 100 um; representative images; white frame: acridine orange-
stained adherent leukocytes. (C) Number of adhering leukocytes in mesenteric venules of
GF and CONV-R mice (10 vs 9 mice/group) pre-ischemia and one hour post-ischemia. For
GF and CONV-R male and female mice were used. (D) Number of rolling leukocytes pre-
ischemia and one hour post-ischemia in GF and CONV-R mice (10 vs 8 mice/group). For
GF and CONV-R male and female mice were used. (E) Number of leukocyte conjugates
pre-ischemia and one hour post-ischemia in GF vs CONV-R mice (10 vs 9 mice/group). For
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GF and CONV-R male and female mice were used. (F) Number of adhering platelets pre-
ischemia and one hour post-ischemia in GF and CONV-R mice (10 vs 9 mice/group). For
GF and CONV-R male and female mice were used. (G) Number of platelet-leukocyte
conjugates pre-ischemia and one hour post-ischemia in GF and CONV-R (9 vs 8 mice/
group). For GF and CONV-R male and female mice were used. (G) Plasma LPS levels in
GF vs CONV-R mice (6 vs 10 mice/group). For GF and CONV-R male and female mice
were used. (H, 1) FACS analysis on PSGL-1 surface expression on monocytes (green) and
neutrophils (blue) in whole blood of GF and CONV-R mice (8 vs 8 mice/group). For GF and
CONV-R male and female mice were used. Results are shown as means + s.e.m. Scale bar:
100 um. Statistical comparisons were performed using the independent samples Students t-
test (*) or the Mann-Whitney test (#), */#p<0.05, **##p<0.01.
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Figure 2. Colonization with a gut microbiota or monocolonization with Escherichia coli
augments leukocyte adhesion to the ischemia-reperfusion injured endothelium of mesenteric
venules.

(A) Number of adhering leukocytes in mesenteric venules of germ-free (GF) and
conventional-derived (CONV-D) mice (5 vs 4 mice/group) pre-ischemia and one hour post-
ischemia; adhering leukocytes were stained with acridine orange. For WT GF male mice and
WT CONV-D male and female mice were used. (B) Number of adhering leukocytes pre-
ischemia and post-ischemia in conventionally raised (CONV-R) controls and CONV-R
antibiotic (Abx)-treated mice (13 vs 9 mice/group); adhering leukocytes were stained with
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acridine orange. For WT CONV-R and CONV-R (Abx)-treated male and female mice were
used. (C) Number of adhering leukocytes pre-ischemia and post-ischemia in GF and GF
monocolonized with £. co/iJP313 mice (5 vs 5 mice/group); adhering leukocytes were
stained with acridine orange. For GF male mice and for GF monocolonized with £. coli
JP313 male and female mice were used. Results are shown as means + s.e.m. Scale bar: 50
pum or 100 um. Statistical comparisons were performed using the independent samples
Student$ t-test (*) or the Mann-Whitney test (#), *#p<0.05, **/*p<0.01, ***/## p<0.001.
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Figure 3. The presence of gut commensals restricts the formation of neutrophil extracellular
traps (NETosis) in ischemia-reperfusion injured mesenteric venules.

(A) NETosis in mesenteric venules of GF and CONV-R mice (6 vs 13 mice/group) pre- and
post-ischemia; adhering leukocytes were stained with acridine orange; NETs were visualized
by SYTOX orange. For GF and CONV-R male and female mice were used. (B) NETosis in
mesenteric venules pre- and post-ischemia in GF and CONV-D mice (5 vs 4 mice/group);
adhering leukocytes were stained with acridine orange; NETs were visualized by SYTOX
orange. For WT GF male mice and WT CONV-D male and female mice were used. (C)
NETosis in mesenteric venules pre- and post-ischemia in CONV-R and (Abx)-treated
CONV-R mice (13 vs 9 mice/group); adhering leukocytes were stained with acridine orange;
NETSs were visualized by SYTOX orange. For WT CONV-R and CONV-R (Abx)-treated
male and female mice were used. (D) NETosis in mesenteric venules pre- and post-ischemia
in GF and GF mice monoassociated with £.co/i JP 313 (5 vs 5 mice/group); adhering
leukocytes were stained with acridine orange; NETs were visualized by SYTOX orange. For
GF male mice and GF monoassociated with £.co/i JP 313 male and female mice were used.
Results are shown as means + s.e.m. Scale bar: 50 um or 100 pm. Statistical comparisons
were performed using the independent samples Students t-test (*) or the Mann-Whitney test
*#), */#p<0-05. **/##p<0_01_
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Figure 4. Hyperreactive TLR4 signaling promotes enhanced NETosis in the germ-free mouse
model.

(A) Representative images of LPS-induced /77 vitro NET formation; nuclear staining (DAPI;
blue); NETSs (visualized by citrullinated histone H3 antibody staining; red); scale bar: 100
um. LPS-induced /n vitro NETosis of cultured bone marrow neutrophils from GF and
CONV-R mice (7 vs 7 mice/group). For GF and CONV-R male and female mice were used.
(B) LPS-induced /n vitro NETosis of cultured bone marrow neutrophils from GF and LPS-
treated GF mice (7 vs 4 mice/group). For GF and LPS-treated GF male and female mice
were used. (C) LPS-induced /n vitro NETosis of cultured bone marrow neutrophils from
CONV-R and (Abx)-treated CONV-R mice (12 vs 8 mice/group). For CONV-R and (Abx)-
treated CONV-R male and female mice were used. (D) LPS-induced /n vitro NETosis of
cultured bone marrow neutrophils from CONV-R and DNase I-treated CONV-R control
mice (9 vs 7 mice/group). For CONV-R and DNase I-treated CONV-R controls male and
female mice were used. (E) FACS analysis on CD284 (TLR4) surface expression on
neutrophils in whole blood and bone marrow of GF and CONV-R mice. For GF and CONV-
R male and female mice were used. (F) Western Blot analysis of relative intensity of
phosphorylated IRF-3 level to total IRF-3 protein level in GF and CONV-R mice; results are
normalized to a-actinin. For GF and CONV-R male and female mice were used. (G)
NETosis in mesenteric venules pre- and post-ischemia in GF and LPS-treated GF mice (5 vs
4 mice/group). For GF male mice and LPS-treated GF male and female mice were used.
Results are shown as means + s.e.m. Scale bar: 50 um or 100 pm. Statistical comparisons
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were performed using the independent samples Students t-test (*) or the Mann-Whitney test
#), */#p<0.05, **/##p<0_01, ***/###p<0'001_
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Figure 5. The TLR4/TRIF signaling axis is critically involved in mesenteric I/R injury-induced
NETosis.

(A) Intravital imaging of mesenteric venules of CONV-R WT and CONV-R TLR4-deficient
mice pre- and post-ischemia; scale bar: 100 pm; adhering leukocytes were stained with
acridine orange; NETSs were visualized by SYTOX orange. (B) Number of adhering
leukocytes one hour post-ischemia in CONV-R WT and CONV-R TLR4-deficient mice (12
vs 12 mice/group); adhering leukocytes were stained with acridine orange. For CONV-R
WT and CONV-R 7LR47~male and female mice were used. (C) NETosis in mesenteric
venules pre- and post-ischemia in CONV-R WT and CONV-R TLR4-deficient mice (13 vs
11 mice/group). For CONV-R WT and CONV-R 7LR4~7~ male and female mice were used.
(D) LPS-induced /n vitro NETosis of cultured bone marrow neutrophils from CONV-R WT
and CONV-R TLR4-deficient mice (9 vs 8 mice/group). For CONV-R WT and CONC-R
TLR4~~ male and female mice were used. (E) Intravital imaging of mesenteric venules of
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CONV-R MyD8&-deficient mice pre- and post-ischemia; scale bar: 100 pm; adhering
leukocytes were stained with acridine orange; NETs were visualized by SYTOX orange. (F)
NETosis in mesenteric venules pre- and post-ischemia in MyD&8-deficient mice (5 mice;
male and female mice were used). (G) Intravital imaging of mesenteric venules of 7r/F
deficient mice pre- and post-ischemia; scale bar: 100 pm; adhering leukocytes were stained
with acridine orange; NETs were visualized by SYTOX orange. (H) NETosis in mesenteric
venules pre- and post-ischemia in 7rif-deficient mice (4 mice; male and female mice were
used). (1) Intravital imaging of mesenteric venules of TLR4-flox x VE-Cadherin-Cre
(deficient in endothelial TLR4) mice and their controls pre- and post-ischemia; scale bar:
100 pm; adhering leukocytes were stained with acridine orange; NETSs were visualized by
SYTOX orange. (J) Number of adhering leukocytes pre-ischemia and one hour post-
ischemia in TLR4-flox x VE-Cadherin-Cre (deficient in endothelial TLR4) mice and their
controls (7 vs 6 mice/group). For TLR4-flox x VE-Cadherin-Cre Controls female and for
TLR4-flox x VE-Cadherin-Cre female and male mice were used. (K) NETosis in mesenteric
venules pre- and post-ischemia in TLR4-flox x VE-Cadherin-Cre (deficient in endothelial
TLR4) mice and their controls (7 vs 6 mice/group). For TLR4-flox x VE-Cadherin-Cre
Controls female and for TLR4-flox x VE-Cadherin-Cre female and male mice were used.
Results are shown as means + s.e.m. Scale bar: 100 um. Statistical comparisons were
performed using the independent samples Students t-test (*) or the Mann-Whitney test (#),
*/#9<0.05, ***p<0.01.
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