
Frontiers in Immunology | www.frontiersin.

Edited by:
Shrikant R. Mulay,

Central Drug Research Institute
(CSIR), India

Reviewed by:
Hao-Sen Chiang,

National Taiwan University, Taiwan
Violetta Borelli,

University of Trieste, Italy

*Correspondence:
Jingming Hou

jingminghou@hotmail.com
Hongliang Liu

liuhongliangkf@163.com

†These authors have contributed
equally to this work and share

first authorship

Specialty section:
This article was submitted to
Molecular Innate Immunity,

a section of the journal
Frontiers in Immunology

Received: 21 April 2021
Accepted: 19 July 2021

Published: 11 August 2021

Citation:
Feng Z, Min L, Liang L,

Chen B, Chen H, Zhou Y, Deng W,
Liu H and Hou J (2021) Neutrophil

Extracellular Traps Exacerbate
Secondary Injury viaPromoting

Neuroinflammation and Blood–Spinal
Cord Barrier Disruption

in Spinal Cord Injury.
Front. Immunol. 12:698249.

doi: 10.3389/fimmu.2021.698249

ORIGINAL RESEARCH
published: 11 August 2021

doi: 10.3389/fimmu.2021.698249
Neutrophil Extracellular Traps
Exacerbate Secondary Injury via
Promoting Neuroinflammation and
Blood–Spinal Cord Barrier Disruption
in Spinal Cord Injury
Zhou Feng1†, Lingxia Min1†, Liang Liang2, Beike Chen2, Hui Chen1, Yi Zhou1,
Weiwei Deng1, Hongliang Liu1* and Jingming Hou1*

1 Department of Rehabilitation, Southwest Hospital, Third Military Medical University (Army Medical University), Chongqing,
China, 2 Department of Neurosurgery, Southwest Hospital, Third Military Medical University (Army Medical University),
Chongqing, China

As the first inflammatory cell recruited to the site of spinal cord injury (SCI), neutrophils
were reported to be detrimental to SCI. However, the precise mechanisms as to how
neutrophils exacerbate SCI remain largely obscure. In the present study, we
demonstrated that infiltrated neutrophils produce neutrophil extracellular traps (NETs),
which subsequently promote neuroinflammation and blood–spinal cord barrier disruption
to aggravate spinal cord edema and neuronal apoptosis following SCI in rats. Both
inhibition of NETs formation by peptidylarginine deiminase 4 (PAD4) inhibitor and
disruption of NETs by DNase 1 alleviate secondary damage, thus restraining scar
formation and promoting functional recovery after SCI. Furthermore, we found that
NETs exacerbate SCI partly via elevating transient receptor potential vanilloid type 4
(TRPV4) level in the injured spinal cord. Therefore, our results indicate that NETs might be
a promising therapeutic target for SCI.

Keywords: spinal cord injury, neutrophils, neutrophil extracellular traps, blood–spinal cord barrier, neuroinflammation
INTRODUCTION

Spinal cord injury (SCI) is a devastating central nervous system (CNS) trauma due to its high
mobility and tremendous social and financial burden (1). Unfortunately, current treatments for SCI
are far from satisfactory (2), which should mainly be attributed to the limitations in understanding
of its pathophysiological mechanisms (1). Generally, SCI consists of primary injury and subsequent
secondary injury mechanisms (3). Primary injury refers to initial impact to the spinal cord caused by
traumatic mechanical forces, while secondary injury is known as a series of biochemical, molecular,
and cellular cascades that cause further damage (4). Since primary injury happens unexpectedly and
cannot be prevented, targeting secondary injury mechanisms is crucial for SCI treatment (5).

As the first inflammatory cell recruited to the lesion site of SCI, neutrophils play significant roles
in the secondary injury mechanisms of SCI (6). Neutrophils migrate to the injured spinal cord
within hours and peak in 1 to 3 days after SCI (7, 8). After infiltrating, neutrophils produce and
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release pro-inflammatory mediators, oxidative enzymes (such as
myeloperoxidase; MPO), proteolytic enzymes (such as matrix
metalloproteinase-9 and elastase), and reactive oxygen species
(ROS) to promote secondary damage, thus aggravating
neurological deficit (7, 9, 10). In addition to secreting cytotoxic
products, neutrophils were recently revealed to contribute to
diverse diseases via releasing neutrophil extracellular traps
(NETs) (11), an extracellular fibrous network firstly described
by Brinkmann et al. (12). Except for CNS infections (13, 14),
NETs were also demonstrated to be implicated in ischemic stroke
(15), intracerebral hemorrhage (16), traumatic brain injury (17),
and even neurodegenerative diseases (18). However, whether
NETs contribute to pathophysiological changes in SCI
remains unclear.

Therefore, we explored whether NETs promote secondary
injury following SCI, and the potential mechanisms as to how
NETs exacerbate SCI in the present study.
MATERIALS AND METHODS

SCI Induction and Experimental Design
One hundred and ninety-eight female Sprague–Dawley (SD) rats
(250–300 g; Army Medical University) were used in the present
experimentation. All rats were maintained under a 12-h light/dark
cycle condition with free access to food and water. Animal use
protocols were approved by the Animal Care and Use Committee
of the Army Medical University (NO. SYXK20170002).

The clip-compression SCI model was induced according to a
previous method (19). Briefly, after anesthetized by pentobarbital
(40 mg/kg; intraperitoneally), animals were subjected to T9
laminectomy using aseptic techniques. Then, a clip with 50-g
closing force was used to compress the exposed spinal cord for 60
s to induce SCI. The same surgical procedure without
compression was performed in sham-operated animals.
Manual bladder emptying was carried out twice daily until the
recovery of normal bladder control.

Animals were assigned to five groups: sham controls without
spinal cord compression (sham group); SCI models with Cl-
amidine (diluted in 5% DMSO; MedChemExpress; 50 mg/kg)
treatment (Cl-amidine group); SCI models with vehicle
(corresponding dose of 5% DMSO) treatment (DMSO group);
SCI models with DNase1 (diluted in saline; Roche; 5 mg/kg)
treatment (DNase1 group); and SCI models with vehicle
(corresponding dose of saline) treatment (Saline group). For
drug administration, Cl-amidine was administered through
intraperitoneal injection after SCI induction, and DNase1 was
administered through the tail vein 1 h after SCI induction. The
dosage and timing of Cl-amidine and DNase I administration
were performed based on the previous study (17).
Immunofluorescence
Immunofluorescence labeling was performed as described
previously (20). After being deeply anesthetized, animals were
transcardially perfused with PBS and their spinal cords were
removed. Obtained samples were fixed with 4% paraformaldehyde
Frontiers in Immunology | www.frontiersin.org 2
and then dehydrated with 30% sucrose solution. Serial longitudinal
sections (10 mm) were prepared using a cryostat microtome. After
washing in PBS containing 0.3% Triton X-100, sections were
incubated with relevant primary antibodies at 4°C overnight.
Then, sections were washed with PBS and incubated with
appropriate secondary antibodies at 37°C for 2 h. Cell nuclei were
stained using DAPI. Finally, stained sections were viewed and
imaged under a confocal microscope (LSM-880; Zeiss). The
following primary antibodies were used: rabbit anti-
Myeloperoxidase (MPO, Abcam; 1:50), mouse anti-Histone H3
(citrulline R2+ R8 +R17) (Abcam; 1:100), mouse anti-glial
fibrillary acidic protein (GFAP) (Biosensis; 1:500), rabbit anti-
Laminin (Dako; 1:1000), mouse anti-CD31 (Abcam; 1:100), and
rabbit anti-transient receptor potential vanilloid type 4 (TRPV4)
(Abcam; 1:100).

SYTOX Orange staining was performed as previous described
(21). Sections were stained with SYTOX Orange (Molecular
Probes, Inc.) at a concentration of 5 mM for 10 min. Then,
stained sections were viewed and imaged under a confocal
microscope (LSM-880; Zeiss) after washing with PBS.

Western Blot Analysis
Western blot (WB) was performed according to a previous
method (22). Briefly, after animals were anesthetized and
decapitated, spinal cord tissues of the lesion site were removed
and collected immediately on ice (8). Then, samples were
homogenized and lysed in RIPA buffer containing protease
and phosphatase inhibitors. After centrifuging at 12,000 rpm
for 10 min at 4°C, protein concentrations were determined using
a BCA Assay Kit (Beyotime). Equal amounts of protein lysate
(20 mg) were separated by 10% SDS-PAGE electrophoresis,
followed by transferring onto PVDF membranes. After
blocking in 5% fresh-non-fat skim milk prepared in TBST for
2 h at room temperature, membranes were incubated with the
appropriate primary antibodies at 4°C overnight. Then,
membranes were incubated with corresponding HRP-
conjugated secondary antibodies for 2 h at room temperature
after washing with TBST. Finally, protein bands were visualized
with chemiluminescent HRP Substrate (Thermo Fisher) under
Western Lightning-ECL (Bio-Rad, USA). The following primary
antibodies were used: mouse anti-Histone H3 (citrulline R2+
R8 +R17) (Abcam; 1:1000), rabbit anti-ZO-1 (Abcam, 1:5000),
rabbit anti-occludin (Abcam, 1:5000), rabbit anti-transient
receptor potential vanilloid type 4 (TRPV4) (Abcam; 1:1000),
and mouse anti-GAPDH (Zen-bio, 1:5000).

Luminex Liquid Suspension Chip Assay
Luminex liquid suspension chip assay was applied to analyze
inflammatory cytokines [including tumor necrosis factor
(TNF)-a, interferon (IFN)-g, interleukin (IL)-1b, IL-6, and
IL-10], which was performed by Wayen Biotechnologies
(Shanghai, China). Briefly, samples were obtained after spinal
cord tissues from the same site of WB were lysed and
centrifugated at 10,000 rpm for 10 min. After protein
concentrations were measured, equal amount of protein
(45 mg) sample was taken to diluted to equal volume (50 ml).
Then, samples were incubated in 96-well plates embedded with
August 2021 | Volume 12 | Article 698249
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microbeads for 1 h, after which they were incubated with
detection antibodies for 30 min. Finally, streptavidin-PE was
added into each well to be incubated for 10 min, and values were
measured by the Bio-Plex MAGPIX System (Bio-Rad).

TUNEL Staining
After washing in PBS containing 0.3% Triton X-100, sections
were incubated with the primary antibody mouse anti-NeuN
(Abcam; 1:200), which is used to mark neurons, at 4°C overnight
and then incubated with appropriate secondary antibody at 37°C
for 2 h. Subsequently, sections were incubated with TUNEL
staining mixture (In Situ Cell Death Detection Kit, TMR red;
Roche) at 37°C for 1 h. Cell nuclei were stained using DAPI.
Finally, stained sections were imaged under a confocal
microscope (LSM-880; Zeiss). TUNEL-positive cells and
neurons were counted using ImageJ software (National
Institutes of Health, USA).

H&E Staining
Firstly, sections were stained with hematoxylin for 1 min and
washed three times in distilled water. Then, sections were stained
with eosin for 2 min. Stained sections were imaged using a
light microscope.

Electrophysiological Assessment
The functional integrity of spinal pathway was evaluated by
motor evoked potentials (MEPs) according to a previous method
(23). Briefly, after being anesthetized with 1% pentobarbital
sodium (20 mg/kg; intraperitoneally), experimental animals
were implanted with four monopolar needle electrodes in
appropriate locations: one at the base of the nose (acting as the
anode), one at the midpoint between two ears (acting as the
cathode), one into the gastrocnemius muscle (recording
electrode), and the last one at the base of the tail (ground
electrode). The brain was excited by electrical pulse (intensity
10 mA; width 0.1 ms; rate 1 Hz), and the base-to-peak amplitude
of MEPs was recorded.

Behavioral Experiments
Motor function was evaluated with the Basso, Beattie, and
Bresnahan (BBB) locomotor test on days 1, 7, 14, 21, and 28
after SCI induction. Briefly, experimental animals were observed
by two evaluators to move freely in an open field for 5 min in a
blinded manner. Motor function was evaluated according to the
0–21 BBB scoring. The average score of two evaluators was
calculated to analysis.

Blood–Spinal Cord Barrier
Permeability Evaluation
Blood–spinal cord barrier (BSCB) permeability was determined
using Evans blue (EB) dye extravasation as previously described
with some modifications (24). Briefly, 24 h after SCI, 2% (w/v)
EB dye (5 ml/kg, Sigma Aldrich) solution in saline was
administered through the femoral vein. One hour later, rats
were anesthetized and perfused with saline. For extravasation
quantification, injured spinal cord was removed and weighed
immediately. Then, samples were homogenized in 400 µl of 50%
Frontiers in Immunology | www.frontiersin.org 3
trichloroacetic acid and centrifuged at 10,000 g for 30 min. After
incubating overnight at 4°C, samples were centrifuged at 10,000 g
for 30 min, and supernatants were diluted fourfold with ethanol.
Finally, fluorescence intensity was measured at 620/680 nm.
Results were express as mg dye/g tissue.

For EB fluorescence, injured spinal cord was removed, fixed
with 4% paraformaldehyde overnight, and dehydrated in 30%
sucrose at 4°C. Then, samples were sectioned into 10-mm slices
and observed using a confocal fluorescence microscope
(LSM880, Zeiss).

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 8.0.
Single comparison between two groups was analyzed by two-
tailed Student’s t test. Multigroup comparisons were analyzed by
one-way analysis of variance (ANOVA) followed by Bonferroni
post hoc test. Data were presented as means ± standard deviation.
p value below 0.05 was considered statistically significant.
RESULTS

Infiltrated Neutrophils Produce NETs
in the Injured Spinal Cord
We first identified the presence of neutrophils and NETs at the
epicenter of the SCI. Neutrophils peaked at 24 h and remained
high until 3 days after SCI (Supplementary Figure 1A). At 24 h
after SCI, a large number of neutrophils that were marked with
MPO infiltrated into the injured spinal cord and produce NETs,
which was characterized by citrullinated histone H3 (CitH3)+

neutrophils (Figure 1A). Furthermore, we visualized NETs
(network of cell-free DNA structure) with SYTOX Orange
staining in the lesion site at 24 h after SCI (Figure 1B).
Quantification of the CitH3 levels at different time points in
the injured spinal cord confirmed the presence of NETs
(Figure 1B and Supplementary Figure 1B), while level of
total histone H3 expression was not changed after SCI
(Supplementary Figure 2A).

To demonstrate the effect of Cl-amidine, an inhibitor of
enzyme peptidylarginine deiminase 4 (PAD4), which is the key
enzyme mediating NETs formation, and DNase1 on restricting
NETs, we firstly excluded the effect of vehicles (DMSO and
saline) on NETs. We found that both DMSO and saline had no
significant effect on the level of CitH3 in both sham and SCI rats
(Supplementary Figures S3A, B). Administrating Cl-amidine
reduced NETs significantly after SCI (Figure 2). Similarly,
degrading NETs with DNase1 also significantly reduced the
level of NETs in the lesion site (Figure 3). Both Cl-amidine
and DNase1 administration had no significant effect on the level
of total histone H3 expression in SCI rats (Supplementary
Figures S2B, C). Although we found that the peak of NETs
was observed at 3 days after SCI, early administration of both Cl-
amidine and DNase1 also significantly reduced the NETs at later
stage (Supplementary Figure S4). These results suggest that
infiltrated neutrophils produce NETs at the epicenter after SCI,
which were prevented by both Cl-amidine and DNase1.
August 2021 | Volume 12 | Article 698249
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Restricting NETs Attenuates
Neuroinflammation and Edema After SCI
Next, we evaluated the effect of NETs on neuroinflammation and
edema after SCI. Local pro-inflammatory cytokines, including
TNF-a, IFN-g, IL-1b, and IL-6, were increased, while anti-
inflammatory cytokine IL-10 was decreased at 24 h after SCI,
which are all reversed by both Cl-amidine and DNase1 treatment
(Figures 4A–E). Moreover, SCI-induced acute edema is also
attenuated by Cl-amidine and DNase1 (Figure 4F). Thus,
restricting NETs attenuated neuroinflammation and edema
after SCI.

Restricting NETs Reduces Cell Death
After SCI
Furthermore, we evaluated the effect of NETs on cell death after
SCI. SCI induced massive cell death at the epicenter of lesion at
24 h post-SCI, which was suppressed by both Cl-amidine and
DNase1 (Figures 5A, B). Furthermore, confocal images of co-
staining of NeuN and TUNEL indicate that both Cl-amidine and
DNase1 reduce neuron death after SCI (Figures 5A, C). This
finding suggests that NETs is an important cause of cell death
after SCI.
Frontiers in Immunology | www.frontiersin.org 4
Restricting NETs Reduces Scar Formation
After SCI
To evaluate the effect of NETs on chronic phase of SCI, we
assessed scarring (both glial and fibrotic) of lesion site at 28 days
after SCI. Injury-induced glial scar formation, which is indicated
by expression of GFAP, is significantly inhibited by both Cl-
amidine and DNase1 administration (Figures 6A, C). In parallel,
the amounts of laminin, which is the hallmark of the fibrotic
scars hindering axon regeneration, in the lesions are significantly
lower when NETs were restricted by Cl-amidine and DNase1
(Figures 6B, D). These results suggest that restricting NETs not
only attenuates acute injury but also reduces chronic scar
formation after SCI.

Restricting NETs Reduces Tissue Damage
and Promotes Motor Function Recovery
After SCI
To evaluate the functional consequences of NETs restriction
after SCI, we assessed functional integrity of spinal pathway by
MEPs and motor function by BBB locomotor test. Both
restricting NETs with Cl-amidine and DNase1 reduce tissue
damage in the spinal cord at 28 days after SCI (Figure 7A).
A B

C

FIGURE 1 | Infiltrated neutrophils produce NETs in the injured spinal cord. (A) Representative images of CitH3 (red) and MPO (green) double-positive cells in spinal
cord from sham-operated rats and SCI rats at 24 h after operation. Nuclear was marked with DAPI (blue). Scale bars = 100 mm. (B) Representative images of
network-like cell-free DNA structure by Sytox Orange staining. Scale bars = 200 mm. (C) Representative immunoblots and quantification of the CitH3 levels in spinal
cord of rats subjected to SCI or sham operation. GAPDH is used as a loading control. Data are presented as means ± SD of n = 9 (*p < 0.05).
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The representative records (Figure 7B) and amplitude (Figure 7C)
of MEPs indicated that restricting NETs improve the functional
integrity ofmotor pathway after SCI. Furthermore, motor function
recovery evaluated by BBB test is significantly promoted following
Cl-amidine and DNase1 treatment (Figure 7D). Taken together,
these results suggest that restricting NETs reduced tissue damage
and improved integrity of motor pathway and motor function
recovery after SCI.

NETs Promote BSCB Disruption, Which
May Be Partly Through Elevating TRPV4
Finally, we evaluated the effect of NETs on BSCB disruption and
explored possible mechanisms. Both EB fluorescence and
quantification of EB leakage indicate significant BSCB disruption
at 24 h after SCI, which is ameliorated both by inhibiting NETs
formation with Cl-amidine and degrading NETs with DNase1
(Figures 8A–C). In addition, the expression of tight junction
proteins (ZO-1, occludin) that maintain the integrity of the BSCB
is reduced after SCI, but prevented by Cl-amidine and DNase1
(Figures 8D–F).What ismore, the expression ofTRPV4 inCD-31-
marked endothelial cells at the epicenter increases significantly after
SCI, which is suppressed effectively by Cl-amidine and DNase1
Frontiers in Immunology | www.frontiersin.org 5
(Figures 9A–C). Our results suggest that NETs promote BSCB
disruption after SCI, which may be through, at least in part,
elevating TRPV4.
DISCUSSION

In the present study, we have demonstrated that infiltrated
neutrophils produce NETs in the lesion to exacerbate
secondary injury via promoting neuroinflammation and
blood–spinal cord barrier disruption after SCI. Both inhibiting
NETs formation with Cl-amidine and degrading NETs with
DNase1 reduce cell death, scar formation, and tissue damage,
ultimately promoting motor function recovery, which benefits
from alleviating neuroinflammation and blood–spinal cord
barrier disruption partly by suppressing TRPV4.

In recent years, neutrophils were demonstrated to produce
NETs in CNS under various pathological conditions to contribute
to pathophysiology (11). In agreement with previous studies
indicating the presence of NETs in stroke (15, 16) and traumatic
brain injury (17), our present study demonstrated that infiltrated
neutrophils produce NETs in the lesion after SCI.
A

B

FIGURE 2 | PAD4 inhibitor (Cl-amidine) prevents NETs formation after SCI.
(A) Representative images of CitH3 (red) and MPO (green) double-positive
cells in spinal cord from each group at 24 h after operation. Nuclear was
marked with DAPI (blue). Scale bars = 50 mm. (B) Representative
immunoblots and quantification of the CitH3 levels in spinal cord of each
group. GAPDH is used as a loading control. Data are presented as means ±
SD of n = 9 (*p < 0.05).
A

B

FIGURE 3 | DNase1 degrades NETs after SCI. (A) Representative images
of CitH3 (red) and MPO (green) double-positive cells in spinal cord from
each group at 24 h after operation. Nuclear was marked with DAPI (blue).
Scale bars = 50 mm. (B) Representative immunoblots and quantification of
the CitH3 levels in spinal cord of each group. GAPDH is used as a loading
control. Data are presented as means ± SD of n = 9 (*p < 0.05).
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NETs are generally decorated with granular and cytosolic
proteins, proteases, and histones (12), which are induced by the
activation of PAD4 (25). The latter converts arginine to citrulline
on histones to promote chromatin decondensation (26); thus, it
is essential for NETs formation (27). Despite the fact that
neutrophil depletion is effective to block NETs formation, it is
not an ideal treatment as the accompanying high risk of infection
(17). Currently, inhibiting NETs formation with PAD4 inhibitor
and degrading NETs with DNase1 are preferable strategies to
restricting NETs (15, 17, 25). Our study corroborates the findings
of previous researchers (15, 17), demonstrating that both Cl-
amidine and DNase1 administration reduce NETs in CNS under
pathological conditions.

Cell death, especially neuronal death, is a major pathological
damage in the acute stage after SCI, which results from both
primary and following secondary injury (4). Extremely
preventing neuronal cell death is the goal of almost all
neuroprotective therapies (2). Gratifyingly, we demonstrated
that restricting NETs effectively reduces SCI-induced cell
death, mainly neurons, in the present study. In addition, scar
Frontiers in Immunology | www.frontiersin.org 6
formation at the lesion site is also a common pathological
response in SCI (28). Local scar tissue consists of two
components: fibrotic scar contains extracellular matrix proteins
(such as laminin, fibronectin, and collagen) in the lesion core,
and glial scar contains reactive astrocytes surrounding the lesion
core (28, 29). Glial scar has long been considered to be a barrier
to inhibit axonal regeneration and a potential therapeutic target
to facilitate neural repair (30, 31). In recent years, fibrotic scar
receives growing attention in CNS diseases, especially SCI (32–
34). Attenuation of fibrotic scar formation has been suggested to
be a therapeutic target to facilitate neurological function recovery
after SCI (35, 36). In our study described here, we found that
both glial and fibrotic scars are reduced via restricting NETs,
which facilitate motor function recovery ultimately after SCI.
What is more, our results indicate that NETs formation might be
a potential mechanism for how infiltrated immune cells drive
CNS fibrosis (37).

As the main early pathophysiological changes following SCI,
local neuroinflammation and BSCB disruption reinforce
mutually and promote secondary injury after SCI (1, 2, 4).
A B C

D E F

D

FIGURE 4 | Restricting NETs attenuates neuroinflammation and edema after SCI. Levels of (A) TNF-a, (B) IFN-g, (C) IL-1b, (D) IL-6, and (E) IL-10 in injured spinal cord
of each group at 24 h after SCI. (F) Water contents of injured spinal cord from each group at 24 h after SCI. Data are presented as means ± SD of n = 6 (*p < 0.05).
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FIGURE 5 | Restricting NETs reduces cell death after SCI. (A) Representative images of TUNEL (red) and NeuN (green) double-positive cells in inju
marked with DAPI (blue). Scale bars = 100 mm. Quantification of (B) TUNEL-positive cells and (C) double-positive cells in injured spinal cord of each
n = 6 (*p < 0.05).
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A

B

C

D

FIGURE 6 | Restricting NETs reduces both glial and fibrotic scar formation after SCI. (A) Representative images of GFAP (green) positive glial scar in injured spinal
cord of each group at 28 days after operation. Nuclear was marked with DAPI (blue). (B) Representative images of Laminin (red) positive fibrotic scar in injured spinal
cord of each group at 28 days after operation. Nuclear was marked with DAPI (blue). Scale bars = 100 mm. Fluorescence intensity mean value (IMV) of (C) GFAP
and (D) Laminin at the injury epicenter of each group. Data are presented as means ± SD of n = 6 (*p < 0.05).
A B

DC

FIGURE 7 | Restricting NETs reduces tissue damage and promotes motor function recovery after SCI. (A) Representative images of H&E staining performed on the
injured spinal cord section of each group at 28 days after operation. Scale bars = 2 mm. (B) Representative recording of motor evoked potentials (MEPs) of each
group at 28 days after operation. Scale: 5 mV/10 ms. (C) Amplitudes of MEPs of each group. Data are presented as means ± SD of n = 6 (*p < 0.05 versus vehicle).
(D) The BBB scores at different time points of each group. Data are presented as means ± SD of n = 6 (*p < 0.05 sham versus DMSO, $p < 0.05 sham versus
Saline, p < 0.05 CI-amidine versus DMSO, &p < 0.05 DNase1 versus Saline).
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FIGURE 8 | NETs promote BSCB disruption after SCI. (A) Representative fluorescence images of EB (red) leakage at the injury epicenter of each
(B) Fluorescence intensity mean value (IMV) of EB at the injury epicenter of each group. (C) Quantification of EB leakage at the injury epicenter of e
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FIGURE 9 | NETs promote BSCB disruption through elevating TRPV4. (A) Representative images of TRPV4 (red) and CD31 (green) doubl
Nuclear was marked with DAPI (blue). Scale bars = 50 mm. (B, C) Representative immunoblots and quantification of TRPV4 levels in injured
means ± SD of n = 6 (*p < 0.05).
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Preventing neuroinflammation and BSCB disruption are
crucial strategies to block persistent secondary injury (38,
39). In the present study, we demonstrated that reducing
NETs alleviates both neuroinflammation and BSCB
disruption in injured spinal cord, hence ameliorating SCI and
promoting functional recovery. Finally, we attempted to
explore the potential mechanisms as to how NETs aggravate
BSCB disruption and demonstrated that TRPV4 is upregulated
in CD31-marked endothelial cells after SCI, which is
suppressed by both Cl-amidine and DNase1. In agreement
with our results, the nonselective cation channel TRPV4 was
proved to contribute to endothelial and secondary damage after
SCI, while inhibiting which attenuated SCI in a recent research
(29). Combined with these results, we reasonably speculate that
NETs aggravate BSCB disruption via, at least partly, elevating
TRPV4 following SCI. Meanwhile, there are several limitations
that require further studies in the present research. Firstly,
in vitro study is needed to further confirm whether NETs
damage endothelial cells through TRPV4 elevation. Secondly,
whether NETs aggravate SCI through other mechanisms is
worth investigating. Finally, all these results need to be verified
in various models in the future.

In summary, our data demonstrated that NETs aggravate
neuroinflammation and BSCB disruption, which may be partly
via elevating TRPV4, to exacerbate secondary injury after SCI,
while both inhibiting NETs formation and degrading NETs
alleviate injury and promote motor function recovery
(Figure 10). Therefore, our findings demonstrated that NETs
may be a potential therapeutic target for SCI.
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FIGURE 10 | Mechanism of neutrophil extracellular traps (NETs) exacerbates secondary injury after spinal cord injury. Infiltrated neutrophils produce NETs, which
subsequently promote neuroinflammation and blood–spinal cord barrier disruption to aggravate spinal cord edema and neuronal apoptosis partly via elevating
transient receptor potential vanilloid type 4 (TRPV4) level following SCI in rats. Both inhibition of NETs formation by peptidylarginine deiminase 4 (PAD4) inhibitor and
disruption of NETs by DNase 1 alleviate secondary damage and promote functional recovery after SCI.
August 2021 | Volume 12 | Article 698249

https://www.frontiersin.org/articles/10.3389/fimmu.2021.698249/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.698249/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Feng et al. Neutrophil Extracellular Traps Exacerbate SCI
REFERENCES

1. Ahuja CS, Wilson JR, Nori S, Kotter MRN, Druschel C, Curt A, et al. Traumatic
Spinal Cord Injury.Nat Rev Dis Primers (2017) 3:17018. doi: 10.1038/nrdp.2017.18

2. AhujaCS,MartinAR,FehlingsMG.RecentAdvances inManagingaSpinalCord Injury
Secondary toTrauma.F1000Research (2016) 5:1017. doi: 10.12688/f1000research.7586.1

3. Blesch A, Tuszynski MH. Spinal Cord Injury: Plasticity, Regeneration and the
Challenge of Translational Drug Development. Trends Neurosci (2009) 32
(1):41–7. doi: 10.1016/j.tins.2008.09.008

4. Alizadeh A, Dyck SM, Karimi-Abdolrezaee S. Traumatic Spinal Cord Injury:
An Overview of Pathophysiology, Models and Acute Injury Mechanisms.
Front Neurol (2019) 10:282. doi: 10.3389/fneur.2019.00282

5. Oyinbo CA. Secondary Injury Mechanisms in Traumatic Spinal Cord Injury:
A Nugget of This Multiply Cascade. Acta Neurobiol Exp (2011) 71(2):281–99.

6. Neirinckx V, Coste C, Franzen R, Gothot A, Rogister B, Wislet S. Neutrophil
Contribution to Spinal Cord Injury and Repair. J Neuroinflamm (2014) 11:150.
doi: 10.1186/s12974-014-0150-2

7. Fleming JC, Norenberg MD, Ramsay DA, Dekaban GA, Marcillo AE, Saenz
AD, et al. The Cellular Inflammatory Response in Human Spinal Cords After
Injury. Brain J Neurol (2006) 129(Pt 12):3249–69. doi: 10.1093/brain/awl296

8. Devaux S, CizkovaD,Quanico J, Franck J,Nataf S, Pays L, et al. ProteomicAnalysis
of the Spatio-Temporal Based Molecular Kinetics of Acute Spinal Cord Injury
Identifies a Time- and Segment-Specific Window for Effective Tissue Repair.Mol
Cell Proteomics (2016) 15(8):2641–70. doi: 10.1074/mcp.M115.057794

9. YatesAG, JogiaT,GillespieER,CouchY,RuitenbergMJ,AnthonyDC.Acute IL-1RA
Treatment Suppresses the Peripheral and Central Inflammatory Response to Spinal
Cord Injury. J Neuroinflamm (2021) 18(1):15. doi: 10.1186/s12974-020-02050-6

10. Kolaczkowska E, Kubes P. Neutrophil Recruitment and Function in Health and
Inflammation. Nat Rev Immunol (2013) 13(3):159–75. doi: 10.1038/nri3399

11. Manda-Handzlik A, Demkow U. The Brain Entangled: The Contribution of
Neutrophil Extracellular Traps to the Diseases of the Central Nervous System.
Cells (2019) 8(12):1477. doi: 10.3390/cells8121477

12. Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, Weiss DS,
et al. Neutrophil Extracellular Traps Kill Bacteria. Science (2004) 303
(5663):1532–5. doi: 10.1126/science.1092385

13. Mohanty T, Fisher J, Bakochi A, Neumann A, Cardoso JFP, Karlsson CAQ,
et al. Neutrophil Extracellular Traps in the Central Nervous System Hinder
Bacterial Clearance During Pneumococcal Meningitis. Nat Commun (2019)
10(1):1667. doi: 10.1038/s41467-019-09040-0

14. Appelgren D, Enocsson H, Skogman BH, Nordberg M, Perander L, Nyman D,
et al. Neutrophil Extracellular Traps (NETs) in the Cerebrospinal Fluid
Samples From Children and Adults With Central Nervous System
Infections. Cells (2019) 9(1):43. doi: 10.3390/cells9010043

15. Kang L, YuH, Yang X, Zhu Y, Bai X,Wang R, et al. Neutrophil Extracellular Traps
Released by Neutrophils Impair Revascularization and Vascular Remodeling After
Stroke. Nat Commun (2020) 11(1):2488. doi: 10.1038/s41467-020-16191-y

16. Tan Q, Guo P, Zhou J, Zhang J, Zhang B, Lan C, et al. Targeting Neutrophil
Extracellular Traps Enhanced tPA Fibrinolysis for Experimental Intracerebral
Hemorrhage. Transl Res (2019) 211:139–46. doi: 10.1016/j.trsl.2019.04.009

17. Vaibhav K, BraunM, Alverson K, Khodadadi H, Kutiyanawalla A,Ward A, et al.
Neutrophil Extracellular Traps ExacerbateNeurological Deficits After Traumatic
Brain Injury. Sci Adv (2020) 6:(22):eaax8847. doi: 10.1126/sciadv.aax8847

18. Zenaro E, Pietronigro E, Della Bianca V, Piacentino G, Marongiu L, Budui S, et al.
Neutrophils Promote Alzheimer's Disease-Like Pathology and Cognitive Decline
Via LFA-1 Integrin. Nat Med (2015) 21(8):880–6. doi: 10.1038/nm.3913

19. Weaver LC, Verghese P, Bruce JC, Fehlings MG, Krenz NR, Marsh DR.
Autonomic Dysreflexia and Primary Afferent Sprouting After Clip-
Compression Injury of the Rat Spinal Cord. J Neurotrauma (2001) 18
(10):1107–19. doi: 10.1089/08977150152693782

20. Feng Z, TanQ, Tang J, Li L, Tao Y, ChenY, et al. Intraventricular Administration
of Urokinase as a Novel Therapeutic Approach for Communicating
Hydrocephalus. Transl Res (2016) 180:77–90.e2. doi: 10.1016/j.trsl.2016.08.004

21. Xie F, Tan Q, Yu A, Guo P, Wang L, Zeng Z, et al. The Role of Cell-Free DNA
in Fibrinolysis for Intraventricular Hemorrhage. J Neurosurg (2021) 8:1–8.
doi: 10.3171/2020.7.jns201429

22. FengZ,Liu S,ChenQ,TanQ,Xian J, FengH, et al. uPAAlleviatesKaolin-Induced
Hydrocephalus by Promoting the Release and Activation of Hepatocyte Growth
Factor inRats.Neurosci Lett (2020)731:135011.doi: 10.1016/j.neulet.2020.135011
Frontiers in Immunology | www.frontiersin.org 12
23. Chen B, Tan Q, Zhao W, Yang Q, Zhang H, Gao F, et al. Diffusion Tensor
Imaging and Electrophysiology as Robust Assays to Evaluate the Severity of
Acute Spinal Cord Injury in Rats. BMC Neurol (2020) 20(1):236. doi: 10.1186/
s12883-020-01778-1

24. Goldim MPS, Della Giustina A, Petronilho F. Using Evans Blue Dye to
Determine Blood-Brain Barrier Integrity in Rodents. Curr Protoc Immunol
(2019) 126(1):e83. doi: 10.1002/cpim.83

25. Jorch SK, Kubes P. An Emerging Role for Neutrophil Extracellular Traps in
Noninfectious Disease. Nat Med (2017) 23(3):279–87. doi: 10.1038/nm.4294

26. Wang Y,Wysocka J, Sayegh J, Lee YH, Perlin JR, Leonelli L, et al. Human PAD4
Regulates Histone Arginine Methylation Levels Via Demethylimination. Science
(2004) 306(5694):279–83. doi: 10.1126/science.1101400

27. Martinod K, Demers M, Fuchs TA, Wong SL, Brill A, Gallant M, et al.
Neutrophil Histone Modification by Peptidylarginine Deiminase 4 Is Critical
for Deep Vein Thrombosis in Mice. Proc Natl Acad Sci USA (2013) 110
(21):8674–9. doi: 10.1073/pnas.1301059110

28. O’Shea TM, Burda JE, Sofroniew MV. Cell Biology of Spinal Cord Injury and
Repair. J Clin Invest (2017) 127(9):3259–70. doi: 10.1172/jci90608

29. Kumar H, Lim CS, Choi H, Joshi HP, Kim KT, Kim YH, et al. Elevated TRPV4
Levels Contribute to Endothelial Damage and Scarring in Experimental Spinal
Cord Injury. J Neurosci (2020) 40(9):1943–55. doi: 10.1523/JNEUROSCI.
2035-19.2020

30. Yiu G, He Z. Glial Inhibition of CNS Axon Regeneration. Nat Rev Neurosci
(2006) 7(8):617–27. doi: 10.1038/nrn1956

31. Bradbury EJ, Burnside ER. Moving Beyond the Glial Scar for Spinal Cord
Repair. Nat Commun (2019) 10(1):3879. doi: 10.1038/s41467-019-11707-7

32. Dias DO, Goritz C. Fibrotic Scarring Following Lesions to the Central Nervous
System.Matrix Biol (2018) 68-69:561–70. doi: 10.1016/j.matbio.2018.02.009

33. Goritz C, Dias DO, Tomilin N, Barbacid M, Shupliakov O, Frisen J. A Pericyte
Origin of Spinal Cord Scar Tissue. Science (2011) 333(6039):238–42.
doi: 10.1126/science.1203165

34. Zhou T, Zheng Y, Sun L, Badea SR, Jin Y, Liu Y, et al. Microvascular
Endothelial Cells Engulf Myelin Debris and Promote Macrophage
Recruitment and Fibrosis After Neural Injury. Nat Neurosci (2019) 22
(3):421–35. doi: 10.1038/s41593-018-0324-9

35. Hellal F, Hurtado A, Ruschel J, Flynn KC, Laskowski CJ, Umlauf M, et al.
Microtubule Stabilization Reduces Scarring and Causes Axon Regeneration After
Spinal Cord Injury. Science (2011) 331(6019):928–31. doi: 10.1126/science.1201148

36. Dias DO, Kim H, Holl D, Werne Solnestam B, Lundeberg J, Carlen M, et al.
Reducing Pericyte-Derived Scarring Promotes Recovery After Spinal Cord
Injury. Cell (2018) 173(1):153–65.e22. doi: 10.1016/j.cell.2018.02.004

37. Dorrier CE, Aran D, Haenelt EA, Sheehy RN, Hoi KK, Pintaric L, et al. CNS
Fibroblasts Form a Fibrotic Scar in Response to Immune Cell Infiltration. Nat
Neurosci (2021) 24(2):234–44. doi: 10.1038/s41593-020-00770-9

38. Kumar H, Ropper AE, Lee SH, Han I. Propitious Therapeutic Modulators to
Prevent Blood-Spinal Cord Barrier Disruption in Spinal Cord Injury. Mol
Neurobiol (2017) 54(5):3578–90. doi: 10.1007/s12035-016-9910-6

39. Cox A, Varma A, Banik N. Recent Advances in the Pharmacologic Treatment
of Spinal Cord Injury. Metab Brain Dis (2015) 30(2):473–82. doi: 10.1007/
s11011-014-9547-y

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Feng, Min, Liang, Chen, Chen, Zhou, Deng, Liu and Hou. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
August 2021 | Volume 12 | Article 698249

https://doi.org/10.1038/nrdp.2017.18
https://doi.org/10.12688/f1000research.7586.1
https://doi.org/10.1016/j.tins.2008.09.008
https://doi.org/10.3389/fneur.2019.00282
https://doi.org/10.1186/s12974-014-0150-2
https://doi.org/10.1093/brain/awl296
https://doi.org/10.1074/mcp.M115.057794
https://doi.org/10.1186/s12974-020-02050-6
https://doi.org/10.1038/nri3399
https://doi.org/10.3390/cells8121477
https://doi.org/10.1126/science.1092385
https://doi.org/10.1038/s41467-019-09040-0
https://doi.org/10.3390/cells9010043
https://doi.org/10.1038/s41467-020-16191-y
https://doi.org/10.1016/j.trsl.2019.04.009
https://doi.org/10.1126/sciadv.aax8847
https://doi.org/10.1038/nm.3913
https://doi.org/10.1089/08977150152693782
https://doi.org/10.1016/j.trsl.2016.08.004
https://doi.org/10.3171/2020.7.jns201429
https://doi.org/10.1016/j.neulet.2020.135011
https://doi.org/10.1186/s12883-020-01778-1
https://doi.org/10.1186/s12883-020-01778-1
https://doi.org/10.1002/cpim.83
https://doi.org/10.1038/nm.4294
https://doi.org/10.1126/science.1101400
https://doi.org/10.1073/pnas.1301059110
https://doi.org/10.1172/jci90608
https://doi.org/10.1523/JNEUROSCI.2035-19.2020
https://doi.org/10.1523/JNEUROSCI.2035-19.2020
https://doi.org/10.1038/nrn1956
https://doi.org/10.1038/s41467-019-11707-7
https://doi.org/10.1016/j.matbio.2018.02.009
https://doi.org/10.1126/science.1203165
https://doi.org/10.1038/s41593-018-0324-9
https://doi.org/10.1126/science.1201148
https://doi.org/10.1016/j.cell.2018.02.004
https://doi.org/10.1038/s41593-020-00770-9
https://doi.org/10.1007/s12035-016-9910-6
https://doi.org/10.1007/s11011-014-9547-y
https://doi.org/10.1007/s11011-014-9547-y
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Neutrophil Extracellular Traps Exacerbate Secondary Injury via Promoting Neuroinflammation and Blood–Spinal Cord Barrier Disruption in Spinal Cord Injury
	Introduction
	Materials And Methods
	SCI Induction and Experimental Design
	Immunofluorescence
	Western Blot Analysis
	Luminex Liquid Suspension Chip Assay
	TUNEL Staining
	H&amp;E Staining
	Electrophysiological Assessment
	Behavioral Experiments
	Blood–Spinal Cord Barrier Permeability Evaluation
	Statistical Analysis

	Results
	Infiltrated Neutrophils Produce NETs in the Injured Spinal Cord
	Restricting NETs Attenuates Neuroinflammation and Edema After SCI
	Restricting NETs Reduces Cell Death After SCI
	Restricting NETs Reduces Scar Formation After SCI
	Restricting NETs Reduces Tissue Damage and Promotes Motor Function Recovery After SCI
	NETs Promote BSCB Disruption, Which May Be Partly Through Elevating TRPV4

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


