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Abstract
Objective—Reperfusion after stroke leads to infiltration of inflammatory cells into the ischemic
brain. NADPH oxidase (NOX2) is a major enzyme system which generates superoxide in immune
cells. We studied the effect of NOX2 derived from the immune cells in the brain and in blood cells
in experimental stroke.

Methods—To establish whether NOX2 plays a role in brain ischemia, strokes were created in
mice, then mice were treated with the NOX2 inhibitor, apocynin or vehicle and compared to mice
deficient in NOX2's gp91 subunit and their wildtype littermates. To determine whether NOX2 in
circulating cells versus brain resident cells contribute to ischemic injury, bone marrow chimeras
were generated by transplanting bone marrow from wildtype or NOX2 deficient mice into NOX2
or wildtype hosts, respectively.

Results—Apocynin and NOX2 deletion both significantly reduced infarct size, blood-brain
barrier disruption and hemorrhagic transformation of the infarcts, compared to untreated wildtype
controls. This was associated with decreased MMP-9 expression and reduced loss of tight junction
proteins. NOX2 deficient mice receiving wildtype marrow had better outcomes compared to the
wildtype mice receiving wildtype marrow. Interestingly, wildtype mice receiving NOX2 deficient
marrow had even smaller infarct sizes and less hemorrhage than NOX2 deficient mice receiving
wildtype marrow.

Interpretation—This indicates that NOX2, whether present in circulating cells or brain resident
cells, contributes to ischemic brain injury and hemorrhage. However, NOX2 from the circulating
cells contributed more to the exacerbation of stroke than that from brain resident cells. These data
suggest the importance of targeting the peripheral immune system for treatment of stroke.

Introduction
The inflammatory response accompanying stroke is recognized to contribute to secondary
ischemic injury 1. Blood-brain barrier (BBB) disruption plays a crucial role in complicating
ischemic brain damage, because it can lead to brain edema and cerebral hemorrhage. Prior
reports have linked inflammation to BBB disruption because immune mediators open this
barrier and worsen ischemic injury 2–5. Thus, immune responses are likely to contribute
significantly to BBB disruption during stroke. Prior studies have implicated cytokines 4,
matrix metalloproteinases (MMPs) 5 and endogenous tissue plasminogen activator (tPA) 6.
Consistent with this, our lab previously showed that the addition of microglia to BBB
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constituents potentiated injury due to oxygen-glucose deprivation (OGD), and that this could
be reversed by inhibiting phagocytic NADPH oxidase (NOX2), a major enzyme system in
immune cells that generates superoxide 7.

Inflammation following focal cerebral ischemia consists of peripheral leukocyte influx into
the brain and activation of endogenous microglia, leading to the generation of immune
substances that may induce more ischemic damage including disruption of the BBB and
extracellular matrix 1, 8–10. BBB disruption can further potentiate brain injury and contribute
to secondary ischemic damage by permitting serum elements and blood cells to enter the
brain 11, 12. An extreme consequence of BBB disruption can lead to the entry of blood into
the ischemic brain, or hemorrhagic transformation (HT), and can be especially catastrophic
in the setting of thrombolytic use 13.

The NADPH oxidases (NOX) are a group of plasma membrane-associated enzymes found
in primarily in neutrophils and microglia 14, 15. Through electron transfer with NADPH as
the donor, NOX generates superoxide. We and others found that pharmacologically
inhibiting NOX2 or studying mice deficient in the same enzyme was protective against
experimental stroke 16–22. We now show that NOX2 in the circulating immune cells
contributes more to ischemic brain injury compared to NOX2 in the brain.

Methods
All studies involving laboratory animals received prior institutional approval, according to
NIH guidelines.

Mouse stroke model
C57BL/6 male mice (Jackson Lab) or transgenic mice from the same genetic background
(25–30 gm) were anesthetized with isoflurane by face mask and maintained at surgical
planes of anesthesia. Throughout the procedure, body temperature, heart rate, and blood
pressure were monitored. Mice were subjected to transient middle cerebral artery occlusion
model (tMCAO) using an intraluminal filament for 2h followed by reperfusion 7, 16. Mice
were euthanized at the end of the observation period by an overdose of isoflurane followed
by decapitation.

Neurological deficit scores
Prior to euthanasia, mice were assessed for neurological deficits using a modified Bederson
scale previously published by our group 16. A lower score indicated a less severe deficit than
a higher score.

Infarct Volume and Gross Hemorrhage Assessment
After sacrifice, brains were removed, cut into 2mm coronal slices, sections were inspected
for gross hemorrhage according to previously published methods 16. Only cerebral
hemorrhages visible to the naked eye were scored on a scale of 0= no gross hemorrhage, to
4=the most severe hemorrhage. Brain sections were then fixed and prepared for
histochemistry 23. Infarct volume was determined from hematoxylin and eosin (H&E)
stained sections using previously published methods 24.

Detection of BBB disruption
BBB permeability was evaluated by detection of extravasated Evans blue dye (EBD) as
previously described 7. The volume of dye extravasation was determined by tracing the
region of blue-stained tissue from coronal sections. In order to establish that this method
compares to a widely used method to assess BBB disruption that relies on a
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spectrophotometric readout 25, mice were subjected to 0 (n=1), 60 (n=2), 90 (n=1) and 120
(n=1) minutes of MCAO. EBD was injected, and brains were sectioned and scanned, then
the ipsilateral brain sections were homogenized for spectrophotometric measurements. The
amount of EBD contained in the brain sample was measured on a spectrophotometer
(SpectraMax 340PC, Molecular Devices) at 610 nm. The tissue content of EBD was
quantified from a linear standard curve derived from known amounts of the dye placed in
adjacent wells. Areas of EBD extravasation were then measured from the scanned brain
sections as described previously 7. Both methods were found to highly correlate (R=0.99);
thus, subsequent BBB disruption was estimated from intact brain sections.

Genetic mouse models
Transgenic mice expressing green fluorescent protein (GFP) transgenic mice (C57BL/6-
Tg(ACTB-EGFP)1Osb/J, Jackson Labs, Bar Harbor, ME) or LacZ (B6;129S-
Gt(ROSA)26Sor/J, Jackson Labs) were also used as bone marrow donors.

Homozygote female and hemizygote male breeding pairs deficient in NOX2 were purchased
from Jackson Lab (B6.129S6-Cybbtm1Din/J). These mice contain a null allele of the gp91
subunit of NOX2 involved in X-linked chronic granulomatous disease (X-CGD) 26. Mice
were backcrossed for five generations and the hemizygous males were genotyped. Cerebral
vasculature was delineated by injection of carbon black, and plasticity of the posterior
communicating arteries was compared between knockout and wildtype littermates 27.

Bone marrow chimeras
4–5 week-old male mice were anesthetized with a cocktail of xylazine and ketamine (50 mg/
kg ketamine & 10 mg/kg xylazine). All recipient mice received a 1.1Gy irradiation as
described before 28. Briefly, irradiation was generated by a Philips RT250 X-ray machine
(Philips Medical Systems, Hamburg, Germany). During irradiation, the heads of the mice
were shielded with a lead bar which reduced 99.99% of irradiation. Irradiated mice were
rescued with bone marrow from donor mice within 3h after irradiation by injecting 5 × 106

bone marrow cells through the tail vein.

To validate this model, chimeras generated from marrow of the GFP or lacZ transgenic mice
were prepared. Blood samples were collected and subjected to flow cytometry as at 1, 2 and
3 months post bone marrow transplantation, and brains of the mice were harvested and
stained for β-galactosidase (gene product of lacZ) or GFP. Chimeric animals were subjected
to 2h MCAO, followed by 22h reperfusion, then sacrificed; brains were collected and
sectioned as described above. LacZ or GFP positive cells in the brain were detected by
immunohistochemistry 29 and viewed under a microscope.

Myeloperoxidase (MPO) staining and counting
Brain sections were processed and immunostained as described above using a primary
antibody against MPO (Abcam, Cambridge, MA, USA. cat #: ab15484) followed by a
biotin-conjugated polyclonal goat anti rabbit IgG (Abcam, Cambridge, MA, USA. cat #:
ab6720). MPO positive cells were counted from within the infarct border as described
elsewhere 23. Only MPO positive cells with characteristic neutrophil morphology were
counted from six adjacent nonoverlapping 400X high-power and the cell densities were
expressed as mean number of cells per field.

Western blots
22h after reperfusion, brains were harvested and the ipsi and contralateral hemispheres were
separated and brain tissue was homogenized in 7 volumes of ice cold suspension buffer
containing, protease (Sigma, Cat# P8340) and phosphatase inhibitors (Sigma, Cat #: 2850).
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Tissue lysates were then centrifuged at 14,000G for 10 minutes at 4°C. Supernatants were
collected and protein concentrations were measured. 15 µg of protein was loaded into a 10–
20 % Ready Gel Tris-HCl Gel (Bio-Rad, Hercules, CA) and subjected to SDS
polyacrylamide gel electrophoresis, then transferred onto PVDF membranes, blocked and
probed with primary antibodies against: MMP-9 (1:5000, Chemicon, AB19047), Occludin
(1:100, Zymed, South San Francisco, CA, 71–1500), or ZO-1 (1:100, Zymed, South San
Francisco, CA, 61–7300) followed by peroxidase-conjugated secondary antibody. Signals
were visualized with enzyme chemiluminescence (ECL, GE Healthcare, Piscataway, NJ,
RPN2132). Films were scanned with an HP scanner and the signals were quantified with
NIH Image J software. In order to confirm equal protein loading, the membranes were
stripped and stained with monoclonal anti-β-actin antibody produced in mouse (Sigma,
A2228).

Superoxide assay
In order to estimate the capacity of circulating cells to generate reactive oxygen species
(ROS), a superoxide assay was performed using the LumiMax Superoxide Anion Detection
Kit (Agilent Technologies, Stratagene, La Jolla, CA, #204525) according to the
manufacturer’s directions. This assay is based on the oxidation of luminal by superoxide
anion. Whole blood was collected in anesthetized mice through an intracardiac approach.
Leukocytes were then isolated using a method of centrifugation and chilling (to remove red
blood cells) described elsewhere 30. The isolated leukocytes were resuspended and diluted
cells in ROS assay solution (Agilent Technologies, Stratagene, La Jolla, CA Catalog
#204525-25) to a concentration of 1.25×104/µl. Assay reagents were then added to the cell
suspension according to manufacturer’s instructions, followed by stimulation with 100ng/ml
PMA. After 80min, sample luminescence was read on a luminometer (Turner BioSystems,
Inc. Cat#9300-002. Sunnyvale, CA). Relative luminescence was then normalized the
number of leukocytes in each sample assayed.

Statistical Analysis
All statistical analyses were performed using Sigma Stat 3.1 (Systat Software, Inc., CA).
Quantitative data were presented as mean ± S.E. Standard parametric tests were applied
where appropriate, such as ANOVA with post hoc comparisons. Chi square or
nonparametric tests were used for noncontinuous data. P<0.05 was considered statistically
significant.

Results
NADPH oxidase inhibition or deficiency led to smaller infarcts, better neurological
function, less BBB disruption and hemorrhage following ischemic brain injury

To establish the comparative effects of NOX2 inhibition or deficiency in our model, mice
were exposed to middle cerebral artery occlusion (MCAO), then treated with apocynin
2.5mg/kg IV (apo) or vehicle (veh, an equivalent amount of DMSO) at the onset of
reperfusion. Groups studied include 1) wild type (WT)+veh, 2) X-CGD+veh, 3) WT+ apo,
and 4) X-CGD+apo. This dose of apocynin was based on our prior study where we had
observed optimal neuroprotection and that apocynin itself does penetrate into the brain after
system administration 16. Wildtype littermates of the X-CGD mice were also studied and
were found to have similar infarct sizes as the non wildtype littermates; thus, data from these
mice were pooled. By 24h post MCAO, mice treated with apocynin or mice lacking gp91
had smaller infarcts than vehicle treated, wildtype controls (Fig 1A). X-CGD mice given
apocynin failed to have any further reduction in infarct size compared to untreated X-CGD
mice, although they had somewhat smaller infarcts than wildtype mice given apocynin. To
exclude the possibility that the smaller infarcts in the X-CGD mice were not due to
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differences in cerebrovascular anatomy, mice were perfused with carbon black, and
posterior communicating artery plasticity was examined as described previously 27. No
differences in cerebrovascular anatomy were observed (Suppl Fig. 1). There were also no
differences between experimental groups in any physiological parameters monitored.
Assessment of neurological deficits using a modified Bederson score also showed that mice
with NOX2 deficiency/inhibition had better outcome (Fig. 1B), and that X-CGD mice
treated with apocynin fared no better than X-CGD mice or wildtype mice given apocynin.
Mortality was no different between groups, and ranged from 20–25%.

NOX2 deficiency/inhibition reduces BBB disruption and hemorrhage
BBB disruption, as measured by assessing the amount of Evan’s blue dye (EBD)
extravasation within the brain parenchyma, was decreased among X-CGD and apocynin
treated mice compared to controls (Fig. 1C and E). NOX2 inhibition and deficiency also
reduced the severity of hemorrhagic transformation compared to controls, and X-CGD mice
treated with apocynin failed to have further reduction in brain hemorrhage severity (Fig.
1D–E).

NOX2 inhibition or deficiency decreased MMP-9 expression, and prevented tight junction
protein loss

Consistent with our prior observations that NOX2 is a major factor in BBB disruption 7, we
assessed the effect of NOX2 deficiency/inhibition on MMP-9 expression (a major MMP
implicated in disruption of the extracellular matrix) and representative tight junction
proteins. Compared with controls, apocynin treated and X-CGD mice demonstrated less
MMP-9 expression after experimental stroke (Fig. 2A). Similarly, NOX2 inhibition/
deficiency led to preservation of occludin and ZO-1 (Fig. 2B–C).

Validation of a modified bone marrow chimera model
In order to distinguish the effects of NOX2 derived from circulating immune cells and that
from NOX2 expressing cells in the brain, we turned to a bone marrow chimera model where
marrow from donor mice replaces that of the host mouse. In order to generate such
chimeras, it is necessary to ablate the host’s marrow, often by lethal irradiation. Because
whole body irradiation itself can cause brain cell death 31, microglial activation 32 and even
BBB disruption 33, we shielded the heads of these mice during marrow ablation to minimize
such complications. Marrow from GFP or LacZ transgenic mice was transplanted into
wildtype hosts. Two months later, 70% or more of the donor marrow cells could be detected
in the circulating cells of the recipient mice, but there was no turnover of any resident brain
cells by the transplanted marrow (Fig. 3A). However, by 3 months, marrow derived cells
began to incorporate into vascular structures of the brain. Thus, we chose to study chimeric
mice 2 months post transplant when no marrow derived cells had yet entered the brain.
These mice were subjected to 2 h MCAO and brains were harvested 24 h later.
Immunostaining for donor marrow revealed numerous positive cells within the ischemic
cortex (Fig. 3B, C) and surrounding vascular structures (Fig. 3D). In a control, non-
transplanted animal subjected to MCAO, no donor derived cells were observed (Fig. 3E).

NOX2 deficiency in circulating immune cells protected from experimental stroke more than
NOX2 deficiency in the brain

Three variations of bone marrow chimeric mice were generated: (1) Wildtype mice that
received NOX2 deficient marrow from the X-CGD mice, (2) X-CGD mice that received
wildtype marrow, and (3) wildtype mice that received wildtype marrow. These mice were
subjected to experimental stroke as described above. Chimeric mice from groups (1) and (2)
had smaller infarcts than (3), but mice from group (1) had even smaller infarcts than mice
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from group (2) (Fig. 4A–B). Similarly, neurological deficits were improved among group
(1) mice compared to the other 2 groups (Fig. 4C). Mortality was no different between
groups and ranged from 15–25%.

Mice from groups (1) and (2) had less severe brain hemorrhage compared to group (3), but
mice from group (1) had even less severe hemorrhage than mice from group (2) (Fig. 5).
These observations indicate that NOX2 in circulating cells contributes more to ischemic
injury than NOX2 in the brain.

NOX2 deficiency in circulating cells led to fewer infiltrating neutrophils than NOX2
deficiency in the brain

From the above chimeric mice, brain sections were stained for myeloperoxidase to identify
neutrophils. Compared to wild type mice that received wild type marrow (3), NOX2
deficient mice that received wild type marrow (2) had fewer numbers of invading
neutrophils within the borderline of the infarct core. However, wild type mice that received
NOX2 deficient marrow had smallest number of myeloperoxidase positive cells in the
ischemic brain (Fig. 6A–B).

NOX2 deficient leukocytes have decreased capacity to generate ROS compared to
wildtype leukocytes

To determine whether NOX2 inhibition or deficiency led to reduced ROS generation,
leukocytes were harvested 24 h post experimental stroke then stimulated with PMA to
determine their capacity to produce superoxide. Experimental stroke markedly increased the
ability of circulating leukocytes to generate superoxide, which was almost completely
suppressed to baseline levels with apocynin treatment and in the X-CGD mice (Fig. 6C).

Discussion
We show that NOX2 inhibition or deficiency led to improved neurological outcome as well
as decreased BBB disruption and brain hemorrhage. We also found that NOX2 inhibition or
deficiency prevented the loss of several tight junction components, and is consistent with the
notion that NOX2 contributes to ischemia-induced BBB disruption. To understand the
relative contributions of NOX2 in circulating versus brain resident cells, we generated bone
marrow chimeras using NOX2 deficient mice. While infarct size and BBB disruption was
reduced whether NOX2 was absent in the brain or marrow-derived cells, the beneficial
effect was more pronounced when NOX2 was absent in the circulating cells. This
observation underscores the importance of the peripheral circulation in potentiating injury
due to cerebral ischemia. Further, we found that ischemia itself increases the superoxide
generating capacity of circulating leukocytes, and this is suppressed with NOX2 inhibition/
deficiency.

A few other studies have also focused on the importance of the peripheral circulation and
stroke 34–36. Interestingly, inhibition of this peripheral immune response through
splenectomy seems to be protective. MMP-9 generated by circulating immune cells
exacerbates brain injury more than that generated in the brain 5, and deletion of delta PKC in
circulating leukocytes is similarly protective 37. These latter studies are in line with ours, not
only because they focus on the circulating immune cells, but also because delta PKC is one
of several kinases that phosphorylate and activate NOX2, and we show that NOX2
deficiency decreases MMP-9.

Translating this to the clinical level is relevant to the extent that many drugs do not penetrate
the BBB, yet we demonstrate the importance of targeting the circulating immune cells.
Thus, drugs may not need to have adequate CNS penetration to have a neuroprotective
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effect. While apocynin is an inhibitor of NOX2, it is not specific38. Some prior reports have
suggested that it also acts as a direct anti-oxidant 39. Yet, any further beneficial effects in X-
CGD mice treated with this compound were relatively small (~15% reduction in infarct size,
but no significant differences with our other outcome measures).

In one prior study, bone marrow chimeras using this same X-CGD model were studied. The
authors found that non-chimeric NOX2 deficient mice were protected from experimental
stroke, but they failed to see any differences among any of the chimera combinations
generated 22. The authors concluded that brain and circulating NOX2 must both be
suppressed in order to achieve protection. However, these investigators did not shield the
heads of the mice during irradiation, which could have added a significant confound to their
observations, as irradiation can disrupt the BBB and injure or activate resident brain cells.
They also studied mice 4–5 weeks post transplant, whereas we waited until 8 weeks before
subjecting the chimeras to experimental stroke. These differences may have increased the
overall vulnerability of their chimeras, and it should be noted that their study also had a
somewhat higher mortality rate (~38%). We also generated chimeras where NOX2 deficient
marrow was transplanted into NOX2 deficient mice. However, these chimeras did not
survive more than 2 weeks after marrow transplantation, and may suggest that extreme
immunodeficiency (NOX2 deficiency plus marrow irradiation) can be lethal rather than
beneficial.

MMP-9 has been the focus of abundant research connecting BBB disruption in stroke 40, 41.
Consistent with this, we found decreased MMP-9 expression by NOX2 inhibition or
deficiency, and prior work has linked NOX2’s gp91 subunit to MMP-9 expression 42.

We show the importance of NOX2 in potentiating ischemic brain injury, along with BBB
disruption and hemorrhage. NOX2 and resultant reactive oxygen species originating from
circulating cells seems to contribute more to ischemic damage than that from brain resident
cells, and emphasizes the importance and relevance of targeting the peripheral circulation
for stroke treatment.
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Refer to Web version on PubMed Central for supplementary material.
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Fig 1. Mice lacking the NADPH oxidase subunit gp91 or treated with apocynin were protected
from ischemic injury
(A) Mice treated with apocynin (APO2.5) or those deficient in NOX2’s gp91 subunit (X-
CGD) had smaller infarcts after MCAO compared to vehicle treated wildtype mice (WT).
Apocynin treatment of X-CGD mice (X-CGD APO2.5) failed to further decrease infarct size
compared to untreated X-CGD mice, but had somewhat smaller infarcts than APO2.5. (B)
Bederson scores among APO2.5 and X-CGD mice were more favorable than WT, and X-
CGD mice treated with apocynin (X-CGD APO2.5) fared no better than deficient mice or
wildtype mice treated with apocynin. Evans blue dye extravasation (EBD) (C) and
hemorrhage scores (D) were similarly reduced compared to untreated WT. (E)
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Representative images of EBD extravasation and hemorrhagic transformation from the
different experimental groups. (n=6/group, *P<0.05 vs. WT, **P<0.05 vs. APO2.5)
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Fig 2. NOX2 inhibition/deletion reduces matrix metalloproteinase-9 (MMP-9) expression and
prevents loss of tight junction components
Compared to wild type mice (WT), mice that received apocynin 2.5 mg/kg (APO2.5) or
NOX2 deficient mice (X-CGD) had decreased MMP-9 expression following experimental
stroke (A). NOX2 inhibition/ deficiency led to reduced loss of tight junction proteins
occludin (B) and zona occludens-1 (ZO-1) (C). (n=6/group). Data are expressed as the mean
optical density normalized to that of the corresponding β-actin band. *P<0.05 vs. WT.
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Fig 3. Bone marrow chimeras do not show turnover of resident brain cells 2 months post
transplant by marrow derived cells, but leukocyte entry does occur after ischemic stroke
C57BL/6 mice were transplanted with marrow from donor lacZ transgenic mice which
expresses β-galactosidase (β-gal). Two months post transplantation, no marrow-derived cells
were observed in nonischemic brain (A). In a mouse subjected to 2 h MCAO,
immunostaining for β-gal shows numerous positive cells within the ischemic cortex 24 h
post insult (B, C) and surrounding vascular structures (D). In a control, non-transplanted
animal subjected to MCAO, no β-gal positive cells were observed in the brain (E). (A, B: β-
gal (red) and DAPI (blue), C–E: β -gal stain with H & E counterstain, scale = 50 µm).
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Fig. 4. Marrow derived NOX2 contributes more to brain ischemia than brain derived NOX2
Wildtype (WT) mice receiving NOX2 deficient marrow (X-CGD to WT) and NOX2
deficient mice receiving WT marrow (WT to X-CGD) both had smaller infarcts than WT
mice receiving WT marrow (WT to WT) (A, B). However, X-CGD to WT chimeras have
even smaller infarcts than WT to X-CGD chimeras indicating that NOX2 generated in the
circulating marrow derived cells contributes to ischemic damage more than NOX2 in the
brain. Bederson scores indicate that X-CGD to WT chimeras had better neurological
function compared to both WT to WT and WT to X-CGD chimeras (C). (n=6/group,
*P<0.05 vs. WT to WT, **P<0.05 vs. WT to WT and WT to X-CGD)

Tang et al. Page 14

Ann Neurol. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 5. NOX2 deficiency in marrow derived cells reduces hemorrhagic transformation more than
NOX2 deficiency in the brain
A: Representative images show the severity of hemorrhagic transformation (HT) after
experimental stroke. Mice lacking NOX2 in marrow derived cells (X-CGD to WT) had the
least severe HT compared to mice with intact NOX2 in marrow derived cells (WT to X-
CGD and WT to WT). B: Mice lacking NOX2 in either the brain (WT to X-CGD) or
marrow (X-CGD to WT) experienced less severe HT compared to wildtype mice receiving
wildtype marrow (WT to WT), but X-CGD to WT mice had the least severe HT. (n=6/
group, *P<0.05 vs. WT to WT, **P<0.05 vs. WT to WT and WT to X-CGD)
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Fig 6. NOX2 deficiency in marrow derived cells reduces neutrophil infiltration into ischemic
brain, and are less capable of generating reactive oxygen species (ROS) following experimental
stroke
A: Representative myeloperoxidase stains to identify neutrophils show the density of
neutrophils that infiltrated into the brain parenchyma 24 hours after experimental stroke.
Mice lacking NOX2 in marrow derived cells (X-CGD to WT) had fewer neutrophils present
in ischemic brain compared to mice with intact NOX2 in marrow derived cells (WT to X-
CGD, WT to WT). B: Mice lacking NOX2 in either the brain (WT to X-CGD) or marrow
(X-CGD to WT) both had lower neutrophil densities compared to wildtype mice receiving
wildtype marrow (WT to WT), but X-CGD to WT mice had the lowest neutrophil density of
all (*P<0.05 vs. WT to WT, **P<0.05 vs. WT to WT and WT to X-CGD). C: Peak
superoxide generation as detected by luminescence generated by isolated leukocytes
following experimental stroke (WT) was markedly increased, but this was suppressed in
leukocytes of animals deficient in NOX2 (X-CGD) or treated with apocynin (APO). An
uninjured group (no injury) is shown for comparison. (n=6/group, *P<0.01 vs. WT)
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