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Introduction

Summary

Acute lung injury (ALI) is a heterogeneous disease with the hallmarks of
alveolar capillary membrane injury, increased pulmonary oedema and
pulmonary inflammation. The most common direct aetiological factor for
ALI is usually parenchymal lung infection or haemorrhage. Reactive oxygen
species (ROS) generated by nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase (NOX2) are thought to play an important role in the
pathophysiology of ALIL. Glucose-6-phosphate dehydrogenase (G6PD) plays
an important role both in production of ROS as well as their removal
through the supply of NADPH. However, how G6PD modulation affects
NOX2-mediated ROS in the airway epithelial cells (AECs) during acute lung
injury has not been explored previously. Therefore, we investigated the effect
of G6PD inhibitor, 6-aminonicotinamide on G6PD activity, NOX2
expression, ROS production and enzymatic anti-oxidants in AECs in a
mouse model of ALI induced by lipopolysaccharide (LPS). ALI led to
increased G6PD activity in the AECs with concomitant elevation of NOX2,
ROS, SODI1 and nitrotyrosine. G6PD inhibitor led to reduction of LPS-
induced airway inflammation, bronchoalveolar lavage fluid protein
concentration as well as NOX2-derived ROS and subsequent oxidative stress.
Conversely, ALI led to decreased glutathione reductase activity in AECs,
which was normalized by G6PD inhibitor. These data show that activation of
G6PD is associated with enhancement of oxidative inflammation in during
ALL Therefore, inhibition of G6PD might be a beneficial strategy during ALI
to limit oxidative damage and ameliorate airway inflammation.

Keywords: acute lung injury, airway epithelial cells, G6PD inhibitor, NOX2,
reactive oxygen species

and chemokines by alveolar macrophages, T cells and epi-

Acute lung injury (ALI) is a heterogeneous disease charac-
terized by injury to alveolar capillary membrane, increased
pulmonary oedema due to increased permeability and pul-
monary inflammation that can occur directly or indirectly
[1-3]. The most common direct aetiologies of ALI are usu-
ally parenchymal lung infection (i.e. pneumonia) or haem-
orrhage, whereas indirect aetiologies of ALI usually result
from systemic insults such as sepsis, or trauma or acute
kidney injury. However, both direct pulmonary injury and
sepsis-induced systemic inflaimmation can damage the
lung, resulting in a similar clinical picture of ALI [1,4,5].
Numerous mechanisms are involved in the development
of ALL Direct injury results in the production of cytokines

thelial cells leading to increased pulmonary permeability,
neutrophil infiltration and subsequent ALL Injury is ampli-
fied by the production of proteases, reactive oxygen species
(ROS) and chemokines, further aggravating the inflamma-
tory status. The generation of ROS that results from activa-
tion of nicotinamide adenine dinucleotide phosphate
(NADPH) oxidases (NOXs) plays a central role in genera-
tion as well as the perpetuation of ALI through production
of oxidative stress [1,6—8].

Glucose-6-phosphate dehydrogenase (G6PD) is a key
enzyme involved in the regulation of redox balance in the
cell through reduction of NADP™ into NADPH [9]. It not
only provides reducing equivalents to NADPH oxidase, but
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also reduction of ROS. ROS scavenging is considered to be
beneficial because they affect cell function adversely
through oxidative modifications of proteins, nucleotides
and lipids [7,10]. Therefore, G6PD activity modulation has
been shown to produce both harmful as well as beneficial
effects in different inflammatory conditions either through
its inhibition or over-expression [11-14]. As NADPH is
required for the reduction of ROS, G6PD deficiency usually
results in increased inflammation and cell damage [9,15].
In particular, tissues that have low G6PD expression are
more prone to oxidant-induced injury [9]. Therefore, over-
expression of G6PD has been shown to be protective in dif-
ferent organs [12,16]. However, under certain inflamma-
tory conditions such as atherosclerosis, heart failure and
obesity, increased availability of NADPH due to G6PD has
been shown to promote NADPH oxidase-derived ROS,
which may lead to increased inflammation [17-19]. In a
previous study, G6PD activity has also been shown to be
elevated in a rabbit model of ALI [20]. In this scenario,
pharmacological inhibition of G6PD may probably be ben-
eficial due to the limited supply of NADPH.

Among the enzymatic systems employed by the cells to
produce ROS, different isoforms of NOXs are at the fore-
front. NOX family consists of several isoforms, such as
NOX1, 2, 3, 4 and 5, and dual oxidases 1 and 2. The most
studied member of this family is, of course, NOX2, which
consists of specialized cytosolic proteins, p47phox and
p67phox, and the small regulatory proteins, all of which
are translocated to the membrane upon cell stimulation
for complete assembly after interaction with the mem-
brane subunit. This leads to production of superoxide
anions for anti-microbial effects [10,21,22]. NOX2 is
found mainly in phagocytes such as neutrophils, but air-
way epithelial cells are also known to express it [7,22].
However, the role of G6PD in NOX2-derived ROS in air-
way epithelial cells (AECs) during ALI has not been
explored previously.

As ROS play a major role in airway inflammation during
ALI, we postulated that G6PD activity might regulate the
flux of ROS through NOX2 in AECs. Our results show that
G6PD expression/activity is up-regulated during lipopoly-
saccharide (LPS)-induced ALI which leads to increase in
NOX2-derived ROS in AECs and is associated with pulmo-
nary inflammation/permeability. Our study shows further
that pharmacological inhibition of G6PD might be benefi-
cial during ALI through reduction in NOX2-derived ROS
and subsequent oxidative stress.

Materials and methods

Animals

Male BALB/c mice (10-12 weeks of age; 25-30 g) main-
tained under specific pathogen-free conditions were used
in the experiments. Animal care was according to the

regulations set by the Experimental Animal Care Center,
College of Pharmacy, King Saud University. The experi-
mental protocols for the utilization of animals were
approved by the Animal Care and Research Committee of
College of Pharmacy, King Saud University.

LPS-induced acute lung injury in mice

Mice were anaesthetized lightly with isoflurane and
exposed to a single dose of LPS (50 pg/50 pl/mouse) intra-
nasally (i.n.), as described earlier [23,24]. Control mice
received saline i.n. in a similar volume.

Drug treatments

The effect of G6PD inhibition on LPS-induced pulmonary
inflammation in mice was assessed by administration of 6-
aminonicotinamide at 200 pg/mouse i.n. 1 h before and
12 h after administration of intranasal LPS or saline. Vehi-
cle was also administered i.n. 1 h before and 12 h after
administration of LPS or saline.

Mice were divided into the following groups — control
group (CON): mice received only saline i.n.; LPS-administered
group (LPS): mice received LPS in. using the protocol
described above; G6PD inhibitor, 6-aminonicotinamide; and
LPS-treated group (G6PD-inhibition + LPS): mice received 6-
aminonicotinamide in. before and intranasal LPS administra-
tion using the protocol described above. G6PD inhibitor, 6-
aminonicotinamide-treated control group (G6PD-inhib-
+ control): mice received vehicle i.n. before and intranasal
saline administration using the protocol described above.

Bronchoalveolar lavage (BAL) and histopathological
analysis

Mice were anaesthetized with isoflurane, and BAL proce-
dure was performed 1 day after LPS challenge by lavaging
the lungs for collection of BAL fluid (BALF). Recovered
cells were cytocentrifuged onto the slide for differential
count (neutrophils, macrophages, lymphocytes) according
to the standard morphology, as described previously
[24-26]. Cell number was expressed as mean * standard
error of the mean (s.e.m.) per ml for each group. Cell-free
BALF protein as an indicator of alveolar—capillary injury
was assessed by measurement of total protein concentra-
tion using a commercial kit from Bio-Rad (Hercules, CA,
USA). For histological analysis, lungs were harvested fol-
lowed by fixation with 10% formalin. Paraffin-embedded
tissue was cut into 5-pm sections and stained with haema-
toxylin and eosin (H&E). Stained slides were analysed by
light microscopy.

Myeloperoxidase (MPO) activity

MPO activity in lung samples was measured as described
previously [27]. Data were expressed in absorbance after
normalization by the protein content.
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G6PD activity

G6PD activity was measured in tracheal epithelial cells
using a kit from BioVision (Milpitas, CA, USA), according
to the manufacturer’s instructions. Values were normalized
to protein content in each sample and expressed as pmol/
min/mg protein.

Glucose reductase (GR) activity

GR activity in tracheal epithelial cells was measured by the
method of Carlberg and Mannervik [28], following the
NADPH-dependent reduction of oxidized glutathione
through a decrease in absorbance at 340 nm. Values were
normalized to protein content in each sample and
expressed as nmol/min/mg protein.

Real-time polymerase chain reaction (PCR)

Murine tracheal epithelial cells were scraped gently from
the lumen of the trachea with a plastic polyethylene brush,
as described previously [25]. Total RNA from tracheal epi-
thelial cells was extracted using the RNeasy microkit with
DNase treatment (Qiagen, Hilden, Germany). cDNA was
synthesized from 0-5 pg of total RNA using reverse tran-
scription reagents (high-capacity cDNA archive Kkit;
Applied Biosystems, Foster City, CA, USA), as per the man-
ufacturers’ protocols [24-26]. Real-time PCR was per-
formed using Tagman Universal Mastermix (Applied
Biosystems), cDNA and carboxyfluorescein (FAM)-labelled
gene-specific primers from Applied Biosystems for the
genes encoding NOX2, SOD1, SOD2, glutathione peroxi-
dase 1 (GPxl), G6PD and 18S rRNA (ribosomal RNA).
Real-time PCR was carried out on a 7500 real-time PCR
system (Applied Biosystems). Data for each target gene
were normalized to endogenous control gene and expressed
as fold change using the comparative Cr method, as
described earlier [29].

Flow cytometry

Whole tracheas were cut open longitudinally and cells from
the lumen were scraped gently using a mini plastic spatula
in RPMI-1640. Scrapped epithelial cell clumps were passed
through an 18G needle several times to prepare single-cell
suspensions for flow cytometry experiments. Thereafter,
single-cell suspensions were labelled with fluorescein/allo-
phycocyanin/phycoerythrin  (FITC/APC/PE)-tagged anti-
bodies against CD326 (Ep-CAM; BioLegend, San Diego,
CA, USA), NOX2 (Santa Cruz Biotechnology, Santa Cruz,
CA, USA), nitrotyrosine (Santa Cruz Biotechnology) or
superoxide dismutase 1 (SOD1) (Santa Cruz Biotechnol-
ogy) for surface/intracellular labelling using immunostain-
ing methods described earlier [26,27]. The stained cells
were acquired on a flow cytometer (Beckman Coulter,
Brea, CA, USA) and analysed for the expression of protein
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of interest using Cytomics FC 500 software, as described
earlier [26,27].

ROS measurement

The intracellular ROS generation in epithelial cells was meas-
ured for 30 min using a fluorescent dye 2',7’-dichlorofluores-
cein diacetate (DCFH-DA; 100 pM) with a multi-mode
microplate spectrofluorometer (FLUOstar Omega; BMG
LabTech, Cary, NC, USA) by the method of Wang and Joseph
[30], as described earlier [24,25]. Data were expressed as fold
mean fluorescence intensity (MFI) over control.

Chemicals

Highest-grade chemicals/reagents were purchased from Sigma
Chemicals (St Louis, MO, USA) unless stated otherwise.

Statistical analysis

The data were expressed as mean *= s.e.m. Comparisons
among different groups were analyzed by one-way analysis
of variance (anova) followed by Tukey’s multiple compari-
son tests. A P-value of less than 0-05 was considered signifi-
cant for all statistical tests. All the statistical analyses were
performed using the GraphPad Prism statistical package.

Results

Effect of G6PD inhibitor on LPS-induced ALI

Figure la—e shows that LPS effectively enhances airways
inflammation (total leucocytes/neutrophils, MPO activity
and histopathology) and permeability (BALF total protein
concentration, an indicator of alveolar-capillary leak; Fig. le).
However, the G6PD inhibitor, 6-aminonicotinamide, led
to amelioration of LPS-induced airway inflammation and
permeability, as shown in Fig la—e. Moreover, there was
no statistical difference between G6PD inhibitor-treated
and -untreated control mice in any of the above-stated
parameters; therefore, this group was not included in fur-
ther analyses. These data show that inhibition of G6PD
attenuates LPS-induced airway inflammation.

Effect of LPS on G6PD expression/activity in AECs
and its modulation by G6PD inhibitor

As oxidative inflammation (ROS generation as well as their
scavenging) is dependent upon G6PD activity/expression,
we therefore evaluated its expression and activity in AECs
during ALI Figure 2a,b shows that G6PD was elevated sig-
nificantly during LPS-induced ALI. However, G6PD inhibi-
tor, 6-aminonicotinamide, normalized the activity of
G6PD without affecting its expression (Fig. 2a,b). These
data show that the decrease in LPS-induced airway inflam-
mation/permeability as noted above after treatment with 6-
aminonicotinamide was a consequence of a decrease in
G6PD activity in AECs.
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Effect of LPS on NOX2 expression/ROS generation in
AECs and their modulation by G6PD inhibitor

NOX2-derived ROS generation has been implicated in dif-
ferent models of ALI, and several immune/non-immune
cells have been shown to contribute to its pathogenesis. In

Fig. 1. Effect of glucose-6-phosphate
dehydrogenase (G6PD) inhibitor, 6-
aminonicotinamide on
lipopolysaccharide (LPS)-induced
airway inflammation and related
parameters in mice. (a) Total
bronchoalveolar lavage (BAL)
leucocytes, (b) total BAL neutrophils,
(c) lung myeloperoxidase (MPO)
activity, (d) bronchoalveolar lavage
fluid (BALF) protein concentration
and (e) histopathological analysis by
haematoxylin and eosin (H&E)
staining of lung tissue sections (upper
horizontal panel; X100) and BAL
differential leucocyte count (lower
horizontal panel; X100). Values are
expressed as mean * standard error
(s.e.), n = 6-8/group. *P < 0-05 versus
lipopolysaccharide (LPS) group.
[Colour figure can be viewed at
wileyonlinelibrary.com]

this study we attempted to explore the relationship of
G6PD and ROS generation in AECs with ALI in a mouse
model. We hypothesized that G6PD may regulate NOX2-
mediated ROS due to availability of NADPH in AECs dur-
ing ALL Our data show that LPS induces NOX2 in AECs as
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Fig. 2. Effect of lipopolysaccharide (LPS) on
glucose-6-phosphate dehydrogenase (G6PD)
expression/activity and its modulation by
G6PD inhibitor, 6-aminonicotinamide in
airway epithelial cells (AECs) of mice. (a)
G6PD mRNA expression and (b) G6PD
activity. Values are expressed as

mean =* standard error (s.e.), n = 6-8/group.
*P < 0-05 versus LPS group.
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Fig. 3. Effect of glucose-6-phosphate dehydrogenase (G6PD) inhibitor, 6-aminonicotinamide on lipopolysaccharide (LPS)-induced nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase (NOX2) expression and reactive oxygen species (ROS) generation in airway epithelial cells (AECs)
of mice. (a) NOX2 mRNA expression, (b) % NOX2 + epithelial cell adhesion molecule (EpCAM)+ cells, (c) ROS generation, and (d) representative
dot-plot for NOX2 immunostaining in EpCAM ™ cells. Dot-plots show events in tracheal epithelial cells taken from every group. Values are expressed
as mean * standard error (s.e.), n = 6-8/group. *P < 0-05 versus LPS group. [Colour figure can be viewed at wileyonlinelibrary.com]

shown by real-time PCR and flow cytometry (Fig. 3a,b,d).
As a further confirmation, there is a significant increase in
ROS production in AECs after LPS administration
(Fig. 3¢). G6PD inhibition did not change expression of
NOX2; however, it led to a decrease in ROS production,
due probably to the limitation in supply of NADPH (Fig.
3a—d). These data show that NOX2-derived ROS are ele-
vated in AECs, during ALI which may be controlled by
G6PD activity.

Effect of LPS on anti-oxidant enzymes in AECs and
their modulation by G6PD inhibitor

Our next aim was to assess the enzymes responsible for
detoxification of NOX2-mediated ROS, i.e. SOD1/2 and
GPx1. Our data show an increase in mRNA expression of
SOD1 (Fig. 4a) but not SOD2/GPx1 (data not shown) after
LPS administration in AECs, suggesting that ROS mainly
induce SOD1 in AECs. Increased expression of SODI1 in
AECs during ALI was also confirmed by flow cytometry, as
is evident in Fig. 4a,b,e. Up-regulated SOD1 expression was
concomitant with increased nitrotyrosine expression, a
marker of peroxynitrite-mediated oxidative damage in
LPS-treated mice (Fig. 4d,f). Treatment of mice having ALI
with G6PD inhibitor led to normalization of SOD1 and
nitrotyrosine expression in AECs (Fig. 4ab,d—f). GR

activity was also measured to confirm the effect of ALI and
G6PD inhibitor in AECs. LPS-induced ALI led to a
decrease in GR activity in AECs; however, it was normal-
ized by G6PD inhibitor (Fig. 4c). These data show that up-
regulated SOD1 and decreased GR activity may lead to oxi-
dative damage and inflammation during ALI. These data
suggest that inhibition of G6PD activity normalizes LPS-
induced oxidant-anti-oxidant imbalance in AECs. Overall,
these data depict that inhibition of G6PD may be a good
strategy to dampen airway inflammation/permeability
associated with ALL

Discussion

NADPH-producing enzyme, G6PD, plays key roles in the
regulation of the redox balance as well as lipid/cholesterol
synthesis. Under certain inflammatory conditions, it has
been demonstrated that G6PD over-expression leads to an
increase in NOX2-derived ROS due to the increased supply
of NADPH [9,31,32]. These observations suggest that up-
regulated G6PD might be one of the mediators for tissue
inflammation. Therefore, to decipher the pathophysiologi-
cal role of G6PD in LPS-induced airway inflammation, we
used the G6PD inhibitor. Our data show that G6PD inhibi-
tion leads to a decrease in airway inflammation, which is
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Fig. 4. Effect of glucose-6-phosphate
dehydrogenase (G6PD) inhibitor, 6-
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(LPS)-induced superoxide dismutase 1
(SOD1) and nitrotyrosine expression in
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due probably to a decrease in NOX2-derived ROS genera-
tion in AECs in the LPS model of ALL

ROS generation is critically important in the pathoge-
nesis of several lung diseases, such as acute respiratory
distress syndrome, chronic obstructive pulmonary dis-
ease, asthma and cystic fibrosis. ROS may be released
from conventional sources such as neutrophils. This usu-
ally involves activation of membrane-bound NOX2, along
with cytosolic members leading to the production of ROS

284
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representative dot-plot for SOD1
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representative dot-plot for nitrotyrosine
immunostaining in EpCAM™ cells. Dot-
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cells taken from every group. Values are
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expressed as mean * standard error (s.e.),
n = 6-8/group. *P< 0-05 versus LPS
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[10,21,22]. Over-expression of NOX2 in the pulmonary
system has been shown to lead to ROS generation. It has
also been demonstrated that ROS generated by NOX2
mediates oxidative damage to pulmonary tissue in ALI
[10,22]. Recently, AECs have also been shown to be a
source of ROS production via NOX2 [22,33]. However,
the role of G6PD in modulation of NOX2-mediated ROS
in AECs during LPS-induced ALI has not been explored
previously.
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The major biological importance of G6PD is to supply
the cell with most abundant reducing co-enzyme, NADPH.
This co-enzyme is produced by G6PD and utilized in sev-
eral biosynthetic pathways, such as fatty acid and choles-
terol biosynthesis. However, G6PD also plays an important
role in the maintenance of the cellular redox pool, as well
ROS production by NADPH to glutathione reductase and
NOX2, respectively. Several studies have shown that G6PD
may be proinflammatory as well as anti-inflammatory,
depending on its expression and organ involved. G6PD
deficiency has been shown to be involved in oxidative stress
and inflammation, as it supplies reducing equivalents for
the reduction of ROS [11,15,34]. This mechanism is
responsible for the removal of ROS in cells under oxidative
stress. However, our study shows increased G6PD activity
along with NOX2-mediated ROS generation in AECs,
which could account for ALl-associated pulmonary
inflammation.

Several previous studies have also reported increased
G6PD activity with concomitant oxidative stress due to a
greater supply of NADPH to NADPH oxidase [17,18,31].
For example, the aberrant up-regulation of G6PD in adi-
pose tissue/macrophages has been shown to lead to oxida-
tive stress and the expression of proinflammatory cytokines
with concomitant dysregulation of lipid metabolism and
insulin resistance in adipocytes [14,35]. Similarly, up-
regulation of G6PD in the heart, liver and pancreas of ani-
mals with different inflammatory diseases causes elevation
in oxidative stress, thereby causing functional dysregula-
tions in the respective tissues [18,31,36]. LPS-induced
acute renal injury has also been shown to elevate G6PD
activity and renal dysfunction [37]. Inflammatory signals
such as interleukin (IL)-1B have also been shown to cause
vascular damage associated with hyperglycaemia through
the increased pentose phosphate pathway and NOX2-
derived ROS [19]. Altogether, the previous findings, along
with our study, suggest that aberrant G6PD up-regulation
in inflammatory conditions might channelize NADPH
towards oxidant production rather than oxidant removal.

Suppression of ROS generation in AECs in response to
pharmacological inhibition of G6PD without affecting
NOX2 expression suggests that the diminished supply of
NADPH might be responsible for the attenuation of ROS.
An earlier study showed increased G6PD activity in a rabbit
model of ALI; however, it did not investigate whether
G6PD inhibition would be beneficial or harmful during
ALI [20]. Our study shows that G6PD inhibition leads to a
decrease in ROS and airway inflammation. Vimercati et al.
[38] also showed beneficial effects of the inhibition of
G6PD in failing hearts due to a reduction in oxidative
stress. Therefore, we propose that inhibition of G6PD and
the resultant decrease in ROS could be a factor in attenua-
tion of airway inflammation.

G6PD up-regulation occurring under various pathologi-
cal conditions could be either a protective or destructive

G6PD inhibition in acute lung injury

mechanism, depending on whether ROS are produced or
scavenged [11,15,17,18,31,34]. In the present scenario,
instead of protecting the lung from LPS-induced inflam-
mation, G6PD up-regulation turned into a detrimental
response that contributed to ALIL Therefore, keeping
NADPH production within physiological levels would limit
pulmonary damage. The marked elevation of ROS and
nitrotyrosine in AECs, which was prevented by 6-
aminonicotinamide, suggests strongly that elevated G6PD
activity worsened pulmonary oxidative inflammation, due
probably to excess ROS generated by NOX2.

Interestingly, up-regulation of SODI seems to be an
adaptive mechanism to remove increased ROS; however, it
may have led to further elevation in oxidative inflamma-
tion, as depicted by increased nitrotyrosine formation in
AECs. This could be due to unchanged GPx1 and decreased
GR activity which would lead to a build-up of hydrogen
peroxide produced by SODI1. These observations suggest
that although SOD1 may be up-regulated as an adaptive
anti-oxidant mechanism, the overall balance shifts towards
increased generation of ROS due to greater channelization
of NADPH towards NOX2 during ALI. Decreased GR
activity in our study is also an indication of increased utili-
zation of NADPH towards NOX2-derived ROS.

Oxidants such as peroxynitrite have been shown to cause
reduction in GR activity [39]. It was evident in our study
by increased nitrotyrosine expression, which is a measure
of peroxynitrite-mediated damage [10,39]. In light of our
observations, we propose that G6PD, NADPH oxidase and
SOD1 become activated whereas, as GR activity falls, all
these in combination lead to enhanced ROS production
and oxidative inflammation observed during LPS-induced
ALL Earlier studies have also shown alterations in different
enzymatic anti-oxidants such as SOD, GPx and GR during
ALI [20,40,41].

ROS play an important role in increased epithelial/endo-
thelial permeability as well as production of inflammation.
The ROS produced by epithelial cells may promote endo-
thelial dysfunction by oxidation of crucial cellular signal-
ling proteins or disruption of junctional proteins [7,10].
For example, hydrogen peroxide may diffuse easily through
cell membranes due to being an uncharged molecule.
Hydrogen peroxide primarily attacks the endothelial cell
membrane, resulting in endothelial cell damage and an
early increase in vascular permeability. The effect of hydro-
gen peroxide may be amplified further in the presence of
transition metals via the Fenton reaction leading to
hydroxyl radical formation [7,10]. Our study shows a
decrease in total BALF protein concentration with concom-
itant reduction in ROS generation. This suggests that a
diminished ROS production due to inhibition of G6PD
might be responsible for an overall decrease in pulmonary
vascular permeability.

In summary we have demonstrated for the first time, to
the best of our knowledge, that increase in NOX2-derived
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ROS generation is dependent upon enhanced G6PD and
decreased GR activity in the AECs of LPS-treated mice.
More importantly, suppression of G6PD activity by 6-
aminonicotinamide leads to a decrease in airway inflam-
mation/permeability due probably to reduction in NOX2-
derived ROS and subsequent oxidative stress. Our results
imply that G6PD might be a novel target for therapeutic
intervention to reduce NOX2-derived oxidative stress, and
ameliorate pulmonary inflammation during ALL
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