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Studies have shown that burn patients who are intoxicated at the time of injury are more susceptible to infection and have a
higher incidence of mortality. A major cause of death in burn and frauma patients regardless of their alcohol (EtfOH) exposure is
multiple organ dysfunction, which is driven in part by the systemic inflasnmatory response and activated neutrophils. Neutrophils
are short lived and undergo apoptosis to maintain homeostasis and resolution of inflasnmation. A delay in apoptosis of neutrophils
is one important mechanism which allows for their prolonged presence and the release of potentially harmful enzymes. The pur-
pose of this study was to examine whether EtOH intfoxication combined with burn injury influences neutrophil apoptosis and
whether IL-18 plays any role in this setting. To accomplish this investigation, rats were gavaged with EfOH (3.2 g/kg) 4 h before
being subjected to sham or burn injury of ~12.5% of the total body surface area, and then killed on d 1 affer injury. Peripheral blood
neutrophils were isolated and lysed. The lysates were analyzed for pro- and antiapoptotic proteins. We found that EfOH combined
with burn injury prolonged neutrophil survival. This prolonged neutrophil survival was accompanied by a decrease in the levels of
the neutrophil proapoptotic protein Bax, and an increase in antiapoptotic proteins Mcl-1 and Bcl-xl. Administration of IL-18 anti-
body following burn injury normalized the levels of Bax, Mcl-1 and Bcl-xI. The decrease in caspase-3 and DNA fragmentation ob-
served following EfOH and burn injury was also normalized in rats treated with anti-IL-18 antibody. These findings suggest that IL-
18 delays neutrophil apoptosis following EfOH and burn injury by modulating the pro- and antiapoptotic proteins.
© 2011 The Feinstein Institute for Medical Research, www.feinsteininstitute.org
Online address: hitp://www.molmed.org

doi: 10.2119/molmed.2010.00080

INTRODUCTION

Major trauma remains a leading cause
of death in humans of all ages. Approxi-
mately one million burn injuries are re-
ported every year within the United
States, and nearly half of them occur in
individuals who are under the influence
of alcohol/ethanol (EtOH) (1-3). Studies
have shown that patients who are intoxi-
cated at the time of injury are more sus-
ceptible to infection and have a higher
incidence of mortality compared with
burn patients who have not consumed
EtOH at the time of injury (2,4,5). Simi-
larly, findings from experimental studies
have also shown that EtOH intoxication
before burn injury exacerbates the sup-

pression of immunity, impairs intestinal
barrier function, and increases bacterial
translocation relative to either EtOH in-
toxication or burn injury alone (6-11).
EtOH is widely known to cause hepa-
tocyte apoptosis and alcoholic liver dis-
ease (12-14). Chronic EtOH exposure
sensitizes Kupffer cells, the resident
macrophages in liver, to activation by
lipopolysaccharide (LPS). This sensitiza-
tion increases the production of proin-
flammatory mediators, such as tumor
necrosis factor-a (TNF-a) and reactive
oxygen species, that contribute to hepa-
tocyte dysfunction and induction of apo-
ptosis (14). In a recent study, we found
that EtOH intoxication combined with
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burn injury delays neutrophil apoptosis
(11). This effect was accompanied by
marked neutrophil accumulation in in-
testinal tissue (15). Neutrophil apoptosis
occurs both in the bloodstream and in
tissue (16,17). The delay in cellular apo-
ptosis could be the result of interference
with either the intrinsic pathway (mito-
chondrial, stress induced) or the extrinsic
pathway (death receptor dependent), or
both (18). The intrinsic apoptotic path-
way involves mitochondria, which re-
lease cytochrome c into the cytoplasm
following the activation of proapoptotic
proteins, such as Bax and Bad, belonging
to the Bcl-2 family. Cytochrome c then as-
sociates with Apaf-1 (apoptotic protease-
activating factor 1) and procaspase-9 to
form the apoptosome. Caspase 9 is acti-
vated on the apoptosome and subse-
quently activates caspase-3, which is a
critical step in cell apoptosis (19). Anti-
apoptotic proteins Bcl-2 and Bcl-x], also
from the Bcl-2 family, inhibit the release
of cytochrome ¢ from the mitochondria



into the cytoplasm, thereby preventing
the cellular apoptosis (20).

We have shown previously that IL-18
plays a key role in increased neutrophil
recruitment to the intestine and the lung
following EtOH intoxication and burn
injury (10,15,21). IL-18, a proinflamma-
tory cytokine, belongs to the IL-1 cy-
tokine superfamily and is synthesized as
a precursor protein (pro-IL-18). In the
presence of IL-1p—converting enzyme
(ICE, or caspase-1), the precursor protein
matures into an 18-kDa active protein
(22), which is produced by macrophages,
dendritic cells, neutrophils and epithelial
cells (22,23). Neutrophils constitutively
produce both IL-18 and its antagonist,
IL-18 BP (24). Neutrophils were also
found to constitutively express IL-18 re-
ceptors (o and B) (25), and thus an in-
crease in IL-18 levels following EtOH
and burn injury may modulate neu-
trophil effector functions, including their
survival. In the present study we investi-
gated whether acute EtOH exposure be-
fore burn injury modulates the expres-
sion of pro- and antiapoptotic proteins of
neutrophils and whether IL-18 has any
role in the modulation of these proteins.

MATERIAL AND METHODS

Animals and Reagents

Male Sprague-Dawley rats (250-275 g)
were obtained from Harlan (Indianapo-
lis, IN, USA). Anti-rat IL-18 antibody
was purchased from R&D Systems (Min-
neapolis, MN, USA). Antibody for Mcl-1
was obtained from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA). All the
other antibodies were purchased from
Cell Signaling Technology (Beverly, MA,
USA).

Rat Model of Acute EfOH and Burn
Injury

As in our previous studies (6-8,10,11),
male rats (250-275 g body weight) were
randomly divided into four groups:
sham vehicle, sham EtOH, burn vehicle
and burn EtOH. In EtOH-treated
groups, a blood EtOH level equivalent
to 90-100 mg/dL was achieved by gav-

age feeding of 5 mL of 20% EtOH in
water, which was ~3.2 g/kg body
weight. In the vehicle groups, rats were
gavaged with 5 mL of water. Four hours
after gavage, all animals were anes-
thetized and transferred into a template,
which was fabricated to expose 12-15%
of the total body surface area. For burn
injury, rats were immersed into a boiling
water bath (~97°C) for 10-12 s. Immedi-
ately after injury, animals were resusci-
tated intraperitoneally with 10 mL of
saline. A group of sham vehicle and
burn EtOH animals was administered
100 ug/kg anti-rat IL-18 antibody (R&D
Systems, Minneapolis, MN, USA) in-
traperitoneally, as in our previously de-
scribed study (6). On d 1 following in-
jury, rats were killed and blood was
collected by cardiac puncture. All the ex-
periments were carried out in adherence
to the National Institutes of Health
Guidelines for the Care and Use of Labora-
tory Animals and were approved by the
University of Alabama at Birmingham
and Loyola University Chicago Medical
Center institutional animal care and use
committees.

Isolation of Neutrophils

As described previously (6,11), he-
parinized whole blood was diluted 1:2
with phosphate-buffered saline. The
blood was then added slowly into Ficoll
Paque (GE Healthcare, Uppsala, Sweden)
from the side of the tube and centrifuged
at 300¢ for 40 min. The pellet was sus-
pended in 3% Dextran solution and left
on plane surface for 1 h. Supernatant
was separated and centrifuged to get the
pellet. The remaining red blood cells
were lysed by the addition of sterile-
distilled water, and the neutrophils were
collected after centrifugation and used in
the subsequent experiments. This proce-
dure gives ~98% viable neutrophils and
a purity of ~95% as reported in our ear-
lier studies (26).

Immunoblotting

Neutrophils were lysed in lysis buffer
(50 mmol /L HEPES, 150 mmol/L NaCl,
1 mmol/L EDTA, 100 mmol/L NaF,
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1 mmol/L MgCl,, 10 mmol/L Na,P,O,,
200 umol/L Na,VO,, 10% glycerol and
0.5% Triton X-100) and centrifuged at
9000g for 30 min at 4°C as described in a
report of our previous studies (11). The
supernatant was collected and equal
amounts of protein from neutrophil
lysates were separated on sodium dode-
cyl sulfate—polyacrylamide gel elec-
trophoresis and transferred to immo-
bilon membrane by using a semidry
Trans-Blot system (Bio-Rad, Hercules,
CA, USA). The membranes were satu-
rated with blocking buffer (10 mmol/L
Tris, 150 mmol/L NaCl and 0.05%
Tween 20, supplemented with 5% dry
milk) for 2 h at room temperature and
incubated with the desired primary anti-
body at 4°C overnight. The membranes
were washed with Tris-buffered saline
supplemented with 0.05% Tween 20
(TBST). The membranes were incubated
with appropriate secondary antibody
conjugated with horseradish peroxidase
for 1 h at room temperature. The mem-
branes were washed with TBST and
probed using ECL (enhanced chemilu-
minescence) dye (PerkinElmer, Waltham,
MA, USA). Membranes were stripped by
Western blot stripping buffer (Pierce,
Rockford, IL, USA) and reblotted with
anti—f-actin antibody to confirm equal
protein loading.

Neutrophil Apoptosis

As we described in reports of our pre-
vious studies (11), neutrophil apoptosis
was measured by determining neu-
trophil caspase-3 activity and cell death
by using assay kits available from Invit-
rogen (Carlsbad, CA, USA) and Roche
Applied Science (Palo Alto, CA, USA),
respectively.

Statistical Analysis

Results are presented as mean + SEM
and were analyzed by using ANOVA.
The significance between the groups was
determined by using Tukey’s and
Fisher’s least significant difference test
(GB-Stat School Pak). A P value < 0.05
between groups was considered statisti-
cally significant.
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Figure 1. Representative blot showing neu-
trophil expression of Bax on d 1 following
EtOH infoxication and burn injury. The
amount of Bax was quantitated by use of
densitometry. The densitometric values
were normalized o the p-actin and are
shown as mean + SEM from at least six ani-
mals in each group. *P < 0.05 versus sham,
#P < 0.05 versus vehicle + sham.

RESULTS

After its activation, Bax, a proapoptotic
protein belonging to the Bcl-2 family,
translocates to the mitochondria for the
subsequent cytochrome c release from
the mitochondria into the cytosol. This
process leads to additional activation of
the signaling cascades, eventually lead-
ing to cellular apoptosis. We examined
Bax expression in neutrophil lysates and
the results indicate a slight but not sig-
nificant decrease in Bax expression in
neutrophils isolated from rats that re-
ceived EtOH compared with those that
received vehicle (Figure 1). An ~50% de-
crease in Bax levels was observed in neu-
trophils from rats that received vehicle
plus burn injury compared with sham
animals gavaged with water. Although
there was a tendency toward additional
decrease in Bax levels in the neutrophils
harvested from the burn-EtOH group,
this decrease was not found to be signifi-
cantly different from that observed in
burn animals gavaged with water (Fig-
ure 1).

Mcl-1 and Bcl-xl are the members of
the Bcl-2 family that promote cell sur-
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Figure 2. Representative blot showing neu-
frophil expression of Mcl-1 (A) and Bcl-xI
(B) on d 1 following EtOH infoxication and
burn injury. The amount of Mcl-1 and Bcl-x
was quantitated by use of densitometry.
The densitometric values were normalized
to the g-actin and are shown as mean +
SEM from af least six animals in each
group. *P < 0.05 versus sham.

vival. There was no difference in Mcl-1
and Bcl-xl in neutrophils from rats re-
ceiving EtOH compared with vehicle.
However, as compared with shams, there
was a significant increase in the level of
Mcl-1 and Bcl-xI in neutrophils from
burn-EtOH groups (Figure 2). Bcl-x1 also
showed a significant increase in neu-
trophils from burn vehicle group com-
pared with shams. No significant differ-
ence in Mcl-1 and Bcl-xI was found in
neutrophils from the burn-vehicle or
burn-EtOH group.

To determine the role of IL-18 in the
modulation of pro- and antiapoptotic
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Figure 3. The effect of anti-IL-18 antibody
(Ab) on neutrophil expression of Bax on d
1 following EtOH intoxication and burn in-
jury. The amount of Bax was quantitated
by use of densitometry. The densitometric
values were normalized to the p-actin and
are shown as mean + SEM from 3 to 6 ani-
mals in each group. *P < 0.05 versus other
groups.

signals, rats receiving sham and burn
EtOH were divided into two subgroups
to receive anti-IL-18 antibody or be left
untreated. The results summarized in
Figures 3 and 4 clearly indicate that the
administration of anti-IL-18 antibody
in the burn-EtOH group of rats normal-
ized neutrophil Bax (Figure 3), Mcl-1
and Bcl-xI levels similar to those ob-
served in sham animals (Figure 4). No
difference in the expression of pro- and
antiapoptotic proteins in neutrophils
was observed between sham animals
untreated and those treated with
anti-IL-18 antibody.

Caspase-3 is one of the key compo-
nents of executioners of apoptosis, be-
cause it is either partially or totally re-
sponsible for the proteolytic cleavage of
many key proteins such as the nuclear
enzyme poly (ADP-ribose) polymerase.
In a recent study, we have shown a sig-
nificant decrease in cleaved caspase-3 ex-
pression in neutrophils from rats receiv-
ing a combined insult of EtOH
intoxication and burn injury compared
with rats receiving either EtOH exposure
or burn injury alone (11). We found that
the administration of anti-IL-18 antibody
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Figure 4. The effect of anti-IL-18 antibody
(Ab) on neutrophil expression of Mcl-1 (A)
and Bel-xl (B) on d 1 following EfOH infoxi-
cation and burn injury. The amount of
Mcl-1 and Bcl-xl was quantitated by use of
densitometry. The densitometric values
were normalized to the p-actin and are
shown as mean + SEM from 3 to 6 animals
in each group. *P < 0.05 versus vehicle
freated saline plus sham and anfi-IL-18
Ab-treated EfOH and burn groups.

normalized caspase-3 activity to the
sham levels (Figure 5). However, admin-
istration of anti-IL-18 antibody in sham
animals did not influence the caspase-3
activity.

In addition to caspase-3 activity, neu-
trophil apoptosis was further confirmed
by measuring cytoplasmic histone-asso-
ciated DNA fragments in neutrophil
lysates. As has been shown in our previ-
ous study (11), EtOH intoxication com-
bined with burn injury in rats resulted
in ~50% decrease in apoptosis in freshly
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Figure 5. The effect of anti-IL-18 antibody
(Ab) on neutrophil Caspase-3 activity on
d 1 following EtOH intoxication and burn
injury. Neutrophils were lysed and an
equal amount of the protein (25 ug/well)
was used for the determination of cas-
pase-3 activity. Values are mean + SEM
from 3 to 4 animals in each group. *P <
0.05 versus other groups.

isolated neutrophils compared with
sham animals. However, treatment of
animals with anti-IL-18 antibody re-
stored neutrophil apoptosis to levels
similar to those observed in sham ani-
mals (Figure 6).

DISCUSSION

In the present study, we have shown
that EtOH intoxication combined with
burn injury decreases neutrophil apopto-
sis by modulating pro- and antiapoptotic
proteins of the neutrophils. Furthermore,
we observed that IL-18 plays a major role
in the modulation of pro- and antiapop-
totic proteins of the neutrophils following
EtOH and burn injury. Studies have
shown that under normal physiological
conditions, neutrophils are short-lived
leukocytes; however, under pathological
conditions their life span is modulated
(27-30). Several lines of evidence indicate
that as a result of major trauma or burn
injury, a large amount of proinflamma-
tory cytokines, such as IL-6, TNF-a and
IL-1B, are released. Many of these inflam-
matory cytokines have been shown to
cause a delay in neutrophil apoptosis
(29-31). In addition, the presence of gran-
ulocyte macrophage—colony-stimulating
factor (GM-CSF) was also shown to in-
hibit neutrophil apoptosis following burn
injury (32). We have shown previously
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Figure 6. The effect of anti-IL-18 antibody
(Ab) on neutrophil apoptosis on d 1 follow-
ing EtOH infoxication and burn injury. Neu-
trophils were lysed and an equal amount
of the protein (25 ug/well) was used for
the determination of apoptosis. Values are
mean + SEM from 3 to 6 animals in each
group. *P < 0.05 versus other groups.

that EtOH intoxication combined with
burn injury results in an increase in IL-18
levels in the intestine and lung tissues
(10,15,33). Furthermore, we found that
IL-18 helps the recruitment of neutrophils
to intestine and lungs following EtOH in-
toxication and burn injury.

The findings reported here further
confirm that IL-18 inhibits neutrophil
apoptosis by modulating various pro-
and antiapoptotic proteins following
EtOH and burn injury. Although neu-
trophils do not express Bcl-2, they express
Bcl-x1, Mcl-1 and the proapoptotic pro-
tein Bax (34,35). In the present study, we
found that in animals with EtOH intoxi-
cation combined with burn injury, the
levels of the antiapoptotic proteins Mcl-1
and Bcl-xl were significantly increased
compared with the levels in sham ani-
mals. The level of proapoptotic protein,
Bax, was significantly downregulated
following EtOH and burn injury com-
pared with the level in sham animals.
The upregulation of Mcl-1 and Bcl-x],
and downregulation of Bax, may subse-
quently decrease caspase-3 activity, re-
sulting in a decrease in neutrophil apo-
ptosis following EtOH and burn injury.
In a previous study we have shown an
increase in the neutrophil release of pro-
teases (for example, elastase) and reac-
tive oxygen species (for example, O,")
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following EtOH intoxication and burn
injury (11). The delay in neutrophil apo-
ptosis following EtOH intoxication and
burn injury may prolong the ability of
neutrophils to produce and accumulate
O, and proteases in excess. Such an in-
crease in neutrophil proteases and O,
may accelerate tissue damage and organ
dysfunction (15,36,37).

Knowledge about the signaling mecha-
nisms involved in the regulation of neu-
trophil apoptosis is still fairly limited be-
cause of methodologic limitations such
as the short lifespan of neutrophils.
There has been much interest in the role
of p38 mitogen-activated protein kinase
(MAPK) in the regulation of neutrophil
apoptosis and survival (38,39). Reported
findings suggest that the inactivation of
the intrinsic p38 MAPK activity increases
neutrophil apoptosis. Phosphorylation of
p38 MAPK induces the phosphorylation
of the serine 150 residue of caspase-3 and
the serine 364 residue of caspase-8,
which impairs the activities of these cas-
pases, thereby favoring survival of the
neutrophils (39). It has been suggested
that the activation of caspase-3 is initi-
ated during the period of inhibition of
P38 MAPK activity and that the survival-
signaling cytokine GM-CSF counteracted
the transient inhibition of p38 MAPK in
isolated neutrophils. These findings sug-
gest that p38 MAPK contributes to neu-
trophil survival (38). In the present study,
we observed a decrease in caspase-3 ac-
tivity in neutrophils after the combined
insult of EtOH and burn injury, and nor-
malization of the caspase-3 activity fol-
lowing the administration of anti-IL-18
antibody. IL-18 has been shown to acti-
vate the p38 MAPK pathway in neu-
trophils (24,40). IL-18 activated p38
MAPK in a Ca*-dependent manner that
was directly influenced by the IL-18 con-
centration and the incubation time (40).
The observation that pretreatment with
an anti-IL-18 antibody protects against
LPS-induced liver injury, and the report
of a similar kind of protection observed
in IL-18-knockout mice, further support
our hypothesis (41,42). The molecular
mechanisms whereby IL-18 modifies the

activity of p38 MAPK in neutrophils
undergoing apoptosis are currently
unknown.

Apart from activating the p38 MAPK
pathway, IL-18 has also been shown to
activate the phosphatidylinositol-3 ki-
nase (PI3K)/Akt pathway (24). PI3K is
another key signal transducer for neu-
trophil survival (43,44). Induction of neu-
trophil survival by various antiapoptotic
factors such as GM-CSF, IL-8, interferon
(IFN)-B and LPS has been reported to
occur through the PI3K pathway (45-47).
PI3K-mediated Akt activity can lead to
prosurvival phosphorylation of Bax (48).
Furthermore, glucocorticoids have been
shown to inhibit neutrophil apoptosis,
and this effect of glucocorticoids was
found to be mediated in part by signal-
ing through PI3K (43). PI3K activation
following burn injury results in a down-
stream activation of nuclear factor-«xB
and Bad phosphorylation in neutrophils.
This PI3K activation also results in the
upregulation of antiapoptotic factor
Bcl-xl, which subsequently decreases
neutrophil apoptosis (44).

Results of other studies have sug-
gested that IL-18 plays a role in the pro-
duction of IFN-y and TNF-a (49,50). One
of the findings has demonstrated that
IL-18 activates and attracts neutrophils
by inducing the production of TNF-a,
which, in turn, induces the synthesis of
leukotriene B,, a well-known chemoat-
tractant of neutrophils (51). In a previous
study we found that IL-18 induces neu-
trophil chemoattractants cytokine-in-
duced neutrophil chemoattractant
(CINC)-1 and CINC-3 following EtOH
and burn injury (6). Thus multiple mech-
anisms may exist by which IL-18 may
modulate the neutrophil effector re-
sponses, and more studies are needed to
delineate these mechanisms.

In the present study we assessed apo-
ptosis in neutrophils isolated from the
peripheral blood. However, it remains
unclear whether these cells reflect the
apoptosis in neutrophils after their infil-
tration into the tissue. Nevertheless,
blood continuously circulates through
the organs; as a result neutrophils travel
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through the organs and return to the cir-
culation under normal conditions. In
contrast, in inflammatory conditions,
some neutrophils are retained in the or-
gans each time they pass through them.
Moreover, the neutrophils may get acti-
vated or their effector functions may
change each time they pass through the
injured/inflamed tissue or organs. Thus,
neutrophils from the peripheral blood
obtained from animals receiving EtOH
and burn injury may represent a mixed
population that has both naive neu-
trophils as well as the neutrophils that
have been exposed to the injured tissue.
In our present study, we did not distin-
guish between naive neutrophils and
neutrophils recruited to the injured tis-
sue; thus, this is a limitation of this
study. Furthermore, concern may also be
raised because we did not identify the
site of anti-IL-18 antibody action in the
present study. Our previous studies have
shown an elevation in IL-18 levels in
most of the organs on day 1 following
EtOH and burn injury (10,15,33). How-
ever, IL-18 levels in circulation were not
found to be significantly different at this
time point following EtOH and burn-
injury exposure compared with sham ex-
posure. Because we observed a signifi-
cant elevation in IL-18 levels in the tissue
and not in circulation on day 1 after in-
jury, we suspect that anti-IL-18 antibody
is primarily neutralizing the release from
the tissues. Alternatively the possibility
of an increase in IL-18 levels in circula-
tion at an earlier time point and its neu-
tralization by the anti-IL-18 antibody
was not ruled out in this study.

In summary, in the present study we
demonstrated that a suppression of the
mitochondrial (intrinsic) pathway con-
tributes to the delay in circulating neu-
trophil apoptosis following EtOH intoxi-
cation and burn injury. The data also
demonstrate that the modulation of anti-
and proapoptotic proteins of neutrophils
following EtOH intoxication and burn
injury is mediated by IL-18, which subse-
quently leads to prolonged neutrophil
survival and possibly causes host tissue
damage under those conditions.
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